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l1.ChaptednOmeducti on



Chapbrd:ntroducti on

Theur rseamutdryvesti gates the devel opment of syl
focust hdge voen opment of superheavy syl l abl es.

influenced,slughprasdiagteogs oup, | exical stress,
syl l able structure. This chailpe ecrhiplrdo vd edveesl ocami
anal ytical approachesdgropsespeacmsti qpuegt i Dhe,

overall structure are also provided.

1. 10verview

1. 1BasUncg t €hiolfadngu dlyedy.1 | abl e

Il n |l anguage devel opment research, what const
has received much debate. The debate centers
through | arger or holistic unFesgsasaoh &sFwoe

1975, Meaon &®Mm@B)er wunits ,anmthho naesmenso r(aZsh,a r skyolvl
Rojczyk & PoTheceekrentl23%tudy thheghdriigrharsy tdoce
of andauey stiossshapbdi byg tpreo perotniod sa casfieiceagss ha | a n ¢

domain of prosodi c apshseingpnnmeennat such as stress

The syl l able has been wi dsefdee amesctoigtnu ezretd faosr
reaskhenssearch on perception and auditory proc
syll able in the acquisition and organizatio
evidence for its primacy (Savin & BKenmnped§970
19Y6 For StxudApdnmat,e dy (1976) suggested that
syll ables, serving as the basis of phonetic
for phoneme rec(olghdy waend tMaasts aparncgeptwhadr epr

examination of the physical features of the



be at the phoneme | evel and must be more con
two or thirk@egerdsnits would be complex to
(1970) found that a speakerds recognition w;
compl ete syll able compared to a target that
further supported by Warren (1971), whose r e:

words and nonsense syildearbtliefsi cvaasi ofna sotfe rp htohna

suggests that syll ables are processed as who
phonemes, which require extraction or infere
The syloliaeble®hi |l drends speech perception has

Bertoncini and Mehler 1981, Mehl er et al .,
1993, Kuhl 1994, )andChSialfdrreem dcddmanst,r alt9e9d t h

syl l able for ,asipdiecd iprerthptiaemgui sition of t

exampueczyk et al . (1993) found that i nfant
continuous speech intolgygylslealidciwvmnittys t oi ndiec
Additionall vy, Mehl er et al . (1988) suggest e
| anguages based on rhythmic properties, par ¢
ability to &digescribmi n-heeeedt aglywtatbhef urt her evi
play a cruci al role in auditory processing
demonstrated that infants have a heightened

aiidign the <categori z atth éotns gahfe sdpeeveeclho psnewnn d so f

awareness and | anguage acquisition,

Syl Il able primacy is evident in the devel opme
speech (Oll er 1980, Fi-kké&r Pr ilwidMmadrmDeg&nmu\ el | 1e9r
2000). The progression from simple to compl ¢
in phonologi(aklR) . achamwstihi 6@ 9969 nh eanprhlays i £ adg

3



acq

chi
Chi

adyv

Fur
tar
& L
sha
di f
[ an
Spa

pho

syl
pr e
spe

con

ui sition, childrendés initial word product
h as CV and CVC. Moreover, the mastery of

the phonol ogical devel oplneenntano f( 2a0 OcOh)i | odb' sse
| drenés early |l exical devel opment is cl os

| dren who protdece mooeuscséractarger set of

anced phonological skills.
thermore, the production of syllables 1is
get llmagamgk9 9, Levelt, Schiller & Level

l e) . 2@068notactic rules govern permissible
ping the structure and complexity of syl
ferent | anguages develop syll abks sefreatt
guage (Goad & Brannewal2 0d0mi)l.d rGenr reaxcagmaimrdi ni
nKehoe -& (L210e0 3) showed that the chil dos
not a wtfeiacc hr ullL.aensGeimma&n chil dren produced co
| avwiengl anguageds phonotactic norms wher e:
|l able structures. Similarly, l ngram (198
ferences based on phonosm@medkicng ud ldisl drne nE
akingtemmdedpemduce a higher number of c
sonant clustpernkiwhli Icahi Fderah predominant |y
el t, Scl2i0DlOefruré& hLebre eel xhpd foareende @ gief i ¢ constr
t he achDguuticshil tl iadon eGhfs 1t duendseecearly producti
permi ssible syllabic structures in Dutcl
notactic rules from an early age (ad. g. , |
|l abdlresas VCC, cCCcvC, or CCVCC before produ

cCCcV) .



Finally, ¢besstgheel ebbdalsei ci sunit of t he Neaspordi c
& VogelGola&6ni th 1998ehDeMmbDDA 1MPI9r6,1 evel s of
hierarchy include the progqdadaind wmora (BW) A6 wi
hi gher | evel being composed of wuni tSselfkrionk t
(1982) and Goldsmith (1990) suggested that
phonol ogi cal represent aemnoondes samdiingf lasen he

information andtoull®&88@appNespbrom® (MggelFoX986

exampl e, Demuth (1996) suggested that syl |
phonol ogi cal processes, with certain rules ¢
(e. g., we ak sKyelhloaeb | (e2 0dOell)etemmbhasi zed t hat t

syl l able role andishagaephegthéethol thvgiec alr cland
devel aplmenat ns . Children employ syllable str.
to syll able boundaries in parsing and produ
highlighted that the acquisition otosthess
mastery of syllable structure, further empha
hi erarchical d e vheel ospynelondtie| eTrh etrted opregqsddi ¢ hi
t he organization and gs tprhuocntoul roeg iocfa I's preeepcrhe, s einnt

of phonol,agdcdeveubbpment of prosodic pattern

1. 1RBytTymol ogDp ma+el abuerdat IEbhadtt s

The traditional dti icmme d o antdi breey dwlel@anni gsut argeesss h a s
topic of di scussi otni naemb nlga m @ Inagguesss,Ea gd nSdb h £ s R
Ar abre characterized by having relatively eqg
regardless of the numMbé&re d4dD4i6nt & bRoeasaho glb%s8ed 1L
Hel i e)l. 19yWI2Imeebdl € angiragaes h,asnlide hYlbgasub asy | | abl e s

occur at equal int er kel 4d9dégaAttRezsscso)mb9SB2 4 6



third classifithmeoirmanmed | amguages, i such as J

i s based on moras rather than syll ables or s

However, this classification systcampatasy i nc
accurately represent the rhythmic patterns
| anguage is-tpmedl ywnangeldy@Blnest ead, | anguages
of both types of timing,Roncthh (01n9%8 2t)y pfiucratl hl eyr
di chot omy, particularly thmebdeng@ginggagbs mde

syl l able | engths. -tRoedhglersntgaidi ht hpahto nseymilcaabl || ey

voweviosi s wi | | show syl l able I ength variation.
ti med andi meggd | dlmanguages, suggests t hat t h
oversimplify the complexity of speech rhythn

Some studies provided support fornotkatelgytrht
| angwaigrens as %V (the propagfCtioheobtandat dc deé
consonant al intervals), and PVIs (Pairwise
duration between successive vowels 0B98&¢opnson

Grabe & Low 2002, Lee & McAnNawserMpheheddrdhyRI

met rrieclsidamidl itthyei r iwndeepstgiu@enednGSArmhwaani t i 20
these metrics have shown inconsistencies anc
do not fit into prototypical categories (i .ce

eithet4 i smedle®8liengd r hyt hms)ed hArtv arhiyttih ns u gng easl t
should be understood through wuniversal prin
organized into | arger wunits) and prominence
Thper speendtheeas di fferent | anguages empl oy v a
resuwmigh different perceptions of rhyt hm. For
patterns whereas Japanese | isteners may foc
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1986, de Jong 1994, Ota 2001) . Phonetic stud
timing) is not consistently obsd&rs@drin Saaoik!l
& Mehler 2011). For instance, t-thiemeddu rlaa n gowna g
varies according to the numbsédri mefd dylnlgamlges
variation in syl |l abl eberuraoaft isoeng ndeerptesn d(i Fhegt eorns

1965, Lea 1974, Bonponei déeoBa&8nri que & Sig

| n Arwahbiicah,f tiesn cl assitfmed &snguadgteheeh Mit himé c 1
pattern does not exhibit the same | evel of r
of its syllable structure (Milelr 1984, Ber
struomhurcens i ncl ude, ssticthp laes slyilgllattod @¥ooe €G6G¥pl
strugstuucrhesas super heavy CCY¥Y«€cCt2iadhrd)3. C¥TVO ss yallli &

with Abercrombiebds (1©9bmhmegdobaprpguagesnt ehdtt

variety of syllable structures, which result
plays a signi-fimadt| sofaagmssearaeds with | exi
each other; for instance, ,ahnedavlyi gshytl | carbe se sa rae

(DauerNd®&8BBheetepsri mental studies argued tha
st rteisnsed | anguage, it S h aws caobndttewnesatnm glterge *ee
unstressed syll ables d3siegnmemtrtbeiun@rdegt amun
wei ght and pos)i tcioomp amietdhitno a awvdfradaigeeRo B@&rh a s

1982, Ber Ziawatytde h1 982 i mWa&s &&nt200@2pn. 2002,

Anot her approach for analysing speech ti min
rel atproonsotdo ¢ structure (WighNmhane®& Akbon 2¢
Lengthening effects are often observed at b
expanding the understanding of how timing 1is

arbitrary rhythmic cat édaga@ardi & £ n(girhoeaainlaysi st2r0OV0e
7



cue to pwbml pe@adegneai mengt heni ng may signal
(Wi ght man et al ., -HWfI2a geTurx00& ) Sh althtelsek pr c
facilitate effective communication by struct

|l i stengrbe phrbsetandNdlnarergriddhon an@ND4H,4 k. (

Domaeidnge ef f @dhtor ol porfgeaceattsness @ i vity to the bou
domagsunsh as syl l abl es, feet, prosodic words
201Mnexample -etigdombfacts is final l engt henin
of vowels and consonants toOoohdads &t BTeuaekn &0 4 # ,
Shat-Hwfckagel 2000) . This | engthening provid
prosodifcacunptaaitemgsubs edpuweyrmta rpr.cd®lbéencsi ncr e a
duration at the edgessendfenwaersdss,i gmharl asases t he
prosodi c wuniisetp,e etchhu ss eagindeinntgat i on and compr ehe
The biomechanical constraints framework inte
Il imitations and mechanical properties of t h
Cummi nsTall®aion, 200g3l)y. f datcwores nsuch as final I
fromspgdheapphehbavus©OBer kovits 1994)] e@gmmensng?9
suggested to refleaddeaebenatabnzedd &ahe dadartii.
speaker approaches the end of a prosodic uni
Il imitations and mechanical properties of 't he
articul atoryr onoovekime nt csurmadari es, resulting in
vowel s (Berkovits HoWedv,e rf Arnvaahnei It @ n g2t 0hOe9n)i.n g [

determined by bi obmetc laalhde ané a o,8 @y § atghhantg uiatg eis:

bound to || i n(gRuliesttcihce rs t2rQulcOt)ur e
Domahienad effects emphasize the i mportance of
The head typically refers to the most -promin

8



head processes include the |l engthedengsent ée
str(eGlsl er 1973, White 2014) . These phonol ogi
perceptual dfswlt lioankslteatcvr eunce sasl for conveying pr
1955, Saffran etti nmdd ,| almMPuwage sl nswah eassss Engl i
word, the stressed syl labl e, exhibits distir
1991,e WhO014) . St raerses eplr osdyulcleadb | wistain d | @m garn e«
ampl sdaurdpar ed toylunskmhessiendg tmoe es tprreandyendce nd s
195K8 at tBdOkanNdw8wB)hgluasnsi fying the magnitu
to Il exical stresactli@arctmuicdin acsorntfheundddd ukeynce c

natur al di scourse (Oller 1973, Ladd 1996) .

1.2Scope Sbbdyhe

Thesudiyvestigates the devel opment pafrtsylull all
superheaviasygldwmbdateison a l patt e,rsrux hb aase dagen gp
l exi cal stress, syl l able struandrd,hesyl liaak Il
Dur atciamn g ecplrielsdernenés sensitivitysylol apbhloen oweoig
andi nt sowictth stress Sesctig@@ma.n 2T.heeu leense r(gence o
i srucicahli | d | anguage acquisition and devel og
mast er padapmtda tliaonng-spgei fic properties. These
constraints on metricawhst¢ilypot wggercaashsll ylpaarmogqwd

and d{Saelcd2d.tgn 3

JAas distinctive phonol ogical , wedrmgxhialeandgieda l
We sGer mdmingguagEsgl(iestyg, , Dut).h, Adachidt USBpnadnld Issyh b e e
understudied compar,esdctho ast hLer aAreastei, c Pail eelsa d
and Egy@estaoct JAalasc oamp\Ww@ isd iiianfelcue n cseade iboy mu
economi c, geographi QalifMBaepvbhet exptalaf aohc

9



ArapAA) as the JA di alfeaccti tuhaedaet feyss nJgoersdtai ngi aatni  odni

mappi nmghi ch is poorly understood and not wel |
JA exhibits a range of syll able structures

categoriesabdi ghper heavy), a | exgiooveaelr netdr dy/s
trochaic moraic system, phonol ogical <constr a

to the sonority asreghemcl oigi cparli ngrn e egses (¢
syncdpe) st udyo w xtahme sneessp ehmigfuiaggeconstraints sh.

of syllable structure and superheavy syl |l abl

Thteempor al aspead sspee cJbAX cehadtledd ethno be i nfl ue
of | a-seperagéic constraints and wuniversal proi
(Sect2i.@n 2To explore this, t he st ngyyl |eaxbal nei naens
vowel durations in JA sefefpedotvi Biessti nsamgalt gsi
tredetser mhreinnghprl addsbeigoms t o approxiwmatcdé addt
seeaawvsa referendevebopmgpitcalSecond, the study
such as Il exical stress and final | engt hening
seeks to investigate ,ndv Wetcthernd drleeay asm®mpign)
acoustic cue to markdspgaciersts eaf ed emaetine si,n t he
study focuses onmaislpleallea vyt rsydtl wmrbd ,es, as tt

structure i sl ahyg écal gakesssnikfeidc a toihawmh ea n&iate medrievas viry h y

syll ables have been relatively overloopked i
focumangltyhameor eti cal phdqmroilgotge rcaad t iaocnc owintt |
mor phol ogi cal mar ker s )dmay @ $.oDULU@ I9d gi i ocnaal |  ppraot

associated wit hmagpyrlolva bdlee isntsriugchttusr eisnt o t he
complexity and phonol ogical processing skildl
to more-slpercgudage patterfrmnghbhpThusn, tthlee I sttedyt

10



t heoretical phoempogi cal dat aurmatngd provi des

patterning and devel opmeeatcdl strategies of J

1. 3Ai ms &fudye

Thet vadgho exsplldradb| elevtel o@mema ssiugpiercheavy syl |
in JA chlitt df cpesedr.on the progrlkeasipecho fodsy!l |
| angwhgreehqui res both, general @hangtpgeimaist e

constirruccltisdi ng mehstcal nssr oot urset uadnyd epxhaommi ont

howr ediamtdonhei rsuohemaactagengyoup, l exi cal S 1
syl l able posiitmfolnuevndéd i a1y lal avlolFeleasgpecowel du
as foll ows:

1.To trace the ext,enathtaswagehgpoepg) ctexiscal
and syllable position affect durations

2. To examine the devebopmehdAvaady i naepgeatcori pnobe
group, l exi cal stress, and ,shyilgl hal bilggehetrp o s i t
durations startl id&kpprpaxitratnisng adul t

3.To examine the frequency distribution and
across the age groups

4. To report the type and frequency of phonol «

1. 4Research Questions

The overarching question is how the devel opr
syl l abl es, i's ,shapedsbyger gdioatpgr sl exaindal st
syl l able position witilpirmvadwomadf.oirdp hosnmt emsgti

acquisition dodtleveyppmegt cianhe tvrairciaat isotnr uicnt
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phonotactiGi cemstheai ht mited assessment of ¢t

superheavy syllables in Arabic child speech
di stribution patterns and durati onal propert
s udbtcrtuur e and word l engf megtiinonaeddipgri echi cttoor |

dur ast.i on

SpecQufeisd i ons

1. How do psedhca®radge group, | exical stress,
within a word affect durational patterns o

2.How i s the devel opmenatyali nttrearjaecctti oorny boeft w eheen
stress, and syllable positiPamrt deaphieentr €édfg i n
durations startl id&kpprpaxitreatnisi?lg adul t

3.What are the phonol ogi cal and tempor al prc
spe®&ch

4 Wh at aspects of ,synhaianbliyc sduepveerrhi@pdnieyn ¢ sy leld a ko
| anguaigeer sal -sapnedc ilfaincg upargoeper ti es in JA chi

5. What sarypefaciemfsiepnhonol ogi cal procerseceklst tair@en e

1.5Signific&nwcdky of t he

Thessuwedkyamt hesdurati onal patternisnoJAsghilladl ®p
particularly super heavy s yclolnashi Idees ,attWwioint h t le a v
Thr caudgchr eag Ripn dr abi c cbdseédndpmeschdy seeks to
phonol ogi cawi tfhr aenmpvionfdkusraalt | doantaad p g a iofpied t i es J A
spedhlet udy enhances the understanding of ph
t hfeundameonlteal of i me chyl dablasnguddges dé Vv @lwep nieol

exploration of the typological variation 1in

12



bet ween Arabic dialect s, which is of broader

The contribution to the deleepveel ucnadnesrtsrtaainndtisn

patterns di ffer across | anguages and di al e
phonol ogi cal p astpteecrinfsi ca npdr ol paenrgtui aegse.
Beyond theoretical contributions, the-study

| anguage patulrcdacngayg e réveee r ef e rwehrade cfomrst i t ut es
produicn i &A ,dhaiclidri diredteinag dihdl @t crc taobfnor mal spee
patterns. The inclusion of superheavy syl |l ab
speech prodardéf oloh ridsdligadmytsi f yi ng dur ati onal p e
di fficulltayn,gusamee cphat h o lmogtiessrt gge tceadn idretveerl voepnt i ¢
phonol ogi cal skill s i n clhnslidgahetnse ciinfalh gg#Ap egc h
child magpyeabsdievelh@gmngui stically appropriate

intervention strategi es, -loafnfgeuraigneg ppartahcotliocga |s t

1. 6Structuimfbesfsthe

The remainder of t his tChaitehi gihelgitlg)utdAtr ae ¢

| anguage and I ts vari eMbdern pBbaontdag,dc &lr ah
background on JA, phenochogscaVyl pabperstesacot
structur e, gemi nat es, epenthesis and syncogrg
| anguage devel opment including, hromrotl bgn g al
perceptual devel opment of i nfgauntsst ian dv otchad i per:
early words, | anguage universals and articu
devel opment in Arabic dialects and JA, and e

the methodol ogy, descipialmit sg tlhesekappraoachatp
acoustic (word 4igdenti fiacatuisoem camartkexts for p
and segment al cem@ltexsitti icas iam alleAymolsi e { Baggs i

13



monotonic, ppreidorcd,orefficiency, and converge
presents the results tdd sk d,erde 5 csltetesiptohgt eaen evaIS
speecls)raeplti (RMonaonas kr e elR)diutratbipomdtiadkor s
and theirsuoheascagengroup,andyl babl esgtliabta
production of superheavy syl | phbleesed dsmdst he I
durations acrosstwpedahdn@pthospwe mgy c@B) proce
child speech. Chapter Five discusses the eff
and moraicity, and syl |l ablie @adgd tdieoema atliog dii
of superheavy syll ablerrbasghtsghfFearther mbeery

i mplications, | imitations, and directions fo

14



2.Chapter Two: Literature Review
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Chapter 2. Literature Review

This dhapttemtbsedrabic | anguage in Jordan, h

classifi dapeh @molod g iJAa | properties Sodogndheand

chaptreorvi desomhislud aemglusage devel opment. Aspec
devel opment in infantesar Ipyewmhnanualsagicadvlo cdad vi
theories, phonological development in Arabic

are di scsutsusdeydds Tphreedi cti ons are also provide

2.Tlh.e ALamgwage in Jordan

2. 1Adabi Ove Awni ew

The Arabic | anbheabembéeiongangoage family whi

| anguage f amsl gt i ¢ he rSetmid iZEdiHibti Ryldi9ng 2005,

Huehnerg&t d2&1Bat Arabic is the official |l an
covering geographical regions fNewmanhe2 A 2a,b
Rydi ng AROOB , RlOtlalk hai neh & Zibin 2014). The
Classical Arabic (CA), MS A, andstmalniys triecg i voanra

often called col | ouiialn gAreabiiglb.G RoZdeAdgp azh0 5

200B7 adsy, HirschhAklsgi &aNakhaah) 2009

CA i s datreedl aBmi theperiod and is the | anguage
mot her tongue of nobody, i1t is not considere
400 million Muslims GhokueHdhntals@®i @W0DWe HDr abhb
HabashAI380 8 a-Mo &aAl 2010). MSA, derived from
for written and spoken medi a, c uDitaubrGeh,o0 need ut a
& HabasAlSaDdaMo&aAl , AR0ARhai neh. &MZADbhas 2& 14i)

phonol ogical, mor phol ogical, and syntactic s

16



more moder Gh ¢&eHaabb ash 2007) . MS A ibsuitusied nat
acquired as the first MaAgamd ec adnd epqiys ¢adirvaAr g

di fferent communi c &thio& eH gnua pho s2G0 A )D.i ab

Chil dren acquire the regional and coll oqui al
200Bi abGho&deHambas Wl 2&8RWAai neh & Zibin 2014).
Arabic i1s wused for dai Jayndc ocnuvletrusraet i soincsh g p
folksongs, tales, Glaokd eHaN asstho D 0(7Di ph 5) . Howe
at schools, standardized, ,Bfradsgd Hhrbsohimelkg
20DBi gllrseh oArsabi ¢ varieties that are broadly
namel vy, Ar abi an, Mesopotami an}! (ALZeawd tii nlke9 9 OF
Embaetk i2a0l OB7j,ad s vy, Hi rschberAg t& kHhab snseth 20 ®Z9 b i |

classification is not only-lbagedsboncl (nhgei st

geographic, and historiBaadsgriHiersahlhl&Eampas&k

< W

Fi gBl e Makhr aofaci et i es

Map of Varieties of AraBYc3. Malpi dersg e i forud @ dWiuknidp
17



The segment al i nventory of regional wvarietie
di ffer in phonological processes. Ki parsky (
C dialects; t he mai n di stisgtd abhd camei ndgyr a
syl l abification patterns (Watson-s3002abl Alsq at
def i nesdy lalsatuinfi ed moras not affiliated with t
hi erarchy (Kiparsky 200 3s)y.l ITahbulse, wehiegyh td oo rn oft
are directly adjoined to higher6 pWatsoan c2C®i
Gener alsyl,| ssltelmtes are typically unstressed, |
to peripheral positions, anHdipaoskygdsael g§s&n
based ldensihegs ylf| @E@sdtimitshe wo rlde xliecvaelll yo)r: pCoVs td i
not persniltl askelmes at any | evylll,abViBGes dat etceds @
and C dialesybsl pbl mbt i-Bexmbcal ahs@apbswane 20I0&yY

Al hammad 2018) .

CV dialects, known as onset dialects, compr.i

of the Libyan desert, and Middle Egypt (Kip

dialects (cf. Ilrshied & Kenstdowiliertbs98pokiinp
Lebanon, Jordan, Pal esti ne,-Halsrsaagn,) , T uQeknetyr,a | |
(Hijazi), Eastern Libya, the easternmost par
di alects, which ar e dh asreagcuteenrciezse dc obmyp rlicsn gn gc o
and consonant al nucl ei, are found in North

Maur eaadi aome Bedouin dialects (Watson 2002,

2. 1M8@8dern Standard Arabic

MSA has a rich consonant al system with 28

consonants in additiohigaoaipgboARmcdls ;21 @iilé dfi v

18



& Meft abmRaOrlBi, T aZ2b@I1a3haws t he cons onanvSaAl i NV e
consonants are characterized by | ength contt
with their geminate counterparts ((Ndbwham/ O0Hh

2002, Jackkmsboarr k2 0 200,1 3,7 Must af awi 201

Tab2lle MSA consonant s

Place E
Manner — — _ — _ =% _
5 &8 8 o®g & - S > Ic
s 85 & 25 s © 3 Z 5
a S8 O <5 o > ) o o
Plosive b d t Kk q n
dit1
Fricative f & d z s &) Y x ik h
afll s 1
Affricate dh
Nasal m n
Liquid I
Tap/Trill r
Glide w |

MSA s considered to have sixFvgogaé pPphenemest (
central unrounded /al/, short high back round
counterparts Abad:o/h AFOoltlai biand Mef { aMSAQE3) . I
two diphthongs i?nclondM84, / saswl | albddsesdmagy& nerho t& b
Dyson AD®GRIOS aad, -BBaanzn,a &IB®I9v)owel s occur in syl

final positionsg nonliyw,] @ptosthe onyl vaolwled s ar e

st hyp

2This transcription is used byHammdbodk 260b) RPASI B
reflects Arabic orthographiya Armni adnhdroraviaje/ f or a
(Kal al deh 2018) .
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Front Central Back

1. u.
High [ u
N 7
Mid aj aw
a

Low a:
Fi g2 e MSA vowel s
2.1J8rdanian Arabic
2.1Ba@8ckground on JA
In Jordan, the sociolinguistic phenomenon of

both coll oquial JA and MSA (Amer, Adail eh &
of ficial settings, education, &meBdeirama nr e2l0i1lgdi)o.
is used in infor mal communi cation and casua
MSA to any | ar giensgexhtoeont, Inad ftdiroaigdht arhtey may h
programs and religiousepi aweedsay eadn damiaty vieds el
2000). Therefore, little to no attempts are
(El gi bal tRabd &6 ,2 00Wa k wkahra m& sFr oudaR waw,r okilda &

Gor®2d®dMl 2, Laks & Berman 2014) .

JAa | ingaingticauditum adil gl ect wi,t hamdefthteryde van
S oeicoonomic, geographical, and histAHlercal f a
200A20We r 2A0lM&s h a2q0blad ) . Despite | imited documer
variations reflectindgfddendanpsicamphexd | ands

20



arccompbaex) tiple linguisticcweNlddasbagat B0OaS5
Additionally, hi st orpiacratli caunda rp oyl iwtiitcha IP ail nefsltu
i mpacted JA. The influx of Palestinians who
the Pallsstaieniaconflict has shaped JA's dial e

Clevel akhal 1®6B984) .

Geogr aplorcdaaniyan di al ects arnmrdmaalda®hdedl awaldi nt c
1981)-f atoguMBaughayer 1990) , a n dw hBiecdlbiua tneé i{ Sk alr e
by different phonahdgieal camGuoupbomaged@8BB| cS§
20pD7 Soccoinoomi cal ly, Jordaniancidi mlegt svialrlead e
and sedent ary \AdWe rB e240a0&2ir, n 2AdN0aTd, lreacdglsa (2015) . Cl
(19%89t ablished a categorvizeehegn i of o JAoudri a
corresponding to soci al and economic strat.i

voiceless uvealarastop: / q/

1.Group yOmd (/A" " h&Spo&es' by Bedouins in the
of Jobndhuanding Karak in the south of Jorda
b-(a prefix used to indicate mood verb for
of /bigll/. The uvular stop /q/ in [yiqll
2.Group Two (/buaglil/ 'he says'): Saodyn in

nomads. The production of /[/q/ in [/baqll/

5This classification reflects the realization of
di alects by Cleveland (1963).

“Cl evel and (1963) suggested that th
a characterizing featur e, as it i n
characteristic.

orm of

e f he
di cates bot h

t
t
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3.Group Three (/buakil/ "he says'): Spoken
northern part of Central Pal estine and Jo
form of a prevelar (or postpalatal) [ k/ a
4 .Group Four (/bu T1/ "he says'): Represent
Hebron, and the capital city of Jordan, A

has [/ g/ realized as the glottal stop [ [/

The cst vedxypatmAAiers Group Four. ThéaAppmeaernts ct o nl
very simiTab2d2¢e noAvMPAoONnemes adbGpbad( BAADU.
has five vowels including: [i1/, [Tul, [el, [|o
respectivel y. The presence of [ e: ] and [/ o:/
process; [/ ajl/ and [/ awdajchlaanygeldseof | eébgwamndoqb)/
AbGuba 2016, p.14). The nhapor nphaomnsd | MPA cvadr e
documented by Amer, Adaileh & Rakhieh (2011,
1 .Mi-iront vowedbat&: 1 oagdvmwelAAompaneed to
only /aj/ and [/ aw/ in MSA.
2. The MSA uvular voiceless stopm/i A/ i s r e
3. Although inteddeandt al¢Hd Meatrgeandedw deéd (ien g. |,
/dag r/ 6 Tharmatt/ agdotahmehsée pchoommeamelsyl aze d a
It/ and,r/eds/p edre i/Fyfe/l yé6wol f 6 being produced

Tab2a2eAACons onaanvteanlt or y

Place

g 3 s _

Q c Q o]

o [<5) = = (&) o

® (@) L =2 0 =2 0 — Q Zﬁ [

Manner e e ) c o S©S o © « S S P
© © = 0> ®W=> © ) S < b

| _ = 0O ®© O © O > D o _

Stop b td kg ¢ N
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Fricative f d Fsz W XY kn h

z |
Affricate dA
Nasal m n
Lateral I
Trill r
Glide (w) j w

2. 1 Phodol Irpipealti es of JA

This section highlights the pHdmeclusgisc @ain phe
of metrical t heory i n sphhaomionggtiltal umpdempetrdn

metrical consta aman ai. c leahubplstydadndabl tl &ss empt oy e d

2. 1. 38y2.lBLbluet ure
JA has eight syllableypes CV, CVC, CVCC, CVV, CVVC, CVVCC, CCVC, and CCVVC
(AbuAbbas2003, Crossley 2023Each syllable comprises an obligatory onset, an obligatory
vowel, and an optional coda (Amayreh & Dyson 2000). The obligatory onset canbether
nontbranching (€) or branching (CQ as illustrated in exampled)(and @). Vowels can be
short (V) or long (VV) as in3) and @), respectively.

1. /tuffasck / O6appl ed CVC

2. Islak / O6weapond CCVVC

3. /kas. sar/ Ohe broked CVC

4. [faar /| 6 moused CVVC
A coda is not obligatory (Exampi. However, when present, it can comprise a single segment

(6) or a coda clustef7f (Watson 2002, Abdoh 2011).
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5. /daa ri s/ O6educatedd CVV
6. /maftuuk/6opened6é CVVC

7. Ikalb/ 6dogd6 CVCC

Examp8 e& ®howohewnasin a&lAaus toecrc u-ir niitni fan o main d
positions while word medi®hsel usteglessaden syl

1pAhdoh 2011).

(@}

8.CCVC /sl ak/ 6weapon
9.CvCC / dars/ Ol essond

10CV. CVLCrd. kalt. ha/ 61 ate ito

Cluptrerducti on t&er&shnorctgdSEPIPE MBENiNg 1 PTONC
Ki par s kWhileangetXlusters can have a falling or rising sonority, coda clusters only

have a falling sonoritin JA(A FA n i 1970, KiparskyAl20Ta3dni mda a&n &
2 0 1 Bor example, the production of onset clustézih aa m/ 6 mem/6e@nd 6/ dmawv
SSBut the pr odydcbtuironne dodf a/nrdk d .r rf audé tofla cldstelse | v e s
appear inwo forms, heterogeneouseg(,containngd i f f er ent conamfeaht s [/ kK
O0pi stol 6) and hienpcorgaging¢he same corisanant ceeating a(geminate
Idubb/ O6bear 6 Ringd23de md d étthoed & end §/faikd nr /awfio f o lo d

i s pneortmi ssi blréa sdwmeg tsomntome t ypnkivhbsh abi desf hey

t hrough .epenthesis

SSP stipulates that the nucleus has the peak s
sonority | evels depend on the segment's distanc
based on the manner odbweltsi culGat ders, > i guidasl >

St o(pGsarlisle 2001, Watson 2002, Daana & Khrais 2
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fx )] Word laver

(x ) Foot layer
4 Swllabac layer
A A
A
Fou | Y Moraic laver
£ T
? a kil Sepmental layer
(L3 ) Word layer
(x) Foot layer
/9 o Svllabic layer
/N _
Vi Lll m Moraic layer

! I

Fi ak =l= Sagmental layer

FigRh3 e A coda clusters with rising sonority

JA syllables are classified into three categories: light, heavy, and superheavy (Watson 2002,
Abdoh 2011, Alotaibi & Meftah 2013, Algatte2015). Based on the Moraic Thedifayes

1995), a light CV syllabléas in 1} and aword-final CVC (as in 12 aremonomoraic (Watson
2002,2011, Davis & Ragheb 2014). A heavy syllable is bimoraic, where the two vowels in a
CVV pattern receive two moraaq in 13. Similarly, a norfinal CVC pattern is assigned two
moras (AlThamery & Ibrahim 2005, Saieghaddad & HenkirRoitfarb 2014). Any syllable

that exceeds two moras is classified as a superheavy sydable1517).

11.CV/la. | am/ 6épenod
12.CVC/daftarsr 6 not ebook o
13.CWl/kaa. t i b/ o6writero
14.CVC/mal.nab/ o6fiel do
15.CVVC /baa§ 6 b u s 6

16.CVCC [/ kal b/ 6dogé
25



17.CCVVC [/ ksTaan/ 6horsebd

Superheavy syllables are linguistically complex structures that seem to be avoided cross
linguistically (Hayes 1995, Davis 2011, Alahmari 2021). In JA, superheavy syllables include
CVVC, CVVCC, CVCC, and CCVVC (AbuAbbas 2003). Superheavy syllables coatain

larger number of segments compared to other structures consisting of either a long vowel (e.g.,

/ baab/ o6dooré CVVC), a c o dnacaenibinagidnefboth((eg.,g. , [
/| saadd/ 6clogging up6 CVVCCmarphologically eomgex! | a bl
words that includg | ur al f /sarj nesa d(cea.rgs.6, CVECLWVdV. deri vat i

(e.g., prefixdaamdia/ndoé tshud yf i axreeCVglst tiinngoé CVVC.

Stipulated by the bimoraicity constraint that doesp®init trimoraic syllables (Broselow et

al., 1995), superheavy syllables in JA are suggested to be bimoraic. Then, it is expected that

JA superheavy syllable productions undergo processes such as epenthesis and vowel
shortening taabide bythis constraint (Watson 2002). McCarthy & Prince (1986ygested
thatsuperheavy syllables in the wefidal position receive two moras onliF ( g 24). & h e

final consonant of a superheavy syll abl e 1is
(Wat son 2&Q2rapybBabicity accounts for the
syl l able'"s domain, comprisisyggylabcadnedi calti sy
in derivation (Watson 2002,EMdt RoglBRRR&he 1| n
canoni cal syl l able receives the main stress

canoni cal syl l able from being peripheral (Ha

18.CVVC/malaak/ 6 angel 6
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( x ) Word layver

(%) Foot layer
o G =g=> Syllable layer
/\ n A 1 Moraic layer
| ||
m a 1 aa <k= Segmental layer

Figkl4d e A fwiomal superheavy syllable [/ malaak/ 0

HoweverF i g 25demonstrates how a superheavy syllable appearing in-Anabposition

(as in 13) poses a challengemorais assignedio a nonfinal codaby the Weight by Position

Rule (WPR)whichi s essenti alsyfl éweeh dgehtte rdijagesrb®g§b)uAsi o n
the long vowel receives two moras and a third mora is assigned to tfiealaoda by WPR,

the syllable is supposed to be trimoraid not bimoraic

19.CVWC/daar. si i n/ &6they studiedd

( X ) Word layer
(x) Foot laver
o G =o= Syllable layer
plx YRt} ﬂy.\u Moraic layer
I |
d asl r| 8 11 <=n= Segmental layer

Fi gy ewomdini sapberheavy syl lable /daarsiin/ 0

2. 1. 35t2r.e2s.s and Metrical Structure
It is widely accepted that stressed syllable within a word is metrically strong, and stress is an
abstract property of a word inherent to its phonological structure (Ladd 2008). For example, in

English, noun amamivted b( mamitds (amnedr md)pearr ® di f f e
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stress patterns. Acoustic cues, such as lengthening and an increase in loudness, are associated
with stressed syllables, while vowels are reduced in unstressed syllables (Fry 1958, Van
Heuven 1987Gu s s e n h o Laelch200B)0 However, the acoustic cues to lexical stress are

not always clear. While Bolinger (1958) suggested that pitch is a crucial acoustic correlate of
lexical stress, subsequent studies revealed that pitch is not a reliable cue to stress in English.
Whil e the noun a ntslexhibé cldar pi€cip distingtiorts i isaatiom,twithaas

pitch rise associated with the stressed syllable, these distinctions might not be notable in
different intonational contexts (Ladd 2008). For instance, when these words are spoken as
guestions(ieoper mit 26), then there would be an ove
involve changes in pitch that highlight specific syllables or words within utterances play an
important role in determining utterant@el intonation (Liberman & Prince 197Ladd 1996).

Stress and pitch accents are interlinked but not synonyifobusiberman 1975, Bruce 1977,

Pierrehumbert 198Q,add 1996, Gussenhoven 2004).

In Arabic, stress is defined as a phonological property of a word, determined by stress
placement rules (Hayes 1995). Syllable weight, the internal structure of a syllable, and word
length play an important role in determining lexical stress location @14965, de Jong &
Zawaydeh 1999). Therefore, the location of the stressed syllable in a word is predictable. An
early study on Standard Arabic as produced in Iraq showed that stressed syllables tend to be
longer, louder, and higher in pitch compared totn@ssed syllables (A\ni 1970). De Jong

and Zawaydeh (1999) examined acoustic correlates of lexical stress in AA, such as duration,
spectral properties, and pitch in the speech of four female adult speakers. The data consisted of
ten words placed in prodiz conditions comprising final and ndmal positions in utterances
forming statements and questions. Results showed that vowels in stressed syllables were
significantly longer and had higher pitch than those in unstressed syllables. Moreover, Zuraiq

(2005) analysed the production of lexical stress by native speakers of JA, English, and Arab
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learners of English. Eight participants, including four males and four females, were recruited

from the northern region of Jordah.h e st i mul i consisted of six
words. These words represented differences i
syl l abl e, and their mini mal pair counterpar:

secondabdel-a."'as asda dd | i o n &hatlong& elwatidn,thighersammitwoe,d
and higher pitch were correlates ofrestsed syllables compared to unstressed ones.

Nevertheless, JA speakers did not employ vowel reduction or F2 as a correlate of stress

Building on these phonetic observations, t h
specific reBeseandi pattAednes not contribute
(AtAN i 1970, Watson 2002 ,AbDeo h] o2n0gl 18 .Z aAwaayl dyeshe s
di alsewccths aiasBaniAr ablioc8 4()I,r swaiddd Mousa Arabic (
Wa d i RammiMaabagbd 2015) sdernd rag,d A oft dMBlAd Wata f
stress systgeanw ethmetd fi @l Itramdseh ai ¢ . molrhd isc sgyysd tea
associated with intensity contr-vastpaithatwiorly
first segment of the pair being more promin:e

The foll owi Rggatsehmpd dwh pianfl 6) trochaic system
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[+

/\

5 w

ba na

L+

/\

5 w

fa lam

Fighgd e Examplwe ¢ roofc hai & pattern

JAords must meet the bimoraicity condition t
which is maximally assigned two moras (cf. \Y
1993, Hayes 1995, Watson 2002). |Tedda nmeot rriifgihca
parsing with an absol.st.e amare domodagemer avtoe df
uff ooted and are ine)lHgybsel®dB5 coKagenuctt9as.f
Theref or-maqgr ai enowmor d wi Itlo ncootn shter uechtmtdhi ebf lc od aor
consonant under gG¥€Cgehayas  DaGEMCDavi sn20&#%
i n mdhreomor ai ¢ siynlgi anlb,r @aa Iblecwirng 1t to constru
receives tRegavdemontstesas.es the moraic conf i

and [/ sadd/ 6damo.
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Word layer

Foot layer

c Syllable layer
fu\ Moraic layer
s a <d> Segmental layer
(x ) Word layer
(x) Foot layer
o <o=> Syllable layer
N\
/
/up Moraic layer
/ | |
/1
s a d<d> Segmental layer

Fi gRt e mi nat ioonno noofr aaibanc/osma drig/r ai ¢ / sadd/

Il n monosyll abic words, JA word stress fall:
Ma s h azyhla6 ) . Examples of monosyll abic words
syl l ables are as foll ows:

20CVVI Aal/ O6nobd
21CVCCi/nt/ o6girlo
22CCVVC |/ dkhbakb/

23CVCL" sadd/ O6dambd

Il n disyll abic words, fsthrag sssuiperasavgnesd!| t ab
penul timate heavy syl | alb8)e. rlenc etihvee sc asste exsfs
in a disyl |l abi-20)wo rsdt r(eEsxsa mpsit eansbs?i eganseylll absaob It eh e

trochasiys({fs\mdts o Ay 280820 kon 2011) .
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24CV OCVVCEC matkuub/ oO6writteno
25CVCVC@Bnakal | / 6shopd
26CVCCVmak.tab/ 6deskd

27CV. cv@dd/rab/ 6éhe hit

(@}

28V CW a. ma/ Oskyod

I n multisydtlrabss iwonrassi gfadcdhattotdimeeofsyt hab

Ragheb 2014, Mashagba & HHauawetVQROs%) |l alllhe
antepenultimate position fails t aHatntered oyt ean
al. (2023) mAdkaz.anread. nd/até6past/ad a foot over

syl l afyle tmasshevetsdt he moanempemdilabinat ¢ k a/
construct a foot. Anot hwehi rcfdceedilve smaonsst ues .

heavy syrfflaiblled /tma r ec aiuweé Ri@hhea t maai sns i sgtnrse ssst r

right most heavy syll able /roo/. The rules of
conditional statements as foll ows:

1.Stress falls on the wultimate superheavy s
2.Stress falls on the penultimate heavy syl
3.Stress falls on the antepenultimate syl |l a

A CVC syllable is f£emadérevdbras/mbehap/on68VEedY-
6deskd) by WPR. Howev-eErnah @EUEitsonigwheire
as extrametrical by’(eletag®V.i W@ rdéah B itgyh8oceoendd)i .t

shows how a CVC syllable can be | ight and he

®The peripherality woefmdnali o® issugrgeensdesr eechaas aext r ¢
a domain final position or edge (Liberman & Prin
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( X ) Word layer

(X) Footlayer
N o Syllable layer
';',’ lll‘.‘l ",’ 1\;.\
,“ tlJ ,"{ i Moraic layer
/ / \
k L t L <b> Segmental layer
( X ) Word layer
(X) Footlayer
T o Syllable layer
/ . A\
|»' \\ N | \| .l\ o
[ ma .'/ TN Moraic layer
/ | l / \
m a k t a <b> Segmental layer
FigR& e CVC syl |l abl-fi pasifiihahsand non

2. 1. 3Ge2Zmi3n.at es

Gemi nates play a significant role in shapirt

propertiesi asfgt rJeAs si nd d suiegarrcme n't surrounding Vv

organi zation of productions (Watson 2007, D¢

gemi nate can be defined in different ways.

cally, geminates are | ong sounds that

c o mpTarruebde ttzok@ayh £109r6d9s |

Phonet.

for an extended period

1977) . Geminates are produced with greater

segment (Ridoué&nAlazm0@il,Bh)khat bgbcal l vy, a gemi

il gsshpohrotn esmii T@ll &

as a ladmgubbe consonant t hat

-DPavbes 2Q@016) Al There are two m

| engt h s anfhemopradc codwei o

counterpart

gemi nat es: prosodic
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representation views gemi natl @ sa®o nt Wo skled e r
singletons asxséblhiygekedoIBO,dWatt@en sk®&02)t.al tie
template in the word /fatak/ Oopking@®de t he
Alternat i QWOdCyt empkeatC¥ obbt bsswomed 6/ hvahsitcakk § e m
isinked to two C sl ots. Thus, the segments
syl |l abl eo dowpyiiergc,oda position of the first

t he fol I(avwi®s@@V Qne

f a t a h

(Singleton)

Fi g% e Skeletal tiers for CVCVC and CVCCVC t e

Il n the moraic weight representation, geminat
nomi nal gemi nate occurring at the syll abl e
occupying the coda posit iWan sionD&IDNViILg maead &Ramd
201ANt ernatihveelsy ngl eton appearing imuantonse
onsledismeg ghtl ess i neAr abiFg gaM@selhagbamat aisct he
represdnf fthieenweeemg | et on and g e/Mmaknkant flea tetnavki/r, o r

respectively.

o G =
N b /N
alt ¢ E|i e f at t a <h>

(Singleton) (Geminate)

Fi gR¥@® Moraic repfrabtsemiitadt iakms of /
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Acoustically, previous studies had conflict
compen(iateon the adjustment of duration in o
anotcheey aregemiegardeai he sTednplob)a l cpmpéepsabi
shed Iight on the correspondence between ger
adjacenFovowradmRiGae(BOAT7at suhlggesMPA ngtehnaitnat e
productions exhibited decreased duration of
foll owing vowel . I n Leffamesme ArRHAI49, dkbaxtutsas
shortening preceding interlvsoaaltihce rg dniiAma tsehsor
AlDeai besbdés (2016) swvowgl sonhi gmend ntaehas sher
than those iIinwhihgl ¢étonryg vomwteeét s n gemi nat es
i n singTamipmidabbubltals & T20&afvhpedtde mphan al compen s
bet weehi watdgemi nates amwheastvhdiontUpAr adaditngrwvd
No n et hTehlneasisb,at (2019) suggested that in JA c

cuesre&i dent in the preceding or following vo

2. 1. 3Ep2e.ndt.hesi s

Epent hesi sl exirc atlh ei npsoesrtt i on of a prothetic
consonant al sequences (Kager 1999). Ki par sk
constructed on the position oefntthheesiesp e nt hveCt ic
such as |froargmns Aa a®b(i) CC pattern where the vo
first,/@gi(e.yal/ > [gilit.lal OOCVtdisd!l sawmd, aW
Cairenet hAer ascbpecnt haetGC€( W)oGvedt ritnct ure appears t
C in a CCC/McHltwgnubti/(algol told himdéd, Watson
phonol ogi cal phenomenon to consider in addre
Arabic. This is due to the inter axcherve@® mhet we

di alseuccths as Baghdad Jewdaorhs iachalr Cthira sda p eamt MAe tail
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to | exi(chabbualsit me 58180 daAbukKd Playr sky (2003) expl
is the epenthetic vowel invisible to stress
in any | exical processes. For exampl e, i n tF
assignedpemultthiemaneé esy !l | ELl.ehiwhenma/pramdlu meod 4«

based on ERR.

Coda cfloursmaatnido nv o we | Ap arstiuhpeesrihse aiviy syl | abl e
investigated iAhhQadlyj R2HRNOYbHi JJ A( (Daana 2019
(Kenstowics 1986) , Kar aki Ar abi cKa(rBtm o0lsh8 02 C
Haddad 1984) , Maani (Rakhieh 2009) , Naj di (£
(ABSlal i m 1982), HadrBhdni YUBaammakhAamBlh' 2€O&m, Ab
2020), Sandani Arabic (Watson 2002WManGamirene

1987) , Hi jazi Arabic (Bokhari 2020), and I

Epent hesis inisAeyppodawdi depdil ab Sead i (MAbLwW 8 0,
Benhallam 1980, -Bbbasl @®03299 Mas HDlamma gt20418)
di scussed the strategies used by JA speaker
syl l abl es, such Rec LIVIGOCh gecndddh aCtveM QWG.t er s ar e nc
they have a falling sonority, her OT analy
(gemi havtesgkpqual s 0 n o Mrihd rsdcedsre o enncgel godf e LWL C syl |
tolerable. Nonetheless, CVVCC is regarded as
as it viexcloantses atihng *(3Kager 1999). This is due

moras inherentl y, gemd ntalh e fciomptr i G iemdg it inier dc o «

mora by WPR (Hayes 1995). Daana suggested t
geminate segment entails a violation of the
constraked bel cvaaoanbeéRFidgBhitls hows vowel epenth
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geminate coda clustefhyibntohgi wdbdd / maaanri /O

constraint.

(*! ) Word layer
' ) Foot layer
a g Syllabic layer
,i'){ F‘Nu Moraic layer

m 3 ar=r> Segmental layer

(x) Word layer
{ x . ) Foot layer
a a Syllabac layer
."I%u ,ﬂp\ Morae laver
_|'I|I | | ."ll | \
m aar 1 r Segmental layer
Fi gl Vowel epenthesis in a geminate coda

I n his analysis of CVCC clusters attested i
noticed that SSP is not functional i n some ¢
as /bint/ o6girlé and /dars/e®$lpesboadl byt asoft
Kenstowics mentioned that due to [/ himl/ not
epenthetic vowel sybklsioomeritteggd stcal &l.t grmitsher oc
in other Arabic dseal Arcdli-kcauEAb daudSi8 ,ebdaddad
Pal estini anrSaAr anbilc9 82Ahu and Hi j aBziooArthahb(i2cOo0(®
supported this noti on | arsgueitmbigs itnhga t s oKnaorrai ktii e
consonant al clustlans bdtthdwes yltithéckcteet sbayant al

medi al cluster in the word [/ quf or milgaud .dG1li |t dle

The epent hseetrizck Beoweulc! eus of the newly estab]
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number of assigned moras. Cases of inmamefgul ar

are prohibited from surfacing unfaenss/epenthe

2. 1. 3Sy2n.c50.pe

Syncope is the deletion or |l oss of L1/ unstr
(Rakhieh 2009) . |t I's considered an essent|
syll able structure in most Arabic dialects i

2002, McCarthy 2008), Ammani Arab00§g)PDaaHB] &:
Ar abiMo@Ali nyarda8dlr)ami Ar abi c 1PBamMalphmrakgyh (200
' ight on how syncope i s | i nugsutiesrtsi ciafl tyhea od lel
segment i's eednmead| s Feomi examplCL€VVILCas wor d
underlying representation of /[ KkijJthablUnGBVC¥EE
short vowel in the open sylswabhe/ kkibei hbeas
affiliated mora that is directly parsed to t
createae nwor dl clusteAs hddMd\LCakt hy | 0Q02020) r
CCVVLy | | ahd e ®as si miduler atba cs @WCv/o/Eaytl il mdp | es, su

ki makemdar / @ duornakatby/ & a b/ /f6isdin adddab ea o d

There are two categobaszead iomst lod Aymbdd pdidn @n
di fferent-diafl f earnednt m @an (1t oAl1h9%809AY j Mict Ga rl tyh y2 0Z
Differenti al di alects refer to those that or
and these dialects arre uplss o Fdiregdfgdnetdatii nistuda itaw ¢
such as JA andt hEagty pdte laent eAraarbyi cweak hi gh shor
whetihtehmiisgha fr ont alhiogh laowkelsHhHaortorvowel [ ul.
vowel sfimahoonpen iy [200a0b9l,e sMa(sRhaakghbiae & Huneet )

when the | ow short vofwiedall adpeams ddyllll sobMeead, btyh
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del eted i eBedagguairna/J A cowd I s(byshopdt@ad8ant
1999, Rakhitgl p2 0 @o)e¢Aruanbsitcr essed high wdwel |/
6uglydé undergoes sym/c,oparnd otnhda owdred o/meu I/ wd ikt. |
xul sit/ after syncope ( Wagtrsoaurp 2 G0 2c,0 np.ri ls)e.d
del eting only hijsguhc hf racsn tMeschcoarnt Aw awbe Ics whi ch
syncop at/ngioqni ku/ Bsdeuwc chdni giaub/r a 120 0AgQ n throans t

di fferential dialects delete weak short Vvowe
short vowel si.®ByRoranetxhaeapeiear e no rul es gover:
make the distinction between hi.gh€ amidgH oswh ot
vowel /il in the underlying representation |/
mzil nal, and the | ow short vowel l al in th

becowsn /| kamt/ (Adra 1999, p.38).

I n super hegwnyxopeltihad pgiedrabti da i nat o cheac@oma n

the onset of the newly formed syl Il able, whic
unstressed short vowel (Kiparsky 2003, Wat !
Consequentl vy, superheavy i sgl | aviolreds pé@mEd a roinr

syncopated to avoid provrm&n aigc as tvriwdtaurie n( Al
Previous studies reported timatgesny mad pes iwh eal
to other CC clusters (Kiparsky 2003, Watson
high vowels after a geminate consonant to r e
|l icensed as it daee oo(hes.tyk.al-at ;m>t he(ib) kmalr (I )
talk toasMma@idiéeéd /tixiinnkKiparyokWacs0tnd 26 0T S

Rakhieh 2009) .
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However, the characteristics of syncope in J
much attention. Scholars have neglected the
clusters are formulated based alneltaeh23 synco
demonstrates exampl es of JA supeemrlaawxy s s ylf

syncopation.

Tab23e Superheawmergyinigalllues t o syncopati on

Word Syllabification ~ Word Syllabification  Gloss
(Syncope)

kitaab CV.CvVvC ktaab CCvvC Book

si |l aa< CV.CvWC sl aac< CCvVvC Weapon

fa.him.tu CV.CVC.cVv fhim.tu CccvCc.cv You understood

ka. fi ztCV.CVCC N fizt CCvCC Memorized

ka.biir CV.CvVvC Kbiir CCcvvC Big

sa. o1 i rCvV.CvwC SOiir CCvVvC Small

nin.kabb CVC.CVvCC Nkabb CCvcCC Got spilled

2. 1Sd4perheavy Syl l abl es

Analysing superheavy sArlalbl e pfhepatawmomlssysd i inngs |
prosodic structure, stress patterns, and mor
Hayes, 108®n)s. 2HolwBever, the existing |iteratur
for the behaviour and representation of sup

defying the theoretTllpmrleviircaunse ss truedmad sn st ascckalr ec

superheavy syllables in adult speech, negl e
production in chil dg syetercehsr @ @&mcah ends aarne a nd e s i
i mplications on prosody, | anguage | earning,
Superheavy syl l abl es are prfoobrl enmualttiidpil res trt{ehaes

thédypve more segments compared to other stri
(Bamakhramah 2014Se€opagpééeheig028puchcal wposid

final ,p O whpehioenrod ogi c &k .lgem@gdehseneang ojamnvdwel
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mor phol ogi(catge.maeoernns eca(dbaiykeesBtlOBOl ow )et al .
Thirdi,nttenreyct with | exical stress. alBesurgtnime nttf
have -way wionteraction between syll abhbowei gh
whet her they should be classified as bimorai

Bamakhramah 2010) &r Ctrosmbegi 0B¢ry 199

Hubbard (1994) suggested that | anguages wit!
Thus, thanheai ntaining the complex structure
to confirm with phonol ogi cal constraints. Th
di fferently from other syllable gtphenalregi @
processes to simplify their producti omg. Hu b
a universal «cotnhsdtgreamant aipec oy lblidablngs ( McCarth
2 010, Brosel ow Bamak hr)a.madihiROtlldck of ewaywlence
syl l able weight distinction: differences bet
syl l ables are commonly observed; however, th

of trimoraic sykbablbesur BEagovhie, GVWWE syl ll abl e

Q
]
@D
=

estructured to bimoraic CVC syll abl es

rendering them as extrapr oslot@adicr e ncefCNAYNAcbQ acr t

syl l abl es-finalt hposwswiotridon are produwawuatdensi { ki
appears fn nmor dononions, it is produced as |
Phonetically, few studies have demonstrate:q

reduction and mora sharing to prevent violat
to the process where a singl,a woweal iandi aked
a mora to avoid contribsthag haveabitmomrai eno;d

such as Arabic (Broselow et al ., 1995, Hayes
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(1995dt Wlewunati onaolivoprrdoper haksGWNVChswgl pabt ecul
on LeklmaBlgsean (permit @VVECecasd (Hgoy mtlthaeye r m
arguedn tlhaantguiagdd nwit todas being mboai d bg
tri morai B.r odeawmawero,l | e agltheast sdwg pd s toend | and p
suppdht bi moraic representatimanr a@afsiC¥NVIChgyhde
the finalandolnshwmemanmbwel . The Lredbtaendesehedavawe
/ Kia.aba/ (Meanbeig9ybr& emst han the | ong vowel
/ Riaadi/ (Mean = 115.4 ms). Similar results we
i nt/akmiba/ ( Meanwashlolr2.e2 msh)an atdhie/ voMeadan i n 1 X3
Egyptian dieadb e mb sma-eecxrhdlbi CVVC syl lasolwe | pr od
shortemiandher thanamobedadffsdangngowwhsiwasa CVV
produced aswianBhduot avoweéal di fferenyglel delt ave

whetrlree vowel and the coda consonant are assi

Similarly, -Kamimbbs aga0 RA4) anal ysis of supe
Arabi c highlighted mor a shar i regs hoTweedi rt haen
correspondence between phonetic timing and |
Their predictivwamso i maplpiead ¢iifc tchoenrse r ai pnt on ¢
there would be no motivati 6McfCarthgsandcPurn
Thanalysis focused sHnagdmidmdatae warso cwaortpirdrs e d
foll owing enmar arkmedtnmtasneldCavk CW6G wmanalba k C¥What 6
wr ong®o, ammada GV V&Gb or ed 6 .naThyes i st atoindtiirareld & h a
| engdhef |l ected whedei abhoments with shhoardd vow
amean duration of 300 ms. wabkemgt htehe oumeesh n od u 1
around 400 ms wwa&gpemrso xihmatdaulryati oM ms when b

consovmeaentllonngV.VC. CV segFud®cans3Mdamor a shari
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evident i n shorter VV segmentsleagOmpsaieée)d@Dto

Neverthelhes<C segments were not =s1h8o2r tnesn,e dS D 1|
=41) compared to =M8QAQCWs3 8sady gledsbtaibn gmor a s har i
i nfldiehnrecepr ecedi ng vowel . Such results were a
consonants requiring shortening tTheagqaoaedtt on
remains whether the attestgedn atid acit en alr rse/s

structur e.

Wat son (2007) described that s ufpierahle ap @ s istyil
CVCC syl l ables ar & imeadt rpiocstieed otno itnh eSawmdrad i

Cairene, whereas CVCCC syl | abflidsaporsliy i aomp e aNe
explained that a superheavy syllable compri s
(Fi gR¥Pr. The degenerate syllable blocks foot
syll able from being peripheral, as the degen
over the canonical syl |l abl e and hteh es urpieg hhtemov:

syl |l abl sa cfotohgatércied tves t by RiRaniam satdde <3 onal de

syl l abl e.

o o)

AN

ju =CVXC

/1

C V X{C)
Figr2 Coda consonant in a superheavy syl l ab
Wat son further i nvestigated foot parsing ir
suggested that in Sandéani Arabic, a CVCC sup

i f d&iman CVV or CVG (geminat e) wsoyldlsa by ldea wa pvmase
6l ooked fordé and [ saa.fart/ 6travell edd, t he

argued that there is a sonority disparity be
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assigned two moras in the upper moraic | eve
Then, a foot is constructed over the initial

only visibleFfgalifFidedshaoawWwatson 2007, p. 104

[ = ) word construction layer (ERR)
(x) foot layer
T o o syllable layer
TR u upper moraic layer
TR TR lower moraic layer
d a w a ri{n segmental layer
[ = ] word construction layer (ERR)
(=] foot layer
o o o syllable layer
pop L upper moraic layer
pop pop lower moraic layer
s a fa ri segmental layer

Fi gRBr3® Stress assignment to the visible foot

-

Neverthel ess, in cases of words with suffi xzé
/[l aa. rat.naal/ O6éour nei@hberbddawévoavercht] aal &n
over )/ nMda/hough two feet are present, foot

suffixed foot peripheral and thus invisible

visible foot over (Fhgaldeiciitadd siyn | Vdabtl seo nb y2 OEOR
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word construction layer (ERR)
foot layer

G G G syllable layer

TR o TR upper moraic layer
1/ ||

TR TR TR lower moraic layer
| | LV

romoa segmental layer

FigBrZe Stress assignment in a suffixation ex

Wat son propesedcthrmal subdbrieties of super hea
CVCC syl l abl es, are not prosodically simila
(1979) for Lebanese Arabic, Sel kifrok (dl %8 le)c tfi
Ar abi c, and FaldaAumpeml he a9 ga2cy yfstsaibaii eadslheec tfsor ms
CVVC and CVC@r et mau dtmbeedreaavceet annohi laarel ynot t heo
accounted for comparably. They demonstrated
superheavy syll able whereas a CVCC syl l abl e

(Broselow 1992). There,ct@dVQE os ylclcalbl amd marl & r e
positions than CVCC syl l abl es.

Broselow (1992) examined Sudanese, Syrian,

showed that CVVC syll ables could be found in
subject suffixes (CVVCVC, /| kitaab+@¥Y¥YC,6our

maask+i i

environments

Al ternatively,

n/

6we

ar e

hol di ngodo) .

CvcCcC

f,oou arh nags g/enma-myaé easm d

syl |l dblnead

CV¥Cargylcl phble
bmasdeuwun/

pecsanwd e atplpadya r .

usually restruct u(reefdgabyp/ vowedkaeépoéhnht odoig$
Cross| eggx dmRidmegBad r heavy syl l ables in JA haul't
contrast between bimoraic and triimopraocudctyil d
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The objective was to provide compelling evi

the trimoraic ban aBtosel olw9 HGhwaadAlba i ohi al e

2014) . Vowe | and coda consonant durations i
environments: tr ifmonmraali cCMXO/WV G yalnlda bnloens. The s
such as emphasi s, gemi nati on, and rsdatriesrsali n

variations base-tho erad | ndreadi ce ffmedstirso,n F@rs ué ns ¢

evidence for the duratidonmdl|l Adiufl feeme mma kEantpw

Isl 6: d/ fAhuntedod. Vowel durations were not s
unstressed syllables in the pair /[/ga.slad/
first wor dt haends e/csolnadd./ Ornossl ey further inves
coda consonants in bimoraic and trimoraic CV

The sewedayl ed thaedpoattoaos -ashebbCVELC 8wyphl ab
produced whendamheaefsykl.alOhe mha&sults showed t
and CVVG osydwrh lbblueas t he consistent coda short
l ength and | ack of |l ong vowel shortening | €

tri moraic ban were mani fested.
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2. Ranguwbeyel opment

This section explores the I|Iiterature on phon
perception and productiom. p&btr e rtrse, |l anguag
|l earning, the stages of | inguistic deveA opme

t horough AreawWwitawi efs examining the phonol ogi

conducted.

2. 2Phonol ogical and Phonetic Development in

2. 2Pérdeptual Devel opment in Infants

|l nfants exhibit eatrol ya sppeercctesp tsuuacl h aatst ucnoenrseonrt a
rhythmic patterns, word boundary detecti on,
1971, Kuhl 1991, Best 2017). I n the first ye
| angumaigeer sals to a naspewi hgcfoatutsgoni kabhgao
Best hfants7le described as 'citizens of the wpnldiiere they exhibit sensitivity to
discriminations between sounds across languages by six months of age (RN2dker &

Tees 1984). However, by twelve months, this languageersal discrimination sensitivity
decreases as infants' languagecific phonetic ability improves, turning them into 'culture

bound listeners' (Eimas 1975, Werker & Tees 1984, Kuhl 12001, 2004).

Perceptual sensitivity refers to the abilit
speech sounds during infancy and eda&ysiy chil
months, infants are perceptually attuned to the vowels in their ambient languages, and by
twelve months, they show an increased sensitivity to consonant contrastsngligh /r/ and

/Il and English voiced /b/ and voiceless®i hman 2015, Best 2017). B
attunement to the acoustic properties of thmibient languages is apparent (Eimas et al., 1971,

Kuhl 1991). For example, English native infants exhibited the ability to discriminate between
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voiced and voiceless stop consonants through an acoustic difference of 20 ms in voice onset

time VOT (Eimas et al., 1971, Tsao, Liu & Kuhl 2004).

To account for i nfantsdé abi | i tspecifit ghonemes cr i mi
multiple models were proposed, such as Native Language Magnet (Kuhl 1991, 2008),
Perceptual Reorganization (Werker et al., 1981), Perceptual Assimilation Modell @Bdst

1995), and Natural Referent Vowels (Polka and Bohm 2003, 2011). Highlighting a few, Kuhl
(1991, 2008) proposed in her Native Language Magnet Approach that infants go through a
critical period. This period entails the exposure to langispgeific péterns resulting in the
fibrainds initial state of wuniversal sensorin
narrowed down from language universals to language specifics (Best 2017, p.476). Thus,
processinglanguagepeci fi ¢ di stinctionsnds awmdiyt @arcyhi gh
neutr al circuitry bec o me sspecdfie protaypds yBest 20bTmi t t e
p.476). Therefore, prototypes (central representations of linguistic catedéuiels 2009

function as magnets thattratct surrounding sounds, mainly vowels and prosodic features
(stress, pitch, and intonation), initiating the intonational and prosodic structures. (1Li988;

p. 2423) expanded on the prototype proposition by clarifying that prototgpdsoattract

other stimuli more strongly than ngmototypes. Thus, vowels that surround a prototypical
stimulus are more difficult to discriminate than vowels that surround pnorot ot ypeo. T
infants show a prototypical sound development where distingtiopertes of language

specific units are mapped netpsychologically, reflecting prototype learning in cognitive

psychology Guenther & Gjaja 1996, Kuhl 204

Werker et al. (1981prguedthat 1 06t o -mlo2-0 hidfants show signs of perceptual
reorganization. Perceptual reorganization refers to the cognitive process through which the

infant's perception of speech sounds becomes increasingly tuned to the |sppabe
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phonetic distinctions of thembient language (Werker et al., 1981). For example, Mattock &
Burnham (2006) investigated perceptual reorganization for tones in-htm®old infants

from tonal, Chinese, and ndanal English environments for speech and -speech
discrimination. Thi results suggested that Chinese infants performed better in both speech

and nonrspeech tone discriminationdonetheless Engl i sh i nfantsdé disc
tone declined betweeni 8 months of age. They stated that the reorganization of tone
pereption is a function of the ambient language environmferst.d i t i onal | 'y, Wer ke
(1984) demonstrait@d momaths betsweagrk ] hb@&Enghifaht
initially dnatcirieni satadsn,onsuch as Hi ndi an
However, by the sampeagBbngHsendhowerd Babhsh s
respective native contrasts, indicating a t
| anguage. Wer ker and Teesng@glaBi)i pyppadldid&ngyd
infants to perceive contrasts in othefr | ang:t
native sounds rather than a permanent | oss o

Il i ngui st i Besp20ld,Kohh2004)a (

Multiple studies suggested that prosodic and phonotactic properties of speech are evident in
infantsd | ingui sti c -Varele& Nespa B0dlg. OurifgBhe firstyearBe n a v
infants can recognize prosodic patterns,(stess patterns, pitch contour, and phrasiagdl

they gradually develop their perceptual sensitivity to sgpmental features to adapt to
languagespecific structures (Abdoh 2010). This turning point frampeech perception
universality to specificity is depicted asevidea f or i nf ant s & -specificu n e men
motivated by the narrowing preferelRmad for A
1985)and Afor the stress patterns of the ambie

Kuhl 2001, Vihman 2015).
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There is an early discrepancy in stress pat:H
|l angspegei fic perceptual patterns, wHauhsitnont h&e
News dme 3, Sktoralppa 2009) . Di stinguishing st

| ear ni ng #fsitxreeds sa nlda nfgrueaeg e s) .( Sktou diipgpsa cd man s. t, r

nine months of age, i nfants | earning | angua
exhibit the ability to discri mi{&toensstamas 8o
2010) . I n contrast, infants |l earning | angua{
show difficulty in this discrimination task
task (Skoruppa et al ., 2011).

Inf ant s’ pr ef er en caesss ufnoerd assterdebsests p amigéuiagsee a P © ¢

For i nstneonnebeh,d rEinrgd i sh i nf anbhsttahddiesyblabec
opliant 6, 0 ffailntaelr 6o)n eosv e(re .sgt.r,e sésc o mp | y 6, Obef
Spanliesahr fiamyfuss e(zy k, Houst on P nN\Nse w& oBtoes c1h9 9230 1 0
et al ., 2011) . This distinction is-iatittriiabut
di syl l ables inShagliseéh (loms &y dé dlLOtoOPe)ws oMoer e 0 v
it i s suggesteditalsatf oirnftearet o rexdinb intana str es
frequkingdiyydst on &1 NRPXsDImes whBsesgleivshkheheai mi ng
demonstrating a preference for words with st
(Jusczyk, Cutl er & Hedalnhzi,s 1s9e9n3s,i tMovrigtayn elndeSr
mont hs saufggaege, ng a devel opment al trajectory

word boundari es,HousEmql i&d®e@®Fwanez y k

Furthermore, prosodic sensitivity is assumed to include the distributional phonotactic

properties of the sounds in the ambient language (Kuhl 1993, Jusczyk, Luce & {€Chades

'Segmentally varied stimul.i refer to linguistic
stress patterns remain consistent (Pons & Bosch
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1994) . This sensitivity is evident in the i/
frequency phonetic and phonological sequences by nine months of ag€Vesgllables are
more frequent than CCV ones) (Kuhl 1996, Vihman 20BXposure to related linguistic
sti mul i assists i n 0 whbch engloes acguaring tHe gphogotactig e | e
patternsand the rulegoverning them (e.gAr a-bear ni ng disfcamtms naare be
di fferent syllabic patterns su¢Eh naass Kabbaras/, ( C

1979,L i v e | yWayeINE&er & Gerken 200%,i hman). 2015

2.2 Fxromm Prelinguistic Vocalizations to Early

Typically developing infants naturally progr
(Eimas 1975)At the cooing stage, until three months of age, infants produeeearbal sounds

and by four months, they produce vodike sounds laye, Werker & Gerken 2002, Tsao,

Liu & Kuhl 2004, SGaminon . 2Vihl the development of the vocal control
mechani s m, infantsd | i ngui sdusceyk, puceo&8dGharlesi ons
Luce 1994) They demonstrate evidence of senswoigtor learning, expling various
vocalizations and experimenting different sourida & Kuhl 2004). As they engage in vocal

play and produce a wide range of agrbal sound§.e., cooing, gurglingand laughter their
vocalizations do not yet represent meaningful spbeérethe canonical babbling stage from

5 to 10 months of agd-érguson, Menn & Stogbammon 1992, Jusczyk, Luce & Charles

Luce 1994, Abdoh 2010).

Observational studies examined how the emergence and progression of babbling coincide with
the broader devel opment of the inf-&mnmmdbms spee
1985, McCune & Vihman 2001). Studies suggest that babbling constitikeg step for

linguistic production for two main reasons. First, babbling enables the child to master

articulatory gestures by constructing a sen
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feedback | oop Cetal,FOO0T hled eenVihiri@a®lal. s2013). This means

that as infants babble, they hear the sounds they produce and use this feedback to refine their
articulatory movements, thus developing a mental representation of these specific sounds
(McCune & Vihman 2001St eGealmmo n ). 2Zhenl the feedback process is associated
with perceptual representations, where the

sounds contributes to their learning and production (Tlsaa Kuhl 2004, Vihman 2015).

Second, the infant's vocal behawigs assumedo increase the attention of adults interacting

with the child (McCune 1992, Majorano, Vihman & Depaolis 2014). Babbling often triggers

an i mmedi at e i nteractive par en tc/ocnavreergsi avteiro n
(Veneziano 1981, Tsao, Liu & Kul2004). With the increased attention and interactive
response from the parent/caregiver, infants seem to modify their productions according to
perceived phonological patterns and vocalizations (Vihman 2014). The temporal patterns
observed in their canoratbabbling initially mirror the patterns found in the speech input they
perceive (Tsao, Liu & Kuhl 2004). Consequently, the production of temporal patterns
resembling adullike ones isarguedto precede the production of phoneme and syHataed

units (Majorano, Vihman & Depaolis 2014).

On the other hand, there are debates on the extent to which babbling is indicative of early word
production (McCune & Vihman 2001). Some studies indicated that infants who show advanced
levels of preverbal productiong.e. producing more babbling vocalizatigndemonstrate
greater stability, accuracgnd syllabic complexity in their productions (Vihman & McCune,
1994, Majorano & Vihman 2009, Majorano, Vihman & Depaolis 2014). Increased babbling
vocalization is associated with increased vaysdtural pretice that results in mastery of the
ambient language (Ste8ammon 1985). Some scholars extend this argument to discuss how

babbling contributes to the emergence of consonantal preferencesl@t mOnths of age
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(Werker & Tees 1984, Maye, Werker & Gerken2002ur t her mor e, hei ght enc¢
di stinctions and preferences between sounds
cues udhl hand ensi t Maye AMerder & Gerkent2008, iKuhl 2004). This

allows infants to differentiate between phonetic distinctions and understand distributional

patterns more effectively (Vihman & McCune, 1994, Majorano, Vihman & Depaolis 2014).

As infants become increasingly attuned to the features of their ambient language (Tobin 1997,
Lust 2006), their vocalizations and babbling seem to lead to significant developmental
milestons. Normally developing infants, ad 121 18 months, begin to produce sing¥erd

utterances (Vihman & McCune 1994). The progression towards langpagdic features
establishes the basis of lexical development, a phase referred to as the holophrastic phase
(Vihman 1993, Vihman & McCune 1994, Abdoh 2010le n g g o). Rwirl 7the
holophrastic stage, children resort to phonetic patterns recognized during the first postnatal
year and the babbling stage to produce 25+ spokenwbmdss(c zy k, Houst on & Ne
Vihman1996, Lust 2006). By 184 months, children are expected to have acquired a total of
50-100+ items of expressive vocabulary displaying ambient language phonological rules and

systematic contrasts (Tobin 1997).

At this stage, the childds ability to produ
framework of their lexicon (Sto&gbammon & Williams 2013). By the end of the first year and

into the second year, children shift from holophrastic componentte stable canonical
formsinfluenced by adult patterns and their developing motor skills (Kuhl I%1e | en 1991,
Vihman & McCune 1994). This progression is marked by an increase in the production of

canonical word shapgsuch as CVC, CV/CV, and CVC/C¥eflecting improved accuracy in

SAnwar-ol-modBh chil d, pirmbdww/e sé wehtee rwbo rsder/vi ng a co
and used in a holophrastic sense waeeedoth®alihml &
Mehawesh 2014)
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generatingadult i ke word forms (Vi hman 1993, Abdoh 2
forms are constrained by simpler syllabic patterns such as CV and CVC, contrasting with the
more complex structures in adult speech, such as consonant clustgts@dRel977, Tobin

1997). As they progress in their development, children gradually transition to more complex
syllabic patterns with emerging structureach as CV, CVC, CVV, and CVVM®ecoming

more frequent, thereby showing increased phonological pamegnce with adult forms

(Vihman & Croft 2007).

2.2Ldnguage Universals and Articulatory Moto

Two major approaches are highlightedhegy thi

of fer contrasting yet complimentary explanat
The first suggests the universality of |l angu
born with innate |l inguisti c vkanno wd eend gBee rtgh a2t0 1i

lther posits that acquisition occurs through
mechanii sensgni ti ve processes extracting and

structur penotvel 9T mek9oR2 Casillas 2015) .

2.2 Lanuage Universals

Phonol ogi cal acquisition and devel opment t
explanatory <concepts 2f0dr5) chiSlidni $tpeetheg Alhga
emphasized by these theories,; however, ther
devel opment are universal. Jakobsondés (1968)
postul ated pr edniicvteirosnasl bhaiseerdaracrhya od structu
Ssystems. The anal ysswioul pilr dppeo saecdq uti reetd sa@audd
distributed among t he wopr.|l30d30)s i mealngulag e sf.o |
devel opment al patterns: (1) babbling is wunr
acquisition of adult phonology; (2) phonol og
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of distinctive features; (3) the child does
instead, they establish their system of phon
as adults to distinguish betweeochwodden (4) s
and universal. Jakobson (1968) suggested a wu
predictable pattern across | anguages. Thi s
l inguistic structusesuamt wrhe tthe de v eltoonws b & ian
structam@vC\WwVioll owed by CVC. Mor eover, Jakoc

acquire back consonants only after they acq

acquire stops,; affricates only after acquir
coasrponding oral vowels (Tobin 1997).

Anot her prominent approach is the nativist
Chomsky (1965). |t proposes that humans are

| anguage acqwhisdh iiom @evioeate mechani sm en
grammar of their ambyexnhi Ildarnegnu algaev. e Alkcrcowlda g
as they naturally discriminate |inguistic pa
2010). Chomsky argued gqhiatedi mgsedtor &emntwadie
called 6universabd geamabnoéiodeépebdegsagehema
determines what counts as Jlinguistic experi

grammars are constructed(p.ohla)h.e Thaws,s toli & h

t hat all | anguages share fundament al structu
ambient | anguage triggers the activation and
I n their work O0The Sound Pattern of Engl i sht¢
Generative Phonology Approach, proposing th
principles governed by innate cogtnid¢hivled mercd

speech acqui siti onasieds adhipehwend Iy i a@mp!| yiudges
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forms similar to those of adults. These phot
surfacecdoumisi ng for the systematic variatio
Hall e specul ated that <children accurately p
their linguistic output. As developgménbnalo
features and unlleadinngatrd i telme pfadt matnison of t
SPE system <classifiesulsaotumrdys g@spematrs | pf os p
phonol ogi cal alternations and patterns acr

components of $SPEHATFD rperséhsean 20D 4i,n p. 6) .

Underlying forms
Systematic phonemic level

(stored in lexicon)

l Set of ordered rules

Surface forms
Systematic phmwtic level

(closer to pronunciation)

Figrs¥ honol ogi cal components of SPE

Moreover, multiple studies focused on the universal development of syllable structure and early

word shapesTwo mai n model s that discuss early spe¢
19906s including Fikkertds (1994) parametric
(1995) theory of childrends early wordsshape

predict the rate of devel opment al aspects of

Focusing on Dutch, Fi kkert hypothesized syl |l

develops from Wnumdrled ft d wrpart kdeeda n)Xpiea §e RIOe r2t

°The wuniversal l i nguistic patterns a.r eaalkedsi f i
structures ar e common, frequently used across
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suggested that children tend to acquire fina

|l engt hs,r eMhatrieon heef vowel |l ength to weight i
only evident in closed syll abl es. She propo
stages of children'"s:rhyme devel opment as fo

1.Stagechildren have swherrmne tstydy adnley pparrcadnec
comprising a consonant and a vowel . Vowe
although short and | ong vowels are-produc

branching nucl eus.

2.Stage | 1: children set the branching rhyr
and obstruents appear before sonorants 1in
3.Stage I T children establish the branc
representation of short and | ong vowel s.
attested before sonorants. This was evi
appearieng olmeoframts and | engthening short v
However, no |l ength relationship was found
4 . Stage |V: a bipositional rhyme is allowed
highlights the extrathymal parameter achi
representation is acquired before obstrue
Demuth & Feeds (1995) mod el proposes that
produced by <children i n twhneerifdihresrt csotdaag ec oonfs ¢
vowel | ength contrasts are i mplemented. Thi s
productions are minimally and maxi malalgyeshi m

with the first encompiacsatievngmdrmes {tlenhakney @

devel opmestyl (a@abd.e,C¥l emeMatrk e&8l Kdyuert ur®e&3)are | e
to appear in | ater stages (e.g. onset clusters C
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wherhbehe mini mal word is satisfied by a bisyl

secondt a@déd includes the acquisition of- coda

(7]

tage comprising the acquisition obbyvemweéd]| €
that the minimal word is the simplest and mo

This form provides a constrained | earning en

(7]

pecific syllabl e st raucctourmpe o dafc imrelgle iwre lollsaondg uca

(Kehoe - nsrboore 12001, p. 401) .

2.2 . MAr.t2i,cul atory Learning

The quefbheononand to what extent chd i @gdephadu

received much attention (Tingley & Allen 197
of tempor al control in child speech deter min
consmsyY occurring with age (Tingley & All en
factors attributed to motor | earning and exp

productions.

First, the devel opment al patterns evident i
their articulatory coomat mradtcihkenn @amenmomiaomnt al
vocalarttriaccuul at ory movement contr ol compared

t heir dKkuernatt ilon78a,6 eln9 R2 Wil son 2008p Nipu&t Ga-
Smith (1978) investigated the developmental aspects of temporal parameters in the speech of
Englishspeaking children ranging from 2486 yearo f a g e . Smithés anal ys
child productions are significantly different and longer than adults as younger children exhibit

less refined neuromotor capabilities. Thus, children were not able to exhibitikelaibntrol

of their speech mechmms. Smith added that durational patterns are assouwdteldnguage

specific constraints, such as syllable structure, syllable posatinohstress ruleg.or instance,
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durational patterns in French infants during the babbling stage (age rang&domdnths)

were influenced by phonological parameters such as syllable position and structure. Canault et

al. (2020) argued that although French infants produced longeffinatdyllables compared

to their counterparts, syllable structure did not exhibit a significant effect on durations. They
suggested thatthteh e devel opment al t raj ecwasmoylinearf t e mp
as the advancement of motor abilitiesascompanied by the integration of more complex
linguistic forms with age. This finding indicates that while motor skills develop, the interaction

with linguistic complexity becomes more prominent, highlighting the multifaceted nature of

language acquisitio

Within this |ine, Robb & Saxmaimdeg vieQl9dp meinntv ec
syl l able duration-spatakemmgs cihnl| devean aBargdieyhp
t o mAwolrtde periods of vocalizati onf idneavle | ©yImleal
|l engthening is a manifestation of syll.abl e s
Robb & Saxmaaomhisludgrgeenstexhi bi t a -ftienmplor ay | |paal
l engt hening asrselcatagade darmwiitchulagery devel opmi
produci ng-flionnagers yworadol es c( npraccuc ttioom| gerf @
advances due to theglievadtiingnaofprmgresscogt |

durati ons.

Second, | anguage | earning and experience aff

& Forner 1980, Smith, Sugarman & Long 1983) .

™ot or | ear:mmomwrge icnoenltuwdodsl ed coordination (Nip an
amplitude of jawNiamd Goeemqg& e Menndk svzalilabi | ity r
movements i .e. GieBooten§uReiahldyjaw02CaBSmuth &t Z
al2020
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and processes not only through maturation b

durations (Smith, Kenny & Hussain 1996, Payn

(2013, p. 1) stated that | eacnandskexil csalsuma
phonol ogi cal access, and motor planning and
target uni tmea.t uT,lalsiomguiitsht i c |l earning and e

contribute to phonol ogicmlt adepled mptmentd awnal d

For exampileguicsbsse studies docudfmemtaéd| emagt hte
and prosodic mar ki ng-speei fried | ex preavlesetmetce |raomntdy
ski(lDesl attre 1966, Ol ler & Smith IWh77,e Snhiitsh
l engthening is consistent widgthc ha daidPtorlrpeomokiu c (t
Brammer & Hageman dlis%x3,e pSmocw els9,9Babyh ,aa s sJea g aan
and MandaniOn aCrRRiO®ds e Otvdolengarn .¢ hi2l0dmegn- may e
final |l engt hening reflecting their awareness
(Robb & SaXNovaethedoepgsr phonol ogi cal and mot o
mot or control, creating dneaat efaindla momgphabl e
tend to be r&donted®wbprBO0OApeaWorldkengthening t
insights into the iIiw#3tpercadticonxperweamrel maygc

phonoldoegvieclaolp ment .

2. 2PBonol ogi cal Devel opment in Arabic

The literature focuses on early developmental stages in European languabess English,

Dutch, and Spanish, while less attention is devoted to Arabic or children of two years of age
and above (Stogbammon 1992, Dodd & Gillon 1997, Ste@ammon & Williams 2013).

Since the linguistic repertoire advances with maturation, $sessment of child phonology
expands drastically to include consonant accuracy, syllable structure, stress patterns, and

phonological processes (Menn 1971, Ferguson & Farewell 1975, Amayreh and Dyson 1998,
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Fikkert 1994, Dyson and Amayreh 2000, Ammar 20025 pect s such as art
perceptual devel opment , articulatory challe
categorical perception capabilitiesspela&avegnc
chil dren. So far, spme73choAmyasr sluchl %6 )Oma,
(1998), Dyson and Amayreh (2000), Amayreh ar
(2010), Ayyad (2011), Algattan (20n&l)qggiacnadl

devel opment .

2. 2 Phohol Degvieclaolp mentDi aeheA&tabi c

Saleh et al. (2007) investigated the phonemi
Arabhicl dren wit hi3®dn maoge hrsandgeé i a-& pyé laii m g nceh iElg
were recruited and divi derbonitrmt o nttheor wra | ta @ @en ¢
recofdoirngachcalhlidodt emde smenaltd WWaeh@r essi oni sti cal
maj or aims of Arabic studies is totdozsmens
when the child product-liiohs cehteast HBip@roaes mat :
Cairene child speech, and bke/f,or/et /t ,hYg/ dadlg,en ok /
fricélsli,valszilf, N,/ [IIxf), Hkb,/l I )}uitdwo (/m/a,9,all sivo

gl i(vés), /¥Edry pt i an (/hlyaedesne emphatic /dlI/ ap
suggested that the phonemes acqubfred/ eArl yd
al most matched those atteaneddi hnJEngAmanr é1Is
1998) . However,suslb mas phlgyhvemkes /a,c g/uji/r,e daneda r/l i e

Arabic compardd de eEn @l ipslevamnence in adult E

They dochhenemaed-phodolsadpi ctad @oomasaEneds hadul t
produ.ct iThensceldag!| | abl e str uc,tweraek psryolcleasbslees d(e

substityuyglont gle. gepl acement,)rregaaessiavsesi o h & i
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Empl oying syllable structure and substitutio

assimilation processes, with a notable trend
processes with age. The aundioaat icwencdfudehi Itc
mainly on syllable structure processes durin
reproduce CV syllables used in reduplicated

target words tocmgptach ttyhe articul atory

Studies of Arabic phonological devel opment |
factors such as feature friedddregxrclandsphgas
speech acquisition. Thi g r smo e K uhwawetdi AArgal it @ n
acquiissnfilomenced byt éahbieentt alspreguasge.f A t ot
develhkgpwai ti chil dren were recruited with an
speech recordings of utterances were recruit
viewing picture boobat avi wWhs pmaremnalsl/ xaregnyer
based on frequency <calculations, producti on
child productions devi & n aagn afnrto mp raodduul ctt i prno d
traced with an emphasis on t heée?oinn ftlhuee hocred eorf

acquisition and devel opment of error patt el

calcul ated based on the following criteria:
accurately in at | east 90% of athtemp@at esdutnar g
produced accurately in at | east 75% of att el
sound was produced accurately in at | east 50
"Whonological saliency is based on the diagnosti

cavity opening amdceo0ild®iomg , Hurngerda?s0s006y) o0 rpoeui sn gs o u n
easier to be percei(Ryd, alnmgrntamr&floiret, BT{U, rMdadwr

Y ndutequency is divided into type frequency: rel
words, and token frequency: reflecting the raw n
Far wel | 1975,98Mehl er et al

62



Kuwai ti children were able to produce more
before the age of 3;7 yehrs/ mhel i ng/ nbp/ , /1
Iz1 , [l , [ xI, [kl, Iqnl, ©hl, [jI,disgsll [IKsl,,
id1/, and [/ zI1/ were notidpedguears pBastbdeohdehs
these consonants wer e produced accurately

occurredces) ar t o Eegsyppetaika nn ga ncdhiJlodrrdeann,i aKnu wa i t
stops, fricatives, and nasal s more frequen
di screpancy between the acquisition ®ofnsKuwali
such as word | engthi aman sdmaircttsuriadn p@ri & f ea alnic
more salient than those in postvocalii.ce.posi
children avoid difficultpsodudsd) i mForngxaimp
reported that since the voiceless alveol ar s
than [/ k/ ( 4 %), t hen [t/ i's expected to be |
accuracy analysssmabbweddt (80%/ Bccwdaarcy) bet v
earlier than /[/t/] (93% i8¢cdlWradVygbhetweehi ghei g
Shapned compl exity produced by children incre:
Cvvcge, andyCve&tl es were the most frequently |
CCVC sgdrndabdeeda ones in CVCC swl;l7albyleeag sa p fHeoaw

ccvccCc, cCcvvccC, and CCVV were the | easit3;f3reque

year s. I n terms of word | engt h, di syl |l abic
monoaslyild and trisyll abic words.

Al gaditwipdhed ol ogi cal errors into two categori
and voicing) and prosodic (affecting syl |l abl

error patterns divided by t he +t{eotpdslg stisatrogpepti nm

andaffrication were the mo s t frequent segnmn
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respedtoinedlheteda del etion and cluster reduct
errors with 8% and 6 %, respectively. Alqgatt.
such as markedneasd featcwtioeniled @aadhi es di d
patterns attestedduien ahmgmpgeudlycrehbeatcitegi s

l inguistic differences of reported findings

Ayyad (2011) documented the devel opment of
devel oping Kuwaiti Arabi ¢5;chiyadaremn. i Thhda hset g

nolni near pHfomameworck!| for data amwaldy piasd uk est

obj-axged elicitation was used to evalwuate c
within a variety of word | engths and struct
focgsbobn the segment al i nventory and error toc

The mastery criterion of 90% was set by Ayye
t hat set whbtaeawadb % et for the consonant acqu
that the youngéb /gtr/ioup/ tmalgit,e/rkedd, , | h¥k / &b/ Bl ,
It 'El ,)dmwd ,ad/igydi r edqgd v,/c/lI§,EN/I,Mo/nre/t hell ess, consoc
Id |z [IdA& and /r/ were not acquired to a 75% I
Coronal [ +tgroovedHi+tlcpnt ] aafifrtrcThiee fle.at ur e s
acquired to-88®% ewW&lPohdiey d§ &ahi glhgwdo r(suaviu,l ar ) ,
[+l ateral] . mase@oededrb/gr dwpeE/ , [t/ g, //dml,, [/t
w1, & &Ny, /1Ikid ITh/E/], I hhhd aolivEN di)Y /T

consonants wjrtohovCodrlon(fadnd + Pharyngeal/f)) and

were not yet acquired by 75% of children.
BFunctional |l oad refers to the importance of p
influences the order of phonol ogical acqui sition
“Describing the phonological form of words in te
2011)
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Furthermore, Ayyeod olsiydHhlaibghitt @Md/Ctdi€ati acdu €y CC
shapedi syl |l abi cCVWd/r,bd LVIVICYV| uded,aGBRCCVI shilalpalsi
wo r d sCVvhCavdC V, cvcCcvcCcvc e, CVCVCVC¥h a.p aTsh eC WCoQuWnCgVeC
age group exhibited the acquisition of coda:
clusters, as in the CCVCV word shape, did nc
higlhnked constraint on clotnmsp,| eAyiytayd sBuagsgeeds toend
children showed a more advantéeraomgomaantani e

compared to Egyptpiearki agd chot daeinan Nonet hel e

majority of the consonant inventory by Kuwali
potenti al influencesnssemthy ndgesrgm, datfer eni
di alectical variations compared to other stu

2. 2.Phodhol Degviectcaolpment i n JA

Il n the context o f Jordan, Amayreh & Dyson (
acquisition of consonants in MSA as spoken
monol i ngwagleakrianbgi cchi | dren with an ageedange
into ni-nel garaneadr gr oups. The aim was to find
acquiredniniwbrdmedial, and final positions.

target words. Foll owing Sandeeg I(edwel2yg ,0fAMmMy ok

acquisition: (1) Mastery | evel (90% correct
(75% correct production in al/|l positions);
productiont woorm@ds iltd asnts) . Production correc
standar d alhfdoramsc epaashdde by di alectical vari a

BAcceptable forms are vari@Amayrndh s& abhyWaond LdP0&,0
fdvid/l , | #I
Y ki1, 19/, | GI, |
Y Bwhen -wedidal )
MY/ dT/
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the overall accuracy percentage in all/l posi

position and in shaneddcédasseacyand gender

The results showed that there was a clear de
moraeccur ate productions, medi al consonants w:
than initial and final ones, and gender was
Th analysis demonstr gt e/f/t,haltk// b/, milt 1/, nlilldll
by 13; Q0 yedar &K/ b, /I r/, andi6/; j4/ ywares ;aaqui

dirdigll,l /HTf]I,and/dl)(xzv/e,re/&To/t, acquired by the age

t hat eiar ltyheper i agdhi(l2d0en oadquiOned at l east t
Ar abi c, including the acceptable for ms. | n
fricatives, the affricate, and I|liquid /r/ we

emplati which wer e notweaeaxqgpuei crteedd btyo tbhei sa csqtuaigr

ol der than 6; 4 years. Such resultswhseurpeport
Jordanian children demomdtorat éditchae i ¥eguianidt
before back ones. Jordanian children al so ex
voiced ones demonstrated in the | ate acqui si

The relative earl|l ywasgur bHthibd dj hoebg yi/akn/ A raanbdi cf .k
Thwalsi nked to the articulatory | earning theot
fasihg(amlad®9R2,, Pye, l ngram & Li st 1987) . Th
furtheeddhepportti on of consonants appearing (q
commonly used womwasvbgeoahi bgr AnabiThi 1/ bein

than English /I / (Omar 1973). The relative

IsY! dwhen -fwiom all )
ay it/
MY [ d/
a7
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|l ngrarmés (1989a)

functi onal

positions.

contrastive

| oad

opposi t,aons

Mor gbvephadet

by the number of
sonorants in all/l
role in the early acquisition o

phoneme to

energy compared t oataillwes.l ar and pal atal fric
Il n a  -dmpldfowAmayreh & Dysonédés (1998) study, Ar
of the acquisition of MSA consonants that ha
study investigated what age JAiohitdréheacqa
and error patterns according to t hsepepaoksiintgi o
chil dren (ap8e 4r aynegaer sQf f@&;,;06n Jordan were rec
emphatic consonants prddadufeadhei rhoda o©écarmaea

retracted
1ol
farther
cons den.aptta : b ]

t o

reéiat i vely

Amayr eh

recogni ze

commonly replaced by

productions. I n markedness
acquired |l ater than their
1.A consonant with secondary

secondary

hi ghlighted

back producti on.

mor e

articul ati onh;

t hat

For

i,Mt bchadlengchu®gmy d/ g/ ,/
emphatic

eOx d mpalf & ,e rt haen

t er ms,

I &1 |

fricative is rdgddl/acred twi tdh

2 .A
¥_Low functional |l oad is
as a linguistilknm@g&aBdre
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Wwa ¢

/ x/I . Amayr e

adrieguescy haonacéeprtraed

/I #1¢,, alngdl [ , |/

conson:

lea

G:.elplenteadoas edns pmeérheB e x a'rhien e d

il Biwn f AImakii @ n@Py d ,0,a@ldndg rtamg y &a rl
occurri
Amayr eh

lbeed © wmg rpk é6dl 99 u b st i

articul ation

¥I[#AY, [ts] d]

aldtop:

phoneme

n

/| #,

t hi



3 . Anaffricateisreplaced with africative: /le\"( 3 .

4.A voiced consonant is reayl 4dkdd with a voi

Results showed 1Wwearnte /addui Vredi7lby z§ ¢ @aidgrdd By &
t1/ met the criterion for the acquisition (
/d/Hl, il and/dkdi d not meet the criterion by even
they were produced in an acceptable form by
consonants simply require a degree odfamre¢i cu
7 or 8 years olfasaigzeed Atmagtr ethhe mpt op and af fr
a higher accuracy 1in the onset positions,

produced in coda positions or approxi mately
i I I ushtartatadd htough t hese sounds have not been
should not be suspected of articulation or |
acquisition and mastering shoulrmrds blkead oancsd apetr
forms of target consonantsuchnasithei pgoduat
/Wand/dl}(as?k/Amayreh suggested thavi dehritd emat eo

partici pfaenmasldeglgutei h@ t o the urban | i nmgauliesst i ¢

Further mor e, Dyson & Amayreh (2000) highlig
and sound changes i n 5s0p enaokrimag |cyh idl edvreel no plioncga t
an age ridndeyefvro®d .d0 Ai&c@iunrge ar t i odwelsa tgincerd tteos te
singdred responses representing the i1nitial,
Spoken Arabic (ESA). ESA refers to thies vari
commonly wused by the medi moO0ZZughboat d4B&8&80) 1t h

children produced more than 40% of consonant
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or changel$( 46.0m0)EASAMByydads, the aforementi on
by aboehuatl fonel n the youngest age group, the et
fricatives [ #8I/ ;emprhdat/icl /f,r idddgad dieme d AHe eamas t
di fficult criterion. Tlke&omndts dvihfofsiec plrto daurcitti
changes from ESA or errors morernthtme 75 &8s al s
and [/ n/, and the back fricatives /[/k/ and /x

constituting |l ess than 25% of the time. As

di fficultd criterion, omhed etahse hEaS9 A toafr gtehtes cwoi

(< 25%) . Naesnphat andshops were reported to |
produced, followed by fricatives and gli des,
attested phonol ogi cal error s, t h e-e mapuht ahsoi rss

(occurrredmdr0 of the time); stridency -del et/
50 %) ; syl l able reduction, final consonant d
final devoicing, initia2d%picing, and stoppi
Mashagba et al . (2019) investigated early wc

appearing in JA chil dr eang.4 dTth etyo ,d3e;a0i wyiestcherdsn2 @
age gr oup6&l2;10;,/®;26,,1 iBnd.2;The study document e«
phonol ogi cal aspects of JA child speech to f
adult productions amrdheotArarmidi g |Aeanantag KLu Mo r &9

Davis 2010, Saleh et al ., 2007), and Kuwai t i

"The authors differentiated between errors and c¢
1) Errors are proESWActhioon si(evtcepttl abibe meistpami by n

adults even)in casual speech
2) Chang®hs rfeafoemr t o al l pr &8Actooms ahadtcdwombinmoe
t hat are acceptable as well as others that are t
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Data analysis incdgwldleablInsh n®tqruleqptcyrreasy hbabl e

syl l able structure, and notable phonol ogi cal

JA children adhedeed]| owntéehh C Vu diewesrl ogpli ng i nto
chil dren producing a greater variety of syl
children produced thirteen syllables: CV, CV
cccvy, CccCcvcCccCc, cCcvVcCcC, CCVE€t aaducWWVEE€.sYhkeambe

cvvCc, and CVV with 38%, 30%, 14.7%, and 12%,

were CCCVV and CVVCC. | nilt, l6e YWy n €&/t &Y E, gk
syl |l ables were produced comprising open and
one superheavy syl l abl e, and no onsei2; 6r coc

andri22 ;61 had similar patternsgnoup,howiet lmtn @ s:
production dewaaslt opmeébmut edThiosa phonol ogi cal [
have resorted to developing their existing s
(Vi hmanTRiOD49bswaaslvabbwthed to individual vari
overall age group devel opment. An expansi on
the ol desti3ade w@rheum, ch;iTdren produced onset

CcvcCccC and CCVQ@,s domdaCcCcVICLCs t eand CVvVCC. Howeve

reported to be | imiteadetd omdrhed § I/bhkapduewnwdd rt d/s
O0bro.dge

JA children maintained the bimoraic weight
weight of a prosodic word in JA is minimally

group tended to pr odutclea Mmoateh emmo n@odsvyd [Cadld gt Gwso
gemi nanae) CyNnewes h 20 %, 36 %, and 21 %, respe
foll owed CYWYWWpPCV,si GadCd COV/ CWwi ibapes2dd 21 %,
respectively. Triasnydl lcaohipd yest8réfd s o wa tvibw b a & e
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shag¥€/ CVC/ CV and CVC/ CVV/ CV. I n the second
t he production of monosyll abic words was r e
monosyddmparced tpr &WgoaisipstyHd abi ¢ words were
produced with 82% including CVC/ CVC, CVvC/ CV)
shapewi th 28%, 20%, 25%, 5%, and 22%, wasspecHt
attributed to increased,amac d bawnlgaurayybl 198dxporoosvuer ck
Jusczyk, Houst onVihdanROA8T oimey I119&®18i ¢ wor d shap

include CV/ CV/ CV\ald,d CWC/ CwWh@Ww¥E€ .12 Bge ad;sl]

monosyll abic word production was further re
(14%) superheavy forms. Disyllabic words wer
in trisyllabic words was attesyleldalwi ¢ hwd 4 d6s

sl ight okm®eéatetarsitebwineasd na mtc qali g ttaeron. Di syl |l abi
mo s t frequent y( 3t9r%)s,yIfloalbliNowendo abd si g BI121%a bi ¢ w

attesteidB;WOp ytemarxs;.7

The notable phonol ogi cal processes invol ving
del eti on, weak syllable deletion, coda del e
CVV), vowel l engt hening, syl | anbd ea sespiem d haetsiios

met at hesis. Although -tihietisdludgnd epionaledctht hai
ol dest age group, <cluster reduction was evid
posi (edkgasl,b. na/ O6ou)r VYWeagk syl[lkableadllel eti on
age groups, with the youngest age group havi
ol dest having(ettmgajlemasn/ (2. P%u: n] édiemgmd nan
Otel evi &Gemnvati on and assimilation was anott

that persisted evéer.igphf uhe/ obdesaf affe: gy 0bpr
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[ sab. ba. K.ahNe téoatorseag iysda wwagmedsi st ed urni8j 0 age

yedres/tga.,l a. fo:n/ > [ta.fa.lo:n]déphdgned and /
To conclude, speech devedsopuemts,i whAerabimosha
focused on the segment al l evel of early ph
acquisition of phonemes, t he deveed wipsretnitaan rf
of syl l able structure. The methods used we

researchers mad e subjective judgment s or

i mpressions. However, acoustisweamd nod mp etpatr i
the | iterature. To the best of the researche
syl l able devel opment paistperarks nign cthod dalelny de

2.2LéxiScaéLChi Bpdeech

Chil drenbds capacities to pr od uwigreficaatimdicatore c o g n i
of their phonological development. This reflects their ability to internalize and apply language
universal and specific prosodic rulesg¢ c hber g 1988, Fikkert 1994,
St eGalmmo n ). Th@ $ation explores debatesstress developmestages and metrical
constraints, trochaic versus neutral bias in stress learning, and lexical learning versus rule
based stress acquisitioh( | en & Hawki ns 81 9KI0e i Those&d@4lJog 198
considerstherole ofasost i ¢ cues in stress production ali
cues indicates the complexity and variabilitystress patterapplicaton(Po | | oc k ,et al

Kehoe et Aal alsl e&9, 9250,0

Firstwhet her childowar heaeve pabtiacsul ar foot typ
suggest that the preference for a trochaic stress pattern may be a feature of early language
development, regardless of the ambient language.| en & Hawkins (1980)

uni ver sal bi as towar dsspeakoicnhgaicchipladrteenr.n sT hiins
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frequent deletion of weak syl l abl es, parti ct
supporting the trochaic bi8apPs oabrsgeurnveendt ,t hAd tl
exhibited higher accuracy in producing troch
children produced iambic words, they often
underlying preferenceefohettookbaiaccspreceune
uni versal, Allen & Hawki ncso ndeiss crmosrsee dp rtohnaitn etnhi
target | ahgghgér 8gesencyi mpThik bias was also evidenbin d
children organizing their productions in a Sw trochaic stress paiBarken1991, 1994,

Kehoe & StoelGammon 1997, Roy & Chiat 2004). For example, Bolinger (1986) suggested

that weak syllables preceding strong ones (i.e., wS or wSw) are more fragile and thus more
prone to omission. Ger kearoldsfurtierls@ppoftgdthstlaindy o n
In producing nonsense wordsjldren showed a tendency to preserve the second weak syllable

more than the first weak syllable in a weakongweakStrong stress pattern (e.g.,
/pazamkasis/), resulting in a StremgakStrong pattern (e.g., /zamkasis/). Levey and
Schwarts (2002) discussed the ability of {tyearold children to perceive and produce

minimal pairs of trisyllabic words with primary stress either the first or second syllable. The

results showed that English monolingual children exhibited a Stredrweak bias (e.qg.,

elephant), and instances of syllable omission were less frequent in-8teakgpairs compared

to other patternddowever children tended to omit the first syllable of trochaic w&atong

weak pairs to retain a Strotwgeak pattern, reflecting a trochaic bias. In Dutch, Fikkert (1994)
highlighted that Dutch children exhibit a bias towards trochaic feet. This was suppothed b

high production frequency of disyllables with initial stress (gfdh,0: mi : ] ambal | on
children tending to delete initial umsssed syllables in their productiorit (e : k ana/ pr od
askd: ka] OFurthérraanee white) Dutebpeaking children seemed to segment and

extract both trochaic an@émbic words by one yearof agé ¢ s cHEykst on & Newso
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1999), they showed more sensitivity to mispr
words comparesi tbDad ichmihiac @n ¢ s Similaepatternsshave e s s p
been observed in childrends e3 Ciegh, Soovepiahuct i or

and Estonian (Vihman 1980).

While the debate regarding the trochaic bias is well supported in the literature, there has been

a contrasting argument supporting a neutral bias in child productitnsc hber g (198
proposed tshpetakSmanicshh | dren approach stress
towards any particular foot type. According
on the same syll able acr9ses mWottdedramti woreass

correct placements fowvepebhulmei mddbehbdberegssade

increase in accuracy as evidence against an
children would exhibit consistent stress pat
t han shiomwd mgasae i n alchciusr ascwyg evsetrs ttimeet. chi | dr
i s influencegslpelcy filcanghageacteri stics rat he
predisposition. Il n anguages such as Sepani sh
a predominant trochaic pattern, children ad
specific prosodic rules of t heir |l anguage.
phonol ogi cal sdeagwdlfsicaaemetd yby t he | i ngtuhiest i c

specific stress patterns to which they are e

Secpndavhet her stress is achi éwvaesd aldys ol eébxeiemald
HochbeBg arlgPwBed for the systematic acqui siti
stress acquisition was purely |l exical, child
mi ni mal form deviations. Her dataonsenifst3egd
andyesatd Spanish | earners. The study predict
they shoudwd tfhi rkegwmdrad stress easier to I miteé
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they should tend to regularize stress in woil
results confirmed these predictions as Spani
irregular stress patternsyrdsendndpbgcabdbi nggaha
of Il earning and applying stress rules. On th

utterances -spfea&kyead@&hdl  Kbsults demonstrated

pl acement was tdhué tsdmegas wordhé6a %) . This
suggesting that children prioritize | earnin
productions closely resembling adul't for ms.

(FikkerhelbbPm)ted scope and reliance on i mit
aspexucsh as monosyll able reductions of pol vy

di syl l ables with initial stress only, may no

T h i chiddren seem to integrate inputs and outputs constrained by the parameters of the
structural organization proposed in metrical theory. Fikkert (1994) suggested four stages in the
development of stress patterns basedl oo n g i tdatal ¢olreetdd from twelve Duteh
speaking children with an age range of 1;0 to 1;11 years. The model suggests that in the initial
stage, children produce disyllabic words with final stress as monosyllabic words maintaining
the final stresge.g.,the disyllabic wordo a maa nnbaa:bre/ipnrgo d u c'le @ ; pm]s2 0[2 ) .
Children select the segmental material from the most salient syllable, in particular the foot in

which this syllable is contained. The chddi r ¢ u ma tochaidfatsfom the right side of

the adult target word and maps it onto his trochaictemplater | nst ance, i n cas
target forms with initial stress, these woroc
contains two syllabl es, they areelvetrhpredlics

as *[be:], bhnée:bs:phbpuBedpas [stage, childre
of the target word, but contrary to the adul

Fi kkert discussed that sifce éewltatmnios bier aums
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syl l able window, or the entire word, as none
adul t)trasgét abic words need to be examined.
with stress on the first and third syll abl es
The first aparda& hpraduwoydd,abWwieth the segment a
el ements being selected (e.g., [/ o:nndoaf: r /).
the adul't t ontdhetsywdracdb!l b8t rlecei ve an equal
productions with | evebesphrgoedsusc e(de .ags. ,[ “bnaan:a nnaa :
chil drenbés prosodic templates have expanded
rule which assigns a greater prominence to ¢

words are prdoduwluicked swtirtéhs sanpattern (e.g., muz

[Amy: "si:k]).

The acoustic cues for stress seem to be complex, and there are indications that children may
not be able to controlthemverywél @ r nhar dt & 0 3 Banysudies gteempt to

bring empirical evidence for or againiseoretical claims related to the early representations of

word stressGorreia 2009). Allen & Hawkipnistwodhle 80)
empl oyed by chi Hdrken atca edd reidv ep-btpaarageestn g Th h e b ¢
with an agéd3; ;rdangearosf wer8e recruited. The at
productions resembled thhel eaarldctcykedsabdesiitmrea
| onger than the initial syl l ables i h adeit:i

syl l able types.

Poll ock, Brammer & Hageman (1993) -apabh¥sad t
children riangéagsfofoma@e. Tmhiet cih nufdends idiag ead i ol
in nonsense disyllabitwweoaldgs o Recsaud tilsomsdieowe
syl |l abl-easndy bdah d S, and they digli tacohtd Ccoteast:
measures to mar k'C¥CWVNe s13i@d O3yl d etbd esTher acous
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empl oyed corqaemcdy Mdgt ¢y ool maBk stressed syl l a

significantly | onger stressed syllables comp

Additionally, acoustic correlates s8pesakrags

chil dren with i2n 6a gver e a reeshnoen e S t@oye | Gammo n

(1995) . Results pshowecat bat ampbheuvde, and
empl oyed by children tolckeamanseresbespntea
tokens that were marked as incorrectly stres

those thatecwdrye sto essed.heThige DUgRe Ht sy etalr ast,
yet fully mastered the use of acoustic paranm
wor ds. This was attributed to the insuffici:

i ncorrect suse scsf plagxiecalls .

An analysis of word and phsrpaesaakli nsgt rcehsisl da csgp
conducAreidasbg& 9)(.20Tche spontaneous speech dat a
with an agi;manwgarsecf shioved that children pl
pr oduclthieonasu.t hor s highlighted that although
acoustic correl altielseofmasnher,ssSpaniasnh adhiilltdr e

patterns of their ambi ethoswelvaenigalsh@e nwot eldei h

single trochees, the effect of final I engthe
arreot yet controlled (amplitude and pitch
penul ti mate stress, the penultimate vowel f
compared to unstressed ones; whil e evni dgeunatdr i
as penultimate syll ables were | engthened col
t hat Tbyy9 lg@8ames wottdsan iambic stress pattern
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As for Amrbébwcstodigs have addressed the acgqgl
2023). Research setnhathidyl Isplelee hstsruggtewsste pl a
pl acewnetnit chil dren gradually mastering stres
syl | abl ewistthr unca(ttArmeast ri o0 0 2 , Daana 2009, Al gat
al ., 2023) . For exampl e, Ammar (2002) condu
structure and stress pAatatbe rcn sa manhgrgestdantod qui al
children. Ammar emphasized the significant

highlighting that word stress iAn eamdegedly p
anal ysis waswavededtedngnpgr agtirheemr was pesgdtio
t haecoustic records. Results showed that heav
and there is only one stressed syllable per

tentbedpreserve the prosodic weight of the sy
(e. g., short syll ables were | engthened in ¢
Ammar reported that chil dren empll alyleals pbutch

assessment of employing duration was conduct

Il n Al gattandés (2015) study, the acquisition
anal ykuwaiot ie aArlaypipchonol ogi cal devel opment .
aged 1;4 to 3;7 years, and spontaneous speec
was conducted, stKewasi twis $Aréasksiear mil mesd why h no
acoustic parameters of stress production. R €
stressswpatt eargne . Yodrnige7) cpbrodueed (only fiv
including Sw, wS, wSw, wwsS, W3S W) whedeasd t
addi tional patterns including wwwsS, WWWS w,

increase in word shaspgeg ucdmplesxictoy raendteyl Iwal
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stress patterns, exhibiting a marked develo

syll ables after the age of 2; 4.

As for JA child speech, Daana (2009) conduc
clusters, stress, and plural nouns. A sampl e
two to five years were recruited fcrodm eAmmaln
during natwuralistic i nteractions i ncluding
transcribed and analysed using perceptual an
identified and measur,addi nhyen®Resaftpi sbbwe
early stages of development, JA children ten
penul timate syll able, regardless of the targ
produce morepabmpltax, sandssoulicyhibydrteme -eaxche ba f
|l i ke stress patterns. J b yc ha |dirtgetrie onrmagrekr e dd usrtar
and greater intensity compared to unstressed
stress patterns was <closely linked to develc
mastery of consonant <c(lustershahdregl ivhbl e x.
stress patterns also tended to show more de\
produ)t iTdhres st udy emphasi zed the significan
pl acement, as the cwaseoftapptepandent obnst

produce syll ables accurately, particularly t

Al Huneety et al. (2023) examined the stress patterns of Araspaaking children. A total of

48 typically developing children were recruited and divided into four age sthge®; 6 , 1;
72; 0712:;26,1 i 8nd ¥ears ol d. Data was coll ected
and a-npaintitnugr et as k. Data was analysed percept.

based on t he .sResulssanonstiatedetlsammoahispdalking children go
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through four developmental stages of acquiring stress until they becomdiladhit the age

of three years as follows (p.8):

1. St age Omn;e6)(:1;c0hi |l dren correctly produced
overall, stress shift occurs when chil dr e
on the rightmost syllable in CV.CVewords
pl ace stress on a syllable with a medial
syl l abl e.

2. St age T¥%pO0)(:1;dhildren up to 24 months dc
accuracy in placing stress increases reac
to produce trisyllabic words with an accu

3. Stage TiRr &g : (Z2hil dren produced stress in
however, they michptiaseldl abreswoiads 25%

4. St age FkFDulG) ( 2st7frress isi prpoflasbddonn an adu

Ammani children exhibited no bias for any stress type as they employed both trochaic and
iambic feet in their productions, inlimei t h Hochber gdo ( 19&\&hidreneut r al
in the youngest two age groups exhibited stress misplacements as they produced iambic foot
forms instead of trochaic ones. Al Huneety and colleagues indicated that JA children placed
stress on the syllable with a geminate (G), irrespectitheofveight of the other syllables (a

process described as the process of assianland gemination), but this process stopped by

30 months(e.g., production/'bak - karv fpégtarQVGWV\WVCV C&dcoavidd

pr odult tuino tmamgoektr GVGV-CVC. COvtChank youd
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2.Bummar yradidctions

2.3Jbrdani ansuArnaabriyc: A

J A, a VC dialect, embodies a rich li-ngui st
economic, geographi cadlhk,ylalnadb Ihe ssttorruicctau r e sn fal ru
CVvyv, CvvVvcC, cvvcCcc, cCCcvcC, and CCVVC (AbuAbbas
are classified as I|ight, heavy, or super hea:
2013, Algattan 2015r)ut eSvterrensesd paant dt beprsnésd ia inth @A) ¢
wei ght, apwaer & n@AAN i 1970, WatZz®dM®M4 )2.00Q@Qq n Htorl aisn
as bimoraicity <condition, ERR, extrasyl |l abi
syl |l abl e weight and stOneset plasementi GWdtAsap
sonolrevteyl cavdha | ®l us tSESPs Aédd herme 0t,o Ki pars,ky 200
Mashagba Hpealt hes2G21 s expéetgd,i hf JRrpr @Y¥CEC
fikir/ CVC(V)C). As for synicmoiptei, a(JeAdkyprasativg rt s

"'dotghsatanhdiser ppit bé kn)aab/

Anal yAsiarsguper heavy syl l ables remains | imited
phonol ogy, prosody, and | anguage acquisitio
theoretical phonol ogi cal account s, hi ghl i ght
their interaction with stress, morphol ogi cal
suggest that superheavy syllables are bimor

some scholars argue fO7,aCrosmbegi 202B8al y&Evs
di al(eechMgs.c,can anjs uLpepboarntess et h e wbiitwioweli cs amratl g/ rsi
mora saadi e@ ereti mgsiesvi dent t o Howeiver f ritimer @i
sufficient acoustic data supporting or rejec

of research on superheavy syllables in child
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2.3Ladanguweyel opment: A summary

Infants demonstrate early perceptual attunerteespeech elements (Eimas et al., 1971, Kuhl
1991). Infants' perceptual journey involves transitioning from ‘citizens of the world' to 'eulture
bound listeners’, becoming attuned to langesgeific phonetic distinctions (Werker & Tees
1984). By six morits, infants show perceptual attunement to vowels, followed by increased
sensitivity to consonant contrasts by twelve months (Best 2017). In production, infants progress
through stages such as cooing, canonical babbling, and-simgleutterances (Eimas 19).
Babbling plays a crucial role in articulatory gesture mastery and interactive responses from
parents/caregivers (Jusczyk, Luce & Chatlase 1994)Infants become increasingly attuned

to the features of their ambient language leading to the emergence of early wor@/forman

1996). Between 128 months, normally developing infants enter the holophrastic stage,
producing singlevord utterancesMcCune & Vihman 2001lMe n g g 0). RyOl& 74
months, their expressive vocabulary grows telB0+ words. Fom the end of the first year
through the middle of the second year, children's linguistic production shifts from holophrastic
components to more stable canonical forms, such as CVC and CV/CV, reflecting improved

accuracy and maturatioNibman 1996)

The O6innatenessd perspective proposes that <c
with children exhibiing a universal and predictable order of syllable acquisifd@kobson

1968, Chomsky 1965, Chomsky & Halle 1968hed mot o r  appreachsuggasts that

language acquisition occurs through exposure to input and subsequent learning mechanisms
such aswo ifd nal | entbebftl neicntegs p eamigfuiageexperi ence a
(Robb & SaxGClaegkr& CasBled @Q015)Younger chil dren may exl
l engthening but | ack motor contrdli,nadr-eaatdi mg
final syl |l abl es. Thi s hi ghlights t he i nt e

advancement, anaopmedawm ()DPA T al devel
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Existing literature predominantly focuses on early linguistic development in children acquiring

West Germaniclanguagessuch as English, Dutch, and Spanish. Research on phonological
acquisition and development in Arabicsisarce andnainly evaluated accuracy in producing
consonants, syllable structure, stress patterns, and phonological processes (Saleh et al., 2007,
Ayyad 2011, Algattan 2015). Although some studies have examined normal phonological
development, the literature lacks in-depth exploratiorof aspects such as articulatory and
perceptual development, articulatory challenges, and early acoustic sensitivity in-Arabic
speaking children. Research on phonological development in JA has explored, asjpbcs

the acquisition of MSA consonants, identifying developmental tretiusinfluence of

phoneme frequency and functional loadtbeacquisition phonological processeandearly

word syllable structuréAmayreh & Dyson 1998Amyreh 2000, Dyson & Amayreh 2000

Mashagba et al.2019) However,t h e met hods used weenrde/ oo f t e
observational, and acousti ¢ owerco mpoutt arte poonrat

|l iterature.

83



2. 3L8xiScaéss: A summary

Stress 1is an abstract property of a word in
However, the acoustic correlates of stress a
anidnfl uenced by syll| ®bleev i veshBivedn & batr comp:
unstressed syl l abl es, st saslieghery | s(aylihietsu dhea v
1970, de Jong & Zawaydeh 1999, Zuraiqg 2005)
l exi cal stress perceptsi oonheansd gmn dédduwatnicen olii
patterns and sensitivity to acoustic differe
of stress development correspond to th-e prog
speci fic 1 mmkti n(SAILI98M0 , & hFdlekbkaet ret o01n9 9wdh)e.t her c h
bias towards a particul ar wshimbtianfgopge ar amd ivres
trochaic bias (8D, ewhi& eHaovmkh earss, 19uch as Ho
neutiraasl. bThe acquisition of stress rules ver s

(1®8 arguing for systematic rule acquisition

Acoustic studies show that while children <c
parametemhsas durati on, eggrtacdhuy alalnyd (i Bheremhsa rtdyt
2020 I n Arabic, eftdhve stcuydiiiess taddr eodfs stress a
Amma&r Mo(rxs®0 and Al gattan (2015) emphasized th
patterns. Daanlakspra@dngf ediod ¢t lengptl i 1 yd st r ess
adtdlitke productioneacWBAl eHuchebyy age #alv (202
devel opmentAdAs pesalkigeg chil drHeaenk,e achieesvsi npgatade

three, with no bias towards any stress patte

84



2. 3Pdedictions

Gener al predictions

Drawing from |l anguagepeani fvieec sfaé¢ st amels | aih gl Ay
prediesiybhsabic deddubbpmenhal properties. Th
conducted Usi nge vBaaly edo deanhsv@svt e mat oi pof at

parampoeteri orsbdisetdricdnutpoababilistic Opredi
speci fic d&nep20i3 Frakee & Roettger 201%Gelman et al.2021) Thi s

flexibility enablesptbadi exipoms asi mal todnemud &1
adaptabl e appr oaBitknert&oChadpanties 20200 aT hyes i mo del s u't
predictors seem to handle uncertainty by est

singl e Gelmarcevat2®2)( Thi s i s parmadeultlhienggononsiehubd

nature of | inguistic dat a, which may be ove
The specific predictors and their interactio
sylabl e position within a word, and syl l abl e
Syl l able structure

Il n Iline with |l anguage universals, it is anti
more frequently in JA child speech compared
Younger <children are expecteadbitco setxrhuicbtiutr else s

exhi bi tliinlge apatlttehe gadr(eAl gattan 2015). This d

suggests a gradual i ncrease in the productio
by a refinement i narsdysl | adule spradtrneragtnhi enigr tcoow
superheavy syllables are anticipated to eme

appearance can be attributed to the phonol ocg

Aradue tochtsonsonant al I nvent o( Br casnadl onvwo r epth «
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199Wi)t hin JA typology, cluster formation pos«
by constraints such as SSP (al Huneety et a
appear more frequentwloyw higrrolcdeé mtgo gap egreashogrssi s
strategy to reduceSthecteameglsesiuch ak CNVNCLt ar
to satisfy ,t hvdetnthinmgd resay cpsltagyni f i cant rol e in
superheavy syl l abl esJ ArDmdvucasto ®@mRagmhe bt @ 0 ind) t

properties gover niimgl usdyiennghbmor aitciutcy uceadi t

extrametricality, and extrasyllabicity (Mash
phonol ogi cal processes (e.g. weak syllabl e
reduction), chi labipdedbgttiloese wconstraints.
Superheavy syllables in JA child speech ar €
Processes such as vowel shortening and epen
syl l able productions. This prediandoampiri ad
observations, highlighting the challenges as

phonol ogy (Broselow gt Oawén)sJ A O®I8i,| dWag rsmdu c2t0

expected to exhibit phononbkodgroaml theoaaud @s ,f

evident . The processes are predicted to fal
(Sect3i.on 2 Younger children are expected to i
deviating fcompadetdttdboomder ones. Phonol ogi

by syl |l abl e st ranat wryd,l albd xei cpaols i sttiroewisl Theé eph

refl ectduwreatoifddashkel apthenitead 1A agllicltdrproduct i

Dur ati on

Younger chil dremodumegrenrediuctaed one compared t

& I ngram 2007). Thel itkkea ndsurtatoino nso wairldls exdhuil
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syl

The

| ables and vowels. Specifically;l itklree adu raa
er stage of devel opment compared to vowe
ational variability of c o n sgaun aretds | (aR ayrn ei
el opmeniAAmatyagbds &oDyson Thd&,| aAoeedya redan t2 0
ui sition is expected to manifest in | onge

be more consistent acsr o& sNaagaey agiramu pls9 9(70) e €

ation is predicted to sefwvaalas syl Iraobbluesst,
|l abl es, and superheavy syl l abl es. Bel ow
dictors on sytlilarbd ei mndA vpwe d u dtuiraan s, i n
|l ables in particul ar.

cific predictions

foll owiamp Ilpy etdd cgy lolnssbl e and vowel durat
Syl |l abl e Devel opment

a)A decreasing trend in durations will be
| onger syllables compared to ol der age
b)The ol dest age group wil/l exhibit durat
durations of the two groups wil/l not i n-
c)Lexi cal stress wil/| i nfluence syl l abl es
vowel s/ syl |l ables compared to unstressed
d)Word final l engt hening wi |l be evident

and vowel s cloimpalr edné®. non
e)Syl l able structure complexity wild@l i nfl

more constituents displaying |l onger dur.
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2 .

f)Younger children wil/| pr odaiwciea

foranempared to older children,

tmomr e fprhoom

and thes

super,bengygdadhal syll abhesrcompatedptot s

Superheavy Syll able Production

a)Younger children ar e expect

ed t o pr c

compared to older age groups.

b)Stress will affect superheav
durations than unstressed on
c )Wo rfdi n a l | engt hening wil/ be
with final syl |l abfesabeongs|

y syl l abl e
es.
observed

onger thar

d)Superheavy syll ables aa® Vowelr ashomrmnada

anticipatedftoabcsuperheaon
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Chapter 3. Methodol ogy

This chapter presents the research methodology including participant recruitment procedure,
details on tasks including experimental materials and procedure (ST, PT, and RT), the analysis
of phonological processes, details on the acoustic and statistedgses) and limitations of

the methodology.

3.Alp.proach

The present study adopts a quantitative approach. The focusimalysingthe development

of syllable structure with an emphasis on superheavy syllables in JA child speech. The literature
review revealed a scarcity of acoustic data attributdd\ tchild speech. Previous studies have
predominantly relied on auditory analysis (Dyson & Amayreh 188®ayreh & Dyson 2000,
Daana 2009, Abdoh 2011, Ayyad 2011, Algattan 2015, Mashagbaz9¥).The review of
literature highlighted superheavy syllablesipgshallengego children due to their complex
structure and the additionaiticulatory efforts they require. However, despite their linguistic
significance $ection 2.1.4), there has beelmited investigation intosuperheavysyllable

developmenin Arabic.

The first part of the analysis concerns raw syllable and vowel durations. The predictors were

age group (children ranging fromiZD months to 6672 months and adulegyed20i 30 years),

syllable structure (light, heavy, and superhealgyjcal stresg(stressed, unstressed), and

syllable position within a word (word ndimal and wordfinal). The second part presents an

analysis of phonological processes occurring in JA child speech. The third part concerns raw
syllable and vowel durations in superhgayllables. The predictors were age grolgxjcal

stress syllable position within a word, stdiructure { he composi ti on of Vv
short/l ong; clusters: onset/coda of the supe

and CCVCDCOC), angvotdéehgth énenosyllabic, disyllabic, multisyllabic).
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Duraoicanl|l d pr odwacsthioosne nf oarsmst he dependent var

reasonanalFysisng dur at i 9 malii gditriaspgeuritsitej scu pphroovpi edr

asyllable structures (e.g., CV, CCVambmi CVV
2014). Second, tempor al properties of speech
changes in speech production skiclalns b(eNirpel & a
measured compared to other cues. As the dat a
be significantly influenced by wuncontroll ab

recording device used bytibkeéppat endineeale etdoiax

inconsistent intensity mRiatswamse mexrctludEekle rats &
both | i ngunitsotniact i (oen. gand str ess) ,eamat ipoamall ithg
and speakefic characteristics) i n spontaneo
1996). While childrenbés devel opment in the wu

t he scogpteudfi nmalilsy, providing acoustic and st
in JA productions presents a methodol ogi cal

subjective methods in previous studies (Al ga

Raw duoédticansd pr,oduwdthieon tfhammer oproaty om al (

t he csutrurdewsayw | abl ed amat vows |l provide cl ear ins
patterns of child speech, particularly for t
timing without normalizing for speech rate v

in trae kdewgeltopment al mi | B8 hwvaehsoiw & thcehyi |gd apdru
approxi mate tempwlrtals peeomphert Gresem,f Maodore & F
analng raw dur ati edresurd ¢ osvsarf dirnganofi nhow chi
devel op-slpeecguadage f eat ur es. For example, JA i1
chall enge toi7clyieladsemfumgteo @& phonemic di st

vowel s, and rcoodnusctirnagi nctlsu sftoerr sp such as SSP ( An
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2003, MasRdd®g .etThals. focus on raw durations

progressiontathd dhiffdcemaisaseosumtgersuch compl

their ambient | anguwsdgaiynmFutrd heometreyuctasatiheol
what constitutes normal/typical JA speech,
considerations in diagnosing and treating at

raw durati omg @Ee.od.oogedanrsriosgedlsar syl | abl e ti
presence of | anguage del ays or disorders the
(Shriberg, Tomblin & McSweeny 1999). Thus, p

di agnosi s,orilmng, camnd momt eér venti on.

3. 1Participants

In the first stage partici pants were recruited from
network. Her acquaintances, who were parents/caregivers of children aged 24 to 72 months,
were contacted via telephone. The rationale for this recruitment strategy was to guarantee that
the collected data would not contain dialectical variation, which could be a confounding factor.
The experimenter provided potential participants' parents/caregivers with information about
the study, and they were asked whether thegyeedto their childend s partici pat
Parents/caregivers were provided with an electronic coplgegbarticipant information sheet

which included study aims, questions, methods, data protection and analysis measures,
potential risks, and the voluntariness of their decismtake part Parents/caregivers were

given 1 2 weeks to decide. If they agreed for their children to participate in the research, an
electronic copy of the consent form was provided for a signature. For the child group, a total
of 21 participants were recruited inve@ age groups ranging from 24 to 72 months old (24

30, 3137, 3844, 4551, 5258, 59 65, and 6672 months). Fouadults (two males and two

females, aged 2B0 years) were recruited for the control grpapd the same recruitment

92



proceduravas usedBased on the ethical procedures, participants in the child and adult groups

received customized materials such as the consent form and the information sheet.

All experimentswere conducted online using Microsoft Teams provided by the University of
Central Lancashire (UCLan) owing to COVD® regulationghat restricted travel and-in

person activitiesThe experimenter joined a video call with each participant in the adult group

and each child in the child group, where children were accompanied by their parents/caregivers.
Participants in the adult group and parents/caregivers in the child groupnseteted to

record in a quiet room to limit background noiBarticipants and parents/caregivers were
instructed to have access to two devices, a mobile phadea laptop, intended to be used for
recording and conducting the meeting, respectively. During the video call, participants were
asked to audiwecord their voices with applications such as Recorder and Awesome Voice
Recorder. To ensure that all audécordings had a sound quality suitable for acoustic analysis,
participants were directed to use mar@mnnel files at 44.1khz, 256 bps, in lossless formats

(.wav for the Voice Recorder and .ogg for the Recorder). Participants were requested not to use
any headphones or microphones to ensure a consistent recording quality across the participants.
They were advised not to put the mobile phone near the laptophas | apt op6és f an |
affect the recording quality. Subsequently, when all experiments were completed, participants
upl oaded the audio recordings to a shared Or
Office 365 account provided by UCLan. diaparticipant had a separate file destination to

upload the audio recordings.

All participants had Arabic as their first language andSéc(ion2.1.3 as their main dialect,

and they lived in Jordan. Parents/caregivers were asked to identify any cognitive, behavioral,
or hereditary disorders that might alter the perception or production abilitiesiotlhild

before signing the consent form to ensure that the collected data was linguistically normal.

Consequently, one child participant (from the age grou@@4#nonths) was excluded from the

93



experiment before the recording session, as the parent disclosed that the family has a history
of a speech disorder. This study was approved by the BAHSS Ethics Review Panel at UCLan

(BAHSS2 0280).

The justification for selecting and dividing age groups relates to the following criteria. Firstly,
participants under 24 months were unsuitable for the current study as they exhibit simple forms

of production ranging from babbling to a vocabular&0 words (Feldman 2019). Children

aged 12 years can understand approximately five timestimber ofwordsthatthey can

express verbally (NHS Foundation Trust 2016). Secondly, beyond 72 months, there is a drastic
expansion of c¢hi | redbyedubaton,las MS@ is implememted nasghals t 0 i
around the age of 7 years. Finally, some sounds in Arabic, such as emphatics/gutturals, are not
entirely acquired byit/ yearsofagelA mayr eh & Dyson (19 9%9epotedand An
that emphatic s ocju,nd/darsacquired @ ks later stage of devlopment.
Thisisduetotheseonsonants simply requiring a degr e
available in chil dr 8asedlreHl and E2 v@lueof vowels (talkemn ats o f
onset, midpoint, and offset) neighboring the emphatic consordathaqgba et al. (2022)
suggested that the production of emphatic consonants resemblekkadediues by the age

of 6 years in wordnitial and median positions. They added that ¢hédd forms exhibit

significant errors and do not match the adult forms acousticily,only by the age of seven

years, do the consonants in wdirkl positions exhibit adulike patternsT her ef or e, s el
participants for up to 72 months ensures tF
reducing syllabic errors and phonol ogi cal pr

the phonetic reperdeotireegmenntud | wi talciquia esly | |

accurately, refl enceteidregl tthoe atryypicadlattei mihreg sy
more segments are not acquired, the child ma
or epenthesis. These compensatory strategies
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d u r a Table3l.provides details on the recruited participants including name tag, age,

genderandparent/caregiver name tag (for the clgtdup).
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Table3.1: Participants

Name Age Gender Parent/ Caregiver
1IG 24 months Male BAY
YRO 28 months Male SAL
MON 28months Female DEN
DDK 30 months Male SON
2GS 32 months Female TAH
M37 32months Male HAD
6VI 39 months Male SAB
DLE 42 months Female LAY
5PB 44 months Female ISL
GIl 51 months Female ZEI
3VO 51 months Female ZEI
POX 49 months Male HAN
MD5 53 months Male AMN
18T 53 months Female HAN
NSE 53 months Male HAL
6V9 60 months Female BAY
FDW 61 months Female RAH
Jli 65 months Male HAN
MMA 66 months Female AHE
QR6 66 months Female AYA
301 71 months Male HAL
6ED 23 years Male Adult
80X 24 years Male Adult
BMG 25 years Female Adult
MS2 27 years Female Adult

Three experiments were conducted: ST, PT, and RT. The child group completed all three tasks,

while the adult group completed ST and RT only. The rationale for conducting three tasks was

toaccountfos peech ds amplge thyws a
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compared to other taskslLewlt\ana d20PBEF veeasnar
memory and visualEIsltiismRT @@ 3sp nmoe fef eccarst r(ol | e
phonol ogical proficiency assessment, with a
and w@atdkser(col e & Baddel ey 19i9s0)cr uPceiraflorim nq
variations in speech samples/ patterns, vocab
contexts (Dick2ndHord fRh200B89gir.ts &00ows for a th
of speech devel opment, mi nimizing the risk ¢

l inguistiorestaR0lés &8B.

Taglkl ated effectesviadente xipfectt el u @t théet &, ST i

reflect the childrends ability to produce s
show potentially | ess spontaneous producti or
phonol ogi cal feddt hbyesheretdesenmipnct ur es. RT
insights into the development of superheavy
analng durational patterns, as theatragek iwovadl
first, and participants repeating them, pot
i mitations (Snow 1998). During the data anal

t asksorweamiczzeod ding to the designated task.
increase reliability measpeesfimi ef mMeztsgcoh
dat a v(HEetched 1991yOne sound recording, including the three experiments, was
created for each session. Then, retws were saved according to their designated groups

(adult or child) and tasks (SEBemtispontaneous speech task,-pidture elicitation task, or
RT-repetition task). The naming convention of the recorded sound files follows a three

letter/number name tagge, gender, and task (e.g. AB9 30 _M rt).
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3.Chil d Group

3.2Sénrppontaneous Speech Task

Materials

The experimenter used randomly selected questions from a list withocigfded topics and
i nt er est Jell mesabauhyoua favoritefcartoshow. What is your favorite color?
What i s your .fSehworientedeopies nveremret u®ed to ensure the use of a

colloquial JA dialect instead of a standardized one.

Experimental Procedure

A semispontaneous speech was recorded for each participant for five minutes. To build rapport
with the children, the experimenter, a female native speaker of JA, engaged in a closed context
dialogue with each child. When the recording session startedxfieximenter first spoke

directly to the child to introduce her name and ask the child's name. Each child was assured
that their recording session was only a regular chat and that all answers were correct to ensure
they were not pressured. The experimeasiked the questions consecutively, and she gave the

child sufficient time to think and answer the questions. In some cases, when children produced
oneword answers, the experimenter asked further related questions. For example, if the child
answeredthgquesti on ADo you prefer playing inside
or Aoutsi deo, the experimenter Merdoeed the fi Why ?
experimenter asked questions about vershwere par t i
encouraged to use toys and neaobyects to encourage responses. Parents/caregivers were
instructed not to correct or interfere when the participant was speaking to guarantee
spontaneous syllable productions. In cases where child participants repeated inaccurate but
consistent productiorduring the recording session, parents were asked, if possible, to clarify

them when the experimenter could not.
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3.2PRcture Elicitation Task
Materials

For the second task, the experimental materials were a set of twenty pictures, including colorful
pictures of animals, fruits and vegetables, numbers, shapes, and colors. The pictures were
chosen fromMy First Illustrated Dictionary (ArabieEnglish) which offers colorful

pictures for the children to learn basic vocabulary in Arabic and EngHaHicipants

were asked to identify objects whose names include various syllable structures such as CVCC

(/ kal b/ o6dogdo) .,y C¥Cr €Yy&) ,(/AddaCthh@Wi GBYCO6fis
open (CV.CVCija.sadb | i) and dosed syllables (CVC.CVC /bis.sthc at 6 ) ; vowel |
short (CVC.CVCilar . nab/ ¢érabbitdé) and |l ong vowels (C
(CCVVC [/ kmaar/ O6donkeyd) and coda clusters

/| xass/ 061 et t uccleads)s e P hofneJmMiécs spulbbonet i ¢ j nvent
affricates, nasals, liquids, glides, and emphatics were included. Furthermore, the experimenter
andthe supervisors carefully selected and reviewed the pictures to confirm they were age
appropriate for JA childrehe chosen pictures were intended to be familiar to children from

241 72 months of age as they avoid abstract representations (e.g., seasons or feelings), and only

fall within the Jordanian context and not from any foreign contexts (e.g., igloos or pais). be
Experimental Procedure

The experimenter used t®haring Scredyoption on Microsoft Teams to present one picture

at a time, and participants were asked to identify each picture. If the participant had difficulty
identifying the picture, s/he was given clues about it. For example, if the participant could not
identify an animal, the experimenter described the animal (e.g., this animal is big), used an
onomatopoeic sound representing the animal (e.g., this animal meows), or used a context that

has the animal to make the identfiion process easier (e.g., this animal lives on the farm). On
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five occasions, parents/caregivers reminded their children of situations and memories linked to

the objects in the pictures to help the identification process. If participants could not identify

the picture, the experimenter uttered the name of the ajdcasked the participant to repeat

t he word. However, the experimenter and car

responses.

3.2R8B8petition Task

Materials

A repetition task focusing on superheavy syllables was used. A total of 46 superheavy syllables
occuredin 36 monosyllabic words, 9 disyllabic words, and one multisyllabic word comprised
thewordlistAppendi x: Re p et ). Target wordb aith komeonstitudnts s t

such as geminates, clusters, and long and short vowels were considered. The following words
are examples of syllable structures included
6angel 6) , k\a.l @V C G s(h/onpad.) CV.CV. CVvVVC (/ sa. ka

6dooré), cvccCc (/bint/ o6girlé), and CVCC (/ du
Experimental Procedure

Participants were asked to repeat at least ten words chosen randomly by the experimenter from
the list. Participants in the child group showed different levels of willingness to repeat words,
particularly in the two youngesiroups ranging from 280 months and 3B7 months.
Therefore, the number of repeated words across the age groups varied. Participants were asked
to repeat the words as they were uttered sequentially by the experimenter. If they could not
perceive a wordhe experimenter would first attempt to repeat it to elicit a clearer production.

If a child participant failed to respond satisfactorily after the second attempt, parents were
instructed to repeat the word for the child for more clarity. The experimeidterot correct

any productions, and parents/caregivers were instructed not to interfere.
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3.Ad.ult Group

3.3Sénrppontaneous Speech Task

The same method of data recording used in the child group was applied to the adult group. The
experimenter askedrandamu e st i ons from a | i stTelwnetadoutvar i o
your favorite movie. What is your favorite memory with your friends? How did the GT®/ID

pandemic affect your communiy? t o each participant for five

3. 3RBpetition Task

The same word list for the child group was used for the adult group. The experimenter used the
&hare Scredyoption during the Microsoft Teams meeting to show the table of target words.
Participants were asked to read aloud the word list and were instructed to produce the words in

their colloquial dialect, not a standardized one.

3.Ddata Analysis
The data analysis section is tfald: the first includes the acoustic analysis conducted using
Praat Software; the second concerns the statistical analysis carried out using R Software and

RStudio employing Bayesian Muliével modeling.

3.4Atoustic Analysis
This section presents the str-laegegl esedment ;e
t extagnrniodt at i on, and the segmentation criterd:i

segmentation cases are presented.

3.4Ward.i denti f igcratdison and text

Praat Software (version 6.1.52,0 e r s ma &2028)eMasnused kor all audiovisual and
acoustic analyses of the speech data. Word identification was conducted using lzaseext
and shapdased criteria following Vihman & McCune (1994) and Algattan (2015). The

contextbased criteria involved identifying geences of syllables as words if their plausible
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meaning could be inferred from the context. For example, Algattan (2015) suggested that
onomatopoeic productions (phonetic imitations that are linked to meaningful productions) are
considered identifiable words. For instance, a participant identifiedtaiof a donkey as

Imaay i nstead of /kmaar/, and anot fewinsead ti ci p
of /kalb/ in identifying a picture of a dog. Shapased criteria relied on assessing the similarity
between child and adult forms. In thigpapach, words weranalysd if they were audible and
identifiable by the experimenter even when they did not match the adult form. One child
repeatedly but consistently produced the word /gif.ostead of/d 1 u fy,. wihdrein the

c h i pradécton was recognized by his parent as an identification of a picture of a frog. The

aforementioned tokens were identified as words in the analysis.

For data annotation, the experimenter carried out audiovisual analysis using spectrograms and
textgrids in Praat. The spectrogram settings were set to view the frequency-&0Qf 19z,

with a window length of 0.005s and a dynamic range of 50 dB. A custgmentation criterion

was generated for annotations. This was necessitated by the need to avoid special International
Phonetic Al phabet (1 PA) ¥hhatrmagbttnet besrecogrized h  a s
across the chosen programs for data armlyss shown i~ i g 8.1, the textgrid included

eight tiers: Utterance, Word, Syllable, Production, Transcription, Position, Vowel, and

Comment. The word, syllable, and vowel boundaries were annotated to measure their duration.
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4 CV* CVC n\i‘-?léh
5 ?a sad °
6 ition
: P u e
a a
= | | .
(17 /61)
P |57,555252 Visible part 0 529389 seconds 58194641 0 a0

Fi g8 e Textgrid demonstrating the tiers used

Utterance tierWhi | e t he tier Outterancel6 was createc
phrases, its utilization for data analysis was deemed impracfidali | dr en mai nl y p
oneord wutterances, and therefore the Outter a
of the answers for children, sprecrid icas pon g«

(Set i3omt. 3

Word tier: Used to annotate the identified words. Thé o n-E me e | segmsaedt at i on

to set the onset and offset boundaries of each word.

SyllabletierUs ed t o annotate the adult form of the
used to denote lexical stresst r essed syl |l ables were i denti fi
parameters such as syllable structur e, wei gl
ERR andSeMPtR. dn)3.. 2F.o2x Fexg&@ideE maonstrates the pro
worfd. sad/ 61lionb6 CV.CVC, where the adult and
foot parsing that goes from | eft to right,
penul ti manaé , sywinldaklhe /asterisk (CV*) was add
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t i eNrosn.et hFeil ge@2sehows the child production of
6watermel ond CVVC. The adiuliti x/argeC. EBY®. ilsr
form, the participant deleted the penultimate syllable and the stress was assigned to the only
superheavy syllable. However, the adult form has stress assigned to the penultimate syllable as

it contains a geminate, which attta and receives the main stress based on JA stress rules. The
asterisk placement in th®yllabled and Productiord tiers is different due to the process of

syllable deletion.

ProductiontierUs ed t o annotate the childés syl l abl e

duration boundaries were used as the dependent variable. As in the Syllable tier, the asterisk
marked a stressed syllableche 6 Syl | abl ed and 6Productiondé ti
production and the adul't target forms to d
processes.

1106735

0.1907 ~ non-modifiable copy of sound;

0.00748=

Py g, £ A
o 1l

-0.1885

Z derived spectro ‘ami
5000 Hz P : . R, JRTY TR Y YR ‘TJW\TE

52.84 Hz Se——
. == modifiable Teerrld'Unerance
- (26
2 tlix Mo
o e
3 CVC*CVVC
Faduction
4 CcVvCH
_ fitéhs
5 tux
Hition
6 u
B = (/Sbel
11 O — : SOHF4)
8 batt'iix /tiix (syllable deletion) 53)
O ETiED |U,574632 Visible part 0.532103 seconds 1106735 0 oo

FigB8B2Z e Textgrid demonstrating the difference

Transcription tier (Trans)UUsed to record the IPA transcriptions of syllables.

PositiontierUs ed t o mar k the syl |l ablebs position wi

a = antepenultimate; pre = preantepenultimate; pro = propreantepenultimate).
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Vowel tier:Used to mark the boundaries for vowels based on their acoustic markers and the

surrounding segments.

Comment tier (COM)Used to document any comments on the production form, including the

occurrence of phonological processes. In such cases, a summary of both target and production
formsin addition to the process occurring were annotated ted.t1/itiixi x: syl |l abl e
Three Praat scripts were used to process and extract the annotated data. The first script
(save_selection_to_sound_and_textgrid) was used to save selected productions into WAV and
textgrid files to organize the productions according to the tasks. Seocoextract data from

the annotations on Praat, the script (read_text_from_interveal tiers) was used. The script
interprets the following: file name, word, syllable structure, production, transcription, and
comments. In addition, the (v_syll_duration) scrigaids the file name, word, word duration,
syllable structure, production, transcription, syllable duration, vowel, vowel duration, syllable
position, and comments. Excel sheets were used to document the readings from the scripts for

further data analysisn R Software.

3. 4AR0oustic mar kelresv eflors epghnoennetimaet i o n

The segmentation process included transcribi
and vowel boundari es. Bel ow are the main aco
including fricatives, stopsandaghideshffanda
cases of word medial geminates (CC), the ons
and the duration of each segment -wasntet easmn

t hbeSet cursor t odetopddloenctiinon haep tTii anre.

3.4FRi tatives
The friction noise caused by the Harbuhghon:
201l0was considered a marker for the presence

sibilant fricatives, the amplitude characte
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Fi g83/d arawl ah/ O0straWwb&ergbdbapeheaast avidenoi

the | ow average frequency, compared Baoadwhate
aperiodic signal attributed to the | ack of v
0.104321 .22.351?32
01232 ~ non-modifiable copy af sound

0

-0.1036 : o
5000 Hz R . i == derived spectrog 'a

1268 Hz '

0 H: - modifiable TextGridy
: (&bed
2 ; farawlah b
3 CV CVC* CVC ¥ %;m
4 CV cvc* CvC ‘
‘ : EED
5 fa raw lah
] . . - 98on
’ 1982
N ; | a | a | | a | 61R32)
] 72)
0104321 | 0677995
22247411 [22.247411 Visible part 0.782316 seconds 23.020727| 249.969055 |

Fi gB3 e Segmert at ifiaffi &craa wlveeh /

3.4SRPof@s

The major cue for voi Halres ngdtodp® OMOY nti e cxatn
of silence preceding a burst of noise marked
the release of the stop closure. To identify
to adjacent vowed®sn soird éiogndstcananwvisa gooaa s O6f i sho
spectr al characteristics of pl osive [t/ I nc
vowel [ al; the short releasedbursg whicbi $ &p

is completely blocked by the tongue at the a
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199.515504 0.199276 (5.018 / s) |

02102 i~ non-modifiable copy af sound

0

-0.1814
5000 sz

E derived spectrog an

== modifiable TextGrid

Utterance
bed
iihble
Qf@lLiction
R
p u: ﬁzon

; |
[ | a ﬂ iy 232)
i 72)

samat ;
CV* CvC
CV* [aYe
mat

0~ Oy 1 B W M
o
o

)

0426769 | 0.199276
199 088735 |199 088735 Visible part 0.626045 seconds 109714780 73284002 |

Fi gB4d e Segment at rse@amadf/ a st op

3.4N2as 3l s

Nasals exhibited visible formant patterns th
identified by the | ack of uplpanrr ifrogtmamb2 Ghe
onset of nasaldsi socfotnetni nhuad ya isnharhpe wavef or m,
nasal cavity by other articulators Dlue.ngnu, to
1994). F1 is typically | owerZadcanrpgarled 0t)o vIidwe
periodic patterns of the acoustic waveform w
vowel s whi c¢fhr eaveerchi gHuctuahigdgheqgoeencegs o
Mor eover, nasals have abrupt specitdiadg cwiatnhg €
briefke dip followed by a riselifn gtBffeomwavef
muuz/ Obananabd, segmenting nasal I m/ using t
waveforms provided @&holwe&oopmadhsaidedi on. i @h
|l ower F1 regions for nasal /I m/l compared to t

being around 239. 8Hz.
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0.164603 (6.075 / s) |23.840189
0.1269 ~ non-modifiable copy of sound

II|\|‘ .‘\l ‘II||||||‘

O
-0.09253 i
5000 Hz : ) . derived spectrogram == derived formants

[\
w
=]
o
T
™~

== modifiable TextGrid

1 ' Utterance
: 4R
2 : muuz 'f%bl
3 : CVVCH "%;
4 ] VVCF eeaen
: CVVE Jriog
5 : muuz
5 m S5Hion
-7 ' (85
! uu | (232)
E 1 72)
0.164603 | 0.479115
23675586 |23.675586 Visible part 0.643718 seconds 24319304 248679478 |
Fi gB e Segment atiihmmuof a nasal
3.4APf A1l cates
Affricates show a rapid rise in the amplituc

for a proll—banrgreidngptleonniekﬂniﬁhé.(r@ql)mah/ 6star 6, the en

to be concenttrbaitgend firne qtureencmi d ange, around ¢
resembled a band of noi se representing the
spectrogram (Harr.i ngeaﬁﬁlfrmﬂericyoihldllramgii otnh,e baubts e
presence of F1 for the surrounding sounds /

onset and offset of the segment
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0.9398

0.004654

-0.7489
8000 Hz

0 Hz

225.847869
~ non-modifiable copy of sound:

q

00~ @ o1 B M

295 078389 |225.l}78389

Fi g8 e Segment at i ondnadenfa ha/ n

3.

Al t hough

F2 is | ow,
maj or

mor e

t

peri
he F2

ncreased

4 AppbBboxi mant s

approxi mants

cues f

odi

F2

and

or t

c

region

en

t o

v al

F3 is |

he tri

ergy

h a

ow

== modifiable TextGrid:Utterance

Ribrd

nagmah kbl

CVC* CvC bllct

CVC Ed CVC I o

nady mah lﬂj;;

p u dﬁé‘on
| a | _ a | fi

| nigmih /nagmah (dialect) 49/71)

Visible part 0.769480 seconds 225847869 1 o100

affricate

ve a simil atrodif@hh mant

i n fr eqgnuéesngcuya r(eLde,hits

[ r/ wer e

t he

r

bandsWialpspcera r 1ed9 4 )n;

el ati

tahned s

a nhgi gbheetrw eferne g ure/n cayn dt r/aan/s iitsi

ues as
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99.103784 0.057 [99.160790
0.7849 ~ nen-modifiable copy of sound

06479
5000 Hz, oo

« » derived formants

€,
P0G S Reata 00 - 5 N
EERL LU

v e y
Sl
wS00°
4
G

L H: == modifiable TextGrid tterance
f . 3t
2 i murabbaax b
T e
3 cv i CVC* CvVC ot
7 g Lction
4 [G\Y i CVC* CVC
: - Fahs
5 mu : rab ba$ )
7 mon
6 a : P u |
- e
=7 | u | a | | a KE7)
| : : 27)
0.199151 | 0.057 | 0.387677
98.004633 [08 004633 Visible part 0.643833 seconds 99548456 6423705 |

Fi gBt e Segmentationi tmurad¥bapproxi mant

3.4VE8wéI s

A viewxwarhi nati on of the spectrogr anf riengcul eundciyn g
areas and the waveform was conducted to det e
clear enough, formant | isting was ornesseotr taendd t
the offset of the vowel compared to the sur:
detected by visually examining the | ast gl o
foll owing voiceless stops, ttthee acmooestonamht & h e
(Sudhoff et al ., 1ne2kOn®a6r)/.F ioly @B80edh & hex acnupelse i/den't
vowel 6s onset and offset were the high F1

surrounding segments / m/ and [ r /[, and the pe
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233319935 0.196356 (5.093 / 5) ‘233,516292
: ~ non-modifiable copy of sound

0.07703

0

0.05957
5000 Hz,

o)
(=)
o
o
25

1 Utterance
: Abrd
2 xxahxmar Ao
3 CVC* | CVC o
4 CVCF | CVC oen
‘ ; TR
5 ?ah i mar ;
& | 1 * Ehtion
P | u i
=7 a ] | = I i
L ' 6y 232)
8 1 s 72)
0318974 | 0196356 | 0053
233.000962 ‘233,0(}0962 Visible part 0.567898 seconds 233.568859) 39.429923
Fi gB& e Segment atiifark nmafr /a vowel
3.45Séégmentation complexities in JA producti c

The examples below demonstrate how segment at

with acoustic sifMmilganidgl edbeveldamdlalbowelveeé nces

Liqguids and vowel s

Liguids andn v/iolmedds/ (tédcegl.loirlgiug 9 veelr/e acnhda I/lue n g i
segment wltaenedbohegcuti vely. They showed form
for mant transitions (LadeBAogéadsenDOErxaKentat i
spectrogram demonstrated the presence of th
associated with /1/. In addition, the for man

vi sual analysis oy.the segment al bounda
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83.157789

0.2326 ~ non-modifiable copy of sound:

0.01041 bkl LR \“lm ‘““\‘u‘\\ m ' H“ |“ Jn__

it

-0.1911
8000 Hz

84.55 Hz : y
= wﬂgranee
i
- luun
: A ﬂléﬁlblr
f&kuction
4 CVVC*
! luun }gﬁ%
6 11 géﬁ()ﬂ
- I uu | &w
: 288
71)
2833108 |P203198 Visible part 0.324591 seconds BIASTTEY e i

FigB*e (a) A detailed wal gftmoadme [( by e gsrpesrctt a toiga ra

Glides and vowel s

I n the case offidgfieg Brdlyr dt Web a kwmrhdary bet ween
the glide /j/ was not <clear. The main cue fc
the change in the formant frequency, wher e

compared to [ al
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216974775

~ non-modifiable copy of sowund:

= derived spectrogram

52,84 Hz R M Lidd
> == modifiable TextGrid; tterance
%@9@
@ 2 bajkah 5
3 CV*FCVCVC o
4 CVCF CVC T
5' baJ kah I@émon
9 D u e
= | . 4 i
| samakih /bajkah (syllable deletion+stopping) 59)
216.400099 |216.499[}99 Visible part 0.475676 seconds 216.974775| 200.58665
Fig8r@® (a) A detailed wavefvorwel ( bb)e ganeend tartad gorn
Trills and vowel
The expected regular patterns of wvocal fold
bet ween them for /r/ FwegrBdlnonh vhsualrlyguevi d
6TaName 6, mar king /r/ which [ al and [ i/

|l ower f or mant

frequencies
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4743614
~ non-modifiable copy of sound:

0.07944

-0.0002736

-0.06348
5000 Hz g

146.3 Hz-* Y'Y
== modifiable TextGrid

Utterance

! : #t
= A taarixx

4 CVV* CVC 1063

5 taa 11? o

. P _u 195
11 a N .

: b

4505400 |4,2054(m Visible part 0538213 seconds 4,74351¢| P

FigBlrle (a) A detailed wavevVvowenl (Hégmepreicatriogn

pro

The

PBonol Prgpiceetmisad sy si s

phonol ogi cal proexplsese wleir g ua nsatliycs ed e vte
nol ogi cal characteristics specific to JA
sistent pattern of sound modification or

ndard target, f basmhd@hegla®)t.a al 210l1lcdbwi ng t he

pos<tldnkeetyl (202@B90H8%)d, At jgatpmeonol ogi cal p

segmental and prosodic. Segment al process
pe of the target form (al Huneety et al .,
i midlaitdiomg, stoppi ng, -ebmapchkaisnigs,. fOnont hego
sodic processes alter the syllable struct
se include processes such as vowabl epent
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del eti on, cluster reducti on, we ak syl Il abl e

identification and definition of the phonol

descriptions by Amayreh and Dyson (1998), D
Al gattan (2015), and Mashaqgba et al . (2019) .
and syll able str wctcueidea weate OdObeumeotedsésor |

analysis in Chapter 4. The Bopl ewi nd pPphontod

processes observed.
Segment al processes

First, for segméengBak hmwdi ftihcea tpsreohdfuatkuar ho/h e d@ f
instead of [/ s uankaatfyashe , mentha tcthe swiass, the reord:¢

segments (Al gattan 2015) .

29.461006

05073 ~ non-modifiable copy of soumd:

0.01677

2= derived spectrogram
8000 Hz y 1o : ol R "1. u‘-"rl h ]
g

== modifiable TextGrid

- aUtterance
2 sulfahxah me
3| CVCH oy CVC ;
4 CvVCF &Y CVC boe) e
5 sul fa hah ;m
6 a P u
(E0el

1 | u | | a _ [ a | 5

| sulhixafah / sulfahxah (metathesis / preserving) 13/61)

S 46550 |28.4625l}3 Visible part 0.998503 seconds 20461008 o oo

Fi gBr2 Segment -medatf hesait s on

Anot her eRiagnBxl®es itnhe production of [/ banduur

showing | ateralizati oAl,Lgathttamsud@1%)tution of
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105.864388

~ non-modifiable copy of sound:

0.7621

0.003422

0.9034 -
8000 Hz e : =

o
== modifiable TextGrid

1 3Utteram:e
2 banduulah W?ﬁﬂ
3 CVC CVV* CVC ;
4 CVC CVV* CVC Fos, o
5 ban duu lah ©
6 a D m ition
1] a | | uu | a 1] a@gl
ek | banduurah /banduulah (segments) 33/61)
04667575 |1u4,997273 Visible part 0.867114 seconds 105864388 ;

Fi gBr3® Segment -imadeéerf alciazabinon

Fi g3rehows the production of /muuzih/ O6banan

as nasal [/ m/ was produced as the stop [/ b/
19.801312
0.263 ~ non-modifiable copy ofsaumz’i

-0.0009825

02125
5000 Hz

-
=
™
=3
25
&

1 :moiﬁable TextGrid} 1y o
2 buuzih Eﬁn
3 CVV* CVC e ;
4 CVVF CVC ﬂ;m“ o
5 buu zih s]i:cm
8 p u
711 uu | 1] 'mijl
= g muuzih /buuzih (stopping) 13/22)
19.222219 |19,222219 Visible part 0.579093 seconds 19801312 20657780
Fi gBr4d8egment maotdagdpicrag i on
Fi glirsshows the process of assimilation, wher:
as [/ fawawl ah/ , assimilating the trildl [ rl as
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196.871887

05818 ~ non-modifiable copy of sound:

-0.0001096

04817
L —

=)
25
™~

== modifiable TextGrid,

1 EUtteraﬂce
2 fawawlah W?Sm
3 cv CVCH CcVC -
4 (@Y CVCF CVC boc, peten
5 fa waw lah ©
& a P 0 g@:nlon
7 | a a | a [ L ﬁ;
| farawlah / fawawlah (assimilation) 55/61)
. . |195_8863{17 Visible part 0.985580 seconds 196.871887 |, \oos

Fi gBrs8egment madisfiimd dtaitoron

Prosodic processes

Fi g3lrGeresents an example of vowel

epent hesi s

~

consonant al

asj ¢l aan/

fri

and

cat

a

vV e

cd usa eTrh  McaCragetthyf orm / ksl aan/

CV. CVVC. The <cluster [ ksl/ is bro

/

k /

ifsrpabdoged dbssygl babiat nword i

super heavy syl lable, /slaan/, instead
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267922292

0.2434 ~ non-medifiable copy of sound:

0.00197
-0.2601 o —— |
4820 Hz--+- ,, R . W‘%’iﬂw&g

OHz - modifiable TextGridy ¢
! . 25
2] XxXisaan
3 CCVVCH ”";j'i“‘e_
] v CVVCR b
5 21 saan 6hon
E P u Ty
11 i [ a ] .

= g hxsxaan/xxisaan (vowel epenthesis) 2/11)

S — |266.938279 Visible part 0.984013 seconds 27922202 oo |

Fi g8r& Vowel epenthesis

The process of assimilation and gemination r
the coda of the first syl labl e wigewmitnhaet eo nast
the syll able bourd2BY)y gIMeRbbwgbahet pmmdailc/t i or
6rabbit onirmathe ad Thhfeoktcupyinmyy @odanposition,
as nasal [/ n/, which occupies the onset posit

stress being assigned to the geminate, regar
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128.582929
~ non-modifiable copy of sound:

LR AN D LA L

0022124 I A

0.5627

-0.5921
5000 Hz

rived spectrogram

2132 Hz " L ) 4

i " moifiable TextGridy 2o
! 3
2 xxannab Mo
3 CVCH CVC ©
gh4uction
4 CVC* CVC e,
5 Yan nab ts
imon
8 p u e
11 a | a1 a5
sk | xxarnab /xxannab (assimilation+gemination) 22/54)
128.070667 |128,[17{)667 Visible part 0.512262 seconds 128.582929| 220200288 |
Fi gBr® Assimilation and geminati on
Syl l able deletion refers to the modificatio
more are deleted (e.g., stressed and heavy/

200Bi))galr@®@emonstrates the production of /t1i]i
a target form. The target word shape is CVC.
syl lable /batl/, preserving the supe(@G¥YCYy

word.
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0.1907

0.00748-gl ,”. il

-0.1885
5000 Hz

1.106735
~ non-modifiable copy of sound:

N
W T

x derived siecn 'oi am C

5284 Hz s
: == modifiable Texthd'Uneraﬂce
2 i .
3 CVC*CVVC = y
4l ch* Faduction
_ fi72hs
5 tux
6 u é’émon
) _ el
-1 n___ : i)
g bat't'iix / tix (syllable deletion) 53)
0574532 |ﬂ.574632 Visible part 0.532103 seconds 1.106735 194 129387
Fi gBr& Syl |l able del etion
Cluster reduction involves the debtempbnfiodéd

structure of thatFicd8irsd emo nsAtl rqaattetsa nt R2ed 1br) a d u

CVVC O6hor sebd,

whi &is Thaaa /a CiCavrVgCet Tfher mlafst/er

the first segment, /k/, and reserving the s
118.805512
0.241

-0.001056

~ non-medifiable copy of sound’

2 derived spectrogram’

99.58 Hz SN
. = modifiable Texthd'Uttemnce
A3
2 sxaan o
e
3 CCVVC* y
gaauctoon
4 CVVC*
< K
5 s*aan .
imon
. v el
i aa | &
= g hxsxaan /sxaan (cluster reduction) 17,55
118.286323 Visible part 0. 519189 seconds 118.805512
118.286323 | FEl secol 208.909222 |

Fi gBr® Cl uster

reducti on
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Weak syl l able deletion refers to the deleti
words ( DR2ADD 3et Adlg atitgadB2 B hoOWwWs) ./ maami h/ 60dovVved
which has the target adul t f or mi i/nkad mauannsithr/e :

syl lable [/ kal/ was deleted, preserving the st

17922171
03211 ~ non-modifiable copy of sound:

5000 Hzy, = derived speciro =l

Utternace

. (47
maamih Mbic
CVCVV*CVC huct
C‘ AVED CVC ucton
g Jitids
maa mih _
b 0 dition
| a R I e

hxamaamih /maamih (weak syllable deletion) 9(??4]

00~ M 1 b W M

@

17.357848 Visible part 0.564323 seconds 17.922171

17.357848 | 169.663968

Fi g82@® Weak syllable deletion

Coda deletion refers to the deletioRFiglurthe
32demonstrates tpghdel dplrao/d uécgri eoenn 6o fCV/C. CV, whi ¢

maxdlar/ CVC.CVC. TowCtwmagepr csd/dded|aes //ddlaa//
Ir | .
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361273022
~ non-modifiable copy of sound!

0.1018

- 1
-0.02964 [

2= derived spectrogram !

== modifiable TextGrid,

fUtterance

1
2 xxadxdxa %idm
e

3 cve* CVC A
4 CVCE Vv ﬂrﬁh uction
5 ad" d'a ,
8 p u @IIIOH
I —— N I

= 8 xxaxdxar/xxadxdxa (assimilation/ gemiation+coda deletion)  {,, -

260 saaao [20890480 Visible part 0 373542 seconds 361273022 o papa0s

Fi gB82% Coda del eti on

Syncope is the deletion of a vBewred Meagm, &al |
Stoel GhMImBaor exBimgpiBR2s hows t hdea antoarhdd /6 c hococ
CCVV. CVC, which hagkabhatbbanpét CVo€EW OVV./CVC. T
has the deletion of the weak syl lable [ kal
preantepenuldif maileresweédlbsdel /labl e deletion a

f ormati on of Wdt/h.e onset cluster |/
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92.178810

01897 ~ non-maodifiable copy of sound!

-0.003915 NI i .|| “

-0.1728
5000 Hz,

it !
0 H1Z - modifiable TextGridi
2 shlaatah Nﬁi‘
3 CVCVCVV*CVC .
4 CCVVF CVC o
5 aa tall (1ark
i ﬂ ition
p t e
i aa | A | M
= 8 shukalaat'ah /shlaatah (weak syllable deletion+syncope) 15,/24)
ot gozsa [*1-692562 Visible part 0.486229 seconds 218810 45 10507 |

Fi gB22 Syncope

3.4SBatistical Anal ysi s

Using R BobDdwalrep ghe haBn dT eRS2022.07.20Build 576Bay esi an
mu Hteiv el model s were employed for sewenrgal re
hierarchical data structures commonly enco
( Gel,maHgiMelh t2arli. datehtienrv srthwlet i pl e observati ons
individual participants, as well as @pegmdercs p
Second, Bayesian models are robust at handl
children being dowpsedamndtdatsaveoampamgiesigng t h

random effects at MWil nti @l Gel0meB3Rd lad2 i03Lf. dmalsy s

capability Aleivewspfhot egmoampal ysis. Third, Ba
framework for dealing with small sampl e si ze
Bayesian methods do not encounter |issues rel

estimates d¢loi pKiagpkt et BA&DPBoEbOent h, Bayesi an
foprri or i nfn@cromgtoiran i on about parameters of i

efficiencyWonhnt elst26bhdabl ¥, Bayesian model s

123



predictorsd uncertainty yielding credible i
thereby offering more interpretable results

(Gel masnh a8 D % B

4. 6Bayesi alhe Maill tivhod e |

Bayesian multievel models were fitted to the data determine the effect of predictors
affecting syllable and vowel durations using the R program (R Core TeaB), 2Z8thn
modeling language (Carpenter et al., ZDland the brms package (Buerkner 20IThe

models estimated the relationship between syllable/vowel duration as the dependent variable
and four main independent variables. The independent variables were ageagratggorical
monotonic predictor with eight levels coded as 24, 31, 38, 45, 52, 59, 66 months, and adult)
(Section4.6.2); stress & binary categorical predictor with stressed and unstressed jevels)
syllable position within a worda categorical predictor with two levels, wefdal and nor

final)'8 and syllable structure (a categorical predictor with three levels light, heavy and
superheavy syllables). For the superheavy syllable analysis, additional predictors were
considered including sustructure4d cat egor i cal predictor coded
and CCYVCC) and/Wotd debgthgas categorical predictor with three levels coded as
monosyllabic, disyllabic, multisyllabic). The models included-way interactions (e.g., age

and stress, stress and position) timdeway interactios (e.g.,age, stress, and positjoif he
participant's name and the word item were incorporated as random effects, allowing the

predictors and their interaction to vary by participants and words (Franke & Roettger 2019).

¥n the analysis of syllable position using R so
final 6 was used for penul ti mat e, antepenul ti ma
syllables. This step was deemed necessarytoenhancetto del 6 s per f ormance in t
Monosyll abic words were annotated as O6ultimatebd

to the number of syllables present.
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The intercept is the expected value of the dependent variable when all independent variables
are at their reference leveM/inter 2013. The reference level is chosen for each categorical

variable in the model, against which all other levels are compared. The reference level

associated with the intercept and variabl es
0stressedd aksi gdmmetl , 6 droon syl | abl etrugguoesi t i on
and 6monosyll abicé for word | ength.

Using Markov Chain Monte Carlo (MCMC) to obtain samples from the posterior distribution,
four sampling chains ran for 30,000 iterations, with a warmup period of 5000 iterations,
yielding 100,000total postwarmup draws. The expected values were reported under the
posterior distribution and their 95% credible intervals (Cispaiike & Roettger 2019)-or
differences between levels within each predictor, the posterior probability of the variable was
represented as a strong predictor when the difference betiee®wer limit of the 95% CI{l

95% CI) and the upper limit of the 95% CIF96% CI) did not include zero. The estimates of

the fixed effects coefficients were reported.

4. 6M@2notonic Predictors

The current study assigned the age group as a monotonic predictor for the iModelsnic
predictors arerdinal categorical variables that have a consistent directional relationship with
the response variable. As the value of the predictor variable increases, the value of the response
variable either decreases or increases accordingly (Burkner & Char@iitirBirkner &
Charpentier 2020). The populatitevel estimate of a monotonic effect shows the response
difference between the minimum and maximum category, where categi@iest assumed to

be equally impactful withmespect to their effect on the resise variablel(eitenstorfer & Tutz

2007).1f there are theoretical reasons to assume a monotonic relationship between variables,

introducing monotonicity assumptions into the model's design can enhance the model's
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interpretation. That is, the monotonicity can increase the accuracy of parameter estimates and
predictors, ensuring improved model calibration and predictive performance, regularizing the
model 6s predictions to mit i gvalititg of thg assumedt t i ng

monotonic relationshipLgitenstorfer & Tutz 2007Blrkner 202

4. 6PBi or s

A prior is the probability distribution representing the degree of uncertainty or knowledge about
a set of parameters before observing the data [ ma$h a&?2 i0 2Mironen & Vehtari
2017,Burkner & Charpentier 2020). Priors can be either informative, wherein sspedfic
knowledge is integrated into the model, or moformative when the preference is to minimize

the posterior inference impacge | mashh a8 0 18t Hevel op MmO t1SFahe a m
Reference Manual 2016: Version 2.32). Specifying informative priors can bias the results as
prior assumptions can influence the output more than the data itself, while weakly informative
or norrinformative priors are less likely to bias the result8ri@@er & Charpentier 2020). The
present study is exploratory, and the main goal was to avoid biasing the results. Thus, default
priors were used for the models in the current study for three reasons: the data had a large
variance agparticipants were recruited from eight different age groups; each participant

produced a different set of words/syllables; and three tasks were used to collect data.

For predictors, the default priors were riaformative flat priors. Student_t (df = 3, mean =

453, sd = 220.5) was used as a default prior including the degrees of freedom, intercept, and
standard deviation, respectively. Student_t refers to a probabdgitybution representing the
t-distribution with specified degrees of freedo®it(an Dev el oStam&efdrencEe a m
Manual 2016, Version 2.32Y.he prior distribution for the standard deviation (sigma) is an

inverse gamma distribution with two paramstérat are equal to .01. These parameters are
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shape (determining the shape of the distribution) and scale (determining the spread of the

distribution), both equal to .01.

4. 6E#ficiency and Convergence

Three main diagnostics were considered to assess the sampling efficiency and convergence of
the posterior distributiomncluding Bulk Effective Sample Size (BWESS), Tail Effective
Sample Size (TalESS), and Potential Scale Reduction FactehdR (Winter 2013. Any

fitted models that encountered fatal warning messages were not reported, as they do not suffice
as reliable statistical measures. First, BEES is a sampling efficiency diagnostic tool within

the bulk of the posterior. Using split chains, it quaesifthe effective sample size for rank
normalized values (Stan Reference Manual 2016, Veétaai.,2021). Second, TaESS is

utilized to assess the sampling efficiency and quantile estimates in the tail of the posterior. It
represents the minimum effeat size for the 5% and 95% percentile (Stan Reference Manual
2016, Vehtariet al.,2021). Third, Rhat is a diagnostic tool to assess the convergence of the
MCMC algorithm by comparing estimates of model parameters and other univariate quantities
of interest between and within chaidsvalue close to 1 indicates convergence of the MCMC
chains, whereas if thehains have not mixed well, and the between and within chain estimates

do not agree, the-Rat is larger than 1 (Vehtari et al., 2021).

3.8.imitations

One of the key challenges encountered during data collection and analysis was the variability

in timing, responses, and accuracy rates among participants, particularly in the child group,
despite carefully planning e aashhe hature bf@held t i me
speech which has ndimguistic inconsistencies due to their meddven behaviar. Factors

such as boredom, impatience, refusal to answer or cooperate, demands for treats, shyness,

irregular speech rate such as screaming, andtseeresponding had to be considered.
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Additionally, due to COVIB19, the online recording setup served as a communication barrier
between the experimenter and the child participants. An obstacle encountered is the quality of
recordings, despite providing detailed instructions to parents/earegiegarding optimizing

the recording setup. Although some productions were discernable audibly, they lacked the
clarity necessary for precise annotations and, therefaediscarded. Finally, the order of

tasks has affected the genemdponse accégbility in child groups. Participants performed
relatively well in the initial two tasks, especially in the visually stimulating PT. However, RT,
which was the last task, had notable behavioral differences. Participants demonstrated signs of
fatigue, refsal to repeat words, impatience, crying, making noises in disapproval, and the
desire to stop the experiment. Varying the order of the tasks across the participants could have
mitigated the order effect. However, the order of the tasks was not randomiaad af the

aims was to focus on less controlled tasks that potentially exhibited more accurate insights into
the natural developmental patterns of JA child speech and also to maintain consistency across

participants.
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Chapter 4. Results

This chapter presents descriptive statistics
durations for the thrdedta@ski3: 3 1Sdsp It i ardyp’
4 p&resents a detailed examination of super hea

4.5 offers descriptive statistics of the oc

groups. The model s posteri oerd pwheedni crntéd cvees sdair
posterior predictive probability is represen
t wo reasons. First, means are used when the

medi ans are used Wkheedt Al di €t riabuti @0153%.s S
influenced by outliers, where smaller or | a
tendency of dat a, whereas medians are mor e
Therefore, dhthenodiestsikielwet i on, the greater t
t he median, and the greater the emphasi s sho

mean ((GRmamM Hung 2001)

The following table summarizes the frequenc
child and adult groups i,and heVVGreel tabkses W
frequent with 38nd%l1113%2%respPped W vedyd HoOwe
CCV syllables were the | east frequent wi t h
increasing trend of the number of attested s
slight decre4ddbS&8 maoanthe. grbupan be noted that
of structures increases with age, as |l ong v
Nonet hel ess, even the olid2,stdiadgen qtr opurpqg d u caen

evi dent he adult group.
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Tabdle Frequency of syllable structures acros

© o - _ S
- > o N~ < — 0 To) N ; © o
- = ™ ™ 3 To) 1o © N~ - ®
> =t i ¥a) al @ o) o] o .
n v N ™ ™ < 1o o) © @ (- L
cvcC 126 13¢15¢13717C21-21711:127 39. 4
CcCV 4 3 59 69 6 3 87 83 85 65 55« 17. 2
CvvcC 658 56 73 61 87 58 85 66 54: 16.9

CVvvVv 43 45 37 33 48 67 36 54 36:¢ 11. 3
cvcCc 24 22 28 36 44 33 48 46 28 8. 7Y

CCVvyV 7 7 20 12 25 20 31 55 177 5.5%Y¢
ccvce 0 0 1 1 0 2 1 8 13 0.4Y9
CCVvyV 0 0 0 1 1 3 4 2 11 0. 3Y
CCV 0 0 0 0 0 0 0 5 5 0. 29
CCvcC 0 0 0 0 0 0 0 3 3 0.19

Total 301 32t 387134¢<46:247¢50741°322 100. "

4 SleRfipont aneous Speech Task

This section explores the effects of predict
syl |l abl e po#&iweeon,ntanrdactthheon bet ween age gr ol
on syll able and vowel durati onspdamt anmeaclts |dgp
t ask. The following table summarizes the a
across the age groups in ST. CVvC, CVV, CV, a
42 . 5%, 16,a6n%, 1146..23%89 respectively. As for th

CCcvcC, and CCV had the following peCCVeOlTt ages

syl l ables were not produced in this task.
Tabd2e Frequency of syllable structures in ST

Syl |l abl e Frequenc Percentage

Structure

cvce 558 42.5%

CVV 218 16. 6%

CV 214 16. 3%

Cvvce 186 14. 2%

cCvcCcc 102 7. 8%

ccvvce 16 1. 2%

CCVV 9 0. 7%
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CCvC 6 0. 5%
CCV 4 0. 3%
CCvcCC 0 0. 0%
Tot al 1313 100 %

4. 1S¢ll abl e Duration

Tabd3summari zes the mean (in ms) and standar
i ndependent variabl es, syl l able structure (
unstressed); and syl l abl-ei pals)ydgdengmwadecm. n a

Tabd43e Summary of the mean and standard dev
l exical syt leadd eapabsi ti on for each age group

Age Gr Syl |l able StiStress Syl |l abl e Po:
24830 Light 208.2 Unstr 236. 2No-Rin237.9
(90. 4 (89.7 (101. 7
Heavy 262.3 Stres:375.1Final 374.0
(125. (195. (192. 8
Superh473.5
(179.
3137 Light 168. 0 Unstr 291. O NoRin244. 3
(81. 5 (153. (122. 2
Heavy 328.5 Stres:349.5Final 388. 9
(147. (170. (167.1
Superhd444.6
(157.
3844 Light 200.6 Unstr 312.7No#&in263.0
(93. 6 (138 (107. 2
Heavy 329.3 Stres:421.7Final 472.0
(113. . (202. (179.6
Superh581. 2
(171.
45651 Light 154.5 Unstr 231. 9No#&in210. 3
(64. 3 (86. 3 (74. 6
Heavy 250.7 Stres:303.9Final 322. 4
(70. 8 (156. (149. 9
Superh405. 9
(180.
5P5 8 Light 138.2 Unstr 223.5No-Rinl1l87.1
(75. 2 (130. (80. 7)
Heavy 227.7 Stres:285.8Final 317. 2
(105. (153. (162.9
Superh370. 2
(163.

132



5865 Light 135.7 Unstr 236. 2No-Rin2l17. 2
(52. 2 (114. (87. 1)
Heavy 263.6 Stres:283. 3Final 303. 4
(92.5 (106. (119.9

Super h355. 6

(121
6 67 2 Light 138.5 Unstr 261. 2 No-Rin221.71
(50. 3 (126. (93.64
Heavy 273.1 Stres:315.8Final 349.0
(89. 6 (130. (129.7

Superh413. 6

(134
Adul t Light 120.8 Unstr¢175.8 No-Rin.171.1
(74. 9 (89. 3° (67. 7
Heavy 192.3 Stres:226.6 Final 231.9
(111.: (94. 7 (110. ¢

Superh286. 9

(171.

FoST 1440 tokens weabByf®enotheedyhhdBpTlRe dur at
Bayesian analysis was performed wusing four
war mup period consisted of 5,000 iterations

of the sampling praaocmaeps .dr Alwe tamtadlyapsetwas 1

Tabddehows the Bayesian model output for syl
Tabdde Bayesian model output summary for syl
Data: STC data (Number of observation:
Draws: 4 chains, each with iter =wa80M
draws = 1e+05
Popul-aewveh Esti Est. 1-95%u95%Bul k_Tai |l _

Cl Cl
I ntercept 183. 21.07141.224.3847655409¢
Stress (Un¢«2.20 18.01-32. 38.6476975968!
Position (1116.:17.6782.0151.554347231¢t
Structure (92.2 9.16 74.3110. 112628446°:
Structure
(Superheav'223. 14.3€195.251.967448310:¢
Stress (Un: -
Position (1-88.935.2¢157.-19.1398674971
Age group 6.634.86 -16.:2.81301404773°
Age group:
(Unstressec-3.033.51 -10.13.834711057009:¢
Age group:
(Final) -18.93.15 -25. -12.¢547937211¢
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Age group:

(Unstresseit

(Final) 20.5 5.70 9.1331.5388694941:

Age Group

Syl l able durations demonstrate a egdlel de
shows that the mean syl |l able durations exhib
(230 months, Mean = 32D.MRomsshs SDMeanl75.32231
3B44 mont hs, Mean = 361©.18 mosn,t hSDo rHs hleBedmw/in)as.tt rAd
decrease in the mean durations, by which the
(4%1 mont hs, Mean = 2I1B@. mMmom$ hsSDMeah32. 25751
565 months, Mean = 282D .momshks 3DNMeBM hs7,; SBP6 =

Al t hough the daf @aé&5lo 4rSo ndtehcsr ecafs ea g e, chil dren
durations than the adult group (Mean = 199.

shows that age group ilsamloga dgureat6idorhbC(IBHe di c

2. 81]) .
1250 -
A f
1000 - .gegmuD—
24
— | B
W 750~
E | E
% 500 - I45
E 52
250 - D 59
[ ]ss
0- [ ] adun
24 31 38 45 52 59 66 adul

Age Group

Figdl e The distribution and mean of the syl | &

Stress
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Fi gd%ae shows that stressed syllables (Mean =
unstressed syllables (Mean = 239.0 ms, SD =
than their unstressed counterpartshan saveeayg
assignment is not a strord. P8 BACEdppF3BB 2% VI
42lb demonstrates that the median duration of

that of stressed syll abl es.

StressedUnstressed [ stressed [l unstressed

1200

900

Duratio

stressed unstressed
Stress

(a)

220-

200-

i

80-

SyllableDuration
. 2

140-
stressed unstressed
StressedUnstressed

(b)

Figd2ze (a) The distribution and the mean syl
predictive plot for syllable duration for st

Syl l able Structure
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Fi g43sehows that | ight syllables are the shor"

by heavy syll ables (Mean = 259.9 ms, SD = 11
(Mean = 407.2 ms, SD = 171.8). Onoager agban
short syllables and 1.6 times |l onger than hi

that syllable structure I shaag¥%20.n2g5,prCldi[crh4c

110.16]; r(sepS8rHéavycl [195.09, 251.40]).

structure || light ] heavy [ superheavy

1200

s}

£800

5400

Curation

light superheavy

hea
Syllable S‘i?ucture

Fi g3 dhe distribution and the mean syl |l abl e

Syl |l able Position

Fi gd4d4sehows that syllables produced i,n Stbhe wo
94.9) are | onger tfhawmals yplolsa btlieosn si n( Meoarnd =n o2nl ¢
average, word final syl l abl es -arealappyloikaliniae
model output shows that tsoyrl Ifaolrl es yp o $aibélie® Bd, uirsa

Cl [82.08, 151.55]).
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PositionBi [_| final [[] nonfinal

1200

ms
co
o
o

(

Duration
I
L]
()

(=]

final N nonfinal
Syllable Position

Figdde The distribution and the mean syl |l abl €

Ag-8tr-Besition I nteraction

Across the age groups, stressed final syll ab
t heir stfriensasle dc onuont er parts ( Mean = 240.2 ms,
syll ables (Mean = 288.9 ms, SD =syl3la.b4)esar(ev
186. 7 ms, SD = 89.9). On average, stressed |
nofi nal syl l ables, and unstressed fi#fiahasyl I

syl |l abl es. ThEabddad BOwo ut pantayt hienttehrraecet i on be
group, stress, and position irs=2a.%22r,onCd (dr9e
31. 5F6i]g)iisehows t hatfifnamardl tploesinomns, stressed
than unstressed syllables for all age group:
stressed and imnmdt rseysisleacdb | recsn bec ome se noovreer | eavpi
of Cls in stressed and wunstressed shows th
probabilitiees.naForpbtghtialwesmg dshows t hat stres
l onger than unstressed syl |l abliG tobdl 3r8oinnt htsh. e
At aipel 4o nt hs ,fifomal tpeswbrdn, durations of s

wer e estiimaitlear t oA bcehange foll ows this overl :
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become shorter than unfsitnraels speods istyilolna.bllens tihne

groups, stressed and unstressed syll abl es o0\
the probability esiblmantoed hs Hoeaitdweeen v edityt aefst e
becomes more evident, indicating a smaller
unstressed syll abl es.
PositionBi = nonfinal PositionBi = final
",
s
® StressedUnstressed
3 B
% b 4 9 stressed
E:JJ_ ® [ * $ & unstressed
& Thad '
» %, °
...
L

100~

a4 2 3 45 52 59 BE adull 2
24 31 38 45 52 59 66 adult 2

Agegroup_f -

Figds e Posterior predictive plot for syll abl
group, sSstress assignment, and syll able posit
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4. 1Va@wel Duration

Tabdbeummari zes the mean and standard devi ati
variables, syllable structure (light, heavy,
syl l able positionfwinah)nfarwemadh( aigralgy omen

Tab45e Summary of the mean and standard

structure | exical stress and syl l abl e ¢
Age GrSyl |l able StStress Syl l abl e pc
2930 Light 110.8Unstr 97.7 No-n 113.92
(44.2 (45. 4Final (54. 3)
Heavy 109. 6 Stres 149. ¢€Finall139.21
(89.0 (101. (102.5
Supert170. 3
(90.0
3137 Light 107.3Unstr 130. 4No-n 126. 72
(36.5 (65. 7Final (57. 1)
Heavy 150. 9Stres 172. z2zFinall75. 24
(92.6 (104. (107.5
Supert199. 8
(100
3844 Light 111. 7 Unstr 132. 4No-n 119. 35
(54. 8 (63.1Final (57.9)
Heavy 138.8Stres 190. :Final203. 46
(64.1 (107. (101. 7
Supert252. 3
(111
45651 Light 88.8 Unstr 95. 4 No-n 101. 009
(25.7 (36. CFinal (38.6)
Heavy 110. 7 Stres 154. ¢€Final149.9
(52.0 (90. 4 (92.8)
Supert198. 6
(106
5P5 8 Light 76.5 Unstr 107. ENo-n 86. 73
(37.7 (58. EFinal (45.5)
Heavy 107.1Stres 127. 7Finall45.60
(54. 2 (86. 4 (84.8)
Supert159. 9
(100
5986 5 Light 83.3 Unstr 98. 7 No-n 93. 43
(29.0 (42. CFinal (38.6)
Heavy 107.3Stres 120. €EFinall26. 2
(45. 3 (58. 2 (58.0)
Supertl141. 2
(71.6
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6 67 2 Light 84.4 Unstr 114. ENo-n 89. 8
(28. 8 (57. €EFinal (38.6)
Heavy 107.1Stres 138. ¢€Finall59.6
(46. 8 (85. ¢ (83.2)
Supert198. 7
(97.0
Adult Light 54.9 Unstr 79.9 NoRIiNG66.7
(24. 8 (60. 8 (35. 4
Heavy 83.8 Stres 89.1 Final 104. 4
(59.5 (56. 2 (72. 4
Supert109. 9
(65. 4

A total of 1440 vowelaslye®mre Sdnnodthaet eBdayersd a
performed using four c¢chains running for 30,
5000 iterations to mitigate the potential ef

totalwapmep dr dws faovaidnmadl yvyJabdoesausnmbho 0 z@3Q0 .t |

Bayesian model out put for vowel duration.

TabdeBayesi an model output summary for vowel

Data: STC data (Number of observation:

Draws: 4 chains, each with iter =w&pnh

draws = 1e+05

Popul-aeveh Esti Est. 1195%u95%Bul k_Tai |l _
Cl Cl

I ntercept 110. 12.4285.8134. 417275830

Stress (Un¢«-12.411.51-35. 9.80437495761°

Position (I172.2 11.3249.493. 7445614686 ¢

Structure (15.85.62 4.7426.8125308450'

Structure

(Superheav'40. 0 8. 78 22.957.3109798442¢

Stress (Un: -

Position (I-67.119.5£106.-29.1:363824791:

Age group 6.082.87 -11.1t-0.4¢330125156(

Age gSbups:

(Unstressec2.10 2.28 -2.416.65407765481¢

Age group:

(Final) -4.862.23 -9.01-0. 1¢395954195¢

Age grou

(Unstresse:t

(Final) 7.80 3.60 0.6014.8339604225"

Age Group
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Fi gd6/lae demonstrates that, broadl vy, t he mean

groups. I n the first three age group30 vowe
mont hs, Mean = 129.2 ms, SD = 87.3) t0o reacht
by i 88 mont h5sl mMant4hss ( Mean = 127. 4 ms, SD =
steadily, reaching the mean (Mean = 84.2 ms,

shows that age group i s argstor. @r8gl 1gCri®4dd X]t)o.r i

Vowel durations decrease with age, becoming
Fi g4abe
Ageqgroup f
600 - . o4
T . 31
%400— | E
[
5 52
0 200 |:| 59
e
; [ ] adut
24 31 38 45 52 59 66 adul
Age Group
(a)
120-
= 100
3
£ a0
S
L ]
60
40- —|=
2‘1 1 45 52 9 acluli
Agegroup_f
(b)

Fi gdG(ea) The distribution and the mean vowel
predictive plot for vowel duration for age g

141



Stress

Fi geihrshows t hat vowels in stressed syllabl es
l onger than in unstressed syllables (Mean =

out put shows that stress assignmen-L2i 49noClI a

[35.76, 9.80]).

StressedUnstressed [1] stressed [[l] unstressed

[=z}
[=1
=

§200
° | |
stressed Stress unstressed

Figatdhe distribution and the mean vowel dur
Syl | &atbrlwect ur e
Fi ga8sdhows that vowels in superheavy syl |l abl
99.9), followed by vowels in heavy syl l abl es
Il i ght syl l ables are the shortest ( Meiam = 8
superheavy syll ables are two times | onger th
syll ables are 1.3 times |l onger than in 1igh

structure is a stronghpaeg¢il&t 80, f &1 VyVawél4,

super h=e4lv.yQ 8, Cl [22.92, 57.39]).
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structure || light [l heavy [ superheavy

600

ms)

—400

5200

Duration

light superheavy

hea
Syllable S\{Fucture

Fi gd8& dhe distribution andfoheswebhabbVewstrdaot
Syl Il able Position

Word final |l engthening Iis obseFivgdd e Wowelwe |
appearing in word final syll ables (Mean = 1.
average than vbweéabk syl wabldesnonMean = 95. 3

out put shows that syl l able paosittfieddi2 (2%, aCstt
[ 49. 49, 93.73]).

PositionBi [_] final [I1] nonfinal

600

(ms)

I
=
=

Ma
(=
=}

Duration

o

final . nonfinal
Syllable Position

Fi g dhe distribution and the mean vowel dur

Ag-Posi-$timenss I nteraction
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Across the age groups, vowel s i,n Ssht r=e slsOe2d. 4f)i
| onger than vowelnsali nsydtlraebd seesd (MMeran = 99 . 5
vowel s in unstressed final syl l ables (Mean -
unstredsedlnesryl | ables (Meéhn 6n98ver amge, SDOow
final syl l ables are 1.7 tifmemsall osnylelra tlheasn, va
unstressed final syl l abl es are #.ixratli meyd | lad!
Correspondi ngtlpput tsheo wso-dtalya to ott kee atchhn @& bet we
stress, and position is qg=8t80nhgCbhbrEUd§Bretsf
41 uggests that in the younger-fagalgsgupsabl\
|l onger than vowélisainsyhsabéesedHowever, thi
with age, where the durationad uWndttrebemak be
syl l ables becomes smaller as age increases,
vowel s i-hi hhk wWogdllr@®@bsee,i ndicates that vowel
final positions are |l onger than vowels appea
The durational difference between vowels 1in
with aghee. fHonral p®8i ti®mlodrho nftrhosm 2vdowel s i n str
final syllables do not overlap, indicating a
age ibdf8 5dnt hs, the overlap betwdemaVowegl $ ab

becomes more evident with age, suggesting a
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PositionBi = nonfinal PositionBi = final

200~
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StressedUnstressed
: stressed
e ® ® . & unstressed

VowelDuration

_1
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=
&

&

59 66 adult 24 31
Agegroup_f

Fi g4 Posterior predictive plot for vowel dt

stress assignment, and syllable position

4. 11 Bteraction between Syllable Structure art
Anot her Bayesian model was constructed to ex
and position. The aim was to examine whethel

the trimoraic ban and tzhel.bliAsorsylcl acbolnes t p ad

syll able structure by contributing to its we
pose a problem for the analysis, as they are
recalling thatl byl bambeai arenmdaRAj mauper heavy

this account as a third moraf wonal dsppeshbheaby
i.e., the third mora wefuilndalb ec oadsasliligyn VP & roh et
syll ables in JA are bi mor daiicnjalt hseurpetrthe ad yr a

syl l ables would be comparabl e, baismdoroaOmc hdav )y

ot her hand, if superheavy syl l ablesfamgenbnim
final superheavy syl l able would be | onger th
Thus, Bayesian models were fitted to determ

145



syl l able structure, and the interaction betyv
vowel durations. For each model, four sampl.
period of 2000 iteratwammypsyaredrde mgnl32yradest

mod el out put for the effect of syllable posi

dur ati on.

Tabd7e Bayesian model out put siummearactfioon syl |

Popul-aeveh EEstirEst IF95%u95%Bul k_Tai | _

Err CI Cl

|l nt ercept 202. 719. 164.242.159502104¢
Posi(tRkiomal ) 52.2:20. 12.(92.8287902415¢
Structure (F101.¢9.483.(0(119.405492761:
Structure (S£175.¢27. 122.229.425222597C
Position (Fi-8.2822. 51. 35.02855323147
Structure (F

Posi(tRkiomal ): 58. 5(34. -8.5125.3021025511¢4
Structure (S

Age group -14. 8 4.6 24. 5.7136941844°¢
The model out put indicai2s2lt,ha€Cl syl2.ab3 e D92

structur=lO(lhebalv,y,Cl [ 83.09,=1Z59998] Cl(saper Rce
and ager =glrdo BR-2@4 C13,] 5.73]) are strong pred
However, the model output indicates that the
posi ti om=10hle a6AYl,.[8 4, 35. OYEP 8( 5 @p &5f4h e alv2y5 . 8 3]
not a strong predictor for syllable durati o

probabil Fit g4lpiérodiscadatnes that syllable duratio

final -fainmdalnomosi tions overl ap, indicating a
estimates. Nevertheless, super hfeiavygl syo diatbil @
not show an overlap. This indidanas ®Pphaits or

shorter than their counterparts.

146



.
m
=

2]
n
=

PositionBi
nonfinal
& final

SyllableDuration
¢

ma
th
=

i ' '
light heawy superheavy
Structure
Structure = light Structure = heavy Structure = superheavy

Hy,

Higs =

.
=}
=
" —
—

SyllableDuration
5 w

=

3

=
=
—o
— g
— g .
— 9
e N
— &
— 9
*—g

24 31 38 45 52 59 GBadult 24 31 38 45 52 59 BOadult 24 31 38 45 52 59 BHadult
Agegroup_f

(b)

Figdr¥¥osterior predictive plots for syl l abl e
position -wag theethceéeeon

As for vowéEadbdBadembnehnhsates the model out put
position, syll able structure, age group, an
syll able structure on vowel durations. A cl

acr oss utrhees sstpreuccttfi inead tCHwavtC mord | abl es ( Medi an

are shorter than short vowels appearing in C
ms , SD = 16.1). CVvVVC syl l ables have vowel du
nomi nal positions (Median = 79.9 ms, SD = 3
|l onger vocalic durations (Median = 156.5 ms,
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Tabd8e Bayesian model out puitn sSiTmenn

Popul-aeveh EEstirEst 1-95%u- Bul k_Tai | _

Err CI 95 %

Cl

|l ntercept 115. ¢15. 86. '145.105601524:
Position (Fi -7.4112. -32. 17.¢11674 16931
Structure (H35.6:12. 11.¢59.:120121723:
Structure (S90.7(012. 65.¢115.118151777¢€
Position (Fi
(Heavy) -16.813. 43. 10.(116701727E¢
Position (Fi -
(Superheavy) -71.121. 112.-30. 177792310E¢
Age group 6.412.4-11. -1.48730 1390¢
The model out put I ndicatfedlt h&£&dl $yYI2l. Bl e 90

structur=lO0(lhebalv,y,Cl [ 83.09,=17Z599a8] Cl(fsapger e
and ager sglrdo BR-2@4 C13,] 5. 73]) are strong pred
However, the model output indicates that the
posi ti omn=10hle. aBAN,.[8 4, 35. 0P 8( & @p. e5fdh, e alvzys5 . 8 3]
not a strong predictor for vowel duration. R
peition and syllable structure is only a st.

i ght and heavy syl | abileél®Dd Themepmnrotbradbtidsg t yh

durations in -wobndl fpasaitaadsnbar | ight and h
overlap for heavy syl l ables, suggesting a we
in |ight and hreqery istyl it ad|l wer éar i hal posi ti

syl l ables do not showfianali m$ W @aer hpeaavtyer y | IWo

vowels than word final superheavy syl l abl es.
nomi nal wyw pseylhleaabl es do not overl ap, i ndi cat
estimates. This indicates that vowel shorten

rather Dbi morai Ei gaalde nditsplrayortahe. medi-an r an

final superheavy syll ables closely resemblin
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Figdx2 Posterior predictive plots for vowel
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4. 1Sd4dmmary

Core si{ClVICQbIC&/snd CY¥¥MeEh e most frequent compar
(Ccvce, CCV, andheCw@Ciability and comglexity
with age asedatubates appgas of devel opment.
the youngest three B3¢e tighd aBuBp ot hat comgyicm g sfyrl d m t
than ol der age girbdupno,ntrhaamgdonepddunl dtreh el 501 de st
d dhot pr oduickee adduurlatt i ons. Addi tional l vy, t he
syl sabk.e3 times | onger than unstressed syl |
structure affects syllable durations where s
syl l ables and 1.6 tWmed Fongér |l ehghhbkbeanyg 08
age groups, with word final syl |l abl es being
Bayesian model out put indicates ,amGtthweaky s
waynteraction are strong$bpneesdsiecdt osrysl |fadorl essy lal
unstressed sylflianballe spoisni twoornds noonnl' y i n the yo

the difference between stressed and unstress

word final position.

Moreover, the data distribution indicates th
across the age groups. Vowel s in stressed
unstressevdwel bl abl sssperheavy syl l ables are t
and 1.3 times |l onger than heavy syll abl es.
durations, wherfei valwepssiini etmeawerd. 5 ti mes
The Bayesian model duteplst astsg ggengnexntt hast non |
vowel duration in JA productions. However,

position, -waanyd itnhteertaltctee n are strong predict

stresdadhanomgtomél| eenger than their counter
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stressed final syl l ables decrease in durat.

count elfrhpeat s acti on bet ween syl |daebnhioen dsttreatitcet u r

vowel shortening-fii ssadveirdeetatlyvgyibriliew gotadt nsounp er h e &

syl l ables are bimoraic and not trimoraic.
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4 Repetition Task

This section explores the effects of predict
syl |l abl e posiwayon,ntandactthieont hbreeteween age gr ol
on syllable and vowel dur aitn oRB. | hh el Af oclhlid v
summari zes the attested syllable structures
cCvvC, cCcCcvv@andCcCMXWC syl |l ables are the most fre

and 16. 4%, respectivel yCCUVN,thprdoCB¥rwbhaadt h

with . 5%, . 2%, and .2%, respectively

Tabd9e Frequency of syllable structures in RT
Syl |l abl Frequency 1in Percent a
Structu
CVVvC 174 27.8%
ccvvcC 135 21. 5%
CvcCcc 123 19. 6%
CV 103 16. 4%
CvcC 57 9. 1%
CVvvVv 26 4. 1%
CCvcC 4 0. 6%
cCcvcCcc 3 0. 5%
CCvvV 1 0. 2%
CCV 1 0. 2%
Tot al 627 100%

4. 2S¢l 1l abl e Duration
Tabd4leOsummari zes the mean and standard devi .
independent variabl es, syl l able structure (

unstressed); and syl |l abl ef ipmasli)t i fomrupd & chh na ¢ eh

Tabdldd Summary of the mean and standard
structure | exi gadlsisttiroens sf oarn de ascyhl laagbel e r «

Age GrSyl |l able StStress Syl l abl e pc
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Toanaltyhee ef fect of the predictors, as mentio
and adult speech, aa ntaottyasl ® ro f RT6. 1 3T hteo kBeanyse sw ear
performed using four chains running for 30,
5000 iterations to mitigate the potential ef

totawapmsesp dr aes favaiahab yTsaibdllewapod D8, 0B86. Ba:

model output for syllable duration.

Tabdld Bayesian model output summary for syl

Data: RTC data (Number of observationt

Draws: 4 chains, each with iter =wa80Mm

draws = 1e+05

Popul-aeveh Esti Est. [F95% u959%Bul k_Tai | _
Cl Cl

Il ntercept 127. 62.6¢-7.61242.186723181¢

Stress (Un:45.2 64.3:-76.1179.192532911:

Position (1143 59.1429.9 262.220363223:

Structure (102 18. 1:66.5137.710957424"

Structure

(Superheav'299 35.27230. 368.682207082:¢

Stress (Un:

Position (1-130. 95.31-328.47. °217443270¢

Age group 8.80 11.24-12.432.:162722585:¢.

Age group:

(Unstresse-8.9611.04-31.212. 178592494

Age group:

(Final) -18.38.85 -36.0-0.8175902335¢

Age group:

(Unstresse:t

(Final) 20.0 15.6:-10.651.¢210133131!

Age Group

Fi gaarhows the distribution of syllable dur a:
duration in the youngest age group Iis 466. 6
= 200.6) by3&gmomtrioaap BHe mean dupbpapid@Bs t he
mont hs, reaching 464.4 ms (SD = 214.9), and

comparable values, with adults having a mean
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out put indicates that age group ri=8.80t &1 s{1

12.45, 32.21]) .

Agegroup_f

1000 - B
B

| E

500 - I @
52

| E

[ ] es

0- [ ] adun
24 31 38 45 52 59 66

I
adult

Duration (ms)

Age Group

Fi g4Y3® The distribution and the mean syl |l abl

Stress

Fi gar/e shows that stressed syll ables (Mean =
ti mes on average than unstressed syl lables (
mod el out put shows that stress assatgipamen(t i s

45 . 2676 .Cl7, FLi7ldulrZer Jd)emonstrates that the medi

syl l abl es are higher than those of stresse:
estimated probability of syllable durations
than esesedssygll ables. This discrepancy i n re

to random factors such as the speaker and th
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StressedUnstressed || stressed [ unstressed

1200
o
E800
{ o
o
£400
0

0

stressed unstressed
Stress
(a)
200~
)

SyllableDuration
L

stressed unstressed

StressedUnstressed

(b)

Figarx2 (a) The di meanbayl
I

babbhedduheaeti on ( ms)
predictive plot for syl bl e

a duration for st

Syl Il able Position

Figar=yl |l ables in the word ,fiSll= plodss.t7)o nar(e\
2.7 times on averaged itntmdn poyliltd olness (iMe amo r=d 1
Mor eover, t he model out put indicates that s

dur af104n3 .(28, CI [29.96, 262.75]).
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PositionBi [_| final [[] nonfinal
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Figdr® The distribution and the mean syl |l abl

Syl l able Structure

Figdr@emonstrates that syl l abl e durations &
syl l abl es are the ,s hSdr t=e 6t0.(2Me anf od | lo5vle.d4 brys |
268. 2 ms, SD = 92.4), whil e superheavy syl |l
133.9). Superheavy syll ables are 3.5 times |

heavy sylmoadklle.utTplueg shows that syll able str
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dur athieayy,002. 00, Cl [ BU.p=I he2®P, 58], ) ,CI( [ 23

368.83]) .

structure || light ] heavy [ superheavy
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Duration

Y
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——

light

(=]

hea superhea
Syllable S‘i?ucture P W

Figdr& The distribution and the mean syl |l abl

Ag8tr-Begsition I nteraction

Across the age groups, stressed final syll ab
stressfeednanonsyl | ables (Mean = 243.5 ms, SD
syl l ables (Mean = 313.7 ms, Sdia#h syl .l7a)blaerse (
= 179.4 ms, SD = 79.8). On average, stressed
nomi nal syl |l ables, and unstressed fis#fiahasyl |l

syl |l abl es. Not withdt amdii cq,t etsdhyd hirard td et rlhaem tuithgrne ¢
age group, stress, and positiony#a0.nm4, aClst]r
10. 66, 51. 60}way whitleg atthe onwdbet ween age gro

strong predictormn=f8r. 3srg6lCa®ge] dyuration (

Fi g4k shows that syl | abflienalurernviomon me nsttsr ei:
unstressed ones in Hhe tgbba4mmentrhamn.gi Hgwd werm
changeB 8bynoma h s, where syllable durat-i on me

final syl |l ables intersefcitnalThgysl liasblfed | baneidn
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t h

s u

N e

an unsffimadsedynomabli‘exs rmontthse. aker toHer6ror e,

ggests that stressed syllablesfanal |l paoget.i
vertheless, the durationtatesilsédd esgehicablbes w
i nal position decreases with age, wh7#e2 e t he
nths, and the adult group overl ap.

verthel ess, i n the younge3sh ti4hdr,38&s targees sgerdo |
inal syll ables show greater uncertainty of
s become shorter with age, vbhei cehs t s urgag eesdt sr

ecisely. As for the final position, | ess o

greater difference between stressed and un

attested in thg oFi8é&r m@géehgr oops heradgi t
weaker durational di fference betwdemastre
sition. OrFitghgEleotshhe®ewshaméat as age increase
Il abl e durations Dbfeit walens ywlolralb Ifeisn ad e naanrdk ar
unger age groups show a greater diffifnearlenc
sitionsr ahel @grobps exhibit a smaller diff
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4 .

Tabdle2s ummar i
i ndependent

unstressed) ;

2Vawel

Z€es

an

Dur ati on

t

d

he

me an

variabl es,

and

syl Il abl e

syl |l abl-ei pals) tfi omn

standar d

structure

Tabd4le2 Summary of the mean and st amddrlc
structure | exical stress and syl labl e p
Age GrSyl |l able StStress Syl l abl e pc
24830 Light 80.2 Unstr 81.1 No-n 81.5
( NA) (42. CFinal (59. 4)
Heavy 81.5 Stres 228. (CFinal220.9
(59. 4 (72 . (80. 1)
Supert228.0
(75. 2
3137 Light 108.0Unstr 93.3 No-n 84. 2
( NA) (46. 4Final (33.6)
Heavy 93.3 Stres 301. 7Final302. 8
(46. 4 (112. (110. 2
Supert314.6
(103.
3844 Light 72.9 Unstr 102. 1No-n 87. 1
(26. 6 (57. Final (44.0)
Heavy 127.2Stres 213. EtEFinal218. 2
(65. 7 (114 (110. 7
Supert218. 8
(112
45651 Light 90.8 Unstr 104. ZNo- 97. 4
(32.8 (63.4Final (56.0)
Heavy 112.1Stres 224. 4Final225.7
(69. 2 (79. € (78. 3)
Supert234. 8
(74.5
5P58 Light 74.3 Unstr 84. 6 No- 77.9
(25. 4 (35. CFinal (30.0)
Heavy 124.1Stres 225. 2Final228.5
(85.0 (65. ¢ (59. 1)
Supert229.9
(55.5
5965 Light 85.7 Unstr 91.7 No-n 88. 7
(26.5 (28. 4Final (28.6)
Heavy 98. 7 Stres 194. 1Finall195.0
(31.9 (52. € (50. 8)
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Supert197. 4
(49. 2
6 67 2 Light 76.5 Unstr 93.1 No-n 91. 0
(26. 3 (41. 4Final (44. 8)
Heavy 119. 3Stres 195. EFinal 196. 6
(55.6 (65. ¢ (63.5)
Supert200. 5
(61.9
Adult Light 73.1 Unstr 77.6 NoRin82.3
(27.5 (35.1 (48. 8
Heavy 88.8 Stres 182.7Final 180. 3
(46. 3 (75.1 (75.1
Supert190.0
(72.2

To examine the effect of the predictors on v
from 613 aovnaBbypyseweRE. The Bayesian anal ysis
running for 30,000 iterations. The warmup peEe
potenti al effect of the initialwaphase oif awssh
aval eéabor anal yTsaibdlésvases@00s008e Bayesian mod

durati on.

Tabdl8 Bayesian model output summary for Vvowe

Data: RTC data (Number of observationt

Draws: 4 chains, each with iter =wanh

draws = 1e+05

Popul ation Esti Est. 1195%u95%Bul k_Tai |l _
Cl Cl

Il ntercept 92.5 32.6£22.2152.283074770!

Stress (Un«5.23 32.2¢-55.1i72.3296324476:¢

Position (197.0 31.7€€38.4163.326635141°¢

Structure (6.15 8.95 -11.1:123.7122268078"¢

Structure

(Superheav»74.9 17.3£540.9108. 122167816:¢

Stress (Un: -

Position (1-60.249.41161.33.6327564582:!

Age group 3.615.76 -7.2115.6250654129:¢

Age group:

(Unstressec-4.985.32 -15.15.,45283274018"

Age group:

(Final) -12.54.63 -22.:.:-4.08264933912:
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Fi gar&hows that vowel diBrOatmoonmn hisn o rMeaasne s= f2r0ct

87.2), reaching 27838 mentisd @f4lanpand hAtb yVR 4

186. 9 ms, SD = 113.6), a decrease in the dt
cmparable values, reaching 155.8 ms (SD = 81
out put shows that age group i s Fot3.&41st Cdnoc
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Fi gar¥& he distribution and the mean vowel dur

Stress

Fi galre i ndicates that vowels in stressed syl
average, 2.3 times | onger than vowels in un
However, the model out put suggestarattgobns{re

5. 23;55CI8 2] 72.34]) . The poskiegdldh Phowsabi ha

vowel s in unstressed syllables are slightly
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wide CIlI, particularly for the stressed syll a
of vocalic durations. This discrepancy in re

factors such as the speaker and the word ite

StressedUnstressed || stressed [l unstressed

stressed unstressed
Stress
(a)
120~
-
o
(1]
S 3 ¢
[
@ 80-
=4
(=]
=
40- .
stressed unstressed
StressedUnstressed

Figdar® (a) The distribution and t hRo sreearni ovro \
predictive plot for vowel duration for stres

Syl Il able Position

Fig4az2®hows that vowels in the word final p o :
|l onger than their counterparts (Mean = 86. 7

final syl l ables are 2.4 fimasé$ bkoghygeathliommradnTh
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|l engt hening is observed in JA vocalic produ.

position is a strongrIOr7fedi7gt cCrl f[Br8 . vMalwe |1 6adBuU rt

PositionBi [_] final [I] nonfinal

600

(ms)
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(]
]
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Duration

(=]

final . nonfinal
Syllable Position

Figa2@he distribution and the mean vowel dur

Syl |l able Structure

Fi geid®emonstrated that vowels in superheavy
Ssb = 27.9), foll owed by vowels in heavy syl |
in |ight syl l ables are the shortestl s( Memn
superheavy syll ables are two times | onger th
than those in |Iight syllables. The model out

for vowel sdpereanerhdd.ydn, (CI [ 40. 96h,ealvey8. 9] ) ,

Cl-11.38, 23.75]) .
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structure || light [l heavy [ superheavy

light superheavy

hea
Syllable S‘?ucture

Figd42% The distribution and sylel arelaen svtorwmedt ur

Ag-8tr-Besition I nteraction

Across the age groups, vowels i,n SDnal78&.tg)e.
l onger than vowehali systiadbsesd (Meman = 104. 6
in unstressed final syl l ables (Mean = 120. 4
(Mean = 82.9 ms, SD = 4r0es3s)ed Oni naavle rsaylel, a bvl o
l onger than their counterparts, and vowel s i
vowel s i n ufnisntarle sssyldl anbolne s . Neverthel ess, th
i nteracti on pb,etswmereens sa,geangd opuosi ti on i s not a

r=10.444.88, [26. 22]wWay whnitleer atchtei otnwob et ween a:
position is @=4R2r &6692 34 JbtYyaea2® demonstrates
t hmweaey i nteraction between syllable position
final stressed syllables are | onger than vow

age group. ClO0lmMormhagmtd®Ycd onger vowel s in

than in stressed syl |l abl es. Thef idnuarla tsitorneasls ec
unstressed syll ables increases with age. Adc
wo rd nal sltlraebslseesd asrye | onger than their cour
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be

ag

s h

fi

ol

t ween vowel s-fammdarsitmg sisredwamdl unstressed

e . I n the youngest thBeetid44g8Rgnbhps,thand
ow a small di fference betweenspedbwbridi nyp
nall syl l ables due to the overlap attested
der age gib@&@8upmo,ntfhsomo52adul t s, indicating
ti mates. -Asnbrpobet weoed aodelbesinesse@ssy
re with age, indicating that the differenc

her Fihg&2dl demonstrates that the difference

i nal -fainrdalnomosi ti ons becomes | ess evident w

e remarkably |l onger than their Ji®Gdbumoer fhar,t

wels in wo-fdnalnpbsahdonendo not exhibit n
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PasitionBi = nonfinal PositionBi = final
250~

200+ J )t

L |
e |
% 190~ | StressedUnstressed
5 L I s 9
a L I & stressed
E | u ) L @ unstressed
$ ¢« 997 |
> 100- » |
o‘ * o0 0
i
I| - ‘
50-
24 31 38 45 52 59 66 adut 24 31 38 45 52 59 66 adult
Agegroup_f
(a)
250~
200~
5
B 150~ PositionBi
a 4 nonfinal
£ & final
(=]
~ 100 ®
50-
24 31 38 45 52 59 86 aduit
Agegroup_f

(b)

Figa2z2 (a) Posterior predictimeephoti 6nrbebow
group, stress assignment, and syllable posit
for the interaction between age group and sy
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4. 2S@Bmmary

For syllable duration, the data distribution
rangi ngi30r aid@7 B4hont hs, produce | onger syll ab
Stressed syllables are 2.5 Woirnde sf ilncan g elre ntght a
observed as word final syl l ables are 2.7 ti
syll ables are 3.5 times | onger than | ight s\

The Bayesian model yhBbbetpssiggeseshsahtdasybhal

predictors for syl l able dwagtiiomnt ermactgAompr bd
group, stress, and syl |l able position i-s not
way i nt erweecetni oangebegr oup and syl l able positio
in syllable durati-foinsalf osylwloalll ¢ 3 ndié c msmas en0 n

the duratiorn44dmecnttlase WoyweIl8s i n samgesrsetdhaly

their counterparts. Vowels in word final syl
final syl |l abl es. Vowel s in superheavy syl l a
syl l ables and two times EkEengéelowehhan, voblwel Bay
out put suggests that syllable position and s
vowel duration in WAyprhnondwaoctaicano.n Dled weleme a

syl l able positednhnciser nbor avewelowdypani enacwl
bet ween age group and syll able position is a

for word fiimall aryd lmdd es becomes small er wi't
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4 Pi.cture Elicitation Task

This section explores the effects of predict
syl |l abl e posiwayon,ntandactthieont hbreeteween age gr ol
on syllable and vowel durlat itdhres cihn | JA gohoiulpd c
t ask. The following table summarizes the at
across the age groups in PT. CVC, CV, and CV\
18. 5%, and 14. 4%,anrde sQCVcM iweerley .t KCeCVICeast f r e

respectively. CCV and CCVCC syllables were n

Tabdlet Frequency of syllable structures i n PT

Syl l able Frequenc Percentage
Structure

cvc 656 51. 2%
CV 237 18. 5%
Cvvce 184 14. 4%
CVV 119 9. 3%
cCvcCcC 56 4. 4%
CCvvVvcC 2 6 2. 0%
cCCcvcC 3 0. 2%
CCVYV 1 0. 1%
CCV 0 0. 0%
CCvcCCcC 0 0. 0%
Tot al 1282 100 %

4. 3S¢l 1l abl e Duration
Tabd4leSs ummari zes the mean and standard devi
independent variabl es, syl l able structure (

unstressed); and syl l abl-ei pals) tfiom.svachi aga

Tab4lée Summary of the mean and standard
structure | exical stress and syllable p
Age GrSyl I &tbrliect uiStress Syl l abl e pc¢

2430 Light 197.9 Unstr 330. €Non 260. 4
(91. 8" (129.Final(71.686)
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process.

Twear mwpg adr pwst avail abl e Tdle6analy

summari zes the Bayesian model output for syl
Tabdléé Bayesian modelsyddtapu t® Tdwmmari yonf or
Dat a: PTdata (Number of observations:
Draws: 4 chains, each with iter =wad80Mm
draws = 112000
Popul ation Esti Est. 1195%u95%Bul k_Tai |l _

Cl Cl
Il ntercept 168. 19.25130.206. 475466626 ¢
Stress (Un«20.3 15.6:-9.0'52.3699187790°
Position (1124. 23.0(C79.3169. 6857275581
Structure (93.6 9.60 74.7112.108078854!
Structure
(Superheav'264. 19.31226.302.895258619
Stress (Un¢
Position (I1-35.027.02-89.116.8613747552"
Age group -3.484.35 -11.1t5.33397555682¢
Age group:
(Unstressec-3.993.63 -11.:2.98710097766
Age group:
(Final) -13.83.37 -20.:-7.2(701757718¢
Age group:
(Unstresse:t
(Final) 14.8 4.92 5.4524. 759922747 3:
Age Group
Figd23hows that the youngest age group' s me
154.9). Then, the mean duration increases an
at 13381 mont hs. Hodvement, hdby( M8an = 310.6 ms, S
der ease, and the age groups exhibit comparahb

ol dest ag@72 gmonutphs , 6 6has a mean
mo d e | out put suggests that
cl-11.87, 5.33]) .
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Agegroup_f

1000 - . 24

38
500 - 45

Duration (ms)

1
24 3| 38 45 62 59 66
Age Group

(a)

Fi g423% The distribution and the mean syl |l abl

Stress

Fi g42/8 suggests that stres,selD syl17ab.lde)s drMe,a
1.2 times |l onger than unstressed syllabl es

posterior predictkFived2de st howutthatn urstuld ¢ $s e d
| onger durations than their counterparts. TF

not a strong predircet 02rO .f383r,0 8Cyll 5[2bB @] ur ati on
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StressedUnstressed || stressed [ unstressed

—1000
£
[
o
=500
5
(]
0
stressed unstressed
Stress
(a)
225~
200~
a
%‘I?E
> .
150 —_—
streslsed unslrelssed
StressedUnstressed
(b)
Figa422 (a) The distribution and the mean syl
predictive plot for syllable duration for st

Syl Il able Position

Fi gaa2®hows that word final syll ables (Mean =

1.8 times | onfgiemalt hayn!l wabldesn onMean = 225 ms

suggests that syll able positip:sn 1%4.a58tr0Ing[
169.56]) .
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PositionBi [_] final 1] nonfinal

(ms)
=2
S

Duration
(]
=
=]

=

final » nonfinal
Syllable Position

Figa42%The distribution and the mean syl |l abl e

Syl |l able Structure

Figd2@demonstrates that JA child productions

l ight syl l ables are the shortest ( Mean = 17
(Mean = 295.9 ms, SD = 100.8), whi I1e3.s3u pmesr,he
SD = 161.4). On average, superheavy syl l abl e
1.7 times |l onger than heavy syl l abl es. The

strong predictor for syrld ad6 £. 6d3u,r a€li oh22®.r8

EAMARO 93.60, CI [74.78, 112.54]) .
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structure || light [l heavy [ superheavy

000

DurLa’:cion (ms)
(o]
L]

(=]

light superheavy

hea
Syllable S\Qructure

Fi gd26The distributioduaatdi bhe(meanfeyl bgbl a

Ag-8tr-Besition I nteraction

Across the age groups, finalSPtresSeéd7pybatab
stresdgedmanosyl | ables (Mean = 239.1 ms, SD =
= 355.2 ms, SD = 119. 5)f iamreael |oyywlgleabltehsan( Measrt
= 98.2). On averbhgbklestaerss2dlfit nebnalo moeers ,
while unstressed final syllables are 1.8 tin
indi cates -wayati nther atchtrieoen bet ween age group,
predi dtoo syl lfablé. d8dy acClRihdpu2rdibe mo2nds.t7rbajit)e.s t h ¢
way interaction between age group, i3t0r € 20s, é
558 months, produce shorter syllables in str
nofmi nal positions.| Htorwervdrdé s mgosrstdaudr,ad@hoenrae  t
overl ap between the medi a#hs$ naf syreabbkds ané
children in the ol dest age protducel spoghti gn
unstresilsed. sAd |fAdomatt h@@oworntrd on, childix®h in t

t 0i3371. mont hs, produce |l onger stressed isyll abl
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44 months, JA children start producing | onge

ones.

PositionBi = nonfinal PositionBi = final
350-

300 -

[

o

=}
'

StressedUnstressed
stressed
@ unstressed

SyllableDuration
g J

HW

100_ 1 1 1 1 1 1 1 1 1 I 1 1 1 1
24 31 38 45 52 50 66 24 31 38 45 52 59 66

Agegroup_f

Figd22 Posterior predictive plot for syll abl
group, sSstress assignment, and syll able posit

4. 3Vewel Dur ati on
Tabdle7s ummari zes t he me an and standar d devi
independent variabl es, syl l able structure (

unstressed); and syl l abl-ei pals) tfom eachi aga

Tabd4le7s Summary of the mean and standarc

structure | exical steraecshs agred ggwlulpabIne Pg
Age GrSyll able StStress Syl |l abl e pc
24830 Light 103.1Unstr 129. (CNo-n 125. 2
(41.7 (59. 4Final (69. 3)
Heavy 129. 6Stres 161. €EFinal l165. 7
(65. 4 (112. (105. 3
Supert227.9
(135.
3137 Light 98.7 Unstr 132. SNo-n 121.0
(34.6 (72. CFinal (62.5)
Heavy 137.5Stres 191. Final203. 3
(65.9 (112 (111. 4
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Supert271. 2
(115.
3844 Light 81.3 Unstr 103. 4No-n 103. 6
(25. 8 (72. zFinal (49.9)
Heavy 110.5Stres 154. 4Finall54. 2
(52.1 (84. 2 (99.7)
Supert222.9
(109
4851 Light 81.6 Unstr 105. €No-n 91. 3
(34.1 (50. 7Final (48.0)
Heavy 105. 7Stres 117. 7Finall133.0
(52.6 (64. ¢ (60.5)
Supert163. 7
(65. 8
5P5 8 Light 84.0 Unstr 122. 7No-n 91. 7
(30.1 (63.€Final (50.0)
Heavy 118.9Stres 145. €Final 175. 9
(58.1 (82. ¢ (71. 3)
Supert211. 4
(76.6
5865 Light 92.5 Unstr 112. 1No-n 102. 4
(33.1 (47. tFinal (50.5)
Heavy 115.8Stres 141. 7Finall52.9
(49.7 (75. C (66.5)
Supert210. 2
(72. 4
6 67 2 Light 86.0 Unstr 126. 4No-n 97. 8
(26. 8 (56. zFinal (47. 2)
Heavy 123. 2Stres 147. ¢EFinal 176. 6
(55. 6 (85. ¢ (73.4)
Supert224. 2
(76. 8
A tot al of 1a2n8a2b ytfoekre nPST wteor ei nvesti gate the e
child vowel durati ons. The Bayesian analysi
30,000 iterations. The warmup peri adhraaumpsi st
draws eavhot abhal ysTiad®mbowd 2t @B60Bayesi an mo
vowel durati ons.
Tabdl8 Bayesian model output summary for Vvowe
Dat a: PTdata (Number of observations:
Draws: 4 chains, each with iter =wapnh
draws = 112000
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Popul ation Esti Est. 1195%u95%Bul k_Tai |l _
Cl Cl

Il ntercept 98.1 11.7C75.3121.628757945:

Stress (Un¢«-4.4310.2¢-23.'!'16.9755727785!

Position (127.1 15.1€-1.9:157.2704708416:

Structure (22.05.89 10.433.5165709440°:

Structure

(Superheav»110. :11.8487.0133.130699270(

Stress (Un:

Position (1-22.818.8€-61.113.2646547834:

Age group 2.572.61 -7.5:2.754965069009°¢

Age group:

(Unstressec-1.912.50 6.912.88688297650'"¢

Age group:

(Final) -1.212.98 6.8!'4.61551178473

Age group:

(Unstresse:t

(Final) 7.79 3.86 0.2515.4524697291¢

Age Group

I n age 130 omepnt2HAs, the mean vowel duration is

i ncreaigsg anton8hbs, reaching the mean 162.1 ms

exhibiting a déxI emsntnigs t(r Menaln by TH®B1 .durmd,i o
increase slibghmbwgt he gheup2( Mean = 134. 4 ms,
age group has a mean duration of 137.1 ms (
group is not a strong =p2.eBi-cf»3, fdDr7yowel du
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Agegroup,

38
45
52
. 59
[ee
N
24 N 38 45 52 59 66

Age E‘:tage

=]
=

Duration (ms)

[
=]

Fi g428&The distribution and the mean vowel du

Stress

Figd2®m shows that vowels in streSbBed 9%l bab
marginally |l onger than vowels in unstressed
average, vowels in stressed syllables are 1.
The modelFiogufeutsuigmpest s that stress assi gnme
vowel dpu=r4at43d323C0O4[, 16.95]). JA children pro

in stressed environments than in unstressed
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Th
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Syl |Radbdiet i on

Vowel s i n

wWor

| onger than v-

i ki g43C® Nonet

predictor

for

stressed unstressed
Stress
(a)
®
®
str?:l,sed unstressed
StressedUnstressed

e distribution and the mean vo\
ot for vowel duration for stres

d final ,sySID abl87. 2()Meaarne =a plp6r8o.x
bwebadbk syl wabbdesofMean = 103.7 m
hel es s, t he model out put i ndica

= vdive 1l6. ®BClatbiro® 8] ) .
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Positionsi [_] final 1] nonfinal

final - nonfinal
Syllable Position

Fi ga3@®The distributiadmurand otinhd megard ovowell | ab

Syl |l able Structure

Fi gaar®emonstrates that JA vocalic production
in light syllables are the shortest (Mean =
syll ables (Mean = 120.6 ms, SD =e58.hEk) | otnlger
(Mean = 221.9 ms, SD = 98.3). On average, VO
than vowels in |Iight syllables and 1.8 ti mes
out put indicates that redikabre forr wditwed e dius

22.06, ClI [10.4/= BB0573; 6upk8he@ly 133.45]

182



structure || light [l heavy [[] superheavy

750

)

500

[
[y}
=

Duration (ms

-

light

=

hea superhea
Syllable S\{Xucture P v

Figd3® The distribution and the mean vowel d

Ag-8tr-Besition I nteraction

Across the age groups, vowels in final stres
|l onger than voWwehsalisystanbsesed(Mean = 109. 7
in final unstressed syll abl es (thMeaann v=owk3d &. ]
unstreddedlnoesry!l | ables (Mean = 94.2 ms, SD =
final syll ables are two times | onger than t
syl l ables are 1.4 timesThenmgedel hawmt puteiirnaio
way interaction between age, stress, rand pos

7.79, ClI [Finga3Izhows8]Jt)h.at JA children produc
nomi nal positioned syll ables than their cou
vowel s in stresskidnalndswinlsabless eiddn nromases w

suggest drleat f ¢3aim titoh etB®2 A4t hs groups produce | o

final syl |l abl es. However, i5t8hinso ndunrsatafonad e ,t
children produce | onger vowels in ungtsresse:
Vowe | durations in stressed final syl |l abl es
unstressed final syllables increase.
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PositionBi = nonfinal PositionBi = final

160~
®
120 L I
s ' L l
E ¢ StressedUnstressed
3
% ° - o ® ll ® @ stressed
g T ® Il 1 @ unstressed
> ? o '
a0- ’ b (
| ®
. .
2I4 3I1 3I3 4.5 5I2 Slg ‘3'5 2I4 3I‘I JIB 4IS 5I2 5I9 GIS
Agegroup_f
Fi g432 Posterior predictive plot for vowel dt
stress assignment, and syllable position
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4 .

3SBmmary and I nterim Discussion

Thgeoungest two age ¢g30upd7 3bhamghseg pr odueld

syl l,abwleisl e the durationi®ldenomddased shyowaagg

val ues across the ol der groups. On average,
unstressedWesyd | abhak | engthening is observed
l onger thannwbr Sypheomtbd @y syl | abl es are thr e
syl l ables and 1.7 times lesn@ear moldaen Madwpywts\
al |l predictors played a role in determining
affected the durations or were involved in t
struichmuaedi ti eowayt oi nttheer atchtrieoen bet ween age, S
predictors for syllable durationi3®d %8 5hil d
mont hs produce I|-foingalr sawnilsl alklsé €/dad@ensiéss Bye s5 @
mont hs, the durational di fference between s
evident . Stressed word final syl l ables are
youngest two age groups. Ol der laogneg egrr ouunpsst rdee
final syllables than stressed ones.

As for vowels, younger age groups exhibit 1o
is evidéeatmongt B8. Vowel s i n str es suends tsryelslsaebd
syl l.abMoewe |l s i n the word final positifoinnaar e 1
positions. Vowel s i n superheavy syl |l abl es a
syl |l abl es, whil e vowels in | ight ssiydn arhd el
output i ndicates thahmwagl li abhlee asti oot bree waea
position are the only strong predictors for
stresdddanomyl | ables are | onfhenalt hanl valvleé¢ s
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ot her hand, 13a@g etibdlrd4oBuopnst hz4 produce | onger V 0

syl l abl es, whi | € 8a gmeo ng rhau pesx hfirboam 32 nger vo\
syl l ables compared fTbet heltowtngssadl i Bamme
model adotpsssthe tasks.

Tab41le9 Summary of Bayesian metewi ogt pbhes eét
predi(cSt:orS¢ rong, NS: Not Strong)

Task ST RT PT
DurationS Syl IVowe Syl |l aVowel Syl | aVowe
| e
Age grou NS S NS NS NS NS
Stress NS NS NS NS NS NS
Syl l abl e S S S S S NS
Syl |l abl e S S S SSuper hS S
structur Onl vy
St rxpsossi tS S NS NS NS NS
Agestres:«NS NS NS NS NS NS
AgepositiS S S S S NS
Agest rxs:«S S NS NS S S

posi tion

Mor eover, two findings need -waoy bientheirghcltii gopmt
First,whheinhheeacti on effects were evident a
be att rRThwdtefido @mmyn super heavy 4sy2d | abées ¢ Yelk
appear in stressed word fi nawa y nivn tneobhemetngt csn
a strong predictor foAl sgt hatiiheecalgywown o we la c di
bet ween age group and syllable position was
probably due to word final l engaynweinnihgr &¢ f iec
a strong predicted fdamrasybhablae &Ad andw PT,
di fferent devel opment al patterns. The younc
unstressed differences f o4. ltFhlg 45 e n aMh egyelalsa bt

di fference bet ween stressed and unstressed
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(Sec4. Frnlg dz k. Il n ST, the ol der age groups ¢

syl l ables than stressed final ones, exhibit:i
in PT produced |l onger unstressed final syl |
syblas exhibiting an increasing trend. The s

be attributed to the word properties evidenit

wor ds, whil e ST had higher fbriecqg uneonrcd se,s whfi cdh
have contributed to the interaction effects
analysis, which focuses on superheavy syl l ab

The target super hiedaevdy isnytlol atbhlreese wgerroeu pdsi vac c o

including monosyllabic, disyllabic, and mul't

The following is a summary of predictions a

resul t s.

a)A decreasing trend in durat. N

groups producing |l onger syl

b)The ol dest age group will ex N

ones, but the durations of t

c)Lexi cal stress will i nfl uencDescript

for stressed vowels/syll ablestatNst.i
Bayesi an
out pXut

d)Word final |l engthening wil/l N

final syl |l abl es anfdi waolwed rse

e)Syl Il able structure compl exi't N

containing more condurauents
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4 .

Th

ac

i n

s h

ou

SAu.per heavy Syl |l abl es

i's section c enramsshuspnegrfh etahyryeces yplcattratlssine ST, R°
rogs olpAlBor each task, the frequency of sup
cl idichgr sworsduclhenagse hsuandr supt he compositi
ort/l ong; clusters: onset/ coda of the supe

d CCVCC syl l abl es) . Furthermore, the analy

ratdliiesrn ri buti on results toamavtelsd ii ygsait celh ¢ mac
age egrntowrk,t usteh syl |l abhaldpxstak DN avn thumer
|l l ables across the word | engths.

. 4SérBipont aneous Speech Task

xi cal | t ems

e childbdés ability to produce superheavy ¢
mpl exity (CNihmhhaenl®@86) he younger age group
t compladcend | tdao e n . | h3 0a §3ed 1g rachutlp s®@@8n4 h s , chi
oduced wor ds compri sed of super heavy syl
omat opoeic words, and yes/no answé3dG. For
nths) prodipbedrt hd 6vbreer O, the met hMB8ds n

ge g'l'B?dna)rp)hs)ﬁrdiuced/dlgawaad/ (6Jawadbdé, the chil do:
s answering the question, MBWhantonitdh sy o umMOMNsa
mont hs) ,i3Aanmo WDKs Y 31al ha ww/o d(uécfeodr tdhoeg swo,r dC
ey were answering the question AWKafors vy
eepo, CVVC) was pro8ocemdnblgsSpeakanse®&S (B
estion. Speaker nninG p(rod dourc & risledg c WOVIHCAC]/ haiss
tdoor activity with his parentspal®Mdd{ 6y esaéd
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CVVC) @ghdn/olbaa CVCC), as a yes/ no answer, wer

age groups, including Speaker 11 G, Speaker D

O der chil dr e li rmoangiedh 8g roonn®BH s4 pPr oduced super
wo r d se ntthaai tl mor phol ogi cal patterns (-mosphll o
as plural forms and derivatives, i ncluding

incILumhiNMar@éswingsﬁ, CV. CV.2CVWECnt hsp)ega k/egan
(6yearsd, CV. CV. CNBWBC modp ehalactr/ / \&c,jaasmsa06, CVC. (
Speakeri72Qmon6 & sn)a;at//k a(jowaana mal s6, CVC.iCVV. CV)
58 mont hipdgabdnd( 6/t oys 6, CVC. CVWXY Cmo iStplesaa)k.er AS3
dewati ve forms, children in the ol der age gr
prefixes sumalawsa aanh/e (wootrhde /col or sé6, Q&¥E. CVC.
mont mist)i;i 1// (6the el ephant ,i58VaoaQW-W&)t Speakek
houseod, CVC. CVCCjbh 1S pmeoanktehrs )P OXJ,A 4cbhi | dren al s
syl l ables in words withhgmff({&lkesl csue ht memé he!
Speakeri6BVmpnd s ad /6 ihtelya Id @ urt dt, tCaVk € VICs CV V. C
Speakeri6®&VInond isi)n/hedlkoidwe prettyod, CVIC2 CVVC,
mont hstaah/ méoéwi th himd, CVY7EZVMEnt Spekakeand MMA

6hol ding, Femaled, CWBC.mOVME hSpPpeaker 6V9, 59

4. 4Stpérheavy Syll able Frequency

Figd43&R shows the frequency of superheavy sy
mul tisyll abic words acrosi80tmentlge gootups, a
Superheavy syll ables are the most frequent
words, and they are the | east freqgsentuctor mb

varieties of superheavy syll ables are attes:!
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and multisyllabic words. Further mdrreu,ctyaerg e
superheavy syl l ables Ebgfgafecpr ¢oeni sleanageem
di stribution of superheavy syll able product:
the target word by the agé3@rmumptipPpgd cmontd s,
chil dren mainly prbddeuc eads smopneorshyelal vayb iscy Iwoar d s
production percentage. However, there is a
increases, with adge8gmonpksrtogadgl|l fsodi S§RI a

production dfmudlitsiyd ylalbalki anwor ds.
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Production s I cvee [l cvwe B ccwe

mono di multi

40

30

count

o

2

I S Ty [y B |

=
o

24 31 38 45 52 59 66adult 24 31 3%945 52 59 66adult 24 31 38 45 52 59 66adult

egroup_f

(a)

Percentage of syllable number by age group

| I I II I I I
0
24 3 38 45 52 59 66

Age Group

-
o

SyllableN

L
. maono
W

Percentage
o
S

P
o

adult

(b)

Fi gd33® The frequency and the perboyemtgeegegrofups

Tabd2& hows the frequency of superheavy syl l al

table shows the foll owi ng3O0v,a3r3iladbdl 8e5s4:515aBg2e gr o

596 5,i786mont hs, and adults), word Ilteamsgtlh a(bma
sudtructure (CVCC, Cvvcge, and CCVvvVvVC(C), stress
syllable position (final, nonfinal).

Tabdl2dd Super heavy syl l ables ST
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Age Word Length Subi Stress Syllable Frequency
Group Structure Position (n)

24i 30 Monosyllabic CvCC Stressed Final 14
CcvvC Stressed Final 17

Disyllabic CvvC Stressed Final 3
Multisyllabic CcvvC Stressed Final 4

31i 37 Monosyllabic CvCC Stressed Final 9
CcvvC Stressed Final 10

Disyllabic CvCC Stressed Final 2

CcvvC Unstressed  Final 1

CcvvC Stressed Final 6

3844 Monosyllabic CvCC Stressed Final 6
CvvC Stressed Final 11

CCvvC Stressed Final 3

Disyllabic CvCC Unstressed  Nonfinal 2

CvvC Unstressed  Final 1

CcvvC Stressed Final 10

Multisyllabic CcvvC Stressed Nonfinal 2

CcvvC Stressed Final 3

4551 Monosyllabic CvCC Stressed Final 9
CvvC Stressed Final 8

Disyllabic CvCC Stressed Final 2

CcvvC Stressed Final 2

52i 58 Monosyllabic CvCC Stressed Final 14
CcvvC Stressed Final 10

CCcvvC Stressed Final 5

Disyllabic CvCC Stressed Final 4

CvvC Unstressed  Final 1

CcvvC Stressed Final 7

Multisyllabic CvcCcC Stressed Nonfinal 1

CcvvC Unstressed  Final 6

CcvvC Stressed Final 1

591 65 Monosyllabic CvCcC Stressed Nonfinal 10
CcvvC Stressed Final 6

CccvvC Stressed Nonfinal 4

Disyllabic CvCC Stressed Final 6

CvvC Stressed Nonfinal 1

CvvC Stressed Final 15

Multisyllabic CvVvC Stressed Nonfinal 1

CcvvC Unstressed  Final 2

661 72 Monosyllabic CcvvC Stressed Final 6
CvCC Stressed Final 7

Disyllabic CvVvC Stressed Final 8
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CvCC Stressed Final 2
CvvC Unstressed  Final 1
Multisyllabic CvvC Stressed Final 8
CvVvC Unstressed  Final 2
CvvC Stressed Nonfinal 1
Adult Monosyllabic CvvC Stressed Final 1
CvCC Stressed Final 17
CvvC Stressed Final 15
Disyllabic CCvvC Stressed Final 9
CvCC Stressed Final 6
CvvC Unstressed  Nonfinal 2
CvVvC Unstressed  Final 3
CvvC Stressed Nonfinal 4
CvvC Stressed Final 17
Multisyllabic CCvVvC Stressed Nonfinal 2
CvVvC Unstressed  Final 5
CvvC Stressed Nonfinal 2
CvvC Stressed Final 5
Age gridop 24
Superheavy syllables in monosyllabic words
foll owed by multisyllabic words (n = 4, 10¢

monosyl |l abicswoudspuyrewowsub produced,(VCC (
= 17, 54. 8 %) , with CVVC being more frequent
appeared in the stFiegé3 deéemanstemmatigsonmeat p
stressed final CV WL isiyrl /l a®VY.eCMWC t(h6eA bveoerrdd /a
As for superheavy syllables in multisyll abic
attested. No productions of CCWQ yw ér e obs
demonstrates the production of rfpax asdtiraeasrs/e d( ofgir

Cv. CVv. CvVvcC, Speaker YRO).
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i I

31.816497

~ non-madifiable copy of sound!
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. 1 |3171 50681 Visible part 0.655815 seconds 31.816497| 530.286094 |
(dfpbiir/ Speaker 11
78.450239
o ~ non-modifiable copy Gfﬂ"’”‘fi

0.0006124

-0.03833
5000 Hzy,

i= derived spectrogram

9 58 Hz---- MNPVt A—— 1 ———————. "
== modifiable TextGrid; Utterance
(@oid
2 xxaxadxaar Thor
3 CVC* CVC ug;ujtmn
4Ccv [6\Y CvvCH {Qﬁg
5[ ?a Xa daar | 96
on
g L 4 9
1 ]a | a | aa | 2
| xxaxdxar /xxaxadxaar s
P |77.6{}9669 Visible part 0.840570 seconds 78450239 . |
(bipxAdSpaaker YRO

Fi gd3Z& Spectrogr a

Age grigdup 31

ms of sqrrpeupeady syl |l abl es

Forid33l months, participants

= 19, 67.9%) compared to

structur es, cCvvce

—

requency. As for

whi ch was maint ai

produced more sup

di syl l abic woerds (n

(n = 10,

52. 6 %) andi wCar (

-sisyttabes werdsobswwovedpb

ned fro
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in thikfsi ggd3dau pdemonstrates the production of

the word /bakibb/ (ol | oveo, Cv. CvcCCcC, Spealk
structure were attested. An increase in the
words ocmpared Tto the younger age group, whe
to 32.1%. Il n addition, unstresseldi §anhbal CVV(

demonstrates the production of t he word [ be

Superheavy syllables in multisyllabic words
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01118k
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5000 HZ gy
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3 CcV CVCCH bt
4 [a\% CVCC* }5 "
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6I an
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95514995 |92.z1 4222 Visible part 0.327089 seconds 92541311| (oo

(a) / bakibb/ Speaker
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~ non-modifiable copy of sound!

Z= derived spectrogram.

0Hz e e

tterance
287

Var

SHIS

f8Huction

2
e

batxtxaah
CcvCH CcvC
CVC* CVVv(C
bat! t‘aah '
p m . ition
| a | | aa I e
batxtxah/batxtxaah 20/65)

183.841841 Visible part 0.872040 seconds 184.713880

0 =~ O 0 bW N

9

183.841841 | 258.275261

(b) | fpeakémahBGSs

Fi gd3%® Spectrograms of superidi2avy syl l abl es

Age griddp 38

For this group, the majority of superheavy s

= 20, 52.6%). I n addition to CVCC (n 6, 30
in monosyllabic words for the ybuwongturagemgr
Fi g4 shows the CCVVC syllable in [/ xjaar/ (

number of superheavy syllables appearing in
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5, 13.2%) words has slightligOimemtelasednaosmpp

syl l ables in multisyil3l7abmonmtwaesr dwserien obger gea

wor ds, cvcCc (n = 2, 15.4%) and CVVEBi (e fFEonl
mul tisyllabic words, only the CVVC S3Tuctur
mont hs, one token of the CVVC syllable was p
di syl l abic words. However, an deuxcpamsni owa si nn o
First, sftirreaslse@Vwv®nsyl |l ables in multisyll abi
final unstressed CVCC syl l abledgigwBédi syl | :

demonstrates the produoctlo€CVEIC syl bapadree s ne d

(6orangebd6, CVCC.CVVC, Speaker DLE).
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d9®k momtulps 45t he frequency of superhe

s higher than -stnr Wldtswyrl d abaxp

words

i ncluding X%¥CCsyYInl &bl9e¢

hows a stressed finalll 6@dW@®, s \CIVICLCh| 6

For the
(n = 17, 81%) wa
in monosyl |l abic
Fi ga3x’e s
G9l) As

for disyllabic words, only CVCC (n
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emerged in stresskidgdf3ilbn ad e neomvsitrroantneesntas .str es

syllable in the word /baruuk/ (61 am goingbéb,
not attested in this group, and no superheayv
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0.3574 ~ non-modifiable copy rmezm{fi
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