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Abstract

In Dutch, the phonological relation between the labiodental spirant approximang ], found in
word-initial position, and the labiakvelar semivowel [w], found in word-final position, has
been a subject of interest for several scholars. Most of them agree that these two sounds should
be regarded as allophonic variants of the phoneme /. This assumption, however, has never
been testedempirically, and the supposedallophonic realizations have never been acoustically
measured.

The present thesis provides solid empirical evidence that the assumed status of [w] and
[ ] as allophones of thesame phoneme in Dutch is, at the very least, debatable. An acoustic
analysis peformed on intervocalic <ww> clusters, on the one side, and on the two intervocalic
AT AA AT A 171 O0AO (ohthé ofhér)shodvs taihé clusted Eniwd hould actually
be regarded as a perfect, plain sequence of coda [w] and onsef fit never degeminates, ast
would be expectedinstead,if coda [w] and onset [ ] were the same phonemeThe parameters
measured in theacoustic analysis areduration, F2 (average F2 and F2 rise), intensity (average
intensity and intensity fall), and harmonicity (average harmonicity and harmonicityfall).



Table of contents

no

1 oo (33 1o o
Y 0] 0 (0 )] = L £ OSSP
Semivowels vs spirant apProXiMantS...........ceieeeeeuruuicccereeereeeeeeeenns e s emseeennmeeeesenneeeessanns

3.1 Crosslinguistic data...

3.2 Phonological and |mpreSS|on|st|cphonet|c conS|derat|ons..................................

3.3 Acoustic considerations...
Research questions...

....10

4.1 Consonant degemlnatlon in Dutch ..................................................................... 10....

4.2 General predictions...

Methods...
51 Informants

5.2 Con3|derat|ons on type of task and speech matenal .........................

5.3 Variables and more detailed expectations....
5.4 The pilot...

5.5 The actual recordlng

Analysis....

6.1 Prellmlnarles y
6.2 Manual segmentatlon W|th Praat .......................................................

6.3 Labelling with Praat..

6.4 Excluded items.. :

6.5 Observations prellmlnary to the anaIyS|s
6.6 Praat script and settings...

6.7 Statistics performed with R
ST U (PSSP
7% T 0 10 - £ [

7.2 Average F2...
7.3 F2rise..

7.4 Average |ntenS|ty

7.5 Intensity fall ..

7.6 Averageharmonicity..........................................................................................
7.7 HarmoniCity fall..........oiiiii e creremmr e e nmme e e e e e e

Conclusion...

8.1 Intervocahc <wW> .. et h A eemmmmmeEaseeetsseestmmmseemeestssteessnnisimmnnnaaereeeeraaaees
8.2 Intervocalic cIuster <WW>..
8.3 Consequences for the Dutch consonant system
8.4 Suggestions for further researchon [Jand [W] .........cooeieiiiiiiiiimnnnen.

References...
Appendix....

I. Speech materlal
ii. Praatcode...

iii. Rcode
[\ Y2 B T | 7= TR

e 13
....1b
A5

S I T
...16

LA

S 5
.11

12...



llaria E. Colombaz On thephonemic status oflabial approximantsin Dutch

1. Introduction

In Dutch, the phonological relation between the labiodental spirant approximant ], found in
word-initial position (as inwind[ nt] Ox ET A8 Qh  Avelar sénivAwell Wi, Aol iin
word-final position (as inleeuwr 1 AQ IxErT 1béef b suBjekt®f interest for several scholars.
Most of them agree that these two sounds should be regarded as allophonic variants of the
phoneme / /.

Gussenhoven (1999Xxlearly states that the relationship between the labiodental spirant
approximant [ | and the labiakvelar semivowel [w] (or rather the bilabial spirant
approximant [r4, according to Gussenhoven) in Dutch should be consider¢d be of an
allophonic nature. This would be motivated by the complementary distribution they display
with regard to each other, a§ ] only occurs in onset position and thebilabial sound only in
coda position:OFis[ ¥ ET OE Asr#inith® doGeh 8 AT A

Booij (1995) also assumes that the two sounds should be regarded as allophones aof:/

Ofr 8Y ET mDmibrifieA As&BnOT AT EASG " T T EETpodurd f EOQ M AC
yt AT AA PT OEOEITT ¢#8Y¥ AO A AEI AAEAT O1T AT EAh xI
nieuw [nNiGg 01 Aledwm[leOy O1 E irdwdrgOHgAI0DT OCES 8 sithrs it)sla 1T OE
labiodental approximant, for example, invater/ atbO¥ OEA88 ¢ 8Y0 8

4AAT A p POI OEAAO A PEAOOOA T &£ "TTEEBSO jpwwu
/I (and not /w/) is listed as a phoneme, and thait is included amongthe glides.

Table 1: The consonants of Dutch according ®o0ij (1995:7)

Bilabial Labio Alveolar  Palatal Velar Glottal
dental
Plosives p.b t.d k, (9)
Fricatives f, v S, Z X, ¥ h
Nasals m n 0
Liquids lr
Glides v i

In contrast with Gussenhoven (1999)Collins & Mees (1981) andooij (1995) claim that the
bilabial spirant approximant [r4 is only used in the south of the Netherlands and in Belgiuas
a variant of the labiodental spirant approximant in onset (rather than in coda) position. In the
context of the present paper, we will stick taheir account. Collins & Mees (1981: 198) also
state, with regard to Southern DutchOE A O O- AT Wakérsthhve [ihdtdad db[P] a labiak

s s oA s~ AN

palatal approximant[ ]f 8 Yh DAOOEAOI AOI U A AuEteWit.rtADWB OA £OT 1

To sum up, phonologists overall agrethat Dutch labiodental spirant approximant [ ] and
labialzvelar semivowel [w] should be regarded as distributional allophones of the same
phoneme / /, despite the lack of consensus about the actual phonetic realization of the variant

INotethatx A AOOOI A to Bedifferehtindtations fr the same sound.
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llaria E. Colombaz On thephonemic status oflabial approximantsin Dutch

occurring in word-final position. This assumption, however, has never been tesdl empirically,
and the supposed allophonic realizations have never been acoustically measured.
Moreover, there seems to be some intraand inter-speaker variation with regard to the

sounds which occur wordmedially in intervocalic position. Theoretically, we would expect
Dutch <w> to be pronounced a§ ] in contexts such azeewindd O A A Avbéekebc=fbblongs

to the secondexical morpheme of the compoundl xA xEI 1 AAI 1l OEEO AIT1O
of simplicity), and as [w] in contexts such aseuwigO A O A @fied it Hielorigs to the firstlexical
morpheme of the compound] x A xEIT 1 AAI 1), bGtEhis Gayhoét avafs@dOtheO AT A /

case. The complementarity of the distribution of two sounds has tee proved to be clearcut in
every possibke context for them to be reliably called allophones, and this variability between
[ ]and [w] in intervocalic position may actually threaten the assumption about the allophonic
status of the two sounds in question.

The present thesis aims to provide a cdnibution to the subject in question by means of
an acoustic analysis of intervocalic <w=as it occurs in onset andin coda position, and as a
cluster (<ww>). The role played by the cluster condition in answering the question as to
whether Dutch[w] and [ ] are indeed allophones of the same phoneme will bmeadeclearer in
the following.

Section 2 introduces the category of approximants and the nomenclatukghich will be
used throughout the paper. Section 3focuses on somecrosslinguistic, phonological,
impressionistic-phonetic, and acoustic aspectshich differentiate semi-vowels from spirant
approximants. Section 4 presents our research questions and general predictions. Section 5
thoroughly describes the methods employed in the experiment on which thstudy is based,
whereas Section 6 gives the specifics of tleeibsequentanalysis. Section 7 provides the results,
and Section 8 concludes.

2. Approximants

In this section, thesound AAOACT OU O AibppedentetEhirodgh @ &et of definitions
phoneticians have proposed in the last 50 years, and the subcategorization aride
nomenclature adopted in the paperfor approximants arealso introduced.

4EA OAOI OADPDPOI @EI AT 66 xAO EEOOO OOAA AU
001 61T A OEAO phAdhdtid dags®ocddior cériirdl resonant oral, andmultaneously
to the phonological class consonant in that it occurs in the same phonotactic patterns as stops,
AOEAAOEOAO AT A 1 AQ#vb:Zyd)providds @ A@dimpredsidriistiEipi@deic |
description of approximants, A Orheapproach of onerticulator towards another but without
the vocal tract being narrowed to such an extenthat a turbulent airstream is produced &
definition which is basically still followed by the IPA usage (IPA 199). Trask (1996:30) gives
these segmentsaneven more precise collocationn the phonetic sound system by placinghem
somewhere between vowels and fricativesn terms of degree of constriction, whichfor an
approximant @ 8i¥typically greater than that required for a vowel but not radical enough to
produce turbulent air flow and hence friction noise, at least when voical8 ! | MiEVie@C E
is nowadays met by general consensusresearcherssometimes disagree as towhat kind of
OAci AT 66 AOA O1T AA ET Al OAAA Hédd, wekdlowde IRAUEAGeD D OT ¢
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(IPA 1999) in dismissing the (high) vowels andthe consonant[h] from the category (for a
different treatment of these sounds see Ladefoged 1975, Catford 197and Laver 1994).

The IPA (IPA 1999)classifies| j ] asapproximants proper, and [l ]_as lateral
approximants (as opposed to lateral fricatives); both groups are inclu_ded in thepulmonic
consonant®table. Thesounds[w ], on the otherhand, are found under @ther symbolso(due
to their special double articulation). Among the diacritics, a special openness diacritic][is
found which canbe usedbelow other symbols to_indicate approximant-like versions of voiced
fricatives, e.g{r4 (Ball and Rahillyd (2011:231) O £ZOEAOET 1 1 90Tis dabsification
makesclearthat OA D b O1 @kouldrotheé regarded asthomogeneouscategory, but rather
asa superordinate term which encompasseseveral,quite diverse subcategories it does not,
however, provide a good insight into the peculiarities of each subdass Martinez-Celdran
(2004:202), therefore, suggests thatapproximant subcategoriesshould rather coincide with
the following sound groups:

(1) a. laterals: |l ]

b. non-laterals (or centrals): [ ] and [r4, to be further distinguished in
i. rhotics:[ ]
i. non-rhoticsh  Ts@rantOapproximantsé  j - A-Q€dpah A2005:205)):
[ r4and other approximantlike versions of voiced fricatives
c. semivowels:[] w ]

Figure 1 shows a summarizing scheme d¥lartinez-Celdrand O j @raposaldor the sub-
categorization of approximants, whichwill alsobe adopted in the presen paper.

Approximants

//\

semi-vowels consonants

T e

centrals laterals

spirants rhotics

Juyw] [Bod §y] [1 4] 1] £

Figure 1:Subcategories of approximantsilartinez-Celdran 2004:209)

Moreover, Martinez-Celdran (2004208) proposes thennomenclature in (2) for some ofthe
sounds which already havea dedicated symbol in IPAThis nomenclature will also be used
throughout the paper.

(2) [j] voiced palatal semivowel approximant
[w] voiced labiakvelar semivowel approximant
[ ] voiced labiakpalatal semivowel approximant
[ ] voiced velar semivowel approximant
[ ] voiced labiodental spirant approximant

6
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llaria E. Colombaz On thephonemic status oflabial approximantsin Dutch

[ 1 voiced alveolar rhotic approximant
[ 1 voiced retroflex rhotic approximant

3. Semivowels vs spirant approximants

Since thefocusof the present paper ison Dutch labialzvelar semivowel approximant [w] and
labiodental spirant approximant [ ], our attention will, from now on, be restricted to semi-
vowels and nonrhotic central approximants. In this section, some crosslinguistigphonological,
impressionistic-phonetic, and acoustic considerations on these twaubclasses of approximang
will be presented: special attentionwill be paid to the acoustic propertieswhich differentiate
semi-vowels from spirant approximants.

3.1 CGosslinguistic data

According to Maddieson (1984:91), semivowels, or at least some of them,are
crosslinguistically very common: (The great majority of languages, 86.1%, have a voiced palatal
approximant/j¥ 1T O A Al T OAl U . QuBstaiallyfever @AgGages, 1 707%:; e a
voiced labiakvelar approximant /w/ or a closely similar segmentd Other semi-vowels, on the
other hand, are comparatively rarer, occurring in less than 2 percent oD E A x Tar@uaged O
(Maddieson 1984, Ladefoged & Maddieson 1996)

Spirant approximants are, unlike semi-vowels,A OT 0Ol ET COE O Cefohtdi3l7U OAO
of OEA  x Tlabdudgdsqr9%) have a bilabishpproximant /14 and 6 have a [labiodental]
approximant / ¥ @Maddieson 1984:96). The scarce diffusion of this subset approximants is
probably the reason why they lave receivedso little attention by researchers in the literature
on phoneticsand phonology.

3.2 Phonologicaland impressionistic-phonetic considerations

Semivowels can be regarded as occupyingn intermediate position between consonants and

vowels, sharing some properties with bothin phonological representation, pairs such as /if/j/

and /u/ -/w/ are regarded as having identical fedure specifications, butalso asfilling mutually

exclusive positions in syllable structure: vowels occur as syllable nuclei, whereas sewawels

occur as syllable onsetand/or codas (Hayward 20003. According to Ladefoged & Maddieson

(1996:322), theses OT AO Or 8Y¥ EAOA Al 01 AAAT OAOI AA ocCl E,

a quick movement from a high vowel position to a lower vowel. This term, [however,] and this

characterization of the nature of these sounds is inappropriate; as with other consants they

AAT T AAOGO CAIi ET AGAAR &I O AGAi DI A ET - AOOEAI I A«
Not much has been written on spirant approximantsbut they assumedy share the same

function as semi-vowels in syllable structure, namely they occur as onsew@nd/or (?) codas.

However, they do not share the vowelike quality of semivowels, and are closer to the

corresponding fricatives, from which they can bealistinguished due to the lack of turbulence in

their production (which is, in turn, due to either lesserarticulatory precision, or insufficient

narrowing of the vocal tract, cf. MartinezCeldran 2004).

2However, note that, in analyses adiphthongs asbeing composed of a vowel + semiowel, the semi-vowel could
also be regardedasbelonging tothe nucleus.
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3.3 Acoustic considerations

Reetz and Jongman (2011:18888) describe the production ofsemi-vowel approximants in
acoustic terms as such:

In the production of [semi-vowel] approximants, two articulators approach each other without
severely impeding the flow of air. The acoustic properties ofsemi-vowel] approximants are
therefore quite similar to those of vowels produced at a comparable location in the vodahct. Their

Al O AT O PAOOAOT EO AiI AAO AOGO O i AxEAO xAAEAO OEAT
slightly greater constriction, which results in a shorter steadystate portion and lower acoustic
energyr 8Y

Note that gectrograms of semivowels may or may not show an identifiable
constriction/consonant interval; a more defining characteristic lies in the slow transitions into
and out of the approximant, which areguite pronounced in both frequency range and duration
(Hayward 2000, Reetz and Jongma@011). All these traits are visible inFigure 2 which shows
a spectrogram for the utterance [iwi} uring the labialzvelar approximant, F1 and F2 are low
and close together while F3 remains relatively steady at approximately 2,300 Hzrslar to the
vowel [u].6(Reetz and Jongmaf011:186-188)

Frequency (kHz)

100 200 300 400 Time (ms)

Figure 2: Spectrogram of the utterance [iwi]
spoken by a male native speaker of Engh, from Reetz and Jongman (201188)

Not much has, on the other hand,been written on the acoustic properties of spirant
approximants. Some insight into the formant patterns of the Ilabiodental spirant
approximant [ ] hasbeen provided, unexpectedly by studiesfocusing on variants of /r/ in
English. In their account of thedissimilar perception of some approximans by speakers of
American English and Standard Southern British Englisialcher, Knight, and Jones (2008)
OAZEZAO O O1 AAET AAT QAnd deB@iFed in theliteiathire dska (aBiodlen&lO  +
approximant, as anon-standard realization of /r/ in some parts of England This variant,
despite not showing the low F3 typical of rhoticsfunctions as a rhotic for those speakers
who use it Dalcher, Knight, and Jones (2008) compare the formant frequency values of
postalveolar [r], labiodental [ ], andlabialzvelar [w] approximantsin adult male speech(cf.
Figure 3), and argue thathe labiodental spirant approximant sharessome acoustic qualities
with both postalveolar [r] and labialzvelar [w]: @ E A 1 A A EsécAnBl fomAnit i§ <hmilar

to the mid-range formant frequency of [r], while its third formant is similar to the high F3

of [w].6(Dalcher, Knight, and Jones 20084)
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apical r (Dalston 1975) lab r (Jones 2005) w (Dalston 1975)

Figure 3: Formant frequencies of apical [r], labiodenta] ], andlabialZvelar [w],
from Dalcher, Knight, and Jones (2008:64)

Martinez-Celdran(2004) also adds to the scarce literature on the phonetic differences between
semi-vowels and related spirant approximantghrough his comparison of Spanish palatal semi
vowel [j] and palatal spirant goproximant [ k. According to hisacoustic datgthe semi-vowel [j]
(on the left side of Figure 4belowd Ois sBidrter and is usually a merely transitory sound. It
can only exist together with a fullvowel and does not appear in syllable onseb ®n the other
hand, the spirant approximant [kj T T  OEA OECEO O hdsAlowerAmditidg 00A 1
mainly in F2. It can only appear in syllable onset. It is not noisgither articulatorily or
perceptually. [ % can vary towards [ ] in emphatic pronunciaions, having noise (turbulent
airstream). [Moreover,] ¥ 8 ¥he first sound cannot be rounded, not even through co
articulation, whereasthe second one is rounded before back vowels or the back semiwel8 6
(Martinez-Celdran2004:208).

4500 Ml as00]]
4000 4000 i 1
3500 3500
3000 3000
s >
g_vsou g_sm
*= 2000 == 2000
1500 1500
1000 1000
500 500
thegl 050 0500 050 tfsec) %0 3650 3700 3750 3600

'b i ' 0

Figure 4: Spectrograms ofthe Spanishsequences pjo] vioOOT EA OAx §
and[AB]viyoOEO xAO ,) xET OAx3H
showing the acoustic differences
between semivowel [j] and spirant approximant[ %
From Martinez-Celdran(2004:206-207)
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3.3.1 Acoustics oflabiodental [ ] in Dutch

As far as Dutch is concerned, again, not much has been written on the acoustic traits which
characterize spirant approximants in general and labiodentd] ] in particular. In their analysis

of the acoustic differences between German and Dutdabiodentals, however, Hamann and
Sennema (2003 report the following measurements for someacousticparameters of Dutch[ ]

in onset position: the meanduration is 0.096 seconds the mean valuesfor the harmonicity
medianis 18.8 dB; the mean value for catre of gravity is 1133 Hz.

4. Research questions

The main research question this paper aims to answer is, as already mentioned, whether the
labiodental spirant approximant [ ] and the labiakvelar semivowel [w] in Dutch should be
considered allophones othe same phoneme¢ither / / or /w/).

In order to be able to answerthis question, we will first investigate what happens
intervocalically: we will try to verify whether there is actually variation in the pronunciation of <w>
in the samemorphological position (be it @nset i.e.in zeewind or @odag, i.ein eeuwig We will do
so by comparing some acoustic parameters for intervocalic <w> in onset and in coda position.

As a secondstep, we will consider contexts/target itemsdisplaying an intervocalic<ww>
cluster, either due to compounding, agor instance, in eeuwwisselingd 0 60T | £ OEA AA
due to the naturalco-occurring of two words in aphrase orsentence, as irschreeuw welkom
©ry out Qvelcomedorj x AT T AAOQ O1T AAOx ¢ BOAIOQ | @IATOx ABE OB 4 ¢
Givensuchcontexts, we will verify how these <ww> clusters are realizedhe three options we
hypothesize are illustrated through the recourse to the exampleeuwwisselingin (3). The
outcome may bea perfectsequence of word/syllable -final [w] and word -/syllable -initial [ ],

as in(3a); a degeminatedsound (cf. Sction 4.1 on consonant gégemination in Dutch) featuring

between theoriginal two, as in(3c).
(3) eeuwwisselin 0001 1T £ OEA AAT OOOUS
a. sequencingx A st ¥
b. degemination:
i. fr Askby
i. ¥ AslLy
c. fusion:¥r K slt ¥y

Note that only -eeuw#/ -ieuw# contexts will be taken into account here becausae expect the
realizations of -ouw# to be affected by the diphthongal status of <ou> in Dutcksiven the lack
of time and space to carry out two separate analyses investigatirige three conditions for
-eeuw#/-ieuw# on theone hand,andfor -ouw# on the other, it was resolved to restrict the scope
of the investigation to intervocalic <(w)w> preceded by <i/eeu>.

4.1 Consonant egégemination in Dutch

Booij (1995:151) refers to consonant degemination as the process according to whid®Yhen
two identical consonants come together within a complex word or phrase, one of them may be
deleted (or they may be se A O1T AAAT I A 1 )aAccokding 10 BdoiA(1199568),8 Y

10
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Mutch does not allow for geminate consonants within prosodic words. Consequently,
degemination is obligatory within prosodic [complex] words as soon as a cluster of two
identical consonants arises.In larger domains such as compounds and phrases the ruis
optional8 6 8 %@ A préviddd (43, @il the rule for consonant degeminatior(also from
Booij 1995) is given in (5).
(4) zette/z t+t ¥ O O{pasBd®A [z t ]
ikkoop/ E. ET BDTA ORop) AOUG
(5) Degemination
Xi Xi A X
[+cons] [+cons] [+cons]
Domain: Obligatory in prosodic words, optional in larger domains

4.2 General pedictions

As for the question & towhether the intervocalic cluster <ww> is phonetically realized as W ],
[w], [ ], or fused[* ], consonant degeminationcan play an important role inhelping us decide
whether [w] and [ ] are allophones because, degemination being a phonologicale in Dutch,
we can expectany set of prosodic wordsto conform to it. Thus, @geminatd realizations (as
either [w] or [ ]) of the intervocalic cluster <ww> within prosodic words may be good
indicators that [w] and [ ] are indeed allophones of the same consong&l phonemein Dutch
(cf.(6) for an example based omeuwwisseling. On the other hand)ack of degeminationin the
phonetic realization, i.e. plain sequencind[w ]), would rather suggest that [w] and [ ] are not
the same phonemg(cf. (7) for an exampleagain based oneeuwwisseling. Lastly, fusion ([v ])
would provide conflicting clues as to whether [w] and [] are the same phoneme: shorter
duration than the one expected for plain sequencingwould advocate for some sort of
degemination, buta consonantquality different from both [w] and [ ] would suggest the
opposite (cf. (8) for an exampleagainbased oneeuwwisseling.

(6) eeuwwisselingdO0O0O1T 1T £ OEA AAT OOOUS
[euw]+] st B e ¢ AIL¥h sdtAy

(7) eeuwwisselingD®0OO01 1T £ OEA AAT 6BOUS
[euw]+[ st B e ¢ AIkY

(8) eeuwwisselingd@@O1T 1T £ OEA AAT 660U

[euw]+[ st B e w AlL Y

5. Methods

5.1 Informants

The present study featuresl9 informants, of which 7 are males, and 4 females; the age
covered ranges quite homogeneously from 19 to 50Nearly dl the informants are native Dutch

3 Originally, 20 people, 7 males and 13 females, werecruited and recorded: one female participant had to be
excluded due to her atypical linguistic background (born of Dutch parents, she was raised in the US and only came
back in the Netherlands when she was 14 years old) and distinctive American accent

11
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speakers with Dutch parents, andall of themhave spent most of their lives in the Netherlands
most of them are from NoordHolland, but the provinces ol.imburg, Gelderland Zuid-Holland,
and Noord-Brabant are also coverel in the sample. iarly all the participants have a high level
of education (WO/HBO) and nonehad receivedany linguistic training.

5.2 Considerations on type of askand speech material

The experiment consists of a poduction test. Several options were consideredduring the
selection of thetype of peech materialto be used, and hree main criteria were taken into
account first, naturalness/spontaneousness of speechn the part of the speakersecond,non-
transparency of the purpo® of the test third, feasibility. Eventually, a text to be read aloud was
chosen as speech material for the test.

As far as naturalness/spontaneousness on the part tfie speakeris concerned, thesafest
choice for a production test would generally be either an elicitation task or, even betterthe
collection of the speakesdcasual speechSuch tasktypes, as a matter of fact, argenerally
regarded as assuring the highesipproximation to naturalnessin an interview setting, given that
such a settingcan neverlead to the production ofOOOOA S T AOO OA Hue ©fakdiA E
self-consciousnessin the speakers and other psychological factors Elicitation tasks and the
collection of casual speech are alsamongthe least(ransparentdtest types, in that their design

and underlying motivations and purposes are usuallyifficult for the speakersto spot/uncover.

Unfortunately, however, these task types could not be chosdar the present studydue
to the extreme specificity of the conditions neededThere are actually only fewwords and
contexts in Dutch presening the desired conditions, and most of them woulde extremely
difficult to elicit. The choice of either task, thus, wouldhave entailal the risk of getting too few
target sounds. As an additional downside, both tasks wouldave implied a mastery of Duch
that the researcher didnot have

A more feasibleoption would have implied the use of a word (and sentence) listwhich
would have easily solved the problem of the scarcity ofhe items meeting the conditions. Such
speech material, however, wouldilsohave been problematic for severabther reasons.Aword
list to be read aloud can hardly be regarded as spontaneous speette task d reading aloud
always carries with it the risk of conveying an impression of formality and great expectation
which intimidates the speakess, making them nervous and self-consciousaboutOAT ET C . EO
This isreinforced by the fact that this type oftask is usually very timeconsuming (due to the
massive amount of distractors needed to make thaim of the test less transparent) very
predictable,andtherefore tedious, so that it is impossible for the speakesto focus onanything
other than their own performance (unlike what happens in a spontaneous conversation or
during an elicitation task,when the speakes feel engagedn and challengedby the task).

Eventually, it was resolved to use acoherent text as speech material for thgroduction
experiment. As in the case of a word lista text to be read aloud can hardly be regarded as
spontaneousspeech, but the text format certaily makes the st more engaging, and thus less
prone to be uncovered in itspurpose. As a matter of fact, the postecording interviews indeed
showed that the text format was generally successful in distracting the speakers from the design

4 One participant, M21P, has a nebutch parent, but he is not bilingual; another one, F45M, has a half
Czechoslovakian parent, but she waalso notraised as &bilingual.
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behind the test.The decision to use a whole readynade text for the task also made additional fillers
unnecessary and reduced the need fanterventions by the researcher, thus increasing feasibility.

A piece from the online rubriekNader Verklaardfrom the KNMI (Koninklijk Nederlands
Meteorologisch Instituu} website was selected due to the significant amount oftems
conforming to the condtions V#wV (intervocalic onset), Vw#V (intervocalic coda),and Vw#wV
(intervocalic cluster) which it included. A paragraphtakenfrom another KNMI piecewas added
to the text soasto increase the number of targettems. A few words (including theoriginal title,
Sneeuwveetjes which was a tonguebreaker and could have drawn attention to the purpose of
the test) were changedand commas added to improve fluency when reading aloud; capns of
pictures were removed.

The text waschecked bya secondlanguage proficient speaker of Dutch and by a Dutch
native speaker before the pilot; it wasalso checked by two othernative speakersduring the
pilot, and by an additional native speaker afterwards. Thorm of the text wasslightly changed
(in terms of punctuation, grammaticaland lexical choices, word order, etc.pccording to the
advice provided by the native speakers.

The final version of the textused as speech material for the testan be found in the Appendix.

5.3 Variables and more detailed expedations

Theindependent variablesin the experiment are:

Z speaker
Z type
Z item

As already mentioned, the study features 19 speakdis EAT AA OEA OOBAABAOBA(
variable refers to the three investigated conditionsintervocalic <w>in onset position (V#wV),
intervocalic <w> in coda position (VWw#V)AT A ET OAOOT AAT EA Al OOOAO T «x
variable refers to the different items displayed for each type/condition:9 items for the first

(V#wV) condition, 18 for the second (W#V), 8 for the third (Vw#wV).

Note that the test only includes-eeuw#items, but the reaults should be generalizable to
-ieuw# contextsas well (but notto -ouw#: cf. Section 4 above).

The deperdent variablesare:

duration

F2 at 25% of the target sound/tier interval (cf. Section 6 below) henceforth F2s%
F2 at 75% of thetier interval, henceforth F2759%

intensity at 25% of the tier interval, henceforth intensse

intensity at 75% of the tier interval, henceforth intenss»

harmonicity at 25% of the tier interval, henceforth harnese

harmonicity at 75% of the tier interval, henceforth harnvs

The hypothesis that F2 may play a role in differentiatingw] from [ ] is inspired by Dalcher,
Knight, and Jone8 (2008) findings aboutthe F2 of [ ], cf. Section 3.3 abov@he idea of taking

N N N N N N N
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acoustic energy (in our caseintensity®) into account as a factor differentiating semivowels
from spirant approximants comes from Martinez-Celdran (2004), cf. also Section 3.3 above.
Duration is more obviousl related to the degemination vs sequencing vs fusion hypothesis (cf.

of a sound and can help distinguishing sounds which are know to have different levels of
friction . As previously mentioned, Hamann and Sennema (200@)ovide averagevalues forthe
duration and the harmonicity median for onset [ ].

We expect:

1. phoneticrealization as[ ] for V#wV andas[w] for VW#V;

2. comparable durations for: V#wV, Vw#V, (hypothetical) degeminated Vw#wV, and
(hypothetical) fused Vw#wV (Hamann andSennema (2005) give 0.09&econdsas
average duration for Dutch onset []);

3. alonger (2x) duration for (hypothetical) sequential Vw#wV;

4. an essentiallyhomogeneous F2Zhroughout the whole <w> sound, withaverageF2

between 1000 and 1500 Hz for V#wV, and (hypothetical) degeminated Vw#wV
realized as [ ];

5. an essentiallyhomogeneous F2 throughout the whole <w> sound, witlverageF2
between 500 and 1000Hz for Vw#V, and (hypothetical) degeminated Vw#wV
realized as [w],

6. anonhomogeneousrising F2for (hypothetical) sequential Vw#wV, with F2se being
closeto the average F2for Vw#V (500 Hz < F2 < 1000 Hz), and F275% being closeto
the averageF2 for V#wV (1000 Hz < F2< 1500 Hz),

7. an essentiallyhomogeneous FZor (hypothetical) fused Vw#wV;

8. an average F2 close ttheir F225% and F2sw for Vw#V, V#wV, and (hypothetical)
degeminated Vw#wV;

9. an average F2 intermediate between the ones for V#wV and Vw#V for (hypatical)
sequential Vw#wV and (hypothetical) fused Vw#wV,;

10. a negligible F2 rise for V#wV, Vw#V, (hypothetical) degeminated Vw#wV, and
(hypothetical) fused Vw#wV;

11. a substantial F2 rise for (hypothetical) sequential Vw#wV,

12. a homogeneous, lowerintensity (cf. Martinez-Celdran 2004), for V#wV and
(hypothetical) degeminated Vw#wV realized ag |;

13. a homogeneous, higherintensity (cf. Martinez-Celdran 2004), for Vw#V and
(hypothetical) degeminated Vw#wV realizedas[w];

14. a nonrhomogeneous falling intensity for (hypothetical) sequential Vw#wV, with
intenszs% being closeto the averageintensity for Vw#V, andintenszsy being closeto
the averageintensity for V#wV,

15. a homogeneousntensity for (hypothetical) fused Vw#wV,;

5 We will be measuring intensity (i.e. power per unit area, cf. Hayward 2000) insad of amplitude (i.e. how far a
sine wave departs from its baseline value, cf. Hayward 2000) because of ease of computation in Praat: since we
are only interested in relative amplitude (and relative intensity is proportional to the square of relative amiude,

cf. Hayward 2000), we can regard the two measures as being equivalent for our purposes.

14
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16. an average intensityclose to their intenszsy% and intensrsy for Vw#V, V#wV, and
(hypothetical) degeminated Vw#wV;

17. an average intensity intermediate between thaverageones for V#wV and Vw#V for
(hypothetical) sequential Vw#wV and (hypothetical) fused Vw#wV;

18. anegligible intensity fall for V#wV, Vw#V, (hypothetical) degeminated Vw#wV, and
(hypothetical) fused Vw#wV;

19. a substantial intensity fall for (hypothetical) sequential Vw#wV;

20. a homogeneous, lower harmonicity (aboutl0-20 dB; Hamannand Sennema (2005
give 18.8dB as average for the harmonicity median fof ] as an onsetfor V#wV and
(hypothetical) degeminated Vw#wV realized ag ];

21. a homogeneous higher harmonicity (closer to the 40 dB of [u]) for Vw#V and
(hypothetical) degeminated Vw#wV realizd as [w];

22. a nonthomogeneous falling harmonicity for (hypothetical) sequential Vw#wV, with
harmzse being closeto the averageharmonicity for Vw#V (about 40 dB), and harmnyse
being closeto the averageharmonicity for V#wV (about 10-20 dB);

23. ahomogeneous harmonicityfor (hypothetical) fused Vw#wV,

24. an average larmonicity close to their harmesw and harmzse for Vw#V, V#wV, and
(hypothetical) degeminated Vw#wV;

25. an average harmonicity intermediate between the ones for V#wV and Vw#V for
(hypothetical) sequential Vw#wV and (hypothetical) fused Vw#wV;

26. a negligible harmonicity fall for V#wV, Vw#V, (hypothetical) degeminated Vw#wV,
and (hypothetical) fused Vw#wV;

27. a substantial harmonicity fall for (hypothetical) sequential Vw#w\,

5.4 The pilot

The test was piloted on two native Dutcl2 A OA A O A E Linghisid® At@én@ who were
aware of the purpose of the test Themain aim of the pilot wasto verify the extent of time
required for the whole task to be performed, and whethethe task wastiring enough to require
any breaks.After the pilot, it wasresolvedthat each participant would read the text aloud twice
with a short break inbetween.The pilot also offered the chance for the speech material to be
checkedagainby two additional highly educatednative speakersn its grammar andits internal
cohesion. After that, the text wasalsothoroughly checkedprior to the actual experimentby a
third Dutch 2 A O A A O A E Lingdisficd ghudemtOwho had not taken part in the pilotbut who
was also avare of the purpose of the test.

Nointerview s wereadministered to the Linguistics students taking part in the pilot.

5.5 The actual recording

The recording took place at the Opnamestudid (Bungehuis, kamer 344346) at the University
of Amsterdam. Each participant was tested individually in an acoustically isolatesbom which
was almost empty apart from a tablea Sennheiser MKH 105 T microphon@and a chair where
the participant could sit, separated from the researcher by a glass windowhe researcher was
thus able not only to hear the participants perfectly and communicateith them (thanks to an
interphone), but also to visually check whether everything was goingccording to plan and
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provide eventual guidance. An amplifier with lowpassfilter at < 80 Hzand a TASCAM CBW
900 Professional CD recorder completed the provided equipment.

The same instructions were given individually to the participants before the recording
session that they shouldead the whole text twice with a short break inbetween.Most of them
knew that the experiment was linguisticsrelated, but they did not knowbeforehand thatit had
specificallyto do with phonetics/phonology 6. They were also asked to keep the printed text on
the table in order not to produce anyadditional noise’. Prior to the recording, each participant
was asked to read a few lines in order to check for both the position of the microphone and the
volume of the recording.

A CDwas recorded for eactrecording session(1-3 participants, tested individually) , with
every break creating a new audio track on th€D.The audio tracks were later extracted asvav
soundfiles to make them readable in Praat

After the recording, the participants were interviewed individually and asked about their
background (age, place of birth and currenplace of residence where they had spent most of
their lives, origins of their parents, level of education, whether they were bilingual and whether
they hadhad any linguistic training) and the experiment (whether theyhad felt selfconscious,
and what they thought it was abou). The first four participants were asked about their
background first, which heavily influenced their assumptions about the purpose of the
experiment: for this reason, the order of the questions as then changed so as to start i the
experiment and concludewith the personal background.

The whole task, including the interview, took 2625 minutes for each participant.

Only 2 out of 18participants® managed to get closé guessingthe purpose of the test: they
hypothesizedthat the research questiormay havebeenrelated to the Dutch sound cluster-eeuw
At the end of the interview, allthe participants were informed about the aim of the experiment.

10O EAO AO OEA EIT Al oedit iHiddestiApitdndtd thal, BesitetheA | T A
fact that the text had been checked by four native speakers, some informants still found that
there were some grammatically imperfect or unnaturalsounding sentences. Several
participants remarked that the sentences were unnaturally long for Dutch, and that the
punctuation was too scarce. The dearth of commas in the text was indeed foundhave an
effect onthe production of the speakers and thuson the quality of the collected data(see
Section 6 below).

6. Analysis

6.1 Preliminaries

As already mentioned,each participant was recorded twice. Due to the number of errors,
hesitations, rephrasings, and unnatural intonation and pauses generallyeard in the first
recordings, it was resolved to onlymake use ofthe second readings for the analysisThese

6 This is true for every informant other than speaker F20M, who overheard a conversation between the researcher
and the participant before her, so she knew abouhe purpose of the test before taking it.

7This turned out to be a problem for speaker F45M who could not do so due to a painful whiplash which prevented
her from bending her neck. The result is aecorded speech which sounds far more disconnected thatihe other
DAOOEAEDPAT 008h AOGAT ET OEA OAAIT A OAAAEIT CS

8 Speaker F20Ms not included inthe count for the reasons explained in note 6
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always sound more natural, more spontaneous (as far as reading can be spontaneous), and
iTOA OATT1AAOAAe OEAT OEA DOAAAAET C 11 AOh bDOI
the speakers gainedsurprisin gly quickly) between the two readingsThus,for each participant

only one of the two recordingdfiles, the second, was segmented and analysed

Each of these files contains 359 of the V#wV type, 18 of the Vw#V type, and 8 of the
Vw#wV type) target items. Prior to the analysis, all the recording files were opened one by one
through Praat and all thetarget items were manually segmented and labelled.

6.2 Manual sgmentation with Praat
Segmentation is performedthrough 0 OAAO AU ADPDI UET @8 vdnionadd® O

1T AAOAA O1 AAOT AAGE OEA O1T OT A xAOAO OEI x1 E
intervals are added in correspondence both to the beginning and to end of the parts of the
01 01T A0 xA AOA ET OAOAOOAA ET 8 cachtisrinierival wnh wilk mp ¢ ¢
be described in the next section,immediately follows the segmentation phase.Both
segmentations and labels are saved in a samte file, which shares the same naméand

directory) as the original sound file, but has a diffent format: .TextGrid

Machd and Skarnitzl (2009:13) write about manual segmentationthat it has several
disadvantagesO& EOOOh EO EQATEIOKITETG] ¢AAY¥8OBIAMAT T Ah ¢ 8°
terms of labeller expertise. Many researchers haveriticized it as inherently subjective and
therefore inconsistent and irreproducible8 ¢ 8 ¥  Al&b&lIer arifl inttadabeller consistency
EO AT EOOOA ET 1 IAbrd@dtd keed h@hsiktenOids @Ehe migmuaA T A 8 &
speed up the prepar® ET T  TafEcorpu8 Without compromising the reliability of the
OAcCi AT OMaoHa lrid &karnitzl (2009) propose a set osegmentation guidelinesthat we
follow in our data segmentation Note that, in the present study, both the segmentation and
labelling were performed by one single labeller, the researcheinter-labeller consistency is
therefore not an issue

According to the guidelines by Machaand Skarnitzl (2009:23¢ 1t dh Of 8Y xA 0O
AT O1 AAOEAO 1TA@O O1 10 AAéxtdeldariqverticslareag&inGie AT O
OPAAOOI COAi h OAPOAOGAT OET ¢ OEA DPAAEO 1T & AAT 600

-

OOAT OEOETT PDPEAOA j AT O1 AAOOAET h OCOAU6 DI OOEI
not allow unambiguous bouR AOU D1 AAAT AT O f8yqh OEA AT O1 AAOL
i EAPTETO T £# OEEO AOAA f8yY8 "1 01 AAOEAO xEI 1 A

x AOAEI Of AOT OOAO OEA Ai bl EOOAA AgGEOQG6 8
Most of the time,intervocalic glides and spirantapproximants canalready be recognized

during the segmentation phase(and prior to the analysis) due to the very different relative
intensity of their formants compared to that of the neighbouring vowelgsee Figure 5 and 6 below).

In the case in which anntervocalic <w> could be recognized as a labiodental approximant
[ ] due to itslower relative formant intensity compared to the preceding and followingrowels,
its difference in relative intensity @ 8 iay [also] be [a] sufficient [clue] for comparativey
changes in formant structure, energy in the high frequencies, changes in overall intensity and
waveform shape (e.g. slightly lower amplitude irthe waveform) may al play a role in helping the
labeller identify the beginning and end points of the sound in quesin. If none of the previous
helps, Macha& and Skarnitzl (2009) recommend using listening, at least to confirm the visual cues.
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. [F20M]
VH#w
<
o 2
- slee wi <
aren

Figure 5: Spectrogram of 8skewarent 8performed through Praat.
Note the high contrast between <w> (realized as a spirant approximant)
and the neighbouring vowels in terms of relative formant intensity.

F32AVW#V02

3| sneeuw een

Figure 6: Spectrogram of ¥ 8svieeuweenr 8performed through Praat.
Note the low acoustic contrast between <wX¥realized as a glide)
and the neighbouring vowelsin terms of relative formant intensity.

Accordingto Machd and Skarnitzl (2009:80), intervocalic glidesare tobe regarded as the
most problematic group ofsou O A£OT I OEA DPAOOPAAOEOA 1T £ OAcCI A
between them and the neighbouring vowels is typically quite low, and tends to consist only in
A Ol ECEOI U AEEAZAOAT O &I Oi AT O PAOOAOT 8 r 8& &OA
AT 01T AAOU T AAO OEA 1 EADI HEbrdeséghitlesONEadha GnO BKar@iZIOE T 1
(2009) proposetwo alternative approaches to segmentingone based on acousticuesand one
based onperceptual cues.In the present study the perceptual approach was followed. A
detailed description of this approachis given belowfor an imaginary sound sequence /oja/:

In some instances, the acousticontrast between a glide and a neighbouring vowel is so low that the

auditory impression must be applied asthe primary guideline, with visual information regarded

i AOAT U AO AO@EI EAOU8S ¢8Y 7EAT 11TAAOCET ¢ OEA AT O1 AAOL
moment when we can still hear the sequence /oj/ or /ja/ as monosyllabic (and not as a sequence of

two syllables). When we want to locate the right boundary of [j], we try placing the boundary further

to the right, into [a]. Then we start shifting the boundary in the transition phase between [j] and [a]

leftwards, according to the auditory impression, unt we can hear a monosyllabic (diphthongal)

sequence [oj], not something like [o] (i.e., no vocalic element). The left boundary will be located

analogously: we place the boundary into [0] and proceed to the right, until we hear monosyllabic [ja]

and nota disyllabic[EAY8 ¢ 8Y / AOET O00iI uh xA AAT OOEI1T EAAO OOAI
vowel.+ 8 4EA AAOAT OACA 1T &# OEA PAOAAPOOAT 1 AOET A EO EC
applies not only to straightforward cases, but also to nclear cases in which we can hear [j] or

6001 i AGEET ¢ 1 EEA frEY® Al OEI OCE OEAOA AOA 11 1 AOGEI 0O
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spectrogram. On the other hand, this approach is timeonsuming, demanding in terms of the
I AAAT T Aod&idl AANTIAA AT80r 1 T (Kdakhad aduSkaknilzI2B00:8283)
Note that the perceptual approach yieldssegmentedglides with considerably shorter duration

than the acoustic approachand it does notresult in the Galse auditory impression of syllabicity
of the glided(Machd and Skarnitzl 200982) typical of the latter approach.

Note that if a sound was not immediately recognized as either [ or [w] thanks to the
overall and/or relative formant intensity during the segmentation the perceptual approach
was always followed.

6.3 Labelling with Praat

Following Dalmasso (2012)three interval tiers were set up. The first tier, namedype, hosts
the interval boundaries created during segmentation, thusletermining the portion of sound
which is to be analysed moreover, itassociates an identifying code taéhe target sound This
code univocally defines thetarget sound in terms of speaker(gender, age initial of the first
name), type/condition (V#wV, VW#V, orVw#wV,), anditem number for that condition. For
example, the labelM21PV#wVO01 identifies the first item (01) of the intervocalic onset
condition V#wV (which is the <w>inr 8 ¥ E OT1)for spedker M2 3P ¥who is a male aged 21
years old whose first name begins with a P.

The interval boundaries on the second and third tier werealso conventionally added in
proximity of the interval boundaries on the first one, in that thcse tiers are only meant for
adding notesaboutthe sound(tier 2) and the word contextto which it belongs(tier 3) , whereas
the first tier is the one from which the data are extracted.

More specifically, the second tier, namedlues was originallyintended for writing down
cues on the type of sound based on the observation of the spectrogratended up however,
being, most of the time, either filled with notes about reasons to exclude te sound from the
analysis (see 8ction 6.4 for more detils about the excluded items), or left blankAn overview
of all the possible annotations on the secontier is shown in Table2.

Table2: All the possible cues on tier 2

Annotation on tier 2 Meaning Consequence for the analysis
1/ [ww]! (long) uniform <w> sound in uniform F2, intensity, harmonicity
intervocalic cluster condition likely to be found at 25% and75%
VwH#wV of sound
clearly 2 <w> in intervocalic cluster expected toberealized as
condition Vw#wV clearly made up sequential[w ]
of two different sounds
Vv vowel-like realization of <w> in different harmonicity?
intervocalic coda condition Vw#V
[w]! unexpeded [w] realization in different F2, intensity, harmonicity
intervocalic onset condition V#wV than what expected for the
condition
[v]! unexpected [v] realization in different harmonicity than
intervocalic onset condition V#wV expected
misread item misread or realized as non item excluded from the analysis
intervocalic (cf. Table 3
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The third and last tier, namedwords?®, detects the targetwords. Note that, snce the
investigated conditions, more often than not, imply that <w>occurs right before or right after
a word boundary, target words are usuallyto be intended agarget word clusters. For example,
the already mentioned itemM21PV#wVO0L1is identified on tier 3 asjuni wel instead of justwel.

Figure 7 shows an instance miture of a Praat textgrid window during the segmentation
and labelling phase.

5. TextGrid 19_F29L -0
File Edit Query View Select Interval Boundary Tier Spectrum Pitch Intensity Formant Pulses Help

442595003

o
' W”MW}WMWWW i ‘ ” HllH‘W‘[' Al Rt Channel 1
: [ - A i

j |m...mm|m““ ‘ T ——— —

! 500 Hz

"

238.2 Hz

|
wM"
R— 75 Hz
- FZQLV# ltype
1| F29LVw#V16 o |
2| misread:pause |‘(C-|,l:e)5
i .. [words
3] sneeuwis zo wit 71)

442595003 Visible part 0.937500 seconds 443532503

442595003 | - 12.187497

Total duration 455.720000 seconds

Figure 7: A Praat textgrid window during segmentation and labelling.
From top to bottom: the sound waves window, the spectrogram window,
and the three tiers; the names ofhesecan be readon the right margin.

6.4 Excluded items

The total number of target itemsis 665 (=(9+8+18)x19), but the number of itemsincluded in
the analysis isonly 325. As a matter of fact, several itembad to be excluded during the
segmentation andabelling phase. Most of the excluded items display eithapause or a glottal
stop at word-boundary, either before (for the V#wV condition) or after the <w> (for the Vw#V
condition), or inbetween the two <w>s (for the Vw#wV condition). Pauses and glottaktops
make the target items unconnected to what precedes or followthuscompromisingO EA E OAI1 O
intended intervocalic status. Theintervocalic coda \W#V condition is the most affected by this
problem, probably due to the(random) weaker cohesion the <eeuw#> items generally display
with the item which follows in the cluster compared to the <#w> items with the one which
precedesj A 8 Csheeawtelm 8 ¥ OKilo wegeBr Y8 WSifia the Vw#Vcondition, however,
displays nearly twice the number of items d the other two, the exclusion of somef those due
to the presence ofpausedglottal stopsat word boundary should not be too problematic.

Table 3 shows all the_possible sources of misreadintipat are labelled on tier 2.Note that,
phonetically, glottal stopsOf 8 Y | AU AOOOI A OAOAOAT &I Oi 6bh AU

9 For tier 3, the boundaries of the intervals could have been placed in correspondence of the beginning and end
points of the words in question, as Dalmasso (2012) did, instead of keeping them in line with the intervals on tier
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I OEOA | And BkarAitdl RODE125); Gdnce AhA distirjctiod A E A
O5cO06 AT A OAOAAEU cO6 EIT 1060 1 AAAITTEIC

> >
T
O >

Table3: All the possibleOi E OOA A Arotieri2AAAT O

Annotation on tier 2 Meaning Consequence for the analysis

(creaky) gs (creaky) glottal stop either item excluded from the analysis
preceding or following <w> or
occurring inbetween the <ww>
cluster, compromising the
intervocalic status of the target
item

(long) pause (long) pause either preceding or item excluded from the analysis
following <w> or occurring
inbetween the <ww> cluster,
compromising the intervocalic
status of the target item

stuttering/hesitation/filled pause variation of an empty pause, item excluded from the analysis
compromising the intervocalic
status of the target item

AT U 1T &£ OEA b O| combination of any of the previous| item excludedfrom the analysis
factors, compromising the
intervocalic status of the target
item

wrong word order switched words (e.g sneeuw item excluded from the analysis
gefallen isinstead ofsneeuw is
gefallen) compromising the
intervocalic status of the target
item

problem: .wor.=V a whole syllable realized as a item excluded from the analysis
vowel; nomore <w>

missing sound missing target sound item excluded from the analysis

dropped <i> following vowel dropped, item excluded from the analysis
compromising the intervocalic
status of the target item

creaky whole word cluster realized with item excluded from the analysis

creaky voice, making iimpossible

to detectan eventual creakyglottal
stop

Note that the already mentioned scarcity of commasand (prescribA A D A hddgd 6
punctuation, and consequent extreme length of sentences, in the speech materizy have
played a big rolein causingurdesrAA DAOOAO ET OPAAEAOOE OOOAOAT
least reduce)such pauses at target word boundaries, it woulchave been better tofirst, keep

the sentences quite shortoverall, and second,0 C O E A Adrforriafck of the speakers by

inserting strategic commas in the immediate neighbouring context of the target items
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6.5 Observations preliminary to the analysis

Based on the observation of the spectrogram and the impressions gathered during the
segmentation and labelling phase, some generalizations can already be sketched out before the
actual analysis.

First, the overall tendencyseemsfor speakers to realize odas as [w] and onsets as [1°.
Only very few speakers occasionally do otherwise, antis always that onsets are realized as
[w] and never the other way around; it seems more a matter of free rather than systematic
variation, even though it indeed seemsnore systematic in some speakefs.

Second, as for the cluster condition, the tendency seems for speakers to realize it as a
sequence [w ] (cf. sequencing hypothesis, Section 4.2Realizations such as [ww] do occur, but
variations here seem even less sysimatic than for the onset condition.

Third, it appears that the duration of<w> in the intervocalic cluster Vw#wV condition is
visibly longer than<w> in the other two conditions, which, if confirmed by the datayould also
validate the sequencinghypothesis.

Third, spectrograms of the same conditionseem toshow that the two <w>s are, nearly
without exception, distinct sounds. This is clearly visible in the very different overall and
relative formant intensity displayed by the two halves of the teget sounds: the first half nearly
always of higher intensity, and the second half of lower intensityThis, again, would validate
the sequencing hypothesisAn instance of a target Vw#wV sound performed through Praat is
given in Figure 8 for illustrative purposes. Note that, in this specific case, the waveform (eig.
amplitude) also contributesto conveying the impression that we are delang with two different
sounds.

139915921 0.125842 (7.946 / 5) |140_041?63

bR AR
i ' ST 1

II. L|||I.|_‘,\_ I m
O A

sneeuw wit

Figure 8: Instance of a Vw#wV sound performed through Praat
Note the difference inoverall and relative formant intensity
between the first and second half of the <w> sound.

10 peaker F45Moccasionally seems to realize the onsets as fricatives [v], but she is the only one to do that.
11 For instance, in speaker M30E, gren up in Gelderland.
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6.6 Praat <ript and settings

The first step of the actual analys consists of running a script(specifically conceivedfor the
purposes of this study through Praat. Thescript, when saved in aPraatfile format in the same
directory as the 19 pairs of .wavand .TextGridfiles, opensthese pairs oneat a timein Praat, and,
combining the information on both the sound file and theelated TextGrid, extractsall the desired
measurementsrelated to eachof the target soundsin the text. More specifically, the script
provides us with data about the duration,second formant, intensity,and hamonicity of our
target sounds. Note thathe latter three are all measuredat 25% and 75% of each interval tier.
4EA OAOEDPO EO xOEOOAT AAAT OAEIT ¢ iSspiréddA AOG6 O

scripts by Antoniou andby Lennes €f. Referencel A copyof the scriptis given in the Appendix
and the main settings arepresentedin the following subsections (note that many of them
conform to the indications provided in the Praat nanual).

6.6.1 Formant settings

The frequency values of thesecondformants of each target soundare extracted automatically
through Praatat 25% and 75% of the interval tierfrom a Formant object createdaccording to
the settings presented in the following. The time step, i.e. the time between the centres of
consecutive analysis frames, is set at 0.001 seconds. Thaximum number of formants per
frame is five, as is the case for most analyses of human speethemaximum formant, i.e. the
ceiling of the formant search range, is set to a value suitable for the speakers depending on their
gender: the standard value of 5500 Hertz is suitable fan adult female, 5000 HertZor an adult
male. The window length, i.e. the effective duration of the analysisvindow, is set at
0.040 seconds,so thatthe values of the frequencies are drawn eachO milliseconds of sound.
The pre-emphasis value is set frmm 50 Hertz.

6.62 Intensity settings

The intensity values of each target sound are extracted automatically through Praatt25% and
75% of the interval tier from an Intensity object createdaccording to the settings presented in
the following. The minimum pitch, i.e. the minimum periodicity frequency in the signal, is set at
100 Hertz. The time step is setas in the formant settings, at 0.00%econds The third and last
setting O ¥ &llws Praat to subtract from the pressure of the recorded saw the constant air
pressure that many devices, such as the microphone employed for the recording session, might
have added. This drawback results in a nerero value of the intensity in the sound wave even in
silent phases of the recordings. Praat compusdts mean and subtracts it from the intensity of the

T s N A A N s~ A

actual recorded speecth  j $ AT | AOME A mOQ@AOP@BAO | AAT 6 OAOOEI

6.6.3 Harmonicity settings

The harmonicity values of each target sound are extracted automatically through &t at 25%
and 75% of the interval tier from a Harmonicity object createdaccording to the settings
presented in the following. The preferred method according to the Praat manual, is cross-
correlation, asit presents a much better time resolution than theautocorrelation method. The
time step is, this time, set at the defaultvalue of 0.01 seonds: a test waspreviously run on a
small selection of the files with the 0.001 seconds setting to see whether it was feasible, and the
amount of time required to peform the analysis was huge thus convincing the researcher to
opt for the 0.01 seconds setting The minimum pitch, which determines the length of the
analysis window, is setat the default value of 75 Hertz The silence threshold islso setat the
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default value of 0.1:this means that the framesthat do not contain amplitudes above this
threshold are consideredsilent. The number of periods per windowis also kept at the standard
value of 45, which, according to the Praat manual, is best for speech.

6.6.4 Summary

To sum up,the analysis of thetarget soundsin the recorded filesis performed by a script

written in Praat syntax and run through thePraat software. The script commands that, after

loading all the 19 paired sound and TextGrid files, Praateates a Formant, an Intensity, and a
Harmonicity object. After that,if the interval ontier 1 has some text as a labghnd the interval

IT OEAO ¢ AT AO 110 OADPI OO Oi EOathkRand75wethe | AAC
interval tier, intensity at 25% and 75% of the interval tierand harmonicity at 25% and 75% of

the interval tier, are extracted and presented in atab-separated table together with the
indication of speaker, type of conditionand number of item.

The summary statistics relatedto the dependent variables and the statistical analysis
proper are then performed with R.

6.7 Statistics performedwith R

The tab-separated table produced through Praat (including: speaker, typeand item as
independent variables and duration, F225% and F275%, intenssy and intensrsw, and harnesy
and harmzsy as dependen variables) was imported into R as a datasetand the summary
statistics computed. Averagesnd standard deviations werecomputed for duration, average
F2, F2 rise (F2s% - F225%), intensity, intensity fall (intenszsw - intenszse), harmonicity,
harmonicity fall (harmzse - harmase). For F2 rise, intensityfall, and harmonicity fall, confidence
intervals were also computed.

Boxplots displaying the distribution of the dataas a furction of type were also drawn with
R for each 6 the aforementioned parameters.

The summary statistics and boxplotsare reported in the following section. The complete
R script is given in the Appendix, together with the complete set of data obtained thrgh Praat.

6.7.1 The analysis

For our analysisin R,the modelwe employis a linear mixed model fit by maximum likelihood
(Imer) in which type acts as a fixed factor and speaker and item actiateraction factors.

First, we carry out an omnibus test, i.e. #est as towhether the explained variance in a
data set is overall significantly greater than the unexplained varianceWe compare a Imer
model of the whole datasetincluding type as a fixed factoywith the samelmer model, but
without type as a factor, through ANOVA using a Chisquared test. From the ANOVA
comparison we obtain g value forthe influence of type if this omnibus p valueis smallenough
(i.e., p < 0.05) we can assume tht type indeed plays an important role in determining the
pronunciation of <w> in the three different conditions.

This being ascertained, lte following concernis to determine whichgroups of meansmay
have had an effect on the significance of our ANOVA analysig value <0.05, we can assume
that, among the groups considered, at least two means are significantly different: thus, we want
to know which of the means for ourthree type groups are significantly different from the others
To do that, we use the Least Significamifference (LSD)post hoc methodoriginally developed

24



llaria E. Colombaz On thephonemic status oflabial approximantsin Dutch

AU &EOEAOh xEEAE
using the equivalent of multiple tO A O (@®©wris; cf. Referencgs

Thus, we create subsets of the datso as tobe able tocompare two types at a time(i.e.
onset and cluster, onset and coda, cluster and coda), anth a t-test for each pairof means
From each ttest, we obtain the tvalues and confidence intervals that will be reported irthe
next section.Lastly, for each subset we compare models with and without typagainthrough
ANOVAIn order to obtain the relevantp values (whichlmer does not provide).Next section will
alsopresentp values alongwith the related t values and confidence intervals.

7. Results

This section presents the results of theéest in terms of pair-wise comparisons of averages for
the three condition. Each subsection is dedicated to an acoustic parameter among the following:
duration, average F2, F2 rise, average intensity, inteity rise, average harmonicity,and
harmonicity rise.

7.1 Duration

According to our data, the onset and coda condition displapn averageslightly different, but
comparable durations, whereas the cluster condition presents muchlonger durations,
approximately twice the ones in the othetwo conditions. Note that such a ratio, if confirmed
by the post hoctests for significancewould be compatible with the sequencinghypothesis (cf.
Section 4.2) which regards the <w> in the intervocalic cluste condition as being realized as a
sequence of the <w>s in the coda and onset condition, respectively.

Table 4lists the average durations standard deviations, and confidence intervalr each
of the three types, whereas Figure 9 offers a depiction dié three groups through their quartiles:
the bottom and top of the boxes are the first and third quartiles, the horizontal bands inside the
boxes are the second quartiles or medians, the vertical lines extending outside the boxes indicate
variability outsi de the first and third quartile, and the small circles represent outliers.

Table 4 Duration as a function of type

Type Average duration Standard Conf. int. (s)
(s) deviation (s) (2.5% 7 97.5%)

VH#WV 0.055 0.012 0.051z0.059
Vw#V 0.062 0.012 0.05970.067
VwHwV 0.123 0.029 0.114z70.132

The omnibus p value obtained from the ANOVA testing the significance of the influence of type
IT AOOAOQGET®j] BEOr waapbgm xEEAE Al lT1T x0 Oowis®l
comparisons.
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Figure 9:Duration as a function of type

7.1.1 Differencein duration betweenonsetand cluster type

The fixed effects éstimate, standard error, t valug, confidence intervat, and p valugffrom the
ANOVAsubsetcomparison) related tothe role of type on the differencein terms of duration
between onset and cluster are reported in Tablé.

Table5: Differencein duration between onsetand cluster type

Estimate(s) | Std. eror (s) t value Conf. int.(s) p value
(2.5% 7 97.5%) (ANOVA)
(Intercept) 0.055 0.003 19.68 0.04970.061
typeVwH#wV 0.068 0.003 20.78 0.06170.074| w8t 1t g

. T OA OEAO Oj )1 OAOAtoe,diadh is (sBdBAr©8 a GferenCeHoh thel sécAnd O
type: thus, the duration estimate for the cluster type has to be read @being 0.068 seconds
longer than theone forthel T OA O O p & ®at ig, Ehdorobability of such a difference

in terms ofduration occurring randomly, i.e. without type playing a prominent role, isvery low

(p =y 8 1 it <@®.MA5); therefore, we can regardhe difference in duration between onset and
cluster as significant.

It seems, thus, that Dutch speakemdisplay a noticeable difference in terms of duration in
the pronunciation of their intervocalic <w>s depending on whether thee occur in onset
position or as acluster.

7.1.2 Differencein duration betweenonsetand codatype

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of duration between onset aad coda are reported in Table 6
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Table 6 Difference induration between onsetand coda type

Estimate(s) | Std. eror (s) t value Conf. int. (s) p value
(2.5% 7 97.5%) (ANOVA)
(Intercept) 0.055 0.002 30.71 0.0517 0.059
typeVw#V 0.008 0.002 3.37 0.00370.013 0.002

I CAET h Oj )1 OAOAADPOQo OAa@d &G refienced thds, tHelddakidn OUD
AOOGEI AGA &£ O OEA AT AA Guwdskcorntdlngedthan thdoneidr Ad A O
I T OAO O umthne biffefericéhdre is much lower than the oneestimated in theprevious
case. Thep valueis still quite low, despite beingless low than in the previous case (p 0.002
< 0.05); therefore, we can regardthe difference in duration between onset and codaas
significant.

It seems, thus, that Dutch speakers display(alight) difference in terms of durationin the
pronunciation of their intervocalic <w>s depending on whether these occur in onsair coda
position.

7.1.3 Differencein duration between cluster and codatype

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of duration between cluster and codaare reported in Table 7

Table 7: Difference induration between cluster and codatype

Estimate(s) | Std. eror (s) t value Conf. int. (s) p value
(2.5% 7 97.5%) (ANOVA)
(Intercept) 0.123 0.004 34.14 0.115z0.130
typeVw#V -0.057 0.004 -15.15 -0.065z 0.050 9.64t10-14

(AOAh Oj )1 OAOAADOQd OAEAOO OF OEA Al 6O6OAO OU
AOGOETI AOGA &£ 0 OEA AT AA @05BsAcorigshridferGian thefone@AtheA A O
cluster O U b#hé p valueis very low (p = 9.64t10-14 < 0.05), more or less as low as for the
onset/cluster difference; therefore, we can regardhe difference in duration between cluster

and codaas significant.

It seems, thus, that Dutch speakers displayreticeable difference in terms of duration in
the pronunciation of their intervocalic <w>s depending on whether these occur in coda position
or as a cluster

7.1.4 Duration: conclusion

Our data show that the onset andhe coda condition present slightly different, but still
comparable average durations, which supports expectationno. 2 (cf. Section 5.3)as far as
duration in onset and coda positionis concerned Both onsets and codasare on average
considerably shorterin duration than expected based n Hamann and Sennem#&2005); note,
however, that they use nonwordsn isolation in their experiment, which explainsthe (apparent)
discrepancy between theirfindings and ours. On the opposite the cluster condition presentsa
very different average duration, which, being approximately twice the ones in the other two
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conditions (as predicted in expectation no. 3, is definitely compatible with the sum of the
durations of the other two (cf. sequencing hypothesis)

The nonroverlapping, very narrow confidence intervals and low p values in all the paivise
comparisonsalso enableus to confidently confirm the sequencing hypothesiss far as duration
in the cluster conditionis concerned and reject the other twohypotheses(i.e.degemination and
fusion).

7.2 Average F2

According tothe data, average F2 is higher in the onsetondition than in the coda condition,
which conforms to ouroriginal expectations.We also expectedthe cluster condition to display
an average F2which could be regarded as an averagef the averages of the other two
conditions, but this is not the case: the average Raluesfor Vw#V and Vw#wV are actually
extremely close, and the one for the coda condition (which should have been the lowesf the
lot with 500 Hz< F2 < 1000 Hz)s actually slightly higher than the one for the cluster condition

Table 8 lists the averageF2 frequency values standard deviations, and confidence
intervals for each of the three types, whereas Figure 10 offers a depictiontbe distribution of
the three groups through their quatrtiles.

Table 8 Average F2 as a function of type

Type Average F2 (Hz) Standard Conf. int. (Hz)
deviation (Hz) (2.5% 7 97.5%)
VHWV 1381 257.1 124471514
Vw#V 1209 2128 113971267
VwHwV 1207 246.3 112071293

F2

2000
I

F2 (Hz)

1500

T
Viwv VwiV VwEwV

1000

Type

Figure 10: AverageF?2 as a function of type

The omnibus p value obtained from the ANOVA tesg the significance of the influence of type on

average FEO m8np B I m8nuvgh xEEAE Al lwisexc@bmp@iébnsO i
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7.2.1 Differencein averageF2 between onset and cluster type

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of F2between onset andcluster are reported in Table 9

Table 9 Difference inaverage F2 betweeronsetand cluster type

Estimate Std. eror t value Conf. int. (Hz) p value
(Hz) (Hz) (2.5% 7 97.5%) (ANOVA)
(Intercept) 1379 51.55 26.76 127471484
typeVwH#wV -169.1 65.97 -2.56 -305.77-32.07 0.02
Hereh Oj )1 OAOAADPOQs OA £hds@s abdfereArE fr the seCrAdypOtHBA h  x
OEA &c¢ AOOEI AGA &A1 O OEA Al OaQbrAdwer danBhd onk taréhe OT A
i1 OAO Opmhidsdathérod (p =0.02 < 0.05); therefore, we can regardhe difference
in average F2 bewveen onset and clustems significant.
It seems, thus, that Dutch speakers display a difference in terms a¥erageF2 in the
pronunciation of their intervocalic <w>s depending on whether these occur in onset position
or as a cluster.
7.2.2 Differencein average F2between onset and coda type
The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of F2between onset and codare reported in Table 1Q
Table 10 Difference inaverage F2 betweeronsetand coda type
Estimate Std. eror t value Conf. int. (Hz) p value
(Hz) (Hz) (2.5% 7 97.5%) (ANOVA)
(Intercept) 1378 49.04 28.09 1278z 1477
typeVw#V -147.4 59.20 -2.49 -268.87-27.52 0.02
| CAET h Oj)1 OAOAADOQs OAEAOO O1F OEA 11 0A0O OUDPA

thecodaOUDPA EAO OF AA 4QMAATABOODERNC Ok 1T A A& O
value is rather low (p = 0.02 < 0.05); therefore, we can regat the difference in average F2
between onset and codas significant.

It seems, thus, that Dutch speakers display a difference in terms aVerage F2 in the
pronunciation of their intervocalic <w>s depending on whether these occur in onset or coda positi.

7.2.3 Differencein average F2etween cluster and codatype

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of F2between cluster and codaare reported in Table 11

(AOAh Oj )1 OAOAADPOQd OAZEAOO O1 OEA Al OOOAO
AOGOEI AOGA &£ 0 OEA AT AA 233 BAnhigkeAtiian Bd onelfdk thedckidek A O
OUPAd8 4EA D OAI OA EO 0.9 H0.05)fox usth btdteQre Bigniidare® OE |
of the difference between the averages of cluster and coda.
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Table 11 Difference inaverage F2 betweercluster and codatype

Estimate Std. eror t value Conf. int. (Hz) p value
(Hz) (Hz) (2.5% 7 97.5%) (ANOVA)
(Intercept) 1205 36.89 32.68 112971280
typeVw#V 3.33 41.83 0.08 -82.21788.82 0.94

7.2.4 Average F2: conclusion

Our data show that average F2 is highesh the onset conditionwith 1000 Hz < F2 < 1500 Hz,
which conforms to expectationno. 4about F2 in V#w\. However, we also expected average F2 to
be much lower in the coda condition with 500 Hz < F2 < 1000 Has predicted inexpectation no.
5), but this is actually not the case.The reason for the unexpected higher F2 founfbr codas is
likely to lie in the fact that codalw] consistently occurs right after <ee> inour target items (e.g.

f 8Y O1 A A Okthus,FAtAMItionssrem the high vowel (with high F2) produce a higher
average F2 than expected for lowF2 [w]. The same phenomenoidoes ot occurfor onsets which
overall display more variation in terms of preceding vowelsNote that wntrolling for the quality

of neighbouring vowels in all conditions in future research will probably yield results which
better conform to the predictions (e.g.,here,lower average F2 for the coda condition).

Lastly, based onthe results obtained for duration (i.e. the validation of the sequencing
hypothesis), we expected average F2 for the cluster condition tie an average of th&2s foronset
and coda(cf. expectation no.9), as to further validate the hypothesis of cluster <w> being a
sequence of coda <w> plus onset <w>. This, however, is not confirmed by the d#te: average
F2 for the coda condition is actually slightly higher than the one for cluster, but so slightpthat
the difference between cluster and coda condition is n&vensignificant. Of course however this
is a consequence of the unexpectedly Hgr F2 values found for codas (see above).

7.3 F2rise

We expected the onset and coda conditioto present a negligible F2 rise (or fall)due to the
assumed homogeneousnessof the <w>, but this is not whatwe find in the data: note, in
particular, the considerable F2 fall found for the coda condition.We also expected a more
substantial F2 rise for the cluster condition, which indeed occurs.

Table 12lists the averagevalues for F2 rise standard deviations andconfidence intervals
for each of the three typesNote that the confidence interval for Vw#wV does not include zero,
which means thatthe F2 movements are indeed significant for the cluster condition.

Figure 11 offers a depiction othe distribution of the three groups through their quartiles.

Table 12 F2 rise as a function of type

Type Average F2 rise Standard Conf.int. (Hz) p value
(Hz) deviation (Hz) (2.5% 7 97.5%)

VH#WV 21.38 268.7 -60.78 7110.9 >0.05

Vw#HV -218.4 228.0 -283.67-157.0 <0.05

VwHwV 193.7 490.9 36.717 367.0 <0.05
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Figure 11 F2 rise as a function of type

The omnibus p value obtained from the ANOVA tasg the significance of the influence of type

on F2riseisc8ytfidn I nm8nuvdh xEEAE AllT11Tx0 OOwisei DA
comparisons.

7.3.1 Differencein F2 rise between onsetand cluster type

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of F2 rise between onset and cluster are reported in Table31

Table 13 Difference inF2 rise between onset analuster type

Estimate Std. eror t value Conf. int. (Hz) p value
(Hz) (Hz) (2.5% 7 97.5%) (ANOVA)
(Intercept) 28.11 53.11 0.53 -80.487 137.4
typeVwH#wvV 171.3 68.19 2.51 307314.8 0.02

( AOAR Oj Yefe® b A dageOydé, which acts as a reference for the second type: thus,
the FOEOA AOOEI AOA &£ 0 OEA Al 00 GAohigheUterA thacohed O
Al O OEA 11 @ALueidratbel 16vB(p 4 EDA < 0.05); therefore, we an regardthe
difference in F2 rise between onset and clusteas significant.

It seems, thus, that Dutch speakers display a difference in terms of Fie in the
pronunciation of their intervocalic <w>s depending on whether these occur in onset position
or as a cluster.

7.3.2 Differencein F2 rise between onsetand codatype

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of F2 rise between onset and coda are reported in Tabld.
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Table 14 Difference in F2 rise between onset andodatype

Estimate Std. eror t value Conf. int. (Hz) p value
(Hz) (Hz) (2.5% 7 97.5%) (ANOVA)
(Intercept) 22.76 33.50 0.679 -46.797 92.59
typeVw#V -243.2 49.75 -4.887 -343.97141.7 | 4.70{10°5
Again,0j ) T OAOAADPOQqe OAEAOO O1 OEA 11 OAOvafdiddAh xE

AOGOGEI AGA &1 O OEA AT AA DB.PHr loked tBan é ondfdr th®dndeh A O
OUD A dpsvalueis Yery low (p =4.70t105 < 0.05); therefore, we canregard the difference in
F2 rise between onset and coda as significant.

It seems, thusthat Dutch speakers display alifference in terms of F2 rise(or fall) in the
pronunciation of their intervocalic <w>s depending on whether these occur in onset oroda
position.

7.3.3 Differencein F2 risebetween clusterand codatype

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in terms of F2 rise between cluster and coda are reported in Tabl.

Table 15 Difference in F2 rise between cluster and coda type

Estimate Std. eror t value Conf. int. (Hz) p value
(Hz) (Hz) (2.5% 7 97.5%) (ANOVA)

(Intercept) 197.2 57.76 3.41 79507 316.8
typeVw#V -391.1 70.36 -5.56 -535.77-247.6 9.47t106

Here,0j ) T OAOAADPOQqo OAEAOO O1 OEA Al OO0 Ariatio) b A h
AOGOGEI AGA &£ O OEA AT AA OUDHk lokeh tBan Gé ondfdr th®dndeh A O
O U D A épavalueis very low (p =9.47i10-6 < 0.05); therefore, we an regardthe difference in

F2 rise between tuster and coda as significant.

It seems, thus, that Dutch speakers displaydifference in terms of F2 rise(or fall) in the
pronunciation of their intervocalic <w>s depending on whether these occur inada pacsition or
as a cluster.

7.3.4F2 rise: conclusion

Our data show that the coda condition presents a moreubstantial F2 variation (more
specifically, a more substantial F2 fallrather than F2 risg than predicted in expectation no. 10
Note, however, that weprobably could (and should) have expected a quite considerable
averageF2 fall in coda positionbased onthe consistentpresenceof <ee>as the vowelpreceding
[w] in all the target items (cf. also Section 7.2 on average F2)As has beenpointed out
previously, controlling for the quality of neighbouring vowels in all conditions in future
research will most likely yield results which better conform to the predictions (e.g.,here, a
positive F2 rise or, at least a less considerabld=2 fall for the coda condition).

Expectationsno.6 and11 about the cluster condition, on the other handare fulfilled , with
Vw#wV displaying, on average, a considerable F2 risenote that this compies with the
sequencing hypothesisMoreover, the confidence interval for Vw#wV does not include zero,
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which means that the F4rising) movements are indeed significanin the cluster condition: this
alsofulfills the sequencing hypothesis, which regards cluster <w> as a sequence of coda <w>
and onset<w>, and allows us to reject the other two hypotheses

74 Average ntensity

As far as average intensity is concerned, all our predictions are confirmed: intensity is, on
average, higher in the coda condition than in the onset condition, and the clusteordition
shows an intensity intermediate betweenthose ofthe other two.

Table 16 lists the averageintensities, standard deviations, and confidence interval$or
each of the three types, whereas Figure 12 offers a depiction thie distribution of the three
groups through their quartiles.

Table 16 Intensity as a function of type

Type Average Standard Conf. int. (dB)
intensity (dB) deviation (dB) (2.5% 7 97.5%)
VH#wWV 66.17 4,535 63.907 68.08
Vw#V 70.31 3.830 68.89 7 72.33
VwHwV 68.21 3.968 66.487 69.95
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Figure 12 Intensity as a function of type

The omnibus p value obtained from the ANOVA testing the significance of the influence of type

on average intensityf O x Fgpeitpntuvgqh xEEAE Al 11T x0 00 O BPAO

wise comparisons.

7.4.1 Differencein average intensitybetween onset and cluster type

The fixed effects, confidence intervals, and p value related to the role of type on the difference
in intensity between onset andcluster are reported in Table 17
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