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Abstract

This thesis investigates the production and perception of reduced function words, and the
role of fine phonetic detail in spoken word recognition. In particular, it focusses on the
phonetic features that convey linguistic information and maintaencontrast between

pronoun and auxiliary combinations in British English.

The thesis is divided into two parts. The first part reports on a qualitative and quantitative
analysis of pronoun and cliticised auxiliary combinations, suclh a&/h eyoasy i / /
reduced speech. Data of high acoustic quality and high degree of reduction were elicited in
a controlled phonological and prosodic environment. The auditory and acoustic analyses of
the data collected revealed that in reduced speech, functiodsaretain essential phonetic

features that constitute the identity of the target words.

The comparison between the phonetic features of contrasting paradigms that convey
linguistic information, such ag o uvé@rsusy o y @ds h erdississhewas reveaed that
the contrast is maintained by a combination of acoustic parameters, of which resonances

and duration are the most prominent.

The second part investigates the role of fine phonetic detail in the intelligibility of reduced
function words, and the peeptual salience of selected acoustic parameters. A perception
experiment indicated that listeners are sensitive to the fine phonetic detail that maintains the
contrast in reduced speech, and that they can correctly identify highly reduced words even
whenthey are presented in a minimal semantic context. A further investigation into the
perceptual salience of duration and resonances in spoken word recognition indicated that the

resonances play a primary role in the correct identification of reduced speech.

Besides contributing to our knowledge of reduced speech, and confirming the role of fine
phonetic detail in speech intelligibility, this thesis highlights the importance of carrying out

a qualitative analysis and using a neegmental approach in the ansily of reduced speech.
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1. Introduction and literature review

The main aim of this research is to investigate the production and perception of reduced
speech. In particular, the focus of this research is orfitnephoneticdetail that remairs in
the signal in highly reduced speech, and hibwelps maintainthe intelligibility of reduced

speech.

Reduction is a widespread phenomenon in everyday speech to the extent that it is
considered othe normal way to comBavaral cat ed (
studies have shown that reduced speech is mostly intekigibld that reduction rarely

hinders communicatiofErnestus and Warner, 2011). The two main factors that play a role

in maintainingthe intelligibility of reduced speech are the context, and the acoustic cues

remaining in the signal. Bearing in mind the portance of the contextual factors in speech
understanding, thithesisfocusses on the role of phonetic detail in reduced speech. In

particular, starting from the assumption that fine phonetic detail conveys crucial linguistic
information which is availale to perception even in highly reduced speech, tbisearch

investigates the production and perception of reduced pronoun and auxiliary combinations

in English.

Several reasons led to the choice of pronouns and auxiliary verbs as object of this
investigdion. English auxiliary verbs are known to have a wide range of variation. Several
lexical, morphesyntactic, and phonological factors affect their phonetic realisation. Some of
these factors are: their lexical category, their lexical frequency and oguern® predictable
collocations, their distribution, the limited set of contrasting sounds in their system, and

their restricted paradigmatic system of contrast.
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This chapter is divided ito three parts. The first part introduces the concept of reduction
andthe phonetic propertiethat characterise reduced sped8ectionl.l). It reports on the
research on the intelligibility of reduced speech (Saetl.1.1), and the main linguistic

factors that influence the type and degree of reductioaviarydayspeech (Sectiofi.1.2.

The second part of this chapter examines the main characteristics of English auxiliary verbs
(Sectionl.2), focussing on the aspects that are mosevaht for this research: the weak
forms of auxiliaries (Sectiod.2.1), and the phonetic features and phonological accounts of

English auxiliaries (Setion 1.2.3.

The third part of this chapter explains the theoretical approach of the thesis (Séc)oit

briefly describes the main aspects of Firthian Prosodic Analysis that are relevant to the
present work (Sectioft.3.]), and the importance of fine phonetic detail in any meaningful
investigation of speech reduction (Sectibr3.3. The chapter concludes with the research

guestionghat will be addressed by this thegiSectionl.4).

1.1. Phonetic reduction

The broad ternreductiorrefers to patterns of variation of speech sounds in connected
speech, along several phonetic parameters. It is commonly used to indicate processes that
are characterised by articulatory undershoot (Lindblom, 1963; Bauer, 2008 smadiated

with a decrease in time and articulatory effort (Barry and Andreeva, 2001). Some of the
phonetic characteristics of reduced sounds and stretches of speech are: temporal reduction,
vowel centralisation and monophthongisation, more open cons@nacdlation, deletion of
phonetic features or segments, and increase in coarticulatory features (Kohler, 1991; Gahl,

Yao and Johnson, 2012igure1 shows an example of a reduced stretch of speech. The
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utterancebut ab you know the vegetatiors uttered by a speaker of RFPhe first part, but

do you knowis highly reduced.

But do_you know the vegetation

5000

4000+

3000+

Hz

2000+

1000+

03 04 05 06 07 08 09 1 1.1 12 13
SecC

bYtkimd> vt : kn|e

Figurel. Spectrogram and waveform of the phrase do you know the vegetationttered
by a speaker of RP English. The first three wowls do you knoware highly reduced
compared to the rest of the phrase.
Figurel shows arexample of reductiomt the beginning of th@hrasebut do you know the
vegetationThered lines in the figure delimit thetretch of speeclbut do you knowfrom
the burst of /bfin butto the burst of the phonological fricative /8/ (whichriealised with a
burst followed by a short portion of friction)The duration ofbut do you knowis 309 ms
The duration ofthe vegetations 730 ms.The palatal approximant igouvmerges with the
preceding plosivef dg while the vowel inyouis realisedas a short nasalised neelose
nearfront rounded vowel. The wordnowis realised as a dental nasakthe nasal
consonanassimilates to the place of articulation of the sound that folldwstances of

reduction such as the one described here are comim everyday speeclin fact, reduction
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is a widespread phenomenon crdisguistically (Barry and Andreeva, 2001). While much

of the literature has focussed on categorical processes of reduction such as deletion (see e.g.
Johnson, 2004; Ernestus, 201dduction is a gradient rather than a categorical

phenomenon (Kohler, 1999; Ernestus and Warner, 2@ligtween the least and the most
reduced forms of a word there is a wide range of realisations on a continuum between the

two extremes (Lindblom, 199Bybee, 2001; Lavoie, 2002; Kohler, 1999, 2011).

This variation can be explained with reference to the principle of language economy: the

tendency to reduce the articulatory effort by the speaker as long as it does not impair speech
understanding by thelise ner (Li ndbl om, 1990)(wherelH&HL i ndbl o
refers -tam do Dyriggabdd) the range of phonetic variation found in speech is

expl ai ned auggofavarbetvweentthe demants on the output on the one hand
andsysterbas ed constraints on t4POp Acoordmegtothe H&H i nd bl o
theory, speakers adapt their production to the perceptual needs of the listeners (the output
constraint) and in relation to the contextual information available, thus varying their

production (the systerbased constraint) on a continuum between hyped hypespeech

(Lindblom, 1990).

The same theory has been implemented by Aylett and Turk (2004) in their Smooth Signal
Redundancy Hypothesis. According teththeory, communication ia balance between

two types of redundancy: language redundaéeyhich can be summarised as contextual
informationd and acoustic redundan@ythe acoustic information contained in the acoustic
signal. In communication these two redundancies are in irveztionship: the more
contextual information is available (e.g. high predictability of a word given the context), the
lessacoustic information is needed (reduction can be high) and-wv&sa (Aylett and Turk,

2004).
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A related phenomenon is the spraaglof nonsegmental correlates of sounds to

neighbouring sounds. This phenomenon is widespread -tiragsistically (Barry and
Andreeva2001) and can be explained with refereni
pervasive, systematic, reciprocal influes@mong contiguous and often roantiguous
speech segment sd (,EQ%31)eGoaticulatory featureR eac spreae n s
across several segments or even syllables, as observed by Heid and Hawkins (2000) in their
study on longdomain /r/ and /llcoarticulation. Common coarticulatory features are the
characteristic colouring or resonances of sonorant conso®amsals and liquids (see e.g.
Tunley, 1999; West1999a, 1999b; Carter and Lo¢@007); and secondary articulations

such as palatalisation, velarisation, labialisation, nasalisation (Kot®&8, 1999; Wesengr
2001). Moreover, coarticulatory features can affect adjacent sounds even when the sound
that triggers them is reduced or agently deleted. Kohler (2011) and Niebuhr and Kohler
(2011) suggest that this phenomenon is due to sounds being more weakly articulated in
reduced speech. In reduced speech, the movements in the vocal tract are more loosely
coordinated, so that the ovepaf adjacent sounds increases, resulting in segmental features

becomingprosodic(Kohler, 1999, 2011).

In Articulatory Phonology (Browman and Goldstein, 1989, 1990, 1982jreat deal of

variation in word forms is explained in terms of two interactingfa or s: t he or educ
the magnitude of individual gesturesodé and th
(Browman and Goldstein, 1989: 214). This view implies that articulatory gestures are not

absent altogether, ave/efegbut, in Browman and Goldsted §£1989) words, they are either

blended(in the case of apparent assimilation) fadden(in the case of apparent deletion).

The increase in gesture overlap over time accounts for the increase in coarticulatory features
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typically found in patterns of ragttion d the articulatory gestures of any given sound start

in anticipation of the sound itself and continue after it, influencing the neighbouring sounds.

The influence on adjacent sounds has important implications for speech perception, as it
meansthabi nf or mati on about that segment i s avai
the case if all cues were confined inside it
raises the question of whether information is lost during reduction or, on theargnt

enhanced by its spreading over longene domains. For example, in the English word

C a fhé masal consonant often undergoes apparent deletion (it is not identifiable as a time

limited segment). Some of its features, however, such as the openithg etlopharyngeal

port, are still articulated and can be perceived in the nasalisation of the preceding vowel
(Barry and Andreeva, 2001). This feature, wh
word recognition and speech understanding rather thaddring them, thus challenging the

view of reduction as loss of information.

1.1.1. Intelligibility of reduced speech

Research has shown that phonetic reductioa jervasive phenomenam everyday speech

(e.g. Johnson, 2004; Ernestus and Warner, 2011; WameiTacker, 2011). Although the

degree of reduction is related to several aspects, suthesspeaking style and rate (van

Son and Pols, 1990, 1999), the speech situation (Ernestus, Hanique and Verboom, 2015),

and the communicative function (Local, Kellmwad Wel | s, 1986), extr eme
reduction, including deletion of entire syllables, is common in conversational speech

(Johnson, 2004). Despite this, speeemainsmainly intelligible (Ernestus and Warner,

2011). It has been shown that listenerk/ren multiple types of cues for the correct

interpretation of reduced speech, including the semantic and syntactic coftarse and
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Ernestus, 2011; van de Ven, Ernestus and Schreuder, 2012), the situational context (Aguilar
and Machuca, 1995; Aguilad,999), and the acoustic cues remaining in the signal (Ernestus,
Baayen and Schreuder, 2002; Janse, Nooteboom and Quené, 2007; Warner, Fountain and
Tucker, 2009; Kohler and Niebuhr, 2011; Niebuhr and Kohler, 2011; Mitterer, 2011; Pitt,

Dilley and Tat, 2011)

Work by Ernestus and colleagues focussa the role of the context ispokenword
recognition and its relation to the degree of reduction (e.g. Ernestal 2002; Mitterer

and Ernestus, 2006; Janse and Ernestus, 2011; van detd&n2012). Ernstus et al.

(2002) showed thah spoken word recognitiothere is an inverse correlation between the
degree of reduction and the amount of context given. They tested the recognition of low,
medium and high reduction in three different degrees of contéxtdarmation: in isolation,

in their phonological context (neighbouring vowels and intervening consonants), and in their
full prosodic phrase or sentence. They found that while tokens with low and medium
reduction could be identified in all contexts, higlreduced tokens needed their full
sentential context to be correctly identified. Janse and Ernestus (2011) investigated which
elements of the context facilitate word comprehension by testing the role of the acoustic
cues and the semantic/syntactic inf@tion contained in the context. Although they found
that both acoustic cues atlde semantic/syntactic context had an effect on word
recognition, the results of their experiments suggdsthat the role of the contextual

acoustic cues is crucial for worcomprehension while the semantic/syntactic context by

itself does not facilitate word recognition.

The importance of the acoustic residues of reduced sounds for speech comprehension has
been demonstrated by Kohler and colleagues (Kohler, 1999; Kohler aglouRr, 2011;

Niebuhr and Kohler, 2011). Kohler and Niebuhr foseslon the role of longdomain
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resonance® which Kohler (1999) termsrticulatory prosodiesd in speech understanding.

They claimedthat articulatory features such as palatality and nasaltyich can spread

over long stretches of speedue crucial for the correct interpretatiaf reduced speech. In

one of their experiments, Kohler and Niebuhr (2011) manipulated the degree of palatality

and the duration of naehsanh/hrerydag an maals esnd genrcée (s
mention this to youd). The sentencelimes gr amn
(which meango yod). By manipulating the duration of the stretch of speéemn (/hnen)

dasand its palatality, they testlthe identification of the words in the sentence without the

influence of the semantic/syntactic context. That is, whether listeners interpret thesente

as containing the wordhnenor not, is solely due to the acoustic cues in the signal. They

found that the articulatory prosody of palatality has a strong effect on whether the utterance

is interpreted as containing the wortinenor not. However, theeffect of the duration of the

nasal consonant was | ess strong. They report
duration has very little influence offinenj udge ment s; when pal atal it
absent [é], duration oanibaéal yKwbbh&lf yandmpNeab

Ni ebuhr and Kohler (2011) refer to the artic
function words. They state that while segments constitute the phonetic essence of less

reduced word forms, the phonetic essermd highly reduced words is retaedin their

articulatory prosodies (Niebuhr and Kohler, 2011). The phonetic essence of a word

constitutedts identity, which is maintained in speech regardless of the degree of reduction.

The phonetic essence of a wordist always be available to perception frccessful

lexical accesslin reduced speech, the phonetic essence of a word is manifested in the

articulatory prosodies, which are crucial for speech understanding (Kohler and Niebuhr,

2011).
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Several linguistic ad extralinguistic factors influence the type and extent of reduction
(Lavoie, 2002). The following sections describe the main linguistic factors that are known

to affect the degree of reduction.

1.1.2. Linguistic factors influencing reduction

Several factors ply a role in the type and degree of reduction found in casual speech. This
section describes the main lexical, morpésymtactic, phonological and prosodic factors that

influence the phonetic realisation of speech sounds.

1.1.2.1.  Word category

Words can be divideihto two classs: function words and content words (Selkirk, 1996).
While function words (also called grammatical words) have a grammatical role in language,
content words (also called lexical words) carry a semantic meaning (Bell, Brenier, Gregory,
Girand and Jurafsky, 2009: 92). The group of function words is a closed class and includes
items such as prepositions, auxiliaries, modals, conjunctions, and determiners. The group of
content words is an open class, and includes nouns, verbs and adjectivask(S€I96:

187).

Functionwordsand content words differ in many aspects. Some of the differences that are

most relevanfor the present research are:

9 function words do not usually receive phrasal stress, unless uttered in isolation or
in contrastive pasion (Selkirk, 1996);

9 function words have several forms that can be classified into two tgmtsong
and weak forms while lexical words have only one type of form (Selkirk,

1996);
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1 frequency and predictability of function words are higher than thdssoatent
words (Bell et al., 2009);
1 the two classes undergo different connected speech processes (Local, 2003);
1 function words have a wider range of realisations and can be more reduced than

content words (Lavoie, 2002).

One of the most importardspects for this research is the wide range of variability found in
function words, but not in content words. It has been shown that there is a vadge of
phonetic variation in function words (see e.g. Manuel, 1995; Ogden 1998, 1e80kins

and Smith,2001;Local, 2003) than in comparable content words (see e.g. Lavoie, 2002;
Local, 2003;Baker, 2008 Clayards, Gaskell and Hawkins, 2021). An example of this is
word-final /m/. As stated by Local, wordinal /m/ in words such agimeand /ime does not
assimilate to the place of articulation of a following consonant, but maintains its labiality in
any phonological context (2003: 333). However, when found in a function word such as the
finite form of TO BE, as in/ § e nasal consonant does assimilata following

consonant, and can thus have as many realisations as the contexts it occurs in. This issue
will be discussed in more detail in Sectidnl.4 At word level, Lavoie examingthe

phonetic differences between phonologically similar function and content words by
comparing the surface form dfim and Aymnin the sentencegive him a hynmand give a
hymn to him(Lavoie, 2002: 177). Although the underlying forms &f7 and Aymnare both
/hn/, their realisations in the aboveentioned sentences, as transcribed by Lavoie in broad

phonemictranscription, are / Pm@ h P m/  a n dmh/wheFe vhe furfetion word can be
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reduced to a syllabic consonant, while the content word retains all its segifieavsie,

2002: 177).

A thorough analysis of the realisations of pairs of function and content words sudr as

and fourin both laboratory angpontaneous speecldleavoie to conclude that there is

more variation in the phonetic realisation of function wardad thatforo e x hi bi t s extr
reduction possibilities not seen in the numb
traditional desdption of function words as having two form$weak and strong forma

Lavoie claimedthat there is not a categorical dichotomy of realisations between the two

extreme formsoforbut a conti nuum of surface realisat

interactond from the most reduced to the | east re

1.1.2.2.  Frequency

Research has shown that the frequency with which an item (sound, word or phrase) recurs
in speech affects its phonetic realisation (Bybee, 2001). The more frequently aorouds,

the more likely it is to undergo processes of reduction such as shortening, deletion of
consonants in coda position, and vowel centralisation (see e.g. Jurafsky, Bell, Gregory and
Raymond, 2001a; Bell, Jurafsky, Fosleussier, Girand, Gregory an@ildea, 2003; Bell et

al., 2009). Several studies have investigated the deletion of \fioadl /t/ and /d/ and have
found a strong correlation with worftequency: /t/ and /d/ deletion occurs more often in
high-frequency words (see Bybee, 2002; Jurafskgple 2001a; Gregory, Raymond, Bell,

FoslerLussier and Jurafsky, 1999). Others have found a frequency effect on vowel

1 As we will see later, besides the word category, other factors contribute to the higher degree of
reduction ofim compared toymn such as: word frequency, predictability and the systems of
contrast the two words belong to.
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reduction and elision (see e.g. Bybee, 2002) and on word duration (see e.g. Pluymaekers,

Ernestus and Baayen, 2005a, 2005b).

The frequeny effect on word production can be explained with reference to the automation
of speech production. As Bybee states (2002: 268):
orepeated neuromotor patterns become more efficient as they are practiced;

transitions are smoothed by the anticipatory oaprbf gestures, and
unnecessary or extreme gestures decrease in magnitude or are dmitted.

High-frequency words are mongracticedthan lowfrequency words, which leads to a
higher degree of gestural overlap and a lower degree of gesture magdittiteateristic

features of reduced speech.

1.1.2.3.  Predictability

Predictabilityd the likelihood of a word given its lexical contextaffects the phonetic
realisation of words too: more predictable words have a higher degree of phonetic reduction

(Jurafsky et al., 201a; Bell et al., 2003, 2009).

The predictability of a word can be measured by taking into account either its preceding

lexical context (the word immediately before it), or the following lexical context, or both
preceding and following contexts (JurafsiBell, Gregory and Raymond, 2001b). Jurafsky

et al. (2001b) found that words with high predictability (given either their preceding or

following context) are shorter, have reduced vowels and are more likely to show coda
consonant deletion. Word durationtise parameter used by Bell et al. (2009) to establish

the degree of word reduction in relation to
corpus of spontaneous speech. Interestingly, they found that frequency is the factor that

most affects comint words, while the duration of function words is more affected by
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contextual predictability (Bell et al., 2009). However, Gregory et al. ckdrihat frequency

and predictability are two aspects of the sa
measu ed by its probabi |l i édyhatwdrdpeolugtionislafapted They
by speakers according to the probability of a word: more probable words have a lower
informational load and can be produced with less articulatory effort, and thus undergo

reduction (Gregory et al., 1999). This theory is strictly related to the idea that speakers fine

tune their productions to the needs of listeners depending (also) on the informativeness of

the context (Lieberman, 1963; Lindblom, 1990). According to Linabl(1990), speakers

adapt their speech to the inf orcongplemeatary avail a
processesoOo, such as word frequency and predi
transmitted i ndniwoer @ r andapenddsti gmmh ocesses, wi

more information being given by the latter, the least information needs to be provided by

the former (Lindbl om, 1990). As stated al so
likelihood of words in contexts is used by speakersanfil f ect s t heir pronunc
(Gregory et al., 1999: 163). In other words, speakers can allow or inhibit the activation of
reduction processes on the basis of their in

2002).

1.1.2.4.  Grammaticalisation

The frequent usef combinations of words leads to thejrammaticalisation (also

grammaticisationpa pr ocess whereby o0a frequently rep:c¢
automated as a processing unitdé (Bybee and S
grammaticalisation, a sequence of words acquires a new grammatical (functional) or

pragmatic meaning (Bybee andlt&ibman, 1999) and loses part of its semantic meaning
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(Heine, 2003). Grammaticalisation is strictly linked to lexical frequency and predictability.

A word undergoing grammaticalisation is used in new contexts in which it was not used

before, thus becomingore frequent and predictable. As a consequence, it undergoes
oerosion (or O6phonetic reductiond), that is,
clear example is that abe going toin which the original semantic meaning of motion verb

is logt and the word sequence has acquired the new function of expressing tense and aspect

of a verb, thus becoming extremely reduced (Heine, 2003). Other grammaticalised word
combinations includé d o n §w h k n @ ovnsdpposad aiiybee and Scheibman,

1999), kind of, sort of rid of, ought to(Gregory et al., 1999)y/sed tdHeine, 2003).

Bybee and Scheibman (1999), in a study of the phonetic realisatiah@fpféund that the
most reduced form off o mécurs when it is preceded by the personal pronguand that

the item that occurs most frequently befareo nsd@ (Bybee and Scheibman, 1999: 580). In
other words, the most frequent combination in whigho roécurs is also the most reduced
one. As they poi ntowodtiiute atbrdge ang procassing it thah d

is gradually undergoing reduction due to fre

1.1.2.5.  Rhythmic and prosodic structure

Prosodic factors such as stress, rhythm, and position in the prosodic structure play a crucial
role in patterns of redumn. It is known that the stress placement affects the phonetic
realisation of sounds and syllables, and that reduction processes are more likely to occur in

weak and unstressed positions that do not bear word and phrasal stress (Shockey, 2003).

A position that is unstressed by definition is the-salledanacrusisThe concept of
anacrusis was first employed in poetry and music to refer to the unstressed syllables or

notes at the beginning of a verse or before the first downbeat of a piece of music (Noel,
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2010) . Il n linguistics, anacrusis is a rhythn
weak syll ables preceding the first-Feaerayent ed
1998: 175). However, anacrusis is an underestigated topic in liguistics. The only

reference to anacrusis in the linguistic literature is found in studies on English isochrony

(see e.g. Hill, Jassem and Witten, 1979; Bouzon and Hirst, 2004). In models of English

isochrony, it is claimed that the durations of the rhyibranits (e.g. feet) in an utterance are
approximately the same regardless of the number of subcomponents (e.g. syllables) within
them. The only exception is anacrusis, which
possi bl ed (Jas s e nHist,204& 224). Unforturiately, in these sudiels,

anacrusis is not investigated in detail. The only characteristics that emerge are that speech in
anacrusis is less isochronous than the speech in other rhythmic units, and that there is some
degree of cormpression in anacruside.g. syllables are shorter as a function of the number

of syllables per anacrusis (Bouzon and Hirst, 2004).

The spectrogram and waveform lfigure 2 provide an example of anacrusis. The sentence
t heydve gissegnentedl intp twod gartst the first part is the anacrusigi(e y 6 ve got

8, followed by the rest of the sentencéqy /efy.
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they ve got a day left
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Figure2. Spectrogram and waveforof ¢t hey 6 ve got a day

In this example, the duration of the anacrusisf e y 6 v ie 306 st (including the hold
phase of the following plosive, as it is not possible to separate it from the preceding glottal
stop). The duraon of the following two syllables is 469 ms (starting from the burst of the
initial plosive, thus excluding its hold phase). Particularly interesting is the temporal
compression of the pronoun and auxiliary at the beginning of the senteffcee y 8 v e
reduced to a short vowel, although a hint of dentality can be perceived at the beginning of

the vowel, but is not identifiable in the spectrogram.

A well-studied phenomenon that seems to contrast with the idea that speech in anacrusis is
highly reduced isdlomaininitial strengtheningSeveral studies have investigated the effects
that the position of a sound in the prosodic structure has on the picaiealisation of the

sound itself (see e.g. Pierrehumbert and Talkin, 1992; Dilley, Shattidkagel and

Ostendorf 1996; Fougeron and Keating, 1997). As explained by Cho, McQueen and Cox
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(2007: 211), oprosodic str eio-tinpgorlirexpangionpfé] can
articulation and a coarticulatory resistance
more forcefully articulated (Fougeron and Keating, 1997) at the beginning of a word, e.g. /t/

in English is more heavily aspirated in werditial position (Byrd, 1996); at the beginning

of a phrase, e.g. /n/ is articulated with more lingpalatal contact in American English

(Fougeron and Keating, 1997) and in French (Fougeron, 2001); and at the beginning of an
utterance, e.g. rounded vowelegsroduced with more lgounding in Dutch (van Lieshout,
Starkweather, Hulstijn and Peters, 1995). Adding to this, Fougeron and Keating, among
others, c¢claim that oconsonant 1initial streng
the prosodicdomai, t he more | inguopal at al contact th
Lastly, one more point in favour of domainitial strengthening is the role of this position

in spoken word recognition and speech understanding (see e.g. Nooteboom, 1981; Cho et

al., 2007. As claimed by Kohler (19911 8 9 ) , o[ t ] h e-inifaypoditianthdsea or wo
higher signalling value for a listener and must therefore be given a more precise articulation

by a speakerdé. The question beintpnimai sed her
anacrusis and domainitial strengthening can coccur. A possible explanation lies in the

type of experiments carried out on speech material occurring in initial positions. First, most

of the studies on domaimitial strengthening focusedon the articulatory and acoustic

properties of single segments rather than on words or syllables; therefore, they athlyse

first consonant (or consonant cluster) and only sometimeéghey go so far as to analyse

the first vowel. Second, most studies l@okat content words rather than function words;

however, the anacrusis is more likely to be occupied by function words or fillers. Third,

mostd but not alld studies of initial positions analydestressed syllables rather than

unstressed ones, revealingagth o boundary effects are cruci al
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pitchaccent 6 and oOstrengthening [is] due to acc¢
Fourth, some studies of domainitial strengthening @l not analyse the beginning of an

utteranceput lookedinstead at the beginning of other prosodic domains, such as the

intonational phrase. For example, Cho et al. (2007: 236) contjiiies beginning officketin

the sentencedwWhen you get on the busicketsshould be shown to the drivand John

bought several buscketsfor hisfamily,. Fi ft h, Cho et al . ds experi

and segmentationid not provide evidence that the domaimtial strengthening affects
word recognition. In fact, they concludée hat o[ | ] exi catsosa&agment ati o
mul titude of factors, including the effectiyv

228).

To summarise, it has been shown that several factors play a role in damaah
strengthening and that this process is probablyapgilicable to all items occurring in initial
position. However, further research is needed before a satisfactory explanation of the co
occurrence of reduction in anacrusis and domiaitial strengthening can be found. The
present research will contributey providing an insight into the nature of speech in

anacrusis.

1.1.2.6. Summary of factors influencing reduction

This chapterso far has explored the lexical, morplsgntactic and prosodic factors that
influence patterns of phonetic reduction in connected spdégras shown that function
words exhibit a higher degree of reduction and a wider range of phonetic realisations than
content words (Sectiof.1.2.). It was explained that lexical frequen¢$ection1.1.2.9

and predictability(Section1.1.2.3 play a crucial role in the process of grammaticalisation,

in which a stretch of speech is reinterpreted as a single phonological unit; this is the case,
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for example,in sequences of a personal proncamd an auxiliary verb suchas don dt
(Sectionsl.1.2.9. Finally, it was shown that words in unstressed positions are more

reduced than words in sseed positions or carrying pitch accent (Sectioh.2.5.

In order to investigate phonetic reduction, a set of words that correspond to all tleedact
just mentioned waselectedpersonal pronouns and contracted auxiliary verbs
combinations, such as h e/6¢ ¢ pdetl. English personal pronouns and auxiliary verbs
belong to the class of function words, are very frequent pretlictable given the context,

and being frequently used in combinations they become grammaticalised. Moreover,
combinations of personal pronouns and auxiliary verbs are usually unstressed and do not
receive phrasal stress, unless in contrastive posifionensure that the personal pronoun

and auxiliary verbs under examination occur in unstressed position, they were analysed in

anacrusis position.

The next sectioexploresthe relevant literature on English auxiliary verbs, describing their
main phonetic ad phonological featureiSectionl1.2.1), and the relationship between their

weak and strong forméSectionl.2.2).

1.2. English auxiliary verbs

This section describes the characteristics of Enghsixiliary Verbs (hereafter EAVS) and
some of the theories on the relationship between their strong ankl feeas. Two relevant
issues are also discussed: the combination of personal pronouns and auxiliaries and the

minimal phonetic features of auxiliaries that convey grammatical information.

1.2.1. Weak and strong forms of auxiliary verbs
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English auxiliary verbs, ke several (but not all) monosyllabic function words, have two

kinds of forms: weak forms and strong forms (Selkirk, 1996). In traditional accounts, the

weak forms are described as reduced versions of the strong forms along several parameters.

Specifically, weak forms are characterised by shortening (reduction in duration), vowel
centralisation (reduction in magnitude of the articulatory gestures) and sound elision

(segmental reduction) (Cruttenden, 2008).

On a broader linguistic level, the main differendestween EAV weak and strong forms

are:

the position they can occur in (their distribution);
whether they can be stressed,;
the set of vowels that can occur in the nucleus;

the permitted syllable structures;

= =_ =2 -4 -

whether they can form the negative forms.

(from Kaisse, 1985; Simpseri992; Selkirk, 1996; Ogderi999)
Syntactically, weak and strong forms are not interchangeable as they do not occur in the
same contexts (Kaisse, 1985). It can be said that weak and strong forms are in
complementary distribution: irsolation, in contrastive position and in senteficel
position only strong forms can occur, while in all the other environments only weak forms

can occur (Selkirk, 1996).

Prosodically, weak forms are 0str eesssedands s
unreducedo (Sel kirk, 1996: 200) (but see
consequence, strong forms have full vowels, while weak forms can only have the wdwel /
and in a few cased?/(Palmer, 1965; Ogden, 1999; however, Cruttende®& ncludes

also A).
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Mor phol ogically, the negative faocredsdpwitt h t he
mu s tcandbe formed only by the strong forms, and not by the weak forms of auxiliaries

(Ogden, 1999). The formation of some negative formme complex thajust the

addition of the finite adasinfoimasughama@ist he con

w o nddut this aspect is not covered here as it is not investigated in the present research.

1.2.2. Relationship between weak and strong forms

The relationship between weak and strong forms is a matter of deDat way to relate the
two types of forms is to treat the weak forms as deriving from the strong forms (Zwicky,
1970). The derivation can be explained with reference to the Auxiliary Reduction (AR)
process (Zwicky, 1970; Kaisse, 1983), which involves badtlopological and syntactic rules
(Lakoff, 1970) and results in the contracted forms of auxiliaries, suct @ v @/ /
According to Zwicky (1970), the auxiliaries that undergo ARwill, wouldand the finite
forms of BE andHAVE & can be derived from thefull forms by applying an ordered set of
phonological rules: glide deletion and wenditial unstressed vowel deletion. For example,
applying these rules tavi//, it first becomes %/, and subsequentlg /the latter form must

then be attached to ag@moun, to obtain a formsuchash e.y 6/ /

One of the main arguments against a derivational account is that there is no rule in English
that deletes worgnitial /w/ in all items in the lexicon (Kaisse, 1983, 1985). Even
considering only a restricted wordads, such as that of function words;Deletion never
affectswhat why, with, wasand were(Kaisse, 1983; Ogden, 1999; Simpson, 1992). Kaisse
also rejects the idea that AR is a phonological rule, stating that AR is rather a set of rules

that indicats in which contexts the contracted forms can be used (Kaisse, 1983, 1985).
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Kaisse treats Auxiliary Reduction as a casesofple cliticisation(Zwicky, 1977 in Kaisse,

1985): oO0a syntactic or morphological adjunct
(Kaisse 1985: 39). In her view, the contracted forms of auxiliaries are clitics: grammatical
elements that are not independent but need to be attached to a word or phrase. A

consequence of the process of -clittgraupbciasatai on

ophonol ogi cal unitdé (Kaisse, 1985: 39). Mor e
auxiliary forms do not derive from their str
to be |listed in the | exicon 9%.Hovewgrsassdtaedt he f u

by Ogden (1999)treating the weak and strong forms as suppletive allomsfaiis to

acknowledge the connections and similarities between them.

Ogden (1999) provides an account of EAVs that highlights the phonological relationship
between the various weak and strong forms. Using a polysystemic approach, he suggests
dividing EAVs into four subsystems, depending on which forms each auxiliary can take.
Each subsystem has its own phonology which accounts for the various forms in ifotihe

forms an auxiliary can take are (exemplified usifgve:

strong formsd /CVV(C)/, e.g. /hav/
(weak) syllabic forms with onse&t /CXC(C))/, e.g. /bw/
(weak) syllabic forms without onsét/>C/, e.g. Bv/
(weak) nonsyllabic formsd /C/, e.g. /v/

(Ogden, 1999: 67)
The distribution of syllabic and nesyllabic clitics is different: while syllabic clitics can be
attached to nompronoun hosts, nesyllabic clitics must be attached to a pronoun (with the

exception of /s, z/) (Ogden, 1999: 70). OgdekelKaisse, supports the view that the

pronoun and the auxiliary function as host a
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(Ogden, 1999: 75). Once again the tight relationship between pronouns and auxiliaries

emerges.

This close relationship is not restricted to the contracted forms su¢h@gno v,@ vhee.y 61 /

In their study ofd o nBjlsee and Scheibman (1999) analysed the correlation between

frequency of occurrence and phonetic realisatio/od padid found thathie auxiliary is

more tightly connected to the pronoun that precedes it than to the verb that follows it. They

related this phenomenon to the process of grammaticalisation (see Sectighg.

However, it can be explained also with reference to the syntagmatic relations between

words in a sequence. In the casedfo D &liose context is highly constrainédBybee and

Scheibman (1999) obser¢hat intheir data, the range of lexical items occurring after

d o nsdnbre than double the items that occur before it. As they dtatet he ouse of e
in sequence strengthens their syntagmatic r e
optionsarethemot f used phonologically [€é]6 (1999:
claim that there is a o0general tendency in E

evidenced by contractions suchéas ol véad b6 e (Bybee and Skfhei bman

1.2.3. Phonetic features and grammatical information

One more factor that contributes to the wide range of variation in the realisation of EAVS is

their belonging to amall paradigmatic system: a restricted set of items in paradigmatic

relation, which meanghat the items that can occupy the auxiliary position are only a few.
Considering again the example of wefidal /m/in / &amd /ime, Local observes that 6 m
contrasts only with other béprawdotheem onpast f
contains a nas@onsonant (Local, 2003: 334). Even if we extend the paradigmatic system

of items that can occur after the pronodio include the auxiliaryHAVE, only a few items
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can occur in that position. Table 1 gives an example of the small number of items in the

paradigmatic system of auxiliaries that can occur after

told

SYECHEEE

Tablel. Paradigmatic system of contracted auxiliaries that can occur between the prbonoun
and a past participle.

Table 1 shows that only three auxiliaries (or no auxiliary) can occupy the position between

the personal pronouhand a past participle. Of theskree auxiliaries, only one contains a

nasal consonant. This means tkta@ place of articulation of the nasal is not criticalttee

identity of the auxiliary@nin this system. As the only nasalasality alone is enough to

maintain the identity of the adiliary, and changingits place of articulation does not change

the meaning of the word. In the class of content words, however, a word suétmas

contrasts, for example, withine This means that in the case of content words, changing the

place of artculation of the nasal consonant from bilabial to alveolar changes the meaning of

the word.

This is due not only to the restricted paradigmatic system of auxiliaries, but also to the
small set of sounds (or phonetic features) used in this word classcitfa EAVs are ov
economi cal in their exploitationdé of the sou
English (Simpson, 1992: 211n the consonant system of EAVS, in coda position, /m/ is

the only nasatonsonantall the other consonants in cog@stion are oral and are
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articulated at the alveolar ridge (e.aé, is, could mus}, excepthave In both onset and
codaposition only singleton consonants occur, except tomsonantluster /st/ inmust

This economical set of sounds (and sowminbinations), however, is sufficient to express

the grammatical information provided by the auxiliaries: aspect, tense, nuiaheiperson.

Dividing the system of auxiliaries into subsystems, a clear picture of the correlations

between phonetic featuread grammatical information emergds. the sutsystem of finite

forms of BE, which is the most complex subsystd@impson, 1992)three parameters

correspond to the three present tense foams /s, are As stated by Local (2003: 334), this

is0 a ttérmsystem of contrast where the contrasts involve parameters of nasality (as in

/ §,mentrality (as iny o v)armd &iction (asins / h & HAs fordhe relation between past

and present, Simpson (1992: 213) isatomdoés t hat
YW, whsdraends -rffooun dintbgmbamasl f or oObackness and
tense aspect is expressed also in the modal auxiliaries, which, for the majority, do not

express person and number, except for the auxil@wyln the modal auxiliaries, the tense
aspect is expressed by the 0sddoep smuliles sd at
would) and again by the opposition betwe€éand", so that if the present tense form has

its past counterpart hds and vice versaas in do-did (but carrcould. Following the

Firthian tradition (see Sectioh.3.1), Simpson (1992: 214) represents the auxiliary through
formulaewhich aim to express the grammatical relation between the variousfeems.

For example, he represenms// and wouldasYWcL and“WcD?, where the symbols

represent ocomplexes of phonetic parameters

2 In contexts and accents inhich /r/ is realised, such as in rhotic accents and in-ywealic position

in non-rhotic accents.

*The symbol o0c6 stands for oclose vocalicityo (S
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superscripts represent phonetic properties that extend over the whole syllabies(s,

1992: 213).

1.2.4. Summary of English auxiliary verbs features

To summarise, English auxiliary verbs have strong and weak forms. These two kinds of
forms occur in complementary syntactic contexts and differ in prosodic and morphological
features. For this reason an account that derives the weak forms from the strong)it
unsatisfactory. A more suitable approach is to treat the weak forms as belonging to different
phonological systems according to their forms, and to treatsyiabic forms, which can

be attached only to pronouns, elgticised forms The relationkip betweera pronoun host
anda cliticised form of auxiliaryis a close one that leads to the phonological fusion and
grammaticalisation of the pronoun atitk cliticised form of theauxiliary. Finally, personal
pronouns and auxiliary verbs belong to twmall paradigmatic systems, which means that
they contrast with very few items. For this reason, they exhibit a wider range of phonetic
variation that content words and can undergo a high degree of reduction without

undermining speech comprehension.

The net section describes the theoretical approach of this thesis.

1.3. Theoretical approach

Reduced speech is characterised by a high degree of apparent deletion of sounds and sound
sequencedMost traditional phonemic accounts of reduction focus on processedetiate

and quantify the degree of reduction by counting missing segments or syllables (see e.g.
Guy, 1991; Greenberg, 1999; Johnson, 2004; Pluymaekers et al., 2005a; Raymond,

Dautrincourt and Hume, 2006; Schuppler, Ernestus, Scharenborg and Boves, 201de Va
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Ven et al., 2012; Ernestus, 2014). However, as mentioned in Settipmeduction is a
gradient rather than a categorical phenomenon (Kohler, 1999; Ernestu&/amr 2011)
and everin cases oextremeredudion in which segments and syllables are apparently

missing, speech remains intelligible (Ernestus and Warner, 2011). As stated by Ernestus and

Smith (2018: 130) o0oin extreme cases of reduc

the speech signal, ysufficient phonetic residue ofawodds f or m may r emai n
fully identi f i amdceutof rédaction thdt is exclusieely segmental and

guantitative leaves many questions unanswered. For exampédsito explain why

a

redudion does not hindethe intelligibility of speech | f somet hing i s 06mi s:

acousticoutput, how does human communication remain intelligible? A-segmental

approach like the one adopted in this thesis is more suitable to answering this question

The following sections explain the theoretical framework of this thesis, starting from a brief
description of the core principles of Firthian Prosodic Analysis that are relevant for the
present work, the importance of fine phonetic detail, and the rbkrticulatory prosodies

in speech understanding.

1.3.1. Firthian Prosodic Analysis

This thesis draws heavily on theoretical concepts fromtttan Prosodic Analysis (FPA)

(Firth, 1948; Palmer, 1968, 197@gden and Local, 1994; OgdeP012. Firthian Prosodic
Analysis (FPA) is a phonological approach to studying languages that is fundamentally
different from mainstream approaches suclitesones of the generative tradition (e.g.
Chomsky and Halle, 1968Dne of the concepts of FPA that is crucial for the prrese
research is that of polysystematicity. | n

interacting systems that can be analysed independently. Each system has its own
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phonological categories. While phonemic approaches rely on the concept of allgptwone
explain phonetic variation, FPA explains systemaitimoneticvariation with reference to the
systemlexical (and morphological) itemiselong to. This means that the same sequence of
sounds has different phonetic exponents in different places in thetate. For example,
Smith, Baker and Hawkins (2012) showed that phonetic detail reftbet morphological
structure of words. In their experiment, they showed that the same sequence of phonemes
exhibits different phonetic features according to its maiplgical status. They compate

the phonetic features of sequences of sounds suchRsafad /nf8/ in true prefixed words
such asmistypeand discolour, against the same phonemic sequences in pspuefixed
words such agnistakeand discover Their acoustic analysis revesdl that the duration and
spectral qualities of the prefix and pseuprefix differ as a consequence of the
morphological word type.n FPA, this can be explained with reference to the systems the
two categories of words belong to. Trpeefixesbelong to a system that has different

phonetic features from those of the terms in the psepiddix system.

The view of language as polysystanis crucial for the present worksit makes it possible

to treat the weak forms of auxiliary verbs as belonging to a separate system. Instead of
treating the weak forms as subordinate dod derived fromthe strong forms, a

polysystemic approach exjtes the variation between strong and weak forms (and between
the various types of weak forms) as a function of the system they belong to. The two forms
are still related, but one is not derived from the other. As explained in Sedtidr2, strong

and weak forms occur in complementary positions in the structure or fulfil a different
linguistic function. Each system has its own phonological featuresngao different

phonetic realisations from those in other systems.
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One of the core principles of FPA is the focus placed on syntagmatic relations (Firth, 1948).
While in traditional phonemic theories prominence is given to paradigmatic relations
betweencontrasting elements (e.g. phonemes), FPA claims that syntagmatic relations come

first. In FPA terms, syntagmatic relations are related to the structure of a language, while
paradigmatic relations are related to the systems. The structure must be estfilist)

before the systems, which operate in the structure, can be analysed. The paradigmatic
relations, on the other hand, establish the

closed sets of el ements operLachlild8§:148)t pl aces

Intrinsically linked to syntagmatic relations is the concept of prosodies, which gives the
name to FPA. Prosodies are phonological elements or entities that characterise and/or
delimit stretches of speech. Prosodies operate in spgudices in the structure; they are
ophonol ogi cal units which handl eAnseyamigleagmat i c
of prosodies can be found in the phonetic detail of the lateosisonantn onset of/edand
/et Hawkins and Nguyen (2004) showed thie lateralconsonantén /edand /et differ in
duration and spectral qualities depending on whether the consonant in syllable coda is
voiced or voiceless. While a segmental approach cannot account for the spectral and
durational differences in the lat@rconsonantn onset, FPA treats the coda voicing as a
rhymelevel contrast, which heexponents over the whole syllabl®¢den, Hawkins,
House, Huckvale, Local, Carter, Dankovicova and Heid, 2000at is, he phonetic detail

of the syllableist he ef fect of thehymewoi cingd feature o

1.3.2. Articulatory Prosodies

Used with a subtly different meanindjé concept of prosodies is central also in the wofk

Kohler (1999) and colleagues (Niebuhr and Kohled12; Kohler and Niebuhr, 2011) on the
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production and perception of reduc&dhctionwords in German. In his work on reduction,

Kohler uses the term rdiculatory prosodie$to refer toarticulatoryresidueghat remain in

the signal in reduced word form#n his view, articulatory prosodies are distributed, leng

domain featuteedt hat spreeifmfott & e glihekohle | uni t s
and Niebuhr investigate the reduction of German function wireern(Kohler and Niebuhr,

2011) and the maal particle eigentlich(Niebuhr and Kohler, 2011) in spontaneous speech.

They claim that reduced word forms are char a
extend over stretches of speech longer than the segment. Such articulatory prosodies are

features such asasality, palatality, labiality and glottalityAccording to Niebuhr and

Kohler (2011), me of the roles of the articulatory p
e S s e n c avord. dhieydestrike the phonetic essence of function words as tteitity.

That is when words are reduced and segments cannot be identified due to reduction, the

identity of the word is maintained by tivearticulatory prosodiesThese articulatory

prosodies are not temporally delimited, amd,cially, they are availble to perception even

when the segments they are tied to are not identifiable. Niebuhr and Kohler (3Q9).:

share the view that a segmental approach is unsuitable for the analysis of reduction as it

oruns into conceptual eaturesofvewalsandhen t he
consonants as well as their assimilation or elision are no longer linearly
segmentable [é], and when phoneme string
syllables to whole words, need to be marked as deleted qua segmental units

although the sigal portion is still recognized as containing the full lexical
information in the utterance context. o

Last but not least, an essential element of the-seegmental approach adopted in this thesis

is the importance of fine phonetic detail, dsscribed in the next section.

1.3.3. Fine phonetic detail
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In the literature, the term fine phonetic detail has been used to refer to two slightly different
types of phonetic phenomena. its broader use,ife phonetic detaitefers to anyusually

local, phoneic feature that is not involved in maintaining the lexical contrastl it is thus
considered irrelevant in phonemic theorigtawkins, 2010)The other meaning of the term

is used torefer to the systematjaisually distributedvariationsobserved in spech that

convey grammatical, linguistic and conversational mearfgwkins, 2010) As explained

by Local (2003) and Hawkins (2003mong othersspeech is richn phonetic detail that
conveys meaning beyond the lexical semantic meaning of phonemes. Rbaletail

provides information about grammatical and communicative aspects of speech, such as the
prosodic structuref utterancegFougeron and Keating, 1997; Cho, 2016), the lexical
category of words (Local, 2003), themorphological structure (Smitetal., 2012;

Clayardset al, 2021), th& pragmatic function (Plug, 2008nd moreln this thesis, the

term fine phonetic detail is usedith this second meanintp refer todistributedphonetic

features that convey grammatigaformation or function

Fine phonetic detail, which is often overlooked by segmental approaches, has been shown to

be available to perception and used for the correct interpretation of speech (Locaj, 2003

Hawkins, 2003a, 2003bTraditional phonological theories focus on phonemantrast and
consider phonetic detail ©6éacoustic noised (s
However, it has been shown that this kind of phonetic detail that prewgammatical,

lexical, and interactional information, is available and is used in speech understanding.

Several studies have investigated the acoustic phonetic differences between stretches of

speech that have the same sequence of phonemes, but sigmalatif;m such as

grammatical function or structure. For example, Davis, Mardlitson and Gaskell (2002)

provided evidence that phonetic detad used in lexical access. They investigated the role
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of acoustic cues in spoken word recognition in the santgieace of phonemes in three
different word combinations: onseimbedded words (e.@adair), short words in matching
context (e.g.captucked and mismatching context (e.gap/ooking). They found that
listeners use the phonetic detail available at thgibning of these words to disambiguate
between themTheir researcldemonstrate that phonetic detail providamportant

linguistic information thatis perceptually salient and hedpvord recognition.

To summarise, the approach of this thesis is+segmatal and attentive to fine phonetic
detail. A phonological approach such as Firthian Prosodic Analysis can explain the variation
in fine phonetic detail thais related to the linguistic structure and meaning. As shown by
Local (2003) and Hawkins (2003) amngst othersphonetic details rich in information and
conveysmeaningbeyondthe contrastive lexical meaning assigned to phonemes.types

of phonetic detail cannot be explained with a segmental approach which overtodiss

summarised by Hawking003: 374)

osome of the important details are not
phonologicallinguistic units; yet when they are systematically reflected in

the speech signal, they too can be crucially important to communication.

[ é Firthian prosodic malysis (FPA) has the potential to systematize fine

(and notso-fine) phonetic detail into richly specified linguistic structures

that represent the salient contrasts of

1.4. Research questions

One of the aims of this thesis is tovastigate the phonetic detail that helpaintain the
grammaticalkontrast between minimal pairs (e.§./# eaddd / ¢ id reduced speech.
Although it might seem a contradiction to look phoneticdetailand prosodic features

beyond the phonemes investigatethe contrastbetween minimal pairghe rationale for
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looking at fine phonetic detail is that in reduced speech, segments are apparently deleted or
might undergo modifications, as in the case of assimilatibis precisely in these instances,
when the segmental features tifate thought tomaintain the contrast ar@pparently

missing, that fine phonetic detail plays a crucial ratethe intelligibility of speech. This
approach is based dwo fundamentahssumptionsFirstly, that reduced speedh

intelligible and that reduction does not constitute loss of information and does not hinder
communication. Secondly, thte grammatical, linguistic, and communicative information

is conveyedby fine phonetic detajlrathe than by segments which might be apparently

missing, especially in reduced speech.

Without disregarding the importance of linguistic and exXirgyuistic contexts for the

correct interpretation of speech, this research focusses on the phonetic featpreaain

and auxiliary combinationthat play a role in maintaining speech intelligibility. In
particular, starting from the assumption that fine phonetic detail conveys crucial linguistic
information,which is available to perception even in reduced speduis research aims to
address the following questions

1. Are function words characterised by fine phonetic detail that remains in the
signal in reduced speech?

1 What are the main phonetic features of function words that remain in the
signal in highlyreduced speech?

2. Is theparadigmaticontrast between function words maintained by fine phonetic
detail?

3. Is the fine phonetic detail that maintains the contrast in reduced speech available
to perception and sufficient for the correct identification of wordseduced
speech?
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At the same time, through a detailed qualitative analysis, the research reported in this thesis
aimsto describethe range of variation in the realisation of pronoun and auxiliary

combinations.

By analysing the phonetic features of texdd function words and the perception of fine

phonetic detail in the same words, this research combines two aspects that so far have been
investigated only separately. As described in this chapter, research has focussed either on
the phonetic variation ahthe fine phonetic detail of function words (e.g. Lavoie, 2002;

Local, 2003), or on the perception of reduced speech (e.g. Ernestus and colleagues; Kohler
and colleagues) and fine phonetic detail (e.g. Hawkins and colleagues). The present research
startswith the auditory and acoustic analysis of original material; follows with the

identification of the phonetic features that distinguish minimal pairs of reduced function
words; and concludes with the investigation of the perceptual salience of these ishonet

features and their role in spoken word recognition.

The thesis is divided into two parts. The first part reports on the auditory and acoustic
analysis of the data collected in a production study (Chaptess £hapter 2 describes the
methodology of thalata collection and the analyses carried out. Chapters 3 and 4 report on
the variation observed in the pronoun and auxiliary combinations analysed, with a focus on
the fine phonetic detail andssential phonetic features that characterise them. Chapter 5
investigates the contrast between pairs of paradifpogssing on thecoustic featurethat
maintain the contrast in reduced speeChapter 6 describes some aspects of the variability

observed in reduced speech

The second part of the thesis focusses on the perception of reduced pronoun and auxiliary
combinations. Chapter 7 reports on a perception experiment that investigates the

intelligibility of highly reducedpronoun and auxiliary combination€hapter 8 repds on a
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perception experiment that investigates the role of two selected acoustic parameters in the

correct identification of pronoun and auxiliary paradigms.
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2. Methodology

This chapter describes the methodology of the produatigqmerimentand the analsis of the

data collectedlt is divided into three partsThe first part describes the reasoning behind the
type of material recorde{Section2.1.1), the elicitation material create®ection2.1.2), the
procedures of the experimerand the participante/ho took part (Sectior2.1.3. The

second part describes the type of qualitative analysis carried out on the data with reference
to thetheoretical approach described in the first chagfection2.2.7). It explains the
conventions of the phonetic transcription that accompanies the figures (S@c&dn3.)

and the terminology used in this thesis (Secti.1.3.3. The third part describes the
guantitative analysis carried out on the data. It explainsaeotation of the recorded
material(Section2.2.2.), theacoustic analysi§Section2.2.2.9, and the statistical analysis

(Section2.2.2.3.

2.1. Data collection

The production study had three main aims. The first aim was to identifydescribe the
range of variation in the realisation gfonoun and auxiliary combinatior{eereafter

pr+aux) in anacrusis. As explained in Chaptirfunction words exhibit a wider range of
variation than content words. The second aim was to establigthen pr+aux are
characterised by fine phonetic dettilat remain in the signal when speech is highly reduced
and O6segment s d.Taatis, wiethq prraexrare thgracterisedtbgsential
phonetic features that are always present even inlhiggduced speech. The third aim was
to determine whether th fine phonetic detaihelps maintain the contrast between minimal

pairs of paradigms in reduced speech. For this third aim, minimal pairs of paradigms had to
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be acoustically analysed and compared. In light of these three aipiyduction
experiment was carefully designedhd following sections explain the design of the

experiment and the audio material recorded.

2.1.1. Experiment design

The aim of the research was analyse reduced speech and to investigate the role of fine
phonetic detail in the intelligibility of reduced speech. For this reason, as explained in

Chapterl, it was decided to analyse pronoun and auxiliary combinations in anacrusis.

In order to invesigate the fine phonetic details of reduced word form, the data collected had
to be of excellent acoustic quality. For this reasarcarefullydesigned production

experiment was carried out in which all the factors that are known to correlate with
reducton were controlled for. These include preceding and following phonological context,
stress and rhythmic structure of the sentences, influence from neighbouring sounds, and

speech rate.

2.1.1.1.  Spontaneousarsts read speech

Initially, this project aimed at analysg pr+aux in spontaneous speech. The rationale

behind analysing spontaneous speech was that it is known that the style of speech influences
the amount of reduction (Browman and Goldstein, 1990; Shockey, 2003; Johnson, 2004;
Dilley and Pitt, 2007), with spataneous speech exhibiting the highest degree of reduction.

At first, several types of already recorded audio material from oosyavailable were

examined, including radio programmes, telephone conversations, antoféaee

conversations. However, degpithe large variety of material considered, it was not possible

to find all the pr+aux combinations needed in any one of th@poraexamined. Moreover,
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for an accurate acoustic analysis and comparison of the phonetic detail of pr+aux, it was
important tocontrol for the phonological context (preceding and following environment)

and the prosodic structure (stress and rhythm) of the sentences. This was not possible using
spontaneous speech. Moreover, it has been shown that reduction occurs in all styles of

speech, including formal read speech (Cole and Shattludkagel, 2018), careful speech

(see Warner and Tucker, 2011), and in situat
partnerd such as | abor at or y 35 kottheseeasans,if C|l oppe
was decided to elicit the material in a laboratory setting under carefully controlled

conditions. Although the degree of reduction cannot be expected to be as high in read

laboratory speech as in spontaneous speech, several methods were ekatttoe most

reduced speech possiblén the whole, it was thought that the benefits of recording all the
paradigms with high acoustic quality outweighed the downsides of renouncing speech in its
natural use and possibly a higher degree of reductiomndJscripted sentences, it was

possible to elicit all the targatemsneeded and to control for the phonological context, the

prosodic structure, and the speech rate. The following sextiescribe the design and

procedures of the elicitation task.

2.1.1.2. Targd items (pr+aux)

The aim of the study was to collect all paradigms of pr+aux in unstressed position in
declarative sentences. In order to investigate reduction, it was decided to leave out those
modal auxiliaries that have only a strong form and no weakf neeq may, might dare
useaand ought(Simpson, 1992: 218). Initially, the auxiliariesust shoulq canand could
were included in the data. However, it was noticed in the recordings of the pilot study that

these auxiliaries were usually stressesiek when the speakers were given clear
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instructions about which word had to be stressed in each sentence, this was often not
achieved in the case of sentences sucl@s must take a batfThe auxiliariesmustand

shouldwere therefore discardedable2 shows all the pr+aux that were recorded.

BE BE HAVE HAVE WILL WOULD
present past present past (present | (pas)
I | 6 m | was | Ove | 6d | 1 | 6d
she s h e 8| shewas shed shed shed shed
he heds hewas heds hedd hedl heodoc
it it &g itwas it ¢ itdc 1ito i to
you youod youwere, youo youod youd youdod
we wedr wewere weovV wedd wedl wedc
they t hey theywerel t hey they they they

Table2. Paradigms included in theroduction study and recorded.

For the acoustic comparison of the pr+aux, all the target items had to be in the same
phonological context and the sentences uttered using the same rhythmic paltemext

section explains how this was achieved.

2.1.1.3.  Elicitation material

There were two main challenges in the experimental design of the production study. The
first challenge was to record all the pr+aux combinations in the same phonological context
and with the same prosodic structure to make them acousticallyaaable. To overcome

this challenge, all the pr+aux were placed in the same sentdram@e and clear

instructions about the rhythm of the sentence were given to the spedikerspeakers were

told that the focus of the sentence was on the last wordtanqdace the main stress of the
sentence on that word’he second challenge was to trigger an adequate degree of reduction.

To overcome this challenge, the meaistructure was controlled for and the pr+aux
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placed in anacrusis. Furthermore, each sentevacerepeated five times to trigger reduction.

All these aspects are described in detail in the following sections.

2.1.1.4. Prosodic structure

To elicit reduced pronoun and auxiliary combinations, the position of the pr+aux in the

sentences and the prosodic struetof the sentences were carefully constructed.

Articulatory realisation depends heavily on the position of an element in a phrase, so that
elements such as function words that have more than one form (weak and strong forms) are
produced differently accding to the prosodic position they occupy in a sentence and the
degree of stress they receive. Besides controlling for the position and stress of the target
items, the rhythmic structure of the whole utterance had to be controlled for, as it can affect

all the elements in the utterance.

All sentences were constructed to have a pronoun and auxiliary combination in anacrusis
(initial unstressed position), followed by a monosyllabic verb, followed by an unstressed
element such as a preposition, a pronoun, dicla or an affix, and finally a monosyllabic
noun.The desired rhythmic pattern is shownkigure3(us i ng Ji | | Housed

prosodic hierarchy, see Ogdenal.,2000).
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AG f’iG

Fnlot Foot
Syllable Syllable Syllable  Syllable
Yy/i burn the toast

Unstressed Stressed Unstressed Stressed

Figure 3. Desired rhythmic pattern of the sentences.

In this rhythmic pattern, the pr+aux is in the weakest position, it is unstressed, and can be
highly reduced. The phrasal stress is on the last word of the sentenoeder to maintai

this rhythmic structure, all verbs, nouns and adverbs were monosyllabic, with the exception
of the inflected form of the present and past continuous, e.gning Table3 shows some

of the sentences constructed aadimig to this rhythmic pattern.

Weak position Strong position Weak position Strong position
pr+aux main verb article noun
shedl / burn the Steak
pr+aux verb stem conjugation noun (except *)
/ 6 m burrr -ing sticks
we were burrr -ing wood
it 6s burrr -ing fast*

Table3. Examples of sentences following the-B/W-S rhythmic pattern. All sentences had
a noun in coda position except for the sentenststingwith / ¢ 6 s  @marked with gn
asterisk *)
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2.1.1.5.  Phonological context

In order to avoid any influence on the pr+aux from neighbouring sounds, the pr+aux were
preceded by a pause and followed by the same verb in the appropriate form. The verb
chosen wasURN. Several factors were taken into account in the choice of the verb,
including phonetic, lexical and semantic factors. From an acoustic phonetic point of view,
an initial plosive was considered the best sound to follow the pr+aux in thatplosive

burst facilitates the measurement of duration. To avoid the influence flial articulatios,

the bilabial plosives /p/ and /b/ were considered the best choice, as the bilabial articulation
does not interfere with the movement of the tongue. As for the vowel in the nucleus, the
most neutral lingual articulation is that of a magntral vowel, which is similar tohe
neutraltongueconfiguration(Laver, 1994. The closst English vowel to the mid central
positionis /5 / .  Ver bt Wwibwnhourés birth and burn The verbburnis the

only one that can be followed bg range of nouns both with and without an article, which is
needed to maintain the metrical structure of the sentences with the various tense forms of
theverb (e.gs h e 6 s b u rsnhienbgs wbouokah is alsb theeverk with e highest
lexical frequency of the four monosyllabic verbs with #5./Moreover, the past participle

form of the verbBURN is also monosyllabic and maintains the same vowel/ .

2.1.1.6. Repetition

* Thelexical frequency of the vertburnby lemma in the BNC spoken and written sabrpora
(Leech Rayson and Wilson2001) is 53/1,000,000, followed b§urstwith a lexical frequency of
25/1,000,000. In the spoken sgbrpus only (nodemmatised), the lexical frequency 6t/rnis
13/1,000,000.
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Repetition is known to trigger reductiore.g. Fowler and Housum, 1987; Aylett andrKk,

2004; Pluymaekers et al., 2005I5jor this reason, each paradigm was repeated five times in
a row in an almost identical sentence. The only difference between the five sentences
containing the same paradigm was the noun at the end of the seni@aiide4 shows an

example of five sentences with the same pr+aux.

Shedbs bur

Sheds bur

Sheds bur

Sheds bur

S T I T (s R s T S

Sheds bur

Table4. Example of repetition of a paradigm in five almost identical sentences except for
the last word in each sentence.

Using repeated sentences but changing the final word meant that the noun at the end of the
sentence was omrbew ni refacrhmatepeti ti on, whil e ¢t
informationd. New information is more |ikely
carry the nuclear stresgiwkins and Warren, 1994while old information is more likely
to be reducd. Moreover, each new noun had a contrastive function compared to the other
nouns due to biag placed in the same position in the same sentence. Contrastive items are

more likely to be the focus of a sentence and to carry the phrasal stress.

2.1.2. Prompting madrial

A Microsoft PowerPoint presentation with a sentence on each slide was created. During
pilot work, it emerged that, despite clear instructions on which word of the sentence had to
receive the main stress, speakers would sometishét the stress fronthe noun to the

verb. For this reason the noun of each sentence was written in bold characters and
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underlined. Two pictures were placed on each slide, one for the subject and one for the
object of the sentence. The rationale behind adding pictures telithes was twofold. On

one hand, the pictures would make the reading task less boring for the participants. On the
other hand, the pictures were meant to distract the participants so that they would not focus
on their production and speak more naturafygure4 shows an example of three

consecutive slides.

(i (= =S

a/ -\;__ S rF-‘,/ .-..: ‘,// {‘u__ p
P N P e P e

jlas - \ b;.w

AL

She’d burn the cake She’d burn the toast She’d burn the jam

Figure4. Three slides of the PPT presentation used to elicit the spoken material.

To control for speech rate, the sentences waesented to the participants in a timed slide
presentation. Each stimulus sentence wiaplayed for 2.45 second$he total number of

sentences created to investigate reduction was B88&ever, he total number of sentences
in the elicitation task was 36.° Eight timed breaks were inserted in the slide presentation

(approximately every 70 sentences). Each break lasted for 32 seconds.

During one of the pilot experiments it was noticed that sometimes speakers would change
the rhythmic pattern of the semtees. Because of the importance of the constant rhythmic
pattern for the acoustic analysis and comparison of the paradigms, the desired rhythmic

pattern was repeatedly played to the participabhefore the beginning of the recording

> During the elicitation task, 377 sentences were recorded to analyse another feature of speech that is
not included in this thesis.
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session and during edreak The rhythmic pattern was recorded by a male speaker of

Standard British English using the words <ida, tada>.

2.1.3. Participants and recording procedures

Speakers were recruited at the University of York. Fifteen speakers were recorded, but four
of them had to be discarde@nespeaker was discarded because she had a cold on the day
of recording ancher speech was denas@lnespeaker had a Northern acce@mespeaker
placed the nuclear stress on the incorrect word in more than 30% of sentencé®e OFf t
remaining speakers, 11 were female and one male. The male speaker was discarded to make
the acoustic analysis more consistent, especially the analysis of the formant dynamics.
Although it was attempted to collect a balanced group of speakers, withlegimbers of

male and female speakers, this was not possible as male inforqmawsdmore reluctant

to participate in experiments than female informarth the eleveninformants were

speakers of Standard Southern British English (SSBE). Their aggethbetween 20 and 27
years (mean=21.8, median=21, SD=2.2). None of the informagshad any history of

impaired speech or hearing. Before the recordings, participants were told the procedures of
the experiment and how their data would be used for rese&itiparticipants gave their
consent to participate in the recording and to the use of their recording for research
purposes. All the recordings were carried out is@ndproofroom of the Psycholinguistics
Laboratory of the Department of Language and Liiggic Science at the University of York
using a Behringer C1 Studio Condenser microphone, TAC Scotbixing desk, and

Adobe Audition v1.0 on PC software with ilgsit PCM and 44.1 kHz sampling rate.

The informants were not told the aim of the study. Thegre told that the focus of the

experiment was on the last word in each sentence and they were thus instructed to put the
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phrasal stress on that word. They were also asked to speak as naturally as possible, and they
were advised to continue with the tagk¢ase of reading errors. The PPT presentation

lasted a total of 32 minutes. The speakers were paid for their participation.

2.2. Data analyses

Most phonetic analyss of reduced speech found in the literatimgolve quantitative

analyss of counts oimissing segments or syllables (Ernestus and Smith, 2018). However,
as explained irSectionl.3, a segmental approach that disregards phonetic detat

suitable for the analysis of reduced data. For this reason, both qualitativguarditative
analyses were carried out on the data collec&ettion2.2.1describes the methodology of

the qualitative analysisSection 2.2.2describes the methodology of the quantitative analysis

2.2.1. Qualitative analysis

Chapter 1 showed that speech is rich in phonetic detail that provides information beyond the
lexical contrast of phonemes, and that this information is important for speech
understanding (Hawkins, 2003; Local, 2003). In particular, reduced &p&acwhich

segments can be difficult to identi® remains mostly intelligible and does not imply loss of
information. For this reason, a solely quantitative analysis of reduced speech is likely to

miss the fine phonetic detail that remains in the sigaradl maintains speech intelligible.

One of the assumptions of this analysis is that every detail can be relevant and therefore
should be noted at first. This assumption follows the belief by Kelly and Local (1989: 26)

that oat the beguagiengaocerwatlt kwenchadt, in

a

know beforehand what i s going to be i mportan
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The qualitative analysis carried out in this research focusses on the phonetic detail that
remains in the acoustic signal i n reduced sp
in reduced speech something is missing comes from the tradition ofdemnsy the citation

form of words given in pronouncing dictionaries, or the full form of words uttered in

isolation or in careful speech, as the reference form (see discussion in Johnson, 2004).

Neither of the two options (citation form and full form ofavds) is satisfactory, as neither

of them occurs in natural, everyday speech. When they occur in spontaneous speech, they

have aspecificfunction (e.g. contrastive functionfror this reason,n the analysis that

follows, the most unreduced forms of worttsund in the data are used as reference forms if

the need of a reference form arises.

2.2.1.1.  Kinaesthetic sense

The most important aspect of a qualitative analysis is the accurate and repeated listening of
the data. Accompanied by spectral observation, thetandimpressionistic experience

provides crucial insight into the production of spee€me of the goals of the analysis is to
relate the auditory experience and the acoustic observations to the articulations that
produced them. That is, to trace back frahe sounds heard to the movements that

produced them. No articulatory data such as palatography, EMA (Electromagnetic
Articulography), or MRI (Magnetic Resonance Imaging) were collected. However, it is
possible taacquireaninsightinto the positions and movements of the articulators through
the Okinesthetic sensedé6 (Pike, 1943: 14) or
1989: 29) of the researcher. Through their kinaesthetic sense, the researcher is trained to
replicate the movenmas and positions of the vocal tract of the speaker. By mimicking the

sounds produced by the speaker, the phonetician can gain instgtihe configurations of
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thevocal tractthat produced the soundd.s c | ai med by Catford (2001
andysis of the kinaesthetisensations is by far the most powerful way of learning about

ar t i c uAltlotigh thenkinaesthetic awareness of the researcher is crucial in

understanding vocal tract states and movementdsdhassome limitationsand cannb

substitute articulatory datdhe main limitation is that everjzjuman vocal tract diffexin

shape and size and the acoustic output of speech largely dependssenwhteaspectsThe
researcher can only appr oxi matraet. Despgetlc onf i gur
limitation and the fact that any information collected through the kinaesthetic sense of the
researcher is subjective, the insight gained through the kinaesthetic sense is still valuable

and can shed light on vocal tract movements andfigurations in absence of articulatory

data.

2.2.1.2.  Parametric approach

Dueto the nature of the data collected, and the aim of the analysis, rather than looking at
segments, the analysis carried out in this research treats speech as a cluster of parameters

aad events. As stated by Kelly and Local (198
|l i stening to speech in terms of independent |
The auditory parameters are the various events that characterise the acoustic suth as

friction, voicing, plosion, and so o he parametersire alsathe gestures and states of the

articulators in the vocal tracsuch as liprounding, and the position of the velopharyngeal

port Multiple movementsand stategan occur simultanagly, e.g. the tip of the tongue

moves towards the alveolar ridge while the velopharyngeal port opgepsarametric

approachmakes it possibléo pay attention to th@hasingof the movements and events,

instead of assuming that they occur simultaneou&lparametric approaclifts the focus
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from preconceived phonetic categories (Kelly and Local, 1989). This approach was used

also in the data annotation described?i2.2.1

2.2.1.3. Notes on terminology, figures and trangatibns

The phonetic transcriptions that accompany the figures throughout the thesis, together with
the observations reported in Chag@&rand 4, are the output of the qualitative analysis
described in this chapter. This section explains ¢baventionsof the phonetic

transcriptions (Sectin2.2.1.3.), some of the terminology adopted the thesigSection

2.2.1.3.2, and what is displayed in the figures Chapters 3 and 4Section2.2.1.3.3.

2.2.1.3.1. Transcriptions

The phonetic transcriptions accompanying the figures are impressionistic records of the
audtory impression of the piece shown in the figures. The aim of the phonetic
transcriptions is to provide the reader with information about the auditory qualities of the
pieces. An attempt was made to record the sounds without preconceptions about the

phonobgical categories they might belong to.

The symbols used are those of the IPA chart (IPA, 1999). In addition, some diacritics and
conventions of the extIPA are also used (Ball, Howard and Miller, 2018), aJgnficates

that the alveolar friction isnitially voiced and then becomes voiceless. A symbol in round
brackets indicates that the sound is weakly articulated and barely audible,Raj. [(

indicates that the voiceless portion at the beginning of the vocalic articulation is hardly
audible. Addiionally, a superscript in round brackets is used to specify the quality of a
sound (the main symbol) when there are no IPA symbols or diacritics for this purpose, e.g.

[h®] indicates that the glottal friction has a neelbse nea#front unrounded qualit
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The chapters on pronouns and auxiliaries (Chapters 3 and 4) report the phonemic
transcriptions of each pronoun and cliticised form of auxiliary, and auxiliary, as found in
pronouncing dictionaries. The Cambridge English Pronouncing Dictionary is wsed f
reference (Roach, Hartman and Setter, 2006). Phonemic transcriptions are reported in slash

brackets, e.g. [/ wwe/ for the strong form of

2.2.1.3.2. Terminologyused

Il n any analysis of a | anguage, oO0the starting
pece', in other words which part of the | ang
and Local, 1994: 483). The analysis reported in this thesis fegos the combinations of a

pronoun and an auxiliary verb in utterangetial position. In the FPA tadition, the pr+aux

combinations wi l |l be referred to as Opiecebo,
(1948: 2).

The terms 6vocoidd and O6contoidd (Pike, 1943
ambi guous ter ms 0v oenerhsivowelardl cobsorant are uswallyt 6. T h

defined according to a mixture of phonetic features and phonological position and function

(Laver, 1994). Due to the nature of the data analysed here, the terms vowel and consonant

are not appropriate as they assuthe phonological status of a sound. The terms vocoid and
contoid are more appropriate as they are o0st

nature of sounds, without reference to phone

2.2.1.3.3. Figures

In the next chapters, the auditory and acoustic analyses are accompanied by figures of

spectrograms and waveforms. All the figunesChapter 3 and Chapterdisplay the entire
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pr+aux piece. In addition, they include the hold phase and the burst of the bilabiaiydo
in the verbburnand approximately 50 ms of pause before the beginning of the pr+aux. For
consistency, the time marks below the waveforms are placed every 0.04 seconds in all

figures, unless stated otherwise.

The production of all the speakers was dge illustrate the features observed in the data.

Most features described in the next chapters are found across speakers. For this reason, an
attempt was made to show tokens produced by a wide range of speakers. One speaker (S2)
had a clearer and less neckd speech than the other speakers. In many cases, her production

was used to illustrate unreduced instances of the pr+aux.

2.2.2. Quantitative analysis

This section describes the quantitative analysis carried out on the data. S2&iarl
describes the annotation of the data. Secfdh2.2descrbes the parameters analysedhe

acoustic analysis. Sectidh2.2.3describes the statistical analysis.

2.2.2.1.  Annotatiors

In order to carry out an acoustanalysis of the data, including measurements of duration,
formants and spectral moments, all the audio files of the data were annaisitegPraat
(Boersma and Weenink, 201&)ue to the reduced nature of the data collected, the
annotation was challemgg. As pointed out ifSection2.2.1.2 a segmental approach was
unsuitable and a parametric approach was used, focussiphpameticevents rather than
segments. By events, it is meant the acoustic outputs of articulatory movements and states
of the vocal tract. These events can be grouped ino categories: the events occurring in

the larynx, and the events occurring in the supralaryngeal vocal tract. Examples of events
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are the periodic energy produced by the vibration of the vocal folds, or the friction

produced by a narrow constriction the oral cavity. This method had a few advantages.

Firstly, it made it possible to measuaeoustic featurethatwere not tied to segments

anymore. This was useful, for instance, when friction extended beyond thditimted

portion of a fricative. Secaly, by annotating the onset and offset of each event, it was

possible to analyse the temporal reorganization of evéfisexample, it was possible to

measure the friction overlapping with the formant structure of a sonorant. Thirdly, it made

the compaion of different degrees of reduction more achievable. This was particularly

i mportant in the case of O6apparently missing

thus not identifiable as temporally limited, but were still articulated.

Firstly, all the recordings were automatically divided into sentesze sound files running

a script in Praatvith the appropriate instruction3 his process resulted in 2618 sound files,

each of them containing a sentence of thetype 6 s b u r ./Alt thetsduml filés weres ¢

named witha number forthe speaker and the entire sentence produced (e.g.

0OSpeaker 11 She_d_burn_the_ _roasto). Througho
with a number preceded by S. The eleven speakers whose produwa®manalysed are: S2,

S3, S6, S7, S8, S9, S10, S11, S13, S14, and S15.

For each token, a Textgrid with two tiers was created. On the first tier (a point tier), the
onset and offset of the various events were annotated. On the second tier (an interval tier),
the orset and offset of events that could be acoustically analysed were labelled (e.g. the
spectral properties of friction and the formant dynamics of sonorants. See s@c@@2for

the detailed description of the parameters analysed).

All the annotation wagperformedmanually The option of an automatic annotation of the

data was evaluated and discarded. Due to the large number of tokens, the automatic
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segmentation using a forced alignment software (HI Kidden Markov Model Toolkit)
was trialled. However, as expected, the results were unsatisfactory. Due to the high degree
of reduction of the data, the forced aligner missed short or ambiguous elerid&etsnanual

annotation was carried out as follows.

The onset and offset of the following events were manually annotated in the target items
(pr+aux) of all sound files:voicing, visible formant structure corresponding to a sonorant
articulation, friction, silence as in the closure of stops, and stop burst or onset of release.
Where a period of friction or sonorant articulation exhibited a clear change in spectral
quality, the orset or offset of the change were labelled too (e.g. in a sequence of two
periods of friction produced at two different places of articulation, Begire 11). During

the annotation process, a large amount of notes aiasrt, describing detaikthat could not

be labelled or auditory impressions that would otherwise be difficult to capture from the

acoustic analysis or spectral observation.

Although both waveforms and broadband spectrograms were usdéntfy the onsetand

offset of phoneticevents, the annotation was carried out by referring to the waveforms. This
is because waveforms are more temporally accurate than spectrograms, which sacrifice
temporal accuracy to provide spectral information. As described in metaldelow, a
multitude of features were taken into account during the annotation process, along with

repeated careful listening of portions of sound material.

The following sections describe thphoneticevents that were annotated.

2.2.2.1.1. Voicing

The term voicing is used here to refer to thegularrepeating cycles of vibration of the

vocal folds that produce voicing. The most frequent type of phonation found in the data is
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modal voice. Where creaky voice occurred, the onset and offset of creaikg were

annotated in the same way but a note was added to indicate the type of phonation.

The onset of voicing was labelled at the first glottal cycle as observed in the waveform.

This would normally occur before the beginning of the formant structareacoids.

Annotating the offset of voicing was challenging. In several tokens the periodicity would

slowly fade away diminishing in amplitude. When the offset of periodicity occurred during

the closure, it was decided to mark the end of periodicity whbeeglottal cycles started to

become irregular. When the offset of voicing could not be marked, the duration of voicing

had to be discardedrigure5 shows an example of annotation of the onset and offset of

voicing inan instanceofh e §f bduced by S7. Note that the c)

different shape from the previous ones.

Speaker_7 He 1l bum the jam

5000
4000
3000+
5
2000+
1000
L
0
M/\J VAN
vC VCX
T I T T I T
0.82 0.84 0.86 0.88
sec
Figure5. Annotation of the onset and offset of voicing in aninstancéio# .6 / The | abel
indicates the onset; the | abel 6vecxod
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When the end of voicing occurred during a portion of friction, such as in @grtokens, it

was more difficultto rely on the visible cycles on the waveform andaageof features

were taken into account in annotating the offset. One of the features used was the voicing
bar at the bottom of the frequency scale in the spectrograms. However, the degree of
darknesof the voicing bardepends on the amplitude of the fragment of speech with the
highest amplitude displayed in the editor window in Praat. A change in the amplitude
displayed in the editor windowasa huge influence on how sounds are displayed. For this
reason this method was not always reliable. Another (unreliable) method is to use the
Opul sed6 feature in Praat. Al though wuseful at
time and amplitude in the editor window change. In summary, the challengamdtating

the offset of voicing was overcome by using multiple cuegure6 shows an example of
annotation of the onset and offset of voicing in an instanca/oe graduced by S2. In the
waveform it can be noticethat there are still some cycles in the last 27 ms displayed.
However, these cycles are very irregular and therefore were not included in the period of

voicing.
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Speaker 2 She s bumt_the rice

{l U ! "‘ X 14

Hz

vc VCX

I I
048 052 0.56
sec

Figure 6. Annotation of the onset and offset of voicimg cases okimultaneous friction
such asin thisnstanceofs’e 6 s The | abel 0 v oftvoiding the labalt es t he
O6vecx0 i ndi obvbi@g t he offset

2.2.2.1.2. Vocoids

Multiple factors were taken intocount also in the annotation of the onset and offset of
vocoids. The main features used were the start of the vertical striations, the start of the
formant structure as visible in the spectrograms, the start of complex glottal cycles, and the
higher ampliude of the glottal cycles compared to that of other sounds as visible in the
waveform.Figure7 shows an example of annotation of the onset and offset of the vocoid in

an instance of @umduced by S10.
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Speaker 10 I d bum_the cake

5000

voc VOCX

0.84 0.88 0.92
sec

Figure7. Annotation of the onset and offset of a vocoid in an instancé aTd\e label
O0vocd indicates the onset; the | abel ¢

When frictionis produced simultaneously tovacoid, the striatios of the formants become
less clear, especially at high frequencies, and the aperiodic energy in the waveformaithake
more difficult to observe the end of the complex cycles. Again a combination of features
was taken into account toank the beginning and end of the vocoleigure8 shows an
example of annotation of the onset and offset of the vocoid in an instanse/pip@duced
by S11. In this case, F2 and F3 are clear well before the beginmiiige vocoid, and the
vertical striations are weak, so the onset of the vocoid was marked from the first complex
glottal cycle. As for the offset of the vocoid, the properties of the glottal cycles are not
visible in the waveform due to the aperiodic egg, however, there is an abrupt drop in
amplitude of F2 and F3 in the spectrogram, which was used to mark the offset of the

vocoid.
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— 7
.

_She s_bumt the fish
W ke

voc

Vocx

0.76

08
sec

0.84

Figure 8. Annotation of the onset and offset of a vocoid in astance ofs /1 eTéieslabel

6vocd

2.2.2.1.3.

Friction is produced when a narrow constriction is created in the vocal tract and air

i nd

Friction

cat es

t he

onset ;

t he

becomes turbulent. The acoustic correlate of frictisaperiodic @ergy. The onset of

friction was marked at the first appearance of aperiodic noise in the spectrograms and

waveforms. When the friction was in senterodial position, such as ihge sheand they

thereis oftena slow increase of aperiodic energy whictekesthe task of defining its

abel

beginning difficult. It was decided to mark the onset of friction fairly early at the start of the

visible friction. This method made the annotation consistent. The offset of friction before a

vocoid was marked when the apedic energy decreased in amplitude in the waveform.

Figure9 shows an example afnnotationof the onset and offset of friction in an instance of

h e praduced by S2.
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S er 2 He s burning coal
5000 peaker 2 He s_ o

3000+

Hz

2000

1000+

I
0.72 0.75 0.78
sec

Figure 9. Annotation of the onsednd offsetof friction in sentencanitial position in an
instanceofh e.6 sThe | abel o6frd indicates the onset
The friction in coda position (in pr+& paradigms), washaracterised by a more abrupt
onset and offset. Because friction is characterised by energy at high frequency, well above 5
kHz, sometimes it was necessary to display the frequency scale up to higher frequencies
such & 8 kHz as inFigure 10. Figure 10 shows an example ainnotationof the onset and

offset of friction in coda position in an instance sf 1 @@duced by S14.
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Speaker 14 She s bumt the soup

Mg, i
BN ey |

8000+

4800+

Hz

3200

1600

fr frx

| I

0.93 0.96 0.99 1.02
sec

Figure10. Annotation of the onset and offset of friction in coda of an instance df eThes

Il abé&l i dfdri c a tokfrictiom; h et hoen sleatb el 6fr x06 i ndicates

frequency scale displays frequencies up to 8 kHz.

Due to the high degree of reduction, in some tokens, two portions of friction produced at
different places of articaltion were adjacent. In the majority of cases, it was possible to
identify a spectral discontinuity between the two frictions. In the waveform, it would be
displayed as a change in amplitude, and a decrease in amplitude towards the end of the first
friction and a subsequent increase in amplitude at the beginning of the second friction. In
the spectrogram, it would be displayed as a change in the distribution of energy along the
frequency scal® which correlates with the place of articulation and the simd ahape of
the cavities of the vocal trackigure 11 shows an example afnnotatiornof the onset and

offset of two adjacent periods of friction in an instanceo?? grdduced by S15.
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Speaker 15 She s bumt the pie

5000
)
4000
3000+
N
fa ol
2000+
1000
0
frl frix, fr2 frox
T | T [ T | T
0.76 08 0.84 0.88
sec

Figure1l Annotation of the onset and offset of two adjacent periods of friction in an

instanceofs hedFhe | abel O6frl1d indicates the onset
0 f r 1 xndicafes ibth the offset of the first friction and the onset of $keond portion of
friction; the | abel 0 f r 2portion offniaianc at es t he

2.2.2.1.4. Oral closure

All pr+aux were followed by a phonological plosive in wokthitial position of the verb

BURN. This meant that, in most cases, the pr+aux were followed by a complete closure at
the lips which resulted in a period of absence of acoustic energy at most freigge In

some instances, there would still be voicing during the closure, displayed as a voicing bar at
low frequencies (especially in pr&iparadigms). The absence or presence of voicing,
however, did not affect thannotationof the onset and offset dhe oral closure. The two

events were kept distinct in the annotation procésgure 12 shows an example of

annotationof the onset of closure in an instance pfo upfoduced by S9.
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Speaker 9 You d bum the jam

cl bu

I I
0.88 0.92 0.96 1
sec

Figure12. Annotation of the onset and offset of the closure in an instance of v the
| abel o6c¢cl d indicates the onset; abhdthebuistab el
of the release.

2.2.2.1.5. Release

During a period of omplete oral closure there is usually a buig of intraoral air

pressure, which is then released at the opening of the closure. The release can be abrupt in
the form of a burst, or gradual, with a slow increase of aperiodic energy. Both these types
of release wer@annotatedat the first sign of energy in the waveforrigure 12 above

shows an example of annotation of the abrupt release of air pressure. The beginning of the
release is characterised by a clear spikéath the spectrogram and waveforfigure13

shows an example of annotation of the gradual release girassure in form of aperiodic

energy after a period of closure in an instancemk @rdduced by S8.
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S er 8 We d bum the pie
5000 pelak__ i

cl grad rel

0.78 08 082

Figure13. Annotation ofa gradual releasef turbulent airafter a period of closure in an
instanceoiwe 6 dThe | abel 0 c bféhecloswe ctahee sl & bheel
indicates theonset of thegradual releasef turbulent air

2.2.2.1.6. Laterals

Depending on the context and position in the syllabe, tnset and offset of lateral sounds
can becharacterised by auddenchange in spectral qualities compared to neighbouring

vocoids. Acoustically, laterals are characterised by a low F2 frequency (especially dark,
velarised laterals), a large gap between F2 and F3, a wide F1 bandwidth, and a general
lower amplitude compareth neighbouring vocoids (Stevens, 1998). Although in the data
collected very few laterals could nnotatedall these aspects were taken into account in
the identification of the onset and offset of lateral sourfeigure 14 shows one of the few

instances of pr+d inAvhich the onset of the lateral could be annotated.
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Speaker 13_You 1l bum the pie

ML

"i.b"

5000

Hz

1 Ix

I |
0.92 0.94 0.96 0.98
sec

Figure14. Annotation of the onset and offset of a lateral in an instance @ « Bhé label
d6 indicates the onset; the | abel 0l

The main features observed at the beginning of the laterkignrel4( mar k e careas 061 0)
an abrupt change in F3, a wider F2 bandwidth close to F1, a chengeerall amplitude
(although it is not lower than the amplitude of the preceding vocoid), and a wide gap

between F2 and F3.

2.2.2.1.7. Nasals

The onset and offset ofasalsounds, like those of laterals, are characterised by an abrupt
change in spectral quality agpared to neighbouring vocoids. Nasals are characterised by an
overall low amplitude, weak energy at high frequencies, simpler glottal cycles than vocoids,
and fainter formants compared to neighbouring vocokldgure 15 shows an example of

annotation of the onset and offset of a bilabial nasal in an instande @produced by S13.
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Speaker 13 I m buming logs

Hz

bl'ql'

n nx
T l T T | T
0.88 092 0.96 1
sec
Figure15. Annotation of the onset and offset ofrms&in aninstanceofén. The | abel
i ndicates the onset; the | abel 06nx2d

The main acoustic features used to annotate the beginning of the ndSglire 15 were the
evident change in frequencyid amplitude of F1 and F2, the dip in overall amplitude

between the vocoid and the nasal, and the lack of energy at frequencies above 3 kHz.

To summarise, several acoustic features were used to annotate the onset and offset of
phonetic events such as vaig, friction, vocoids, closure, release, and lateral and nasal
sounds. Repeated listening together with careful spectral observation were used. In
particular, the main features taken into account were the spectral information displayed in
the spectrogramsuch as the frequency, bandwidth and amplitude of formants, the
distribution of aperiodic energy along the frequency scale; as well as the information
displayed in the waveforms, such as the periodicity of the glottal cycles, the overall
amplitude of a sond, and the structure of the waveforms. The high degree of reduction of

the data collected made the annotation particularly challenging. However, the challenge was
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overcome by choosing to annotate phonetic events rather than segments, and by looking at a

wide range of acoustic features observable in the spectrograms and waveforms.

The next section describes the acoustic parameters analysed, and the statistical analysis

performed.

2.2.2.2.  Acoustic analysis

All the paradigms were uttered in the same rhythmic @anolsodic structure in anacrusis and
repeated five times by each speaker. Fiitye repetitions were recorded for each paradigm
across speakers. However, some tokens had to be discarded either because the incorrect
pronoun or auxiliary had been uttered, lmecause the sentence had a different rhythmic
structure, e.g. the pr+aux was stressed. The few cases of incorrect pr+aux andeedir

by the speaker were discarded. For this reason, when providing acoustic values, the count

(N) of the tokens includedhni the acoustic analysis is always reported.

The acoustic parameters analysed were: duration, amplitude, spectral moments and formant
dynamics ofevery eventAll the measurements were obtained by running a script with the
appropriate instructions in Praaill Praat scripts can be found in Appendix Dhis section

describes in detail the analyses carried out.

2.2.2.2.1. Duration and amplitude

Duration is probably the parameter that is most frequently used to investigate the degree of
reductionor strengthening. The overall duration of each piece was calculated from the onset
of the first event, to the onset of the release of the plosive [ljriset of the main verb
BURN. Although the closure of the bilabial plosive BURN is technically not part of the

piece, the rationale for including it in the overall duration is that the release of the bilabial
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closure acts as a benchmark, a reference tbiait is present in all the sentences. In fact, the
acoustic analysis was the main reason for choosing to have a plosive after the pr+aux: the
release of the closure is a constant event that is always present at the end of each piece.
Excluding the closw of [b] in the duration measurement would have made it impossible to
measure the duration of the pr& garadigms, in that in most cases the offset of [d] cannot

be identified and marked.

The duration of eaclphoneticevent was calculated byultracting the onset time point from
the offset time point. For example, if the offset of friction was at the time point 0.463
seconds and the onset of friction was at 0.353 seconds, the duration of friction wasd.463

0.353 =110 ms.

The mean amplitude of each souwds calculated in a temporal window of half the
duration of the target sound centred at the paint (from 25% to 75% of the entire

duration of the target sound).

It is good practice to normalise data for speech rate (by calculating the duration cirthet t
item relative to that of the entire sentence) and amplitude (by calculating the amplitude of
the target item against that of an adjacent stressed vowel). However, the experimental
design of the data collectiomade it possibléo control for speechate and amplitude in the

recording phase.

2.2.2.2.2. Spectral analysis

The parameters that are most commonly used to investigate the spectral properties of
fricatives are the first four spectral moments. The first four spectral moments are statistical
analysis of tle distribution of energy along the frequency scale. They tire spectral centre

of gravity, the standard deviation, skewness, and kurtosis.
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The centre of gravity (hereafter CoG) and the standard deviation (hereafter SD) are

statistical analyses of thagdribution of energy along the frequency scale. The CoG gives

an amplitudeweighted mean frequency of the distribution of energy, while the SD indicates

the spread of the distribution of energy around the mean (Jones and McDougall, #009).

has been claned that the CoQails to capture information about the properties of fricatives
beyond the o0dominant front cavityo (Wrench,
more than one peak in energy, but the CoG measures only the ecoacentration of Bergy

missing to capture information about the other peaks in the spectrum. In an attempt to give

a better account of fricatives®d spectral pr o
Analysis (MCA). Based on an algorithm that Crowe and Jack ()@&¥eloped to gain a

better picture of vowel formants, MCA attempts to identify multiple peaks in fricative

spectra. However, the fact that fricatives, in contrast with vowels, do not have a fixed

number of formants (or peaks) per frequency range make$t8A unreliable in the

analysis of fricatives, as it struggles to identify any relevant peaks besides the main peak.
Wrench (1995) concluded that the CoG combined with the other three spectral moments

gives enough information for the analysis of fricatsvand allows to identify their place of
articulation.It must be pointed out that the spectral properties of sounds are linked to the

size and shape of the vocal tract, therefore they are highly variable between speakers and

genders.

Similarly to CoG and ®, Skewness and kurtos@e statistical measures which treat the
spectrum of fricatives as a statistical distribution curve (Jongman, Wayland and Wong,
2000; Jones and McDougall, 2009). Skewness indicates to what extent the distribution of
energy is (a)ssnmetrical around the mean. Positive skewness indicates that the aperiodic

energy is concentrated in the lower frequencies, while negative skewness indicates that the
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aperiodic energy is concentrated in the higher frequencies. Kurtosis indicates to wiat ext
the spectrum is flat or dominated by a peak. Positive kurtosis indicates a peaked distribution

with a more clearly defined spectrum, while negative kurtosis indicates a flat distribution.

The four spectral moments were measured in a temporal winddvalbfthe friction noise

centred at the migboint (from 25% to 75% of the duration of friction).

2.2.2.2.3. Formant dynamics

Formants are resonant frequencies that reflect the size and shape of the vocal tract. They are
high amplitude peakof energy that are visilel in spectrograms as horizontal dark bands.

Each dark band is a peak of energy. The formants are the acoustic output of the
configuration of the vocal tract (the filter) which shapes gwind(the vibration of the

vocal folds) produced by the source (tgkttis) (Fant, 1960). While higher formants seem

to be more speakespecific (McDougall, 2004), the first two formants can give an

indication of the tongue position in the oral cavity. The first formant (F1) reflects the -open
close (or highlow) dimensionof the oral cavity. The second formant (F2) reflects the front

back dimension. As for the third formant (F3), it can reflect-tipunding, rhoticity or a

pharyngeal constriction (Johnson, 1997). Although formants are moredeéhed in

sonorant soundshey can be visible and measured in obstruent sounds too.

Although steady vocoids characterised by a single quality that does not change in time can
be analysed by calculating the memaquencyof the formants at migpoint or in a central
portion of thevocoid, this analysis is unsatisfactory for vocoids that exhibit a variation in
time. A more detailed and informative analysis can be obtained by measuring the

trajectories or formant dynamicsef the formants in time.
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The formant dynamics were extractatl9 equidistant points in time from the onset to the
offset of each eventThroughout the thesis, the formant dynamics will be displayed in Hz.
Although the Bark scale givesnidea of the perceived frequencies by the auditory system
(Johnson, 2003 the Hertz scale wapreferred. The rationalfor choosing to display the
formants in Hertz is that much of the work presented in this thesis focusses on the
articulations that produced the sounds. The Bark scale was employed in the analysis of
some data ba pilot study, but did not provide a useful insight into the quality of the sounds
analysed. The difference between the Hertz scale and the Bark scale is most visible and
useful at higher frequencies. However, in the present study, the focus is onrghthfiee

formants, that is, on the lower frequencies

Throughout the thesis, the graphs of the formants display the mean frequency of each
formant at each point in time (Time Point
across speakers and repetiti Each Time Poin(TP) is then connected to the preceding and
following TP through astraightconnecting line that does not necessarily represents the
formant trajectory between those two TRshas to beconsideredhat most of the vocoids

are very sha and it is thus unlikely that the formant trajectory moves extensively between
two consecutive Ps. Where appropriate, the formant values obtained by the automatic

measurements were manually checked.

2.2.2.3. Statistical analysis

For the analysis of the acoustieatures of contrasting pairs of paradigms (Chaptetibgar
mixed-effects models wergenerated in R (R core team, B8 using the/mer()function in
the Ime4 package (Bates, Maechler and Bolker, 20ti#) the durationsand/or the spectral

momentsof the phonetic events as dependent variables Alweliary or Pronourasa fixed
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effect, andSpeakeasarandom effect. P values were generated using likelihood ratio tests
that compared the model witAuxiliary or Pronouras a fixed effect against the null model
without it. When multiple analyses were run with the same model, p values were adjusted
using Borerroni corrections. Otherwise, model outputs were considered to be significant

when p<.05.

For the analysis of theelationshipbetween reduction and repetition reported in Chapter 6
(Section6.3) , S p e Rankuoa@reldtien tests were rurFor each paradigm analysed, the
test looked at the correlation between the duration of the vocoid or the duration of the piece

and the number of repetitions ofatparadigm.

2.3. Summary

This chapterhas described the methodology of the data collection and the analyses carried
out. Two aspects were important in the data collection: to trigger a high degree of reduction,
while controlling for the phonological environmer order to control for the phonological
environment, speakers were asked to read sentences from a screen. The sentences were
carefully constructed to influence the pr+aux as little as possibjechoosing neutral
articulations in the following phonologal environmentReduced speech was triggered by
using several strategies. First, each paradigm was repeated five times in slightly different
sentences which included a new noun (O6new
Second, the speakers were imgtted on where to place the phrasal stress and on the rhythm
of the sentences. Third, the rhythmic structure of the sentences was played to the speakers

during each break to remind them of the stress placements.

The methodology of the analyses carried oeflects the norsegmental approach of this
thesis(see Sectiorl.3). In this chapterthe qualitative and quantitative analyses were

102



described. Without disregarding the quantitative analysis, the importance of the qualitative
analysiswhen dealing with reduced speealas emphasised. In particular, it was highlighted
the role of the kinaes#tic sense of the researcher in linking the acoustic output to the states
and movements of the vocal tract that producedFurthermore, it was explained thate
movements and states of the vocal treah be better analysed using a parametric approach
which allows the researcher to pay attention to teenporal organisatioof the various

phonetic events, instead of being fossilised on preconceived ideas on sound units.

Finally, the chapter described the acoustic and statistical analyses carriedaughbuot the
research. The nextvo chaptes report on the auditory analysis and spectral observations of
the data collected. Chapter 3 describes the pronouns in pr+aux combinaton<;hapter

4 describes the auxiliaries in the pr+aux combinations.
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3. Auditory and acoustic analysis of pronouns in pr+aux

This chapter and the following one (Chapters 3 and 4) report on an auditory and acoustic
analysis of pronoun and auxiliary combinations (pr+aux) in reduced speech. The aim of
these chapters is twofold. Thedt aim is to describe in detail the phonetic features of the
pr+aux recorded and the wide range of variation found in the data collected. The second
aim is to identify the fine phonetic detail or essential features that remain in the signal in
reduced spech. That is, those phonetic features that constitute the identity of each
paradigm, thatonveythe crucial grammatical information for the correct interpretation of

the paradigms, and that for these reasons remain in the signal even in reduced speech.

Although the theory at the base of this research is that from a phonological perspective
pr+aux combinations behave as a single unit and not as two separate items (a pronoun and
an auxiliary), for practical reasons the analysis of the pronouns and auediare reported

in two separate chapters. This chapter focusses on the description and analysis of the
pronouns, and Chapter 4 focusses on the description and analysis of the auxiliaries. This
structure has been chosen in order to avoid repeating the gisalf/the features that are

shared by more than one paradigm. For instance, in their phonological forms, the paradigms
/| O,y @ uaned vV b e jsidane the labialentalfricative in coda position. Bearing in

mind the wide range of variation in the regdition of these paradigms, the descriptiom

the various phonetic realisations of the lalgientalfricative of the cliticised formé vhave

been grouped together.

In addition, the finite forms of the past tense of the auxili@gyd wasand wered were

analysed too. The rationale for includingasand wereto the analysis is to investigate the
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contrast between the present and past tense of auxiliaries, which will be covered in Chapter

5. Table5 summarises theombinations of pronoun and auxiliary that have been analysed.

PrONoUS Aux HAVE Aux BE Modal Aux
present past present past | (present) (past)
I | OV { | 6d | & m | was | ©1 | 6d
he heo: hedd hedg hewas hed heo(
she shed shedl shedl shewas| shed s hed
it t o I t O ¢ It 04 itwas it o I t O
we we 0 wedd wedr|wewere|] wedl weodd
you youd| youd| youod|youwere]l] youd yougdg
they t hey|l| they| they]|theywerel t heyl t hey

Table5. The combinations of pronosr{rows) and auxiliailes (columns) analysed in this

thesis.

Where possible, the counts of the strategieservedor each paradigm are given.

However, this is not always possible, as some instances prdiecllt to be classified.

The realisations of the pr+aux are better thought of\aiations along a continuum

between unreduced and reduced variants (or hyped hypes p e e ¢ h

rather than distinct categories.

3.1. Pronouns

n

Li

There are seen personal pronouns in English:he she it, you we they The following

ndbl

seven sections describe the phonetic characteristics of each pronoun as found in the data

collected. There is a wide range of variability in the realisation of each pronoun. To

illustrate the degrees and types of variability found in the data, both unreduced and reduced

variants will be described. In each section, the most unreduced realisations observed in the

data are described first, followed by the most frequent variants t@anost reduced
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instances observed. The acoustic analysis is reported only where relevant to illustrate a

point or feature.

3.1.1. Pronoun/

The phonemic transcription of the pronoudias found in pronouncing dictionaries id#a

This pronoun has only a vocaliarticulation. The sound source is solely in the glottis as the
airstream flows from the glottis through the vocal tract unimpeded. The articulation of the
vocoid changes in time. At the beginning of the vocoid the tongue is in an open front
position andthen moves to a close front position. Acoustically, the formahtise acoustic
correlates of the tongue position in the vocal trédgeflect the change in the position of the
tongue: at the beginning the frequency of F1 is higher and gradually lowetseasngue
moves to a higher position; while F2 starts at lower frequencies and gradually moves to
higher frequencies as the tongue moves further freigure 16 shows a rare example df

in the dataset in which the fonant movement is visible. In this instance, F1 starts at 822 Hz
and ends at 614 Hz (range 208 Hz), while F2 starts at 1391 Hz and ends at 1855 Hz (range

464 Hz).
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Figure 16. Spectrogram and waveform of an instance/@é produced by S2 in which there
is a clear formant movement during the vocoid.

In the dataset collected,is regularly produced with little movement of the tongue as
reflected in little movement of the fornms. In particular, the second formant (F2}jhe
acoustic correlate of the frotitack dimensior® exhibits little variation in the range of
frequencies during the articulation of the vocpwhile the first formant (F1)p the acoustic
correlate of the opeclose dimensio® moves along a wider frequency rangegure17
shows an instance dfin the pr+aux /4. In this instance, F1 starts at 805 Hz and ends at

696 Hz (range 109 Hz), while F2 starts at 1857 Hz and erid9&6 Hz (range 59 Hz).

107



Speaker_2 1_d burn_the jam
5000

o g

3000+

Hz

20004

1000+

i ‘.:f.-’v'f'”"

0

.
ﬂ " “'U'VL‘.,,,,,‘A.\,,,.MWM |

088 092 096 1
sec

[acd]

. w..m_«.ﬁ),JuM‘l“| |

0.8 0.

Figurel7. Spectrogram and waveform of an instance/ofproduced by S2 in which there
is little formant movement during the vocoid.

The instances of that do not display a noticeable formant movement can be treated as
cases of decreased magnitude of gesture. The gesture of the tongue for the articulation of
the vocoid is reduced in that the tongue makes a (spatiattygllermovementFigure 18
shows the mean formant dynamics of the vocoid in three subsets calculated across
speakers and repetitions (N=165). The thregbsets ard 6 d b 6w~ e tabd/ r6rdt. b ur n
The formant dynamics are calculated at nine equidistant points in time as explained in the
methodology chapter (Sectidh2.2.2.3. The formants othe three subsets § mgand/

wasare not included because thentoidin coda position of the pr+aux affectthe

formants of the vocoid.
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b, Formant dynamics i in three pr+aux
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Figure18. Mean formant dynamics of the vocoidn three pr+aux: / 6,v & d tdnd/r ahd
burn calculated at nine equidistant points in time.

It can be noticed irFigure 18 that the frequency of F2 increases slightfyom 1675 Hz at

Time point 1 to 1767 Hz at Time point,9ange 92 Hz); while the frequency of F1 displays

a larger movementfrom 735 Hz at Time point 1 to 524 Hz at Time point Gange 211 Hz).

The formants indicate that the tongue moves from a lower to a higher position during the

production of the vocoid andnly slightly to a fronter position. The fact that the pronotn

can be produced as an almost steady (monophthongal) open vocoid is not surprising if we

consider the paradigmatic system of pronouns. The pronoun system is a very small system

of contrastsOf the seven pronoung,is the only one characterised by an open voodall

the other pronouns are characterised by a clwseearclosevocoid /h, K, R, wi, ju/ (he,

she, it, we, yoyor a closemid vocoid /0é? (they). Even if the articulation othe vocoid /&

is reduced to an open monophthongal vocoid, the pronoun cannot be confused with any

other pronour® its identity is maintained.

Besides the decrease in magnitude of gesture leading to a sjogléy vocoid, the vocoid
can be temporally @uced too. The vocoid duration acro8saux paradigms (with the

exclusion of the pr+aux/ wag across speakers and repetitions (N=236) ranges between 6
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ms and 96 ms (mean=43 ms, median=42 mdjigure 19 shows the short instance of the

vocoid in / found in the dataset.

Speaker 3 T d_burnt_the meat
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Figure19. Spectrogram and waveform of the shortest instance (6 ms) of the vocdiddnd
produced by S3.

\
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The vocoid inFigure 19 is charaterised by only one glottal cycle of vibration of the vocal
folds. However, it can be noticed in the spectrogram that there is a portion of friction before
voicing starts and a portion of voicing after the end of the vocoid. The formant structure of
the vocoid is visible during the friction that precedes the beginning of voicing. The duration
of the friction from the spike to the beginning of the vocal folds vibration is 48 ms. The
duration of voicing is 38 ms. Although the portion of friction before vaigistarts is not
audible, its presence suggests that the gesture for the articulation of the vocoid starts before
the vibration of the vocal folds begins. Instead of occurring simultaneously, the articulation
in the supralaryngeal vocal tract and the vitboa of the vocal folds are temporally
reorganised. The presence of friction with formant structure before the beginning of voicing
was observedh several instances in the data aisctovered separately in Chaptér

(Section6.1).
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An even more reduced realisation bbccurs when the vocoid is voicelesagure 20 shows

an instance of voiceless vocoid. Notice that in this case also the auxiliary is extremely
reduced tolie point that it is not identifiable in the spectrogram and waveform. The friction
that is visible in the figure is produced at the glottis and it has a clear front open quality.
There is a short and weak portion of vibration of the vocal folds at the @frttie friction

but it is hardly audible.

Speaker 14 1 ve burnt the toast
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Figure 20. Spectrogram and waveform of a voiceless instancé @ prazuced by S14.

A common feature of any vocoid in sentenricétial position after a period of silence, is to
be preeded by a glottal stop (Dillewt al, 1996). This occurs frequently at the beginning of
/. In 38% of instances (N=121/317)/ begins with a glottal stopgFigure21 shows an

example ofa short vocoid with two clear sty bursts at the beginning.
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Figure21. Spectrogram and waveform of an instance/ preceded by a glottal stop ih 6 v e
produced by S14.
To summarise, the pronoufin the dataset is regularly realised as a vocoid with an open
front quality and little tongue movement. The duration of the vocoid is highly variable and
can be very short (the shortest instance has a duration of 6 ms). The presence of friction
before voicing starts highlights the articulation of the vocoid and suggésit the phonetic
events involved in the production of the vocoid might be temporally reorganised.
Specifically, the events occurring in the supralaryngeal vocal tract (articulation) and the
events occurring in the laryngeal cavity (voicing) might balrgned. In the most extreme
cases of reduction, the pronouitan be realised as a single glottal cycle or even be entirely
voiceless with weak glottal friction on which the oral articulatory gesture is superimposed.
The quality of the vocoid depends considerably on the auxiliary it is in combination with.
When in he pr+aux combinations/ § mdaod/ &, the essential phonetic feature of the
pronoun/ is the open frontunroundedyuality of the vocoid However, when in the
combinations/ dahd// was the quality of the vocoid is influenced by the nature of the

sourd that followsit (see Chapter 4)
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3.1.2. Pronounhe

The phonemic transcriptions of the pronotaf ound i n pronouncing
for the strong form, and /hi/ and /i/ for the weak forms. In all the items recordeds
characterised by an initigleriod of friction produced in the glottis. The only part of the
vocal tract involved in the production of the glottal friction is the glottis, which means that
the rest of the vocal tract can adopt any configurations. This often results in the oral cavity
adopting the position of neighbouring sounds during glottal frictionfZgnthe glottal

friction is followed by a vocoid characterised by a nedose neaffront unrounded

articulation. The quality of the initial glottal friction is thus influenced byethrticulation

that follows it d the tongue is already in a nealose neaifront position ready for the
articulation of the vocoid. The acoustic result of this articulatory feature can be seen in the
spectrograms in the forms of visible formants during tjlottal friction. Figure 22 shows an
unreduced instance df e @ith clear F2 and F3 during the initial glottal friction. The
formants during the friction and the vocoid are at the same frequencies, indicating ¢hat th

tongue and the lips do not change position or shape during the production of the piece.

113

di

ct



Speaker 7 He d burnt_the sauce
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Figure22. Spectrogram and waveform of an unreduced instance ef gpratuced by S7
with clear formants during the glottal friction.
Although we would expect the second formant/rato be flat during the duration of the
piece, as in the example Figure22, in several instances in the dataset the frequency of F2
decreases during the production of the prondeigure 23 shows an example of sloping F2

from the beginning of friction to the endf the vocoid.

Speaker_10_[le_s_burnt_the_sauce
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Figure23. Spectrogram and waveform of an instanceoeé graduced by S10 in which F2
is noticeably sloping from the beginning to the end of the piece.
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Thedecrease of F2 frequency freis not unusual in the data collected. The mean F2

frequency calculated across speakers and repetitions exhibits a slope from the beginning to

the end of/e Figure24 shows the mean formaynamics of the vocoid alone in two

subsets of the data collectetle’son the left (N=82), and /e ‘don the right (N=96).

Hz
3500

Formant dynamics in he's

Hz
3500

Formant dynamics in he'd

F3

3000

2500

3000

2500

F3

2000

F2

2000

F2

1500

1000

1500

500

1000

Figure 24. Formant dynamics of the vocoid ihe’s(left) and he'd(right) calculated across

The mean frequency of F2 calculated across speakers and repetitions in all instarficesdfts
in which the formants of the vocoid could be measured goes from 2436 Hz at Time Point 1

to 2157 Hz at Time Pait 9 (range=279 Hz). The mean frequency of F2 calculated across

time

F1

speakers and repetitions.

speakers and repetitions in all instancesoé @ ahhich the formants of the vocoid could

be measured goes from 2531 Hz at Time Point 1 to 2316 Hz at Time Point 9 (range=215

Hz).

A few hypotheses can be formulated although none of them is entirely convincing. The

downward movement of F2 suggests that the highest point of the tongue in the oral cavity is

moving backward, albeit slightly. In both e @g/ e the'vocoid is followed by an

alvedar contoid. This means that the front of the tongue is moving closer to the alveolar

ridge

the tongue movement might be simultaneously upward and backward. The onlgrel¢éhat

n

a

verti

c al

6cl osing®o

movement .
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contradicts this hypothesis is that F1 is stable throughout the duration of the vocoid.
Another possible explanation for this feature is that the formants move towards the locus for
the alveolar vocoid that follows. Although we would expect ottte formant transition$

the formants in the last portion of the vocoidto move towards the alveolar locus, the

vocoids in the data are very short. Unfortunately, the prongars followed only by

alveolar sounds irhetaux combinations (7 e, @ % ,G1d#/)30 this hypothesis cannot be

tested using the data collected. Another hypothesis is that the vocoid becomes more central
during its articulation. Vowel centralisation is a common feature of reductiemdplom,

1963. However, it usually affects the &re duration of the vocoid, in that the vocoid is still
realised as a monophthong but with a more mid central quality than when it is unreduced. In
the instances observed in the present dataset, the movement of the tongue occurs during the
production of he piece. The movement towards a more central vocoid would explain the

direction of F2.

The reduced instances d@kin the dataset are characterised by a short vocoid. The duration
of the vocoid in the subset e @mges from 9 ms to 55 ms (mean=29 ms, mad=28 ms,
SD=11 ms). The duration of the vocoid in the subskte tamges from 5 ms to 49 ms
(mean=25 ms, median=24 ms, SD=11 ms) The short duration of the vocoid can be
explained with reference to two main articulatory phenomena. The first phenonietioe
temporal reorganisation of the phonetic events that occur in the vocal tract. As was
observed in the pronoun the gesture in the oral cavity and the vibration of the vocal folds

in the larynx can be temporally realigned so that they occur simattasly only for a short

® As explained in Chapter 2 (methodology) the vocoidfire &nd e wascannot be segmented from

the sounds that follovand therefore its duration cannot be measured.
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period of time. This is the case also in several instancegaih which the vocoid is short:

the palatal articulation is still in place, as is the vibration of the vocal folds, but they are
temporally reorganised rather than-oocurrent.Figure 25 shows an instance df e th d

which the palatal articulation can be seen (and heard) during the glottal friction, but not
during voicing. In the portion of speech in which the vocal folds are vibratk@yand F3

are very weak or almost absent, suggesting that the alveolar closure might already be in
place. Despite the presence of voicing, it is not possible to identify a vocoid in this instance
ofhedd
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Figure 25. Spectrogram and waveform of an instance/oe atigred by S3 in which a
vocoid is not identifiable despite the presence of voicing.

The second phenomenon that leads to the realisation of a short vocoii is the short
duraton of the vibration of the vocal folds. Also in this case, the oral gesture tends to be in
place, to last for a longer period of time than the actual vocoid, and to be visible in the
spectrogram during the glottal friction. However, the period of timevimch the vocal folds

vibrate is shorter than the duration of the gesture of the oral articulaimure 26 shows
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an instance of? e & which F2 is visible from the start of the glottal friction to the end of
the alweolar friction. This suggests that the gesture in the oral cavity is articulated over a
longer period of time than the portion of voicing. In this instance, the duration of voicing is
29 ms. Notice that the frequency of F2 decreases throughout the durdttbe piece, as

highlighted above.
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Figure 26. Spectrogram and waveform of an instancefoé graduced by S15 with a short
portion of voicing.
In the most extreme cases of reduction, the pronfars characterised by a long portion of
friction with an underlying palatal quality and no voicing or visible vocokdgure 27 shows
an instance ofi e that is entiely voiceless. The spikes observable in the spectrogram and

waveform (just before the mark at 0.8 seconds) are due to saliva noise produced in the oral

cavity.
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Figure27. Spectrogram and waveform of an instance/oé gratlucel by S8 in which there
is no voicing and no identifiable vocoid.

While in the literature the glottal friction in onset dfeis considered optional in weak
forms (see e.g. Ogden, 1999), in the data analysed it is always present. In a few instances it
is weak and hardly audible. This feature seems to occur exclusively wigs in the
pr+aux combinations/ e dr $e wasFigure28 shows an instance df e ié which the
alveolar friction in coda is quite strong, but the glottal friction in onset is weak and hardly

audible.

119



Speaker 15 He s burning_leaves

5000

Weak 4000

glottal 30001

.. un)
friction 20004

1000+

0

0.72 0.76 0.8 0.84 0.88
SeC

[(h')s]

Figure28. Spectrogram and waveform of an instance/oé graduced by S15 in Wwch the

initial glottal friction is very weak.
To summarise, the pronoutein the dataset is characterised by a palétal close frontd
tongue gesture that is audible throughout the piece and visible in the form of F2.
Unexpectedly, the frequency oRFlecreases during the piece. Alge, like /, can be
realised with a very short vocoid. The main reason for the realisation of a short vocoid is
the temporal reorganisation of the events occurring in the laryngeal cavity and the
supralaryngeal cavity. Asther reason is the variable degree of voicing. The main phonetic
features of the pronouheare the palatal gesture and the glottal friction. A vocoid might be
realised or not depending on the vibration of the vocal folds and the temporal alignment of
voicing and the palatal articulation. The glottal friction can be very weak but is rarely
absentThe essential phonetic features of the prondware the close front articulation and

to a lesser degree the glottal friction.

3.1.3. Pronounshe
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The phonemic transgtion of the strong form of the pronous¥zefound in pronouncing
dictionariesisd 5/, and t hdé Thefeicido in/@is produce by the tip or

blade of the tongue in a position of close approximation to the-pbstolar region between

the alveolar ridge and the hard palate. This palakleeolar (or postalveolar) friction is
described as being sibilant or strident because the turbulent air is produced when the high
velocity airstream created in the narrow channel in front of the consbndtits the lower

teeth (Ladefoged and Maddieson, 1996; Stevens, 1998). In unreduced instances, a vocoid
with a nearclose neaifront quality follows the initial friction.Figure29 shows an

unreduced instance of /1 ecldathcterised by a strong initial friction and a long vocoid with

steady formants.
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Figure29. Spectrogram and waveform of an unreduced instance 6f gotbadlced by S13.
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Although to a lesser extent compared to the glottaltfoic at the beginning ofig the
palatealveolar friction at the beginning ad/eis alsoaffected by the articulation of the
vocoid that follows it. InsAe the tongue is the active articulator involved in the production

of the friction, which means thahe shapes and positions that the tongue can adopt during
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the articulation of the friction are constrained by the production of the friction itself.
However, the friction inshehas an audible palatal quality. In some instances, the formants
correspondindo the gesture of the vocoid are visible during the palakeeolar friction.
Figure30 shows an instance in which F2 and F3 are visible from the start of the initial

friction to the end of the vocoid.
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Figure30. Spectrogram and waveform of an instancesofi @@duced by S6 in which F2
is visible from the beginning of the friction.
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It can be noticed irFigure 30 that F2 decreases in frequey towards the end of the vocoid,
similarly to what was observed in the pronome The first three formants in the vocoid in

shewere measured and their means calculated across speakers and repetitions.

Figure 31 shows the formant dynamics of the vocoidsfie'son the left (N=78) and she'd

on the right (N=92).
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Figure31. Formantdynamicsof the vocoid inshe'{left) and she'd(right).

Figure 31 shaws that the slope of F2 ig/Aeis not as noticeable as it is for the pronotg
especially ins h driglat). The mean frequency of F2 is /# @des from 2262 Hz at Time
Point 1 to 2172 Hz at Time Point 9 (range=155 Hz). The mean frequency of F2 ih e 6 d

goes from 2302 Hz at Time Point 1 to 2172 Hz at Time Point 9 (range=130 Hz).

As for the pronounsge most of the variation in the reduction afiecan be classified as one
of two main features: the temporal reorganisation of phonetic events, and the shatibdu
or even absence of voicing. In the first case, the two main phonetic events are: the
articulation occurring in the supralaryngeal cavity and the phonation occurring in the
laryngeal cavity. Variations in the alignment of these two events resuliffardnt acoustic
outputs. For exampldsigure 32 shows an instance of /7 @anddiich the vibration of the
vocal folds occurs after the palatal articulation in the oral cavity (superimposed on the

palatealveolar friction) and is simultaneous to the period of alveolar closure.
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Figure32. Spectrogram and waveform of a reduced instancs d¢f epdadlced by S11 in
which voicing occurs after the palatal articulation.
Figure32is a reduced instance af # @ndnddich the vibration of the vocal folds starts at
the end of the palatal articulation and is simultaneous to the oral closure. The duration of

the portion ofvoiced frictionaround the 0.84 mark is 15 ms.

Another feature of reduced instancesdsfeis the short duration of voicingrigure 33

shows an instance of /7 @ndvkich the palatal articulation is visible throughout the piece in
form of clear F2 and F3. Between the palatlyeolar friction and the alveolar frimn there

is a period of lowamplitude friction that corresponds to a more open constriction in the oral
cavity in which the formants are more prominent in the spectrogram than the high
frequency friction. However, the vibration of the vocal folds startdy at the end of this

more open articulation and lasts for a very short time. Although the short period of voicing
could not be measured accurately in the waveform due to the friction, its duration is

approximately 16 ms.
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Figure33. Spectrogram and waveform of an instancesof? avilhsa short period of voicing
produced by S8.
Figure33is an instance of A/ andivkich, despite the audible palatal qualitycathe visible
formants, a clear @coid is not apparent or measurable due to lack of voicing in

correspondencewith the more open constriction in the oral cavity.

Although phonologically#eand sheare similard they are characterised by initial friction
and a close front vocoi@ they seen to reduce in different ways. Firstly, the palaabveolar
friction is neverabsenin any of thesAe-aux combinations. Its duration ranges from 58 ms
to 160 ms (range=102 ms, mean=101 ms, median=101 ms, SD=16 ms, N=278). The
duration of the glottal friabn in Aeranges from 31 ms to 165 ms (range=134 ms,

mean=66 ms, median=65 ms, SD=17 ms, N=264).

In the most extreme cases of reductiongsfe there is only palatalveolar friction.Figure

34 shows a highly reducedhstance ofs 7 e 6 d
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Figure34. Spectrogram and waveform of a highly reduced instance @& epddlced by
S8.
Moreover, in the dataset collected, the instances/mdcharacterised by absence of voicing
(N=13/215, 6%) are slightly more numerous than the instance#etharacterised by
absence of voicing (N=7/215, 3%). However, voicing is also linked to the auxiliary of the
piece. For both pronoun8eand she voicing is present in a higher number of instances in
pr+ & than in pr+ 4.4 here is no vibration of the vocal folds in 10% of instancessof € 6 s
analysed (N=11/108, 10%)while there is no vibration of the vocal folds in 2% of
instances ofs # eadatysed (N=2/107,2%). The same pattern occursine @nd/ e .Y
of instances of? e dosot have any vibration of the vocal folds (N=6/106, 6%), while only
one instance of e dogsnot have vibration of the vocal folds (N=1/109, 1%Y.able6

summarises the percentaged numbenf instances ot? e,d1cé, & $1 eadid@ h éndvkich

there is no voicing.
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6d 6s
He 1% (1/109) 6% (6/106)
She 296 (2/107) | 10% (11/108)

Table6. Percentage and numbers of instancegad ,dhvcé, & $1 eatid@ h avidheut
voicing.

Although these are small differences between the vocoid&iand s/¢ in the data
analysed it seems that in the pronofiathe essential phonetic feature that constitugted
maintains the identity of the piece is the close front, or palatal, quality of the articulatory
gesture, rather than the initial glottal friction; while in the pronasfirethe essential feature
is the initial palatealveolar friction. From an acoustghonetic point of view, this is not
surprising. Sibilant fricatives such af jnherently have higher amplitude and more defined
spectral peaks than nesibilant fricatives (Jongman et al., 2000). These acoustic features
make them perceptually more sailtehan nonsibilant fricatives (Cho, Jongman, Wang and
Sereno, 2020). Therefore, the most prominent acoustic and perceptual featfreiof
likely to be the strident friction and for this reason it is more likely to be retained in reduced
speech. Moreaar, in the small paradigmatic system of English pronouwiggis the only
pronoun to be characterised by strident friction. The other fricatives are [h] anevfd¢h
are nonstrident. This means that no other acoustic features are needesddtw be

correctly identified even in reduced speech.

To summarise, the pronoushein the dataset is always characterised by a period of palato
alveolar friction. The friction can be followed by a vocoid of variable duration with a near
close neaifront (or palatal) quality. If the vocoid is not audible and/or visible, the reason is
most likely to be a temporal realignment of the phonetic events occurring in the oral cavity
and in the laryngeal cavity. That is, the palatal gesture is always articulatedssmidec

superimposed on the palaédveolar friction in absence of voicing or when the vibration of
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the vocal folds lasts only for a short period of time. Even when the vocoid is apparently
absent, the close front tongue gesture can be observed in the fostnacture retained in
the acoustic signal. The amount of vibration of the vocal folds is also highly variable and
can be absent altogethdrhe only essential phonetic feature of the pron@feis the

palatealveolar friction.

3.1.4. Pronounit

The pronouni shows the widest range of variation of all the pronouns. Its realisation
largely depends on the auxiliary it is combined with. All titreaux paradigms will be
looked at in more detail ifChapter4. In this section only the main variations and features

of reduction in the realisation of will be illustrated.

The reason for the high degree of variability in the realisation# of twofold. Firstly,the
voiceless alveolar plosive /t/ is known to be particularly prone to a wide range of variation
in the accents of English (see e.g. Buizza, 2010; Harris, 1994; Lavoie, 2001). Secondly, the
pronoun/t is the only pronoun with a necempty coda. All the dter pronouns are

characterised by an open syllable, which means that the cliticised form of the auxildeaies
consonan® can occupy the coda position. In combination with the pronduthe cliticised
forms of the auxiliaries create consonant clustiersoda position that are not allowed in
English. As it will be described in the next section, there are various ways speakers tackle

this issue with different outputs.

The phonemidranscriptionof /¢ found in pronouncing dictionarids /R/. The initid vocoid
is produced with the tongue in a neelose neaffront position. In its unreduced realisation,
the vocoid is followed by a complete closure at the alveolar ridge which creates auquild

of intra-oral airpressure behind the closure. When the tomgnoves away from the
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alveolar ridge, the atpressure is released with a burst followed by a period of glottal

friction. Figure35 shows an example of unreduced realisation of pdoduced by S2.
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Figure35. Spectrogram and waveform of an unreduced instance opéoduced by S2.

In the instance of ¢irdFsgure 35, the burst is followed by a period of glottal friction (25
ms) followed by alvedr friction (33 ms).In the dataset, only 25% of instances Exhibit

a complete closure and release like the tokefigure 35.

The range of variations in the realisation #ido not involve only the supralarynge
articulation, but includes variation in the activity of the larynx too. In several instances in
this dataset, the pronounis characterised by creaky voice during the production of the
vocalic articulation. In these instances, creaky voice is the sttogorrelate of the
phonological plosive in coda positiofigure 36 shows an instance af ¢ reéalksed with

creaky voice during the articulation of the vocoid, and with no closure and release for the

plosive. The vooid is followed by alveolar friction.
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Figure36. Spectrogram and waveform of an instance of pdoduced by S3 with creaky
voice and no complete closure and release.
Figure36is an instane of / zirdwhich the vocoid is characterised by creaky voice
throughout its duration. This is not always the case and there is a wide range of variation in
the amount and type of laryngeal activity, which often seems to be spagaleific. Figure
37 shows an instance af ¢ idwhich three creaky glottal cycles are visible in the central

portion of the vocoid.
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Figure37. Spectrogram and waveform of an instance’ of pFotiuced by S3 with a few
irregular and longer glottal cycles in the middle.
Although most instances af realised with creaky voice do not have a canonical plosive, in
some instances, creaky voice islisad alongside a canonical plosive with a complete

closure and a burst at release.

As mentioned above, /t/ is prone to a wide range of phonetic realisatibgare 38 shows
an instance of ¢ idwhich both phonologial plosives are realised without a complete

closure but with friction at the place of articulation.
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Figure38. Spectrogram and waveform of an instance’ of pdoduced by S9. Both plosives
are realised with friction at the pte of articulation.
In only one instance of ¢, [ & realised as a tap a quick ballistic movement of the
tongue against the alveolar ridge. The phonological representationfo®/@d/, which
means that /t/ is in intervocalic positioRigure 39 shows thenstance of/ ¢ idvehich /t/ is

realised as a very brief closure without builgh of air-pressure.
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Figure 39. Spectrogram and waveform of an instance’ of pfoduced by S6 in which the
first plosive is realised as a tap.
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Another feature of reduction of is the apparent absence of the vocditqure40is an

instance of/ ¢idwhich the vocoid is apparently absent. The release of the stop is weak, as
it can be seen from the low amplitude of the burst. The auditory impression of the piece is
that of an affricate. Since there are no other affricate sounds in the paradigrystiersof
pronoun and auxiliaries, it is fair to assume that the piécecansbe highly reduced and
realised as an affricate without becoming problematic for the correct interpretation of the

pr+aux.
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Figure40. Spectrogram andiaveform of an instance of ¢pébduced by S10 characterised
by an inaudible vocoid and a weak burst.

A more extreme case of reduction is shownFigure41 (note the change of the frequency
scale to display frequenes up to8 kHz). In this instance of ¢ tGespronoun seems to be
absent altogether. In the spectrogram and waveform there is only a period of voiceless
alveolar friction. Also in this instance the auditory impression is of an affricate rather than a

fricative. This observation raises the question of how the auditory impression of an affricate

is obtained in the absence of a burst.
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Speaker 8 It s burning well
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Figure4l. Spectrogram and waveform of a highly reduced instancé épéoduced by S8.
The frequency scale displays frequencies uBthHz.
Two factors can explain the perceptual impression of an affricate in the instarkagune
41. The first factor is the silence before the friction. Although we do not knekether
there is an articulatory closure in the vocal tract, the period of silence could give the
auditory impression of the hold phase of a plosive. The second factor is the sharp increase
in amplitude of the friction noise and the high energy noise picati. The energy contour
of the fricative as observed in the waveform is quite different from that of a phonological

fricative.

To summarise, the pronounis characterised by a wider range of phonetic variation than
any other pronoun. Its realisationgdgely depend on the auxiliary it is combined with.
Some of thevariations will be illustrated in more detail i€hapter 4 The main feature
observed in the dataset is the use of laryngeal features such as creaky voice as acoustic
correlates of the phonolacal plosive. When articulated in the supralaryngeal cavity, /t/ is

characterised by a high degree of variation, including realisations such as friction
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throughout its duration, or a quick ballistic movement of the tongue. Sihisethe only

pronoun witha contoid in coda position, the vocoid can be highly reduced and even be
absent altogethebDue to the wide range of variation in the realisation/pfit is difficult to
establish the essential phonetic features of this pronoun. The featurenexpsently

observed is glottality. However, glottality is not always present. In its absence, alveolarity is

presentand can be considered the essential phonetic featuie of

3.1.5. Pronounyou

The phonemidranscriptionof the strong form of the pronoupouis/ j us/ , whi | e t he
formsare/ju/ or /j>. Youis characterised by a vocoid produced with two simultaneous
movements. The tongue moves from an initial position in which the anterior part of the
dorsum is in open approximation with the ppalatal regio producing a close front sound,

to a position in which the posterior part of the dorsum is in open approximation with the
velum producing a close back sound. At the same time, the lips change shape from being
spread to being roundeéfigure42 shows an instance gf o v th wlach the movement of

the formants reflects the movement of the tongue and the lips during the productjaruof

In particular, F28 the acoustic correlate of the froback tongue positiod showsthe

largest movement from the frequency of 2650 Hz at the beginning of the vocoid to the
frequency of 1950 Hz at the end of the vocoid (rantf¥® H2. F1 d the acoustic correlate of
the tongue heighd moves from 350 Hz at the beginning of the vocoid ta0Hz at the end

of the vocoid (rang&0 HZ). F3 d the acoustic correlate of liphape angbrotrusion moves
from 3030 Hz at the beginning of the vocoid to 2890 Hz at the end of the vocoid (raage

ms).
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Figure42. Spectrogramad waveform of an instance gf o v proedaced by S2 in which
the movement of the higher formants (F2, F3 and F4) is clearly visible.

Figure42is an instance ofouin which the tongue is clearly moving during the production

of the piece. However, most realisationsjajuvin the dataset are characterised by flat (or
almost flat) formants throughout the duration of the vocoid. From this, it can be inferred
that the tmmgue does not move considerably during the production of the piece. This can be
considered a case of reduced magnitude of the gesture. Although a reduction in magnitude
of gesture is to be expected in reduced speech, in the dataset analysed the reduction o
gesture magnitude is evident also in instances in which there is no apparent temporal
reduction.Figure43 shows an instance gf o v th wlach the duration of the vocoid is 71

ms and the formants are almost steadthough they fall rather sharply at the end of the

vocoid as the friction begins
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Figure43. Spectrogram and waveform of an instanceob v prodaced by S7 in which

there is little formant movement. The duration of the voc@d1 ms.
Figure43 shows an instance gf o v th wlach the magnitude of the articulatory gesture is
reduced but there is no evident temporal reduction. The only audible change in the vocoid is
a hint of lip-roundingtowards the end of the vocoid. This realisation characterised by a
close front, or palatal, vocoid without a noticeable tongue movement is common across the
dataset. However, like the pronouns described so far, atgas characterised by a wide
range ofrealisations including the temporal reorganisation of phonetic eveidsre 44
shows an instance gf o vidwhich a long period of friction before the vibration of the
vocal folds reveals that the articulation in theal cavity started well before voicing. The

duration of the friction up to the first glottal cycle is 107 ms.
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Figure44. Spectrogram and waveform of an instanceyob upfoduced by S11 in which
there is a long period of voiceless palatal friction (duration 107 ms) before the beginning of
voicing.
The auditory impression is that of a palatal, or close front, sound with a trace of lip
rounding throughout its duration. Iratt, the palatal quality seems to be the constant feature
of all instances ofyouvanalysed. The presence of friction at the beginning of the pronoun

youhas been observed in several instances in the dataset. This feature will be analysed in

more detail inSection6.1, Section5.2.5.1 and Sectiory.3.2

The most extreme case of reduction of the prongawin the dataset is again an exarepl

of temporal reorganisation of laryngeal and supralaryngeal evEigare45 shows an

instance ofy o v ié which the vocoid is very short (5 ms). However, the articulatory
gesture starts before the vibration of thecal folds begin, and it can be seen in the
spectrogram as a period of voiceless friction in which F2 and F3 are visible. Moreover, the

vibration of the vocal folds continues after the closure of the oral cavity has been achieved.
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Figure45. Spectrogram and waveform of a reduced instancg af v gradeced by S13
characterised by a short vocoid.

To summarise the phonetic characteristicg/ofj this pronoun is regularly produced with a
reduced degree of magnitude of gestureadent in the flat (or almost flat) formants even
in instances in which there is no apparent temporal reduction. The most common realisation
is that of a vocoid with variable duration and a close front quality, often with a hint of lip
rounding.The esseril phonetic features of the pronoymwuare palatality and to a lesser
degree labiality. While the palatal quality is the main feature in all instance@afthe

labiality can be very weak in some of the most reduced instance®af

3.1.6. Pronounwe

The phonemic transcriptionf the pronounwefound in pronouncing dictionaries /w i/ for
the strong form andwi/ for the weak form In unreduced instancegeis articulated as a
vocoid with two simultaneous movements. The tongue moves from an ipiisition in

which the posterior part of the dorsum is in open approximation with the velum producing a
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close back sound, to a position in which the anterior part of the dorsum is in open
approximation with the front of the palate producing a close frontrgb At the same time,

the lips change configuration from a rounded lip shape to a spread lip shape. While the first
position is not held, the second position, and the associated lip shape, can have a steady
state.Figure46 shows an instance af e dnalvhich the movement of the formants is

visible. F2 moves from a lower frequency (1241 Hz) at the beginning of the vocoid to a
higher frequency (2318 Hz) towards the end of the vocoid. The movement of F2 indicates
that thetongue moves from the back to the front of the oral cavity. F1 has a frequency of

428 Hz throughout the vocoid.

Speaker_ 2 We_d_burn_the cake
5000

4000+

3000+

Hz

2000+

1000+

B IMM ”N "U""" P—

084 088 092 096 1 Lb4
SCC
[wi]
Figure46. Spectrogram and waveform of an instancemoe @rdduced by S2 characterised
by visible F2 movement.
Similarly to the pronounyoy; also weis often realised with a steady or almost steady
quality throughout its duration, suggesting that the tongue and lips do not move
considerably during the production of the vocoid. In this case, the formants are flaahst

of changing frequency in timd-igure47 shows an instance o e dnavhich the formants

are steady throughout the duration of the piece.
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Figure47. Spectrogram and waveform of an instanof w e @rdduced by S10
characterised by flat formants.

v \

The quality of the vocoid irFigure47 is closemid front and rounded, close to [g].

In a few instances (N=12/1588%), the labiatvelar gesture at the beginning afeis

articulated with a complete closure and burst instead of a stricture of open approximation.
In these instances, a silent hold phase is followed by an abrupt release of air with a bilabial
quality, whid is visible in the waveform and spectrograms in form of a spike before the

vocoid startsFigure48 shows an instance af e dwitke an initial bilabial burst.
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Figure48. Spectrogram and waform of an instance ofv e dproduced by S10 that starts
with a bilabial release.

Once again, the instances in which reduction manifests as a short vocoid, can be analysed as
temporal realignment of phonetic evensgure49 shows an example in which the

magnitude of the articulatory gesture is not reduced and can be observed in the spectrogram
in form of weak formants starting before voicing begins. However, the vocoid is very short.
While the vocoid is very short (1&1s) the gesture is visible for a duration of 72 ms. In this

case, F2 moves considerably from 1603 Hz at the beginning of the weak friction to 2409 Hz
just before the start of voicing (maximum frequency height) and then to 1805 Hz at the end

of the vocoid.
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Figure49. Spectrogram and waveform of an instancemoe dproduced by S13 with a
short vocoid but a long articulatory gesture.

Instances such as the one showrFigure49 suggest that the realisation of the pronaumg
as well as other pronouns, as a short vocoid do not necessarily imply the temporal
compression of the gesture, but rather a temporal reorganisation of the phonetic events

involved in the production of the smds.

In the most reduced instancasgeis realised as a short vocoid with clesad front rounded
quality. Figure50 shows an instance ai/ e dimrwhich there is a weak portion of friction
characterised by low F2 ditgying little movement followed by a period of voicing (33

ms).
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Figure50. Spectrogram and waveform of a highly reduced instance/e&f dproguced by
S8.

To summarise, the reduction afeis characterised by an apparently short vocoid. The
vocoid can have a steady quality or change quality in time. While labialisation, or lip
rounding, is a constant feature of the pronawmg, the position of the tongue can be raised
towards the back of theral cavity, resulting in a sound similar to [w] pmore rarely,
towards the front of the palate, resulting in a sound similarNodr [2]. Both vocoid

gualities can be realised simultanefut voicing or voicelessness. In the latter case, the
produdion of weak friction is the only means to hear the articulated sound and to see it in
the spectrogramd he essential phonetic features of the pronoware labiality and

velarity. Althoughthe tonguds usuallyraised towards the velunit can have a mie

advanced positiotowards the hard palate.

3.1.7. Pronounthey

The phonemidranscriptionof the pronountheyis /6€?. In conventional descriptions,

English /d/ is described as a dental fricative (Jones, 1960; Roach, 2000; Cruttenden, 2008).
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To produce deral friction, the tip of the tongue creates a narrow constriction behind the
upper front teeth. Dental fricatives are described as-sibilant sounds in which the
turbulence is produced at the constriction (Ladefoged and Maddieson, 1996). However, the
dengl fricative in English is a peculiar sound from both a phonetic and a phonological point
of view. From a phonological point of view, one of the peculiarities of /d/ is its distribution.
In word-initial position /8/ is limited to function words (e.ghey, the this, that though

while in content words its voiceless counterpart occurs (&1gik; thick, thistlg. From a
phonetic point of view, it has been observed that its phonetic realisation in connected
speech is highly variable (see e.g. Manuel, Sia¢tHufnagel, Huffman, Stevens, Carlson

and Hunnicutt, 1992; Ogden 1998; Local, 2003; Ogden, 2012). Ogden (1998, 2009) states
that the main phonetic features of /8/ in the arti¢feare voicing and dentality, and that the

manner of articulation is varidé but rarely exhibits strong friction noise.

In the pronount/ey, the initial contoid is followed by a vocoid in which the tongue moves
slightly from an initial mid-close front position to a neatlose neaifront position. The lips

are spread throughotite pronoun. The movement of the tongue during the production of
the vocoid is reflected in the movement of the formants in the spectrograms of unreduced

instances ofheytaux. Figure51 shows an instance af /# eepréduced by S2.
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Figure51. Spectrogram and waveform of an instancefofr eepréduced by S6 with dental
friction at the beginning of the piece.

In the instance irFigure 51 the piece begins with weak dental friction. In the dataset

analysedtheyis realised with initial dental friction in 19% of instances (N=63/329). In

most items collected the initial dental articulation does not create a stricture of close

approximation. The most common realisation is a complete closure followed by a burst

(N=252/329, 77%). The period of silence created by the complete closure is not usually

identifiable in the spectrogram or waveform because the pronoun is in senrtatiak

position preceded by a pause. However, the presence of a burst indicates that during the

closure there is a buitip of airpressure that is then abruptly releasEadjure 52 shows an

example of a burst and a short ealse phase at the beginningzofs e pra@luted by S10.
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Figure52. Spectrogram and waveform of an instancefofr e pra@lwted by S10 in which

the initial contoid is produced with a complete closure and a burst.
Although the inital contoid in the instance shown figure52 is not produced with
friction, the articulation is audibly dental. In this case, the lag between the burst and the
beginning of vibration of the vocal folds is 14 ms. Theditory impression is that of a
voiceless unaspirated dental stop. However, there are instances in which the burst at the
beginning oftheyis followed by a longer release phase. An example is showriguire 53.
In this instance, the duration of the release phase is 30 ms. The auditory impression is that

of a dental stop followed by a short portion of glottal friction.
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Figure53. Spectrogram and waveform of an instancefoh e jpréduadoy S8 in which
the initial contoid is produced with a burst and release phase.

The duration of the initial contoid depends on its realisatibable 7 reports the mean
duration of the dental friction (when present) and the duration of the release phase of the

burst (when presenth three pr+aux.

Dental friction Release after burs
) N . N Total N
duration (ms) duration (ms)
They've 45 11 25 42 53
They'd 42 10 28 45 55
They'll 45 14 25 39 53

Table7. Mean duration of the initial dental friction in the instances in which it is realised,
and mean duration of the release phase in instances in which there is andeitial burst.

In some instances, it is not possible to hear a burst or friction at the beginning of the piece
or to see a burst or friction noise in the spectrogram and waveform. However, the dentality
can still be perceived. This suggests that the spehksmoved the tip of the tongue

towards the teeth but the stricture created is not narrow enough to cause the production of

friction or a closure. It can be inferred that in these instances a dental articulation with open
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approximation is created, and ththe auditory impression of dentality is retained in the
formant transitions at the beginning of the vocoid even when a labiodental contoid cannot
be identified.Figure54 shows a zoometh token of theyproduced by S3n which there is

no visible burst or friction.
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Figure54. Spectrogram and waveform of an instancetkéy wereproduced by S3 in which

there is no visible burst or friction at the beginning, but dentality can still be heard.
As for the vocoid inthey in most instances collected, the vocoid is realised with a steady
mid-close front or mid front unrounded qualitather than with a moving gesturEigure 54
shows a clear example of flat formants, which suggest that the tongue is in a steady position
throughout the duration of the vocoid. The variability in the realisation ofwbeoid is due
mainly to the amount of voicing and the temporal organisation of the supralaryngeal
articulation and the vibration of the vocal folds. However, there are no cases in vitdgh
is completely voicelesdzigure 55 shows an instance of highly reduceéd/ e ttenedby
S9. Although a short portion of weak voicing is visible in the waveform, the piece sounds

voiceless {;efJ' It can be observed that there is a substantial amount of aperiodic energy
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after the lurst and that it is characterised by a clear formant structure of a gladéeront

articulation.

Speaker 9 They ve burnt the cake
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Figure55. Spectrogram and waveform of an instancefof? e Jprédueed by S9 in which
there isa short period oWoicing but thevocoid sounds voiceless.

Figure56 shows another example of reduced instancém@d/in which the vocoid is
realised with only two cycles of vocal folds vibration giving the auditory impression of

creaky voice. The glaal cycles are preceded by a weak portion of dental friction.

150



Speaker 14 They d burnt the bread
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Figure56. Spectrogram and waveform of an instancefofr e pra@luted by S14 in which
creaky voice is produced after a period of weak dental friction.

To summarise, the pronoutheyis characterised by initial dentality and a mid or rritbse
front spread vocoid. The variations in the realisatiorntkéyare mainlyin the realisation of
the initial contoid. Although the place of articulati@éndentald is constant, the manner of
articulation varies hugely, from complete closure, to frictitm open approximation. The
vocoid is regularly articulated as a steady vimcwithout change in quality. Like in the
other pronouns, the temporal reorganisation of the phonetic events in the supralaryngeal
cavity and in the laryngeal cavity dictate the duration of the vocoid. Voicing is also

variable, but never completely absefite essential phonetic features of the pronadbay

are dentality and a mid front vocoid articulation.

3.2. Summary of observations

The aim of this chapter was twofold. The first aim was to describe the wide range of

variation observed in the realisation of pronouns. The second aim was to identify the
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phonetic featurethat characterise reduced pronouns and remain in the signal iceddu

speech.

This chapter illustrated some of the most common realisations of the English pronouns. For
each pronoun, the most frequent realisations were described, together with some of the most
extreme cases of unreduced and reduced realisations. Thwautite chapter it was shown

that the data collected exhibits a wide range of variation

The qualitative analysis reported in this chapter showed that all pronouns are characterised
by one or two main phonetic features that are always present even ityhigguced tokens.

A straightforward example is the dentality in the pronotiey It was observed that the
phonological fricative /d/ in onset afieycan have a wide range of realisatiodg can be
realised with friction, with a complete closure andbarst release, with open approximation,

or even be absent as a distinct sound. However, the auditory impression of dentality is
always present even whentiane-limited dental sound cannot be identified. The pronoun

theyis also characterised by a mid fronhrounded vocoid.

All the pronouns are characterised by a few phonetic features. Crucially, when the pronouns
are reduced, these phonetic features can be reduced too, but they are always present. The
pronoun/is characterised by an open front vocoidcén be short or voiceless, but the

gesture for the open front vocoid is always articulated. The pronefugis characterised by

the palatealveolar friction, which isalways produced although it can be shorteriEide
pronoun/eis characterised by a clogeont articulation and glottal friction, although the

latter can be very weak and almost inaudible. Surprisingly, in the data analysed the glottal
friction is never completely absent as described in the literatureamnected speech

processes. The pronounhexhibits the widest range of variation and its realisation largely

depends on the auxiliary it is combined with. The most frequent acoustic correlate of /t/ is
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as creaky voice during the vocoid. That is, most instanceg afe characterised by
glottdity in the form of creaky voice or a glottal stop. However, there are instances in
which neither of them is present, as was showrrigure40 andFigure41. In these cases,

alveolarity is present.

The pronounyouis characterised by palatality and labiality, although the latter can be
highly reduced and hardly audible. The pronowais characterised by velarity and
labiality. The pronourtheyis charactesed by dentality and a mid front vocoid. The former
can be auditorily weak but it is always presehable8 summarises the main phonetic

features thatlzaracterise the pronouns in the data collected.

Pronours Essential phonetic features
/ Open front articulation
she Palatealveolar friction
he Close front articulation
Glottal friction (which can be very weak)
i Glottality (but not always)
If glottality is not present, alveolarity
you Palatality and labiality
we Labiality and velarity
they Dentality and a mid front articulation

Table8. Summary of the main phonetic features of the pronouns.

Table8 reports the phonetic features that are always present in the pronouns even when

they are highly reduced. Several of them are resonances thedatkese the piece and

cannot be identified as distinct sounds. This is the case of palatality, velarity, labiality, and
glottality. As mentionedn Chapter 1 (Sectiod.3.1), Niebuhr and Kohler (2011)se the

term articulatory prosodies to refer to oOart
words [ é] whi diear puprasegmental featsiresrofosyllables, reflecting, e.g.

nasaltyor | abi ality that is no | (NelwerandKadhlerd t o s
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2011: 320). They propose the concept of essential phonetic elements that constitute the
ophonetic essenced6 of words. The anphadteysi s
fits well with the idea of articulatory prosodies that constitute the identity of function words.
Features such as glottality iy palatality in yoy and velarity inweare longdomain

resonances that characterise the whole piece, rather timadelimited local features.

Importantly, these phonetic features are retained in reduced speech.

Besides illustrating the range of variation in the realisation of pronouns, the analysis
presented in this chapter provided some useful insight into the features of reduction. The
most salient aspects of reduction that were observed are the reductios mafnitude of

gesturetemporal reductionand the temporal reorganisation of phonetic events.

The reduction in the magnitude of gestures is visible in pronouns that have a vocoid that is
canonically described as changing quality in time. Pronouns sucdltaad theyare

commonly produced without apparent tongue movenadghie quality of the first part of the
vocoid is maintained as a steadytstar changes slightly in the expected directiéior

example, SectioB.1.1reported that the pronouhis in most instances realised as a vocoid
with an open front quality. SectioB.1.7showed that the vocoid itheyis articulated as a

closemid front unrounded vocoid without change guality.

The instances of reduction are also characterised by the temporal reorganisation of phonetic
events. The state of the glottis and the states and movements of the organs in the
supralaryngeal cavity are independent from each other. Thereforghitreetic events

occurring in the larynx and the events occurring in the supralaryngeal vocal tract can be
realigned. This means that, for example, in the production of a vocoid, the phasing of
voicing and the oral articulation can be simultaneous or oatudifferent times. In this

case, the resulting vocoid can be very short or even voiceless or apparently deleted.
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However, it was observed that, in most instances, both phonetic events are still articulated.
The presence of weak friction at the beginningseveral pieces led to the observation of
visible formants in the spectrograms. This feature suggests that the gestures in the oral
cavity are articulated before the onset of voicing. That is, when voicing and oral articulation
do not ceoccur, the articlation in the oral cavity occurs first and the vibration of the vocal
folds starts later. While the articulation of the vocoid might not be audible without voicing,
the presence of the formants indicates that the gesture in the oral cavity is articulaged.
temporal realignment of the vibration of the vocal folds and the articulation in the oral

cavity is the main factor in the production of reduced instances of pr+aux.

A question that remains to be answered is where in the vocal tract the weak friotmmset
is produced. Two main hypotheses can be formulated. The first hypothesis is that the
voiceless friction is produced in the glottis, and then shaped by the positions and
movements of the supralaryngeal vocal tract. The second hypothesis is tHattioa is
produced at the place of articulation in the oral cavity. For example, the friction can be
produced near the hard palate at the beginning of the propowand near the soft palate
at the beginning of the pronoume This issue is investigatein detail in Chapter 6 (Section

6.1).

To conclude this chapter, the auditory analysis and spectral observation of the data collected
showed a wideange of variation in the production of the pronouns. This chapter described

in detail the most frequent realisations of each pronoun, as well as the most extreme cases
of reduction. This analysis has highlighted the phonetic features of each pronoun that
remain in the signal in reduced speech. The next chapter reports the analysis of the cliticised

forms of the auxiliaries.
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4. Auditory and acoustic analysis of auxiliaries in pr+aux

This chapter reports on an auditory and acoustic analysis of the cliticiseasfof the
present tense of the auxiliary vere (6 p0,9 ), the cliticised forms of the present and
past tense of the auxiliary venvE (0,9 v @&)dthe cliticised forms of the modal
auxiliarieswil/ (6 Y ahd would(6 )dand the finite forms oftie past tense of the veBE

(wasand werg.

4.1. Cliticised forms of the auxiliaries

As explained in Sectioi.2.2 using a polysystemic approach, the various forms of English
auxiliary verbs can be divided into four systerf@gden, 1999)The focus of this thesis is

the system of auxiliaries that includése (weak) norsyllabic forms /C/, where C represents

a contoid, such as /d/ (asime Yj/d/ (asins h g iB/fas in/ 1), &s(asint h e ) lbhias

in/ 8,M (as iny o g.dlesge weak forms of the auxiliaries can be attached only to a
pronounhost. In addition, the finite forms of the past tense of the auxiliBgyd wasand

wered were analysed too. The rationale for includimgisand werein the analysis is to
investigate the contrast between the present and the past tense of auxiliabé=9 (which
wasalsoreported at the beginning of the previous chapter) summarises the combinations of

pronoun and auxiliary that have been analysed.
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Bronols Aux HAVE Aux BE Modal Aux
present past present past | (present) (past)
I | v | 6d | 6 m | was | 01 | 6d
he hedy heodd heddq hewas heod heoq
she shed@ shedl shed shewas| shed s hed
it i to it 0 it 69 itwas it o i to
we wedvl wedd wedr| wewere|] wedl we 0
you youod|l] youod| youodo|youwerel] youd yougdg
they t hey|l they| they]|theywerel t heyl t hey

Table9. The combinations of pronosr{rows) and auxiliailes (columns) analysed in this
thesis.

All the auxiliaries are described in combination with a pronolihe combinations of the
auxiliaries with the pronoumt will be described separately. As mentioned in the previous
chapter, the pronourt differs from the other pronouns in that it has a closed syllable with a
contoid in coda position. All the other pronouns have an open syllable with an empty coda.
When comined with an auxiliary, the empty coda of the pronoun is filled by the cliticised
form of the auxiliary. However, some of the consonant clusters formed in the pr+aux
combinations withiz are not allowed by the phonotactics of English. For example, the
con®nant sequence /td/ in ¢ igndt allowed in coda position in Englisko an extra vowel
has to be added and the piece becomes bisylldlie strategies usetb overcome the
phonotactic constraintsf coda consonant clusteasedescribed for each clitised form of
the auxiliaries in combination with¥. Following the approach used in Chapter 3, where

possible unreduced realisations are described first.

4.1.1. Auxiliaries hadand would cliticised form d

The cliticised formd cépresents eithebador would Initially, the two auxiliarieshadand

wouldwere analysed separately. However, the acoustic analysis did not reveal any notable
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difference between the realisations of the cliticised forms of the two auxiliaries. For this
reason 1adand wouldare treatedogether heré.The cliticised forms of the auxiliariefad
and wouldare disambiguated retrospectively by the finite form of the main véuorftor

burr).

The phonemic transcription of the cliticised fordh & /d/. In the traditional phonetic
descrption, /d/ is described as being produced by a complete closure in the oral cavity
followed by an abrupt release of the gqaressure built up behind the closure. However, in
English connected speech when there are two plosives in a row, the releaseficditbaee

is typically inaudible (Roach, 2000) or assimilated to the place of articulation of the
following obstruent (Gimson, 1988). In the data collected, all pr+aux are followed by the
verb burnin the appropriate form, which means that /d/ in all po+& followed by a

bilabial plosive. The most common realisation of /d/ across paradigms, speakers and
repetitions in pr+d @ unreleased (or masked released) (78%, N=420/5Figure57

shows two examples of unreleased, id//# e 6 d ohthelefttandve 6 d o therright.

"The acoustic analysis and comparisorvoe i the subset#?r e 6 d ahdih e b td and w e énd
the subsetsv e 6 d amdmrerdtd dild oot reveal any notable difference between the two groups.
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Figure57. Spectrogram and waveform of an instance/efaproduced by S7 on the fie

and an instance afy e @rdduced by S10 on the right. In both instances the release of the

first phonological plosive /d/ is masked by the closure of the second phonological plosive

/bl.

In Figure57 it can be notied that the vocoid ends abruptly. This is because in the instances
in which /d/ is unreleased, the complete closure of the plosive is still articulated, but the
release is 'masked' by the bilabial closure for the bilabial plosive in onset of the following
word. Perceptually, the closing gesture of the tongue moving towards the alveolar ridge is
often audible. However, in some instances, the closure at the end of the vocoid sounds
bilabial rather than alveolar. From the data available, it is not possibkatov whether, in
these cases, /d/ assimilates to the place of articulation of the following sound /b/, or whether

the closure for /d/ is masked by the closure for /b/. A portion of voicing continues during

the closure, as can be seen in the figure above.

In several instances of pré ,ch weak spike in the middle of the closure can be observed at
low frequencies. This spike can be seen also in the two figures above near the time mark
0.96 in the figure on the left, and between the time marks 0.8 and 0.84eifigure on the

right. This spike is likely to be the noise produced by the closure of the lips for the
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production of the bilabial plosive at the beginning &dirn/burnt It is visible only when /d/
is unreleased. In the whole dataset of pg+garadigmsit is present in 43% of instances of

unreleased pr+d dcross paradigms, speakers and repetitions (N=180/420).

In several instances across p6hdd/ is produced with friction at the place of articulation
instead of a complete closure and a burst. To pie&lfriction, the tongue moves towards
the alveolar ridge but, instead of creating a complete closure, creates a stricture of close
approximation. When the pulmonic air reaches the stricture, turbulent air is produced.
Figure58 shows an example of friction noise that starts before the end of the vocoid and

increases in energy before the closure for the bilabial stop.

Speaker 15 He d burnt the pie
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Figure58. Spectrogram and waveform of alveolar friction in an instancé&etiproduced
by S15. The frequency scale displays frequencies up to 8 kHz.

Continuous friction noise instead of a complete closure for /d/ occurs in 8% of instances
analysed (N=42/537). ltcan be noticed irrigure 58 that the aperiodic energy is initially
weaker, lower in amplitude and that the main concentration of energy is in a restricted

range of frequencies between 3500 and 4700 Hz. Then the ingesfdite aperiodic energy
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increases, as well as the range of frequencies at which it is found, from 1600 Hz to 10 kHz.

The acoustic features of this friction suggest that the gesture of the tongue tip towards the

alveolar ridge is in place, and that thengue has reached the alveolar ridge and created a

stricture. The stricture is initially narrower, then becomes wider anslrtetre turbulent air

flow out through the constriction. This can be described as a case of reduced degree of

gesture magnitude. Thgesture is articulated, but its magnitude is reduced and instead of a
complete closure, a narrow constriction is articulated. The constriction is then widened
slowly rather than abruptly released. The au

articulated with the blade of the tongue.

The realisation of /d/ with friction at the place of articulation raises the question of whether
the instances of pri oh which /d/ is produced with friction differ from the pr& s
combinations. In traditional phonemierms, the contoid /d/ and /z/ in coda position ktP

and kzPare responsible for the contrast between the minimal paifrs eadd@ h e 6 s
However, if the plosive /d/ is realised with continuous friction at the same place of
articulation, how is the aatrast with the phonologicaloicedalveolar fricative /z/

maintained? This issue is investigated in detaiChapter 5Section5.2.4.)).

In some cases, /d/ is articulated with a complete closure, after which turbulent air is
gradually released-igure59 shows an example gf o vidwhich there is a gradual

increase of aperiodic energy at the end of apbete closure.

161



Speaker 6 You d burnt the roast
5000

4000+

fiYe)
30001 '[’ ’ i
= 20004 ’
Gradual _—

1000+

S »

fricion ——U

[ T
I

‘lﬁl "I r “ ‘ I s Mo A h.
“hir l‘ '”\"' l'\lmlmlllllmwi Y ,W ‘{wv/w..
L J ‘ it | iy
0.88 0.92
[it]

Figure59. Spectrogram and waveform of an instance of gradual release of friction after a
complete closure iry o upfoduced by S6.

Figure59 shows an example of gradual release. It can be seen in the spectrogram and
waveform that a complete closure is followed by a gradual increase of aperiodic energy
instead of a burst as in the case of an abrupt release. From an articulatory point othigw,
suggests that the tongue makes a complete closure at the place of articulation, but after the
air-pressure builds up behind the closure, the tongue moves away gradually from the
alveolar ridge creating the friction. A gradual release occurs in 5%nsfances of pr+d d
(N=27/537) across speakers and repetitions. Also in this case the auditory impression is

that of an affricate sound.

In 9% of the dataset, the plosive in pré& garadigms is realised with a closure, a burst, and
a release phase. Comparede most frequent variant in the dataset (unreleased plosive),
thevariant in which the air pressure is released with a buestnot be considered an

instance of reduction. On the contrary, it can be considered a case of-hyfarlation.
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Figure60 shows an instance gf o vidwhich the plosive is released with a burst followed

by a short period of friction.
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Figure60. Spectrogram and waveform of an instanceyob upfoduced by S15 in Wich

/d/ is realised with a complete closure and burst.

To summarise, the most common realisation of /d/ in @fr#garadigms is unreleased, as we

would expect in English connected speech when a plosive is followed by another plosive (in

this case /b/ in onset dburr). Other realisations of /d/ include continuous friction at the

place of articulation; a complete clagufollowed by a gradual increase of aperiodic energy;

or abruptly released with a burstable 10 reports the number and percentage of tokens for

each realisation in the data analysed. The pron@isas been excludeflom this table and

will be treated separately in the next section.
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Realisations ofd/ in pr+ & éxcept/ t 6 a N %
Unreleased 420 78
Continuous fricated release a7
Gradual fricated release 43
Burst release 27
Total 537

Table10. Count of realisations of the alveolar plosive in p6-d

Another important aspect of pré & the closure between the vocoid and the burst of /b/ in
onset ofburn(t). The duration of the closure measured from the end of the vocoid to the /b/
burst in burn(t)includes both the closure for /d/ and for /b/. For this reason, the closure in
pr+ & & longer than the closure in all the other pr+aux (as measured from the éideo
contoid in the case of pr¥ vaad pr+ 6)sTable11 shows the mean duration of the closure

and the mean duration of voicing after the end of the vocoid in five subsets with the

pronounwe
) Mean duration of

) Mean duration of L N

Piece ) voicing in closure | .
closure in ms ) instances
in ms

We 6 d 97 31 92
We bve 67 (39)* 41
We 6r e 71 33 43
We ol | 70 29 49
We were 67 31 45

Table11. Mean duration in ms of the closure before /b/ and voicing after the end of the
vocoid in five subsets with the pronoume and different auxiliaries. The asterisk (*)
indicates that voicing iw e iz et actually during the closure because the vocoid is

followed by labicdental friction.

Table11 shows the difference between the mean duration calculated across speakers and

repetitions of the closure imv e &ampared to the mean duration of the closure in the other
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four wetaux. The reason for the longer duration of the closure in pd+& the artialation

of two adjacent closures for /d/ and /b/. The table also reports the duration of voicing after
the end of the vocoid. In four of the five paradigms, voicing continues during the closure,
while in w e § theevocoid is followed by friction, so voicmin this case is simultaneous to
the labiadental friction, rather than during the closure. While there is a substantial
difference between the duration of the closuresite &@ampared to the other paradigms,
none of the paradigms exhibits a noticeabl&#etence in the duration of voicing during the

closure.

411.1. It 6d

As mentioned in SectioB.1.4 the syllable structure of the pronounhaffects the reaation
of the /t+aux combinations. Not only does the same cliticised form of an auxiliary
combined with the pronourr exhibit different characteristics than when it is combined with

all the other pronouns, but it also affects the realisation of the puanbitself.

In the data collected, the paradigm? igfallowed by the verbburnin the appropriate form
(either burnor burnj. There are several variants of ¢ afidithey can be grouped according

to therealisation of theplosives. By far themost conmonrealisation of the phonological /d/

in / tiduireleased (98%, N=50/51). Depending on the realisation of /t/, the piece can
have two forms. If /t/ is unreleasealsq the piece is realised as a short vocoid followed by

a long closure. The short vocoid is characterised by creaky voice. If /t/ is not unreleased, a
shortvocoid is produced aftei between the two phonological plosives /t/ and /d/ and the
piece taks the form of two vocoids with a variable contoid between them. The contoid
between the two vocogican be realised either with friction, a canonical burst, as a tap, or a

dip in amplitude. In summary, the realisations &d/ observed in the dataset colledtare:
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1 The two phonological plosives /t/ and /d/ are both unreleased. In this case, the
vocoid is realised with creaky voice.
1 The second plosive /d/ is unreleased, but the first plosive /t/ is not unreleased. The
first plosive /t/ can be realised:
o with a dosure and a burst;
o with friction;
0 as a short ballistic movement (tap);

o as adip in amplitude of the vocoid.

The most common realisation dé#d/ is as a short vocoid with creaky voice followed by a

long hold phaseFigure61 shows an instance of ¢ ppoduced by S13.
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Figure61. Spectrogram and waveform of an instance of pdoduced by S13 in which the
short vocoid is characterised by creaky voice and the two plosives are unreleased.

Figure61 shows an instance af ¢ réabised as a short vocoid with creaky voice.

When /t/ is not unreleased vocoid or a period of voicing is produced after /t/ and the
piece is thus realised with two vocoids. Tfalowing figures show the variants of the

phonological plosive /t/: a complete closure followed by a buFsg(re 62), friction at the
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place of articulation Figure 63), a shortballistic movement of the tip of the tongue such as

a tap Figure64), or a dip in amplitude during the vocoidr{gure 65).

Figure62 shows an istance in which /t/ is realised with a complete closure and an abrupt
release of energy. The plosive is then followed by a short vocoid before the gesture for the

closure of the second plosive /d/ is articulated.
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Figure62. Spectrogram and waveform of an instance /0ff ppoduced by S2.

In Figure 62, /t/ is released with a burst after a short hold phase. However, in most instances
in which it is not unreleased, /t/ is realised with continudtistion at the place of
articulation, as shown ifrigure63. Here again the phonological plosive /t/ is followed by a

short vocoid and a period of voicing continuing after the end of the vocoid.
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Figure63. Spectrogram and waveform of an instance’ of pfoduced by S11 in which /t/ is
realised with continuous friction.

The phonological plosive /t/ can also be articulated with a short ballistic movement of the
tip of the tongue agaist the alveolar ridge. This gesture produces a short closure in the
vocal tract that is not long enough to allow a builgh of air pressure behind the closure.
Figure64 shows an instance of this articulation. In this case, the second vocoid is quite long

and exhibits a falling F2. The closure at the end of the vocoid is clearly bilabial indicating

that in this case the second plosive is not articulated.
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Figure64. Spectrogram and waveform of an instance of ppoduced by S6 in which /t/ is
realised as a tap.

In some instances, ¢ ig@realised as a vocoid with only a dip in overall amplitude as

observed in the waveform. In the spectrograhe vocoid exhibits a weakening of F3.

Figure 65 shows an instance af ¢ idwhich the duration of the vocoid is quite long (94

ms). The variation in amplitude gives the auditory impression of two syllables.
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Figure65. Spectrogram and waveform of an instance of pfoduced by S8 displaying only
a brief decrease in amplitude during the vocoid.
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From the area in which F3 exhibits lower amplitudeRigure 65, it can be inferred that the
tongue has moved slightly towards the passive articulator, lessening the output of energy

without creating a considerable constriction.

So far, all the instances af ¢ d@s¢ribed are characterised by an unreleased voiceaalr
plosive /d/. In one instance (N=1/51, 2%) /d/ is realised as friction at the alveolar ridge as

shown inFigure 66.
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Figure66. Spectrogram and waveform of an instance’ of pfoducedby S9 in which both
phonological plosives are realised with friction.

Figure 66 shows an instance af ¢ idwhich both phonological plosives /t/ and /d/ are

realised with friction at the place of articulation. The first portion of friction is characterised
by higher overall amplitude and aperiodic energy at higher frequencies. The second portion
of friction is characterised by lower overall amplitude and aperiodic energy at lower
frequencies. Auditorily, the second portion of friction sounds rounded or dark. This suggests

that the labial gesture for the articulation of the following /b/ is already being @eted. It
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can be noticed in the spectrogram that /b/ too is realised with a gradual increase of friction

rather than a sharp burst.

Thefirst vocoid in/ ¢ cardalso be reduced. In the dataset, there is only one instance in

which the vocoid is voiceles&igure 67 shows this instance.
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Figure67. Spectrogram and waveform of an instance of witl@’a voiceless vocoid
produced by S14.
Figure67 shows an istance of/ ¢ i@which the vocoid is voiceless. However, the first
plosive of/ tigrealised with a complete closure and a burst, and it is followed by a short

vocoid before the complete closure for the second plosive starts.

In the dataset, there idso an instance of # vdtlabut the firstvocoid. The piece starts with
an abrupt release of air pressure at the alveolar ridge. The long portion of friction (duration
102 ms) exhibits a clear formant structure, which suggests that the quality of therfrist

palatal.
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Figure68. Spectrogram and waveform of an instance’ of pfoduced by S11 characterised
by an initial burst followed by a long period of friction.
To summarise, the most frequent realisatior of ig¥ag a shd vocoid with creaky voice
followed by a long closure. When the phonological /t/ is released, it is followed tmyda
centralvocoid. The phonological plosive /t/ exhibits a high degree of variability, including

friction, short ballistic movement, or congie closure and burst release.

4.1.1.2. Summary of observations of the cliticised foréhd

To summarise, the combinations of p&- dan be divided into two groups according to the
syllable structure of the pronoun. In combination with the pronouns with an open syllable,
the most frequent realisation of /d/ is unreleased (78%). In reduced instances it can be
realised as friction at thplace of articulation without a complete closure, or as a gradual
release of friction after a complete closure at the alveolar ridge. Both variants can be
accompanied by a range of degrees of voicing, but voicing is always present. In
combination with theonly pronoun with a closed syllablet], /d/ is realised as unreleased in

98% of instances. Depending on the realisation of the adjacent phonological plosive /t/, a
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vocoid can be produced between the two phonological plosives. The piece can thus be
realised as a short creaky vocoid, or as a long vocoid with an intervening gesture in the
middle. This gesture can create a complete closure, a narrow constriction resulting in
alveolar friction, or briefly reduce the amount of output energy of the vocoid. Apartant
aspect of all pr+& © the duration of the closure after the end of the vogewtich is longer
than in all the other pr+aux Moreover, the beginning of the closure is characterised by the
abrupt end of the vocoid, and by a portion of voicing whicontinues during the initial

portion of the closure. A quantitative analysis of these features is reported in Chapter 5.

4.1.2. Auxiliaries hasand/s, cliticised form s

The cliticised formdsis the present tense of the third person singular of either the auxiliary
HAVE (ha3 or BE (/5). The phonemic transcription akis /z/in s h edd$é e, arsl/s/in

/it Ehe formshasand /s can occur only in combination with the third person singular
pronounshe sheand/t. In the traditional phonetic description, the alveolar fricative is
described as a sibilant fricative, in which the friction noise is produced when the airstream
strikes the teeth rather than at the constriction articulated atltlemkar ridge (Ladefoged

and Maddieson, 1996). The tip or blade of the tongue produces a narrow constriction near
the alveolar ridge which channels the airstream towards the teeth where the air becomes

turbulent producing the friction noise.

Similarly to the pr+ 6 dombinations, the realisations of the p6-sombinations largely

depend on the syllable structure of the pronoun. Although all paradign's ebesénd

/D) lsage friction in coda position, the phonetic form of the piece dsfieetween the

paraligms that have a pronoun with an open syllable and the paradigms that have a pronoun

with a closed syllable. For this reason, the description of the frsealisations is divided
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into two parts. The first section describes the paradigmg eudd$ e.d ' second section

describes the paradigm . 6 s

412.1. Sheddsh e 6 s

In combination with the pronouns/eand /¢ the phonemic transcription akis /z/. The
main variations in the realisations of /z/ are related to the amount of friction produced at the
alveolarridge and the amount of voicindrigure 69 shows an unreduced instance/ofe 6 s

produced by S10.
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Figure69. Spectrogram and waveform of an unreduced instancess

In 70% of tokens ofs h addé e d@cross speakers and repetitiotie alveolar friction

starts before the end of the vocoid and the two phonetic events overlap for a portion of time
creating africated vocoid'. In the waveforms and spectrograms, fricated vocoids are
characterised by weak and blurred F2 and F3 at lower frequencies (below 3000 Hz) with
simultaneous friction noise at higher frequencies (above 3000 Hz). The mean duration of

this owerlap in the datases /7 andd$ e @woss speakers and repetitions is 11 ms (N=196),
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while the mean duration of theon-overlappingvocoid in the same dataset is 33 ms and the
mean duration of th@eonoverlappingalveolar friction is 46 msFigure 70 shows an

example of overlapping friction and vocoid se’s
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Figure70. Spectrogramwaveformand annotatiomf an instance okhe'gproduced by S11
in which friction overlaps with the vocoidlhe frequency scale displays frequencies up to 8
kHz.
In Figure 70 the formant structure is visible throughout the piece, although F3 is faint in the
final period of friction. However, during the period of vibration of the vocal folds, friction
noise is visible at higher frequencies (abo&@ Hz). In this instance, the friction overlaps

~

with the vocoid for its entire duratioriThe annotation shows the stamgé r ked 6v 6) and
(6vxd) of the vocoid, as well as the start (
coda. The palatalveolar friction in onset ends with the start of the alveolar friction

(marked o6fr206).
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The paradigms / add$é e éxlibit the same types of variation and reduction. In

particular, the vocoid can be highly reduced because the initial friction that characterises the
pronounssheand heis always produced (although ikethe glottal friction can be very

weak). The vocoid canétemporally reduced, simultaneous to friction (as above), voiceless
or apparently absent. The most reduced realisations 6f @dé e @rescharacterised by

one or two portions of friction produced at different places of articulation without voicing
andwithout an apparent vocoid throughout the pie€gure 71 shows an instance df e if s

which glottal friction is followed by alveolar friction.
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Figure71. Spectrogram and waveform of acheced instance ofie’sproduced by S14
characterised only by friction at two places of articulation.
In the instance ofs e id Bigure 71, the two periods of friction differ both in the distribution
of energy along the frequency scale and in the overall amplitude as shown in the waveform.
The two portions of friction are articulated at different places of articulation: the first is
articulaed in the glottis, the second at the alveolar ridge. Throughout the piece, F2 is visible

and it has the typical descending characteristic observed throughout the dataseinid to
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a lesser extenshe A very short and weak portion of voicing is visibla the waveform

between 0.64 and 0.68 seconds, but it is too weak to be audible.

Sh e cas be further reduced to friction produced only at one place of articulafimure
72 shows one of three instances &f/7 @ndkich friction is produced only in the

postalveolar region.
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Figure72. Spectrogram and waveform of a reduced instancs/ef'produced by S15
realised as friction onlyThe frequency scale displays frequencies up to 12 kHz.
Figure72 shows an instance of /2 a@hatss highly reduced. In this case, the friction is
produced only near the postalveolar region. Also in this case, F2 isleithroughout the

piece.

To summarise, the reduction features that have been obsen&tkisand /7 e iicdude a
variable degree of overlap of phonetic events, absence of voicing and in extreme cases
absence of alveolar friction i /7 dut sot in /1 e. dtsese reduction features can be
combined to give highly reduced pieces characterised by voicelessness and continuous

friction throughout the piece with or without obvious spectral variations. Although a vocoid
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is not always identifiable in the spectrogna, the articulatory gesture of a close front
articulation seems to be in place as evident from the formant structure visible during

friction.

4.122. [Its

The case of tigitreated separately here becauss the only pronoun with a closed
syllable, and als¢he only third person singular pronoun without friction in onset. As was

reported in the section on ¢, ih&fpronouni is more prone to a wide range of variations.

The phonemic transcription of #igi/®s/. In its canonical form/ tigicharacterised by a
nearclose neaifront vocoid followed by a complete closure produced by the front of the
tongue against the alveolar ridge. The closure is then released with a burst which is

followed by homorgait friction. Figure 73 shows an unreduced instance/oft. 6 s
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Figure73. Spectrogram and waveform of an unreduced instanc&groduced by S2.
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Figure 73 shows an instance af zirdwhich /t/ is realised with a complete closure in the
oral cavity followed by an abrupt release and a period of alveolar friction. During the

closure the vibration of the vocal folds continues but with diminishing intensity.

Most of the variatios in the realisation of ¢iralve the phonological plosive /t/. As
described in SectioB.1.4 creaky voice is one of the most frequent correlates ofigure
74 shows an example of ¢pdoduced by S3 in which /t/ is realised without a complete

closure and the vocoid is characterised by creakiness.
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Figure74. Spectrogram and waveform of an instanceproduced by S3 in Wwich the
vocoid is realised with creaky voice and there is no visible closure for /t/.

Hz

Figure 74 shows an instance af zirdwhich the creaky vocoid is followed by alveolar

friction without any intervening closure. In some instances, there is a period of silence
between the vocoid and the alveolar friction, indicating that a complete closure is articulated
in the oral cavity Figure 75 shows an example of a reduced vocoid followed by a period of

silence and alveolar friction.
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Figure75. Spectrogram and waveform of a reduced instancégeproduced by S11 in
which the pronoun is realised as two cycles of vocal fold vibration.

The period of silence in the instance ofzirdFsgure 75 is followed by a gradual increase of
aperiodic energy. The presence of a complete closeferb the release of the air pressure
gives the auditory impression of an affricate even though the release is not abrupt. The
vocoid is realised as two irregular cycles of glottal folds vibration. Except for this glottal
activity, the piece is voiceles3he vocoid can be further reduced to a barely audible
portion of weak friction and even deletioRigure 76 shows an instance af ¢irdwhich the
vocoid is voiceless and barely audifi@he presence of the vocoid cée seen in the weak

friction with visible formants before the burst of the release.

8 In this instance of ¢, thesvocoid is audible only by listening to the audio file wearing headphones
and in a quiet environment.
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Figure76. Spectrogram and waveform of an instance’ of pédoduced by S8 in which the
vocoid is articulated but it is voiceless and barelyddle.
Finally, in the most reduced instances/oft, @hly a period of voiceless alveolar friction is
audible and observable in the spectrograms and wavefdfigare 77 shows an instance in
which only alveolar friction can be identified. The frequency scale has been adjusted to

display frequencies up to 8 kHz.
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Figure77. Spectrogram and waveform of a highly reduced instancé&®produced by S8
characterised by only a portion of voiceless alveolar friction. The frequency scale displays
frequencies up to 8 kHz.
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Despite the absence of a transient burst before the fridtiahe instance of #irdFsgure

77, the auditory impression is that of a homorganic affricate [ts].

To summarise, the paradigm ¢ e&hsbits a wide range of realisations due mainly to the
syllable structure of th@ronoun and the presence of a phonological /t/. The reduced
instances of tafesharacterised by voiceless alveolar friction, which is always articulated
and audible. The main source of variability is in the pronoun which can be realised as a

short crealg vocoid or be apparently missing.

4.1.2.3. Summary of observations of the cliticised foréhs

As described in this section, the alveolar friction in coda position of the three paradigms
analyseds h efbesarsl/ t i aways articulated and audible in the pr+au fadds? e, s
while it can be highly reduced and even absensi? eTis is not surprising if we

consider the small paradigmatic system of contrast these paradigms belong to. To maintain
their contrast in this small pr+aux systeny / e/fbesénd/ gnéed only to retain their

fricative element(s). The reduced instancesofi gefam the voiceless palatveolar

friction; the reduced instance df e @tain both the voiceless glottal friction and the

alveolar friction; the reduced instances /off rétasn the alveolar friction alone. In all three
paradigms, the piece can be produced without voicing. This means that the voicing contrast
betweens /1 amdé e @escribed as having a voiced fricative /z/) on one side and 6 s
(described as having a wasless fricative /s/) on the other side is not maintair2éspite

the absence of noticeable alveolar friction in a few instances &f §N=6/106, 6%), it can

be said that the essential phonetic feature of the cliticised farim alveolar friction.

4.1.3. Auxiliary have cliticised form ‘ve
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The cliticised formdreis the present tense of the auxiliary veslve in the first and

second person singular and the plural. It can occur in combination with the prorpwes
youand they The phonemic transcription ad vig/v/. In the traditional phonetic

description, the fricative /v/ is described as a rghilant voiced labiedental fricative. To
produce it, the lower lip is raised and retracted so that it forms a narrow constrictidm wit

the upper teeth. The turbulence is produced when the pulmonic airstream reaches the
narrow constriction (Ladefoged and Maddieson, 1996). Simultaneously, the vocal folds
vibrate to produce voicing. In the data analysed, the main variations in the reatisdtthe
labiodental friction involve the amount of turbulent energy generated at the constriction and
the temporal alignment of friction and voicingigure 78 shows an instance af # e withv e

a typical amount of fiction in instances of pr+0 virethe dataset.
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Figure78. Spectrogram and waveform of an instancefoh e Jprédueed by S8.

Figure 78 shows the typical friction produced in instances of pi+vaeross the dataset. The
friction has low amplitude and energy distributed along the frequency scale rather than

concentrated at specific frequencies. Voicing is usually present.
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Most of the variatios in the labiodental friction of the auxiliaryHAVE arein the duration
and amplitude of the friction and the temporal alignment with the end of the vo&ajaire
79 shows an instance of & i which the friction is $iorter and weaker than in the example

shown above and starts before the end of the vocoid.
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Figure79. Spectrogram and waveform of an instance/ ob pragluced by S15 characterised
by short and weak friction.

The weak realisatio of the labiedental friction might also be due to the accompanying

vibration of the vocal folds. Because of voicing, the amount of unphonated air that reaches

the front of the oral cavity is limited, which means that there is less air available to peoduc

the turbulence. The labidental friction tends to be partially voicedable 12 shows the

mean duration calculated across speakers and repetitions of the vocoid, the labiodental

friction, the closure and the portioof voicing during friction in the four pr+4 vdatasets.

The last column on the right indicates what percentage of the {dbidal friction is voiced.
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Voicing Portion of

Vocoid Friction Closure during Piece voiced

duration | duration | duration friction duration friction
(ms) (ms) (ms) (ms) (ms) (%)
/'ve 39 30 73 22 140 73%
We've 45 32 65 26 143 80%
You've 43 31 65 25 135 81%
They've 46 31 72 26 149 84%

Table12. Mean durations of the vocoid, the labiodentiattion, the closure, the portion of
voicing during the friction, and the mean duration of the entire piece in the fourdn+ e
datasets. The last column on the right indicates the percentage ofdabial friction that is

Table12 shows that the portion of friction that is voiced ranges between 73% and 84% of

the duration of the friction.

In some instances (N=33/218, 15%) the labiodental friction is neither audible nor visible.

Figure80 shows an example afiey vewithout a clear labiodental period of friction. In this

voiced.

instance, the vocoid is quite lon@7 ms; the mean duration of the vocoidins e y 6 v e

calculated across speakers and repetitions is 46 ms).
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Figure80. Spectrogram and waveform of an instancefofr e Jpréduad by S13 without
an apparent labiodental friction.
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In the instance shown iRigure 80, the labiodental gesture is not audible. This feature raises
the question of how the contrast with other pr+aux suab pr+ 6 & maintained. In order

to investigate this issue further, a subset of data in which the labiodental friction could not
be heard or identified in the spectrogranasselected. The results of the analysis of the v e
subset is reported here. Inout of 53 (N=7/53, 13%) instances of ¢ theglabiodental

friction is either not audible or it cannot be identified in the spectrogram. In some of these
instances, the friction is not visible in the spectrogram but the labiodentality can be heard.
Only in 3 instances the labiodentality cannot be heard at all (N=3/53, 6%). The 7 instances
were produced by three speakers 08I$13, S14, S15. To identify the features that
characterisg & in the absence of friction and/or labiodentality, the instances d@f v e
produced by these three speakers (N=15) were compared to the instandegfibduced

by the same three speakers (N=15). The acoustic analysis of the two subsets revealed that

the vocoids in/ 6 ane/ Aifer in duration and F2. The mean duratiohthe vocoid in
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/ Ointhe S13S15 subset is 37 ms (N=15, the mean duration of the vocoid acrosd tliev e
dataset is 39 ms, N=53). The mean duration of the vocoid/ ifinathe S13S15 subset is
25 ms (N=15, the mean duration of the vocoid across the datas 32 ms, N=49). The

formant dynamics of the two subsets are displaye#igure 81

y, Formantdynamics id’dand/vein S13, S14, S15
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Figure81. Formant dynamics of the vocoid ih dldfue) and/ & (red) in two subsets of the

data prodiced by S13, S14, and S15, who produce very weak or absent labiodental friction
in coda of/ & (N#l15) .

The same analysis and comparison were carried out omteedan@dw e d@atasets, with

parallelresults. The comparison between the acoustic featuresto® vaad pr+ 46 d

revealed that the two paradigms differ along a set of parameters. Firstly, the duration of the

vocoid is longer in instances of pré vttt do not exhibit an evident labiodental friction.

Secondly, the frequency of F2 at the end of thewol islower in pr+ & vtlean pr+ & ,dbut

not at the beginning of the vocoid. An additional feature that was observed in the data is the

difference in the way the vocoid ends. The vocoid in pi+gieces ends abruptly with the

articulation of the complete closure for /d/, while the vocoid in pg+veads smoothly with

energy diminishing at higher frequencies first, and then at lower frequeri€igsre 82
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shows a instance off / e itheueaudible labiodental friction on the left, and an instance
of t h epra@lwted by the same speaker (S13) on the right. Both tokens are displayed in the

same time frame (230 ms).

Speaker_13_They ve_burnt_the cake 5000 Speaker_13_They_d_burnt_the_sauce
+

5000

40004 4000+

3000+ 3000+

Hz
Hz

2000 2000+

1000+ 1000+

- ,“H; “ HN IHM _— . “h”\.‘llﬂ J e Mk el

068 072 076 08 084 088 068 072 076 08 084 088

ScC SCC

[te] [te]
Figure82. Spectrogram and waveform of an instancefof e ywitheug audible labiodental
friction on the left, and an instance &f # e gn dhé right. Both tokens are produced by S13
and are displayed in the samee frame of 230 ms.
Figure82 shows an instance af /7 e Jorthedeft and an instance &f /4 e gn dhé right
uttered by the same speaker. The noticeable differences are the duration of the vocoid,
which is longer inth e y thané h e; thé diiration of the closure, which is longerinh e y 6 d

thant h e yadduthee abrupt offset of the vocoid ih /# e go@pdred to the smooth offset of

thevocoidint hey éve

There are also instances of p& vtteat display a higher degree of turbulent energy
compared to the ones shown so far. In these cases, the friction has a higher amplitude and
sometimes a longer duratioRigure83 shows an instance o e Jimw vehich thelabiodental

friction is characterised by high energy amplitude relative to the amplitude of the vocoid.
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Figure83. Spectrogram and waveform of an instancemé dproduced by S8,
characterised by a reduced vocoid and stramefibn.

To summarise, the main variations in the realisations of the @r#paradigms are related to
the duration of the friction, to its amplitude, and to the temporal alignment with the end of
the vocoid. In some instances the labiodental friction sthefore the end of the vocoid. An
unequivocal characteristic of the labiodental friction is to be accompanied by voicing. When
the friction is apparently missing, the labiodentality can still be heard in some instances. In
the few instances in which thalbiodentality is not audible, the longer duration of the
vocoid, thelower F2 frequency at the end of the vocoid compared to instances offjpot
and the smooth end of the vocoid are all exponents of the labiodentéhymain phonetic
feature of the clit ¢ i s e deidthe falbiodéntality. However, when the labiodentality is

not audible, voicing seems tww maintain the I

4.1.4. Auxiliary am cliticised form 'm

The cliticised formd s the present tense of the auxiliary vesb in the first person

singular and it can occur only with the pronodnThe phonemic transcription given by
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pronouncing dictionaries is /eem/ for the strosyglabic formand Am/ and /m/ for the weak
forms. In the traditional phonetic description, /n¥ produed with a complete closure at the
lips and by opening the velpharyngeal port to let the pulmonic airstream flow out from

the nasal cavities.

Nasal consonants are known to be prone to assimilation to the place of articulation of the
following sound. Although bilabial nasals tend to be less prone to assimilation than alveolar
nasals (Jones, 1960; Gimson, 1989), Ogden (1999) and Local (2003)ttlairthe bilabial

nasal /m/ in the grammatical iterh dexhibits more phonetic variation than when it is

found in coda position of lexical items such #gre or time (Local, 2003). For example, in a
phrase such as 6 m gtlee bikalgal nasal can assiratke to the place of articulation of the
following velar plosive and be articulated at the velum. The assimilation of place of
articulation does not occur in a sequence suclirage greenin which the bilabial nasal has

to be articulated at the lips. Thisan be explained with reference to the polysystematicity of
language: the coda position of function words and that of content words belong to two

different systems which assimilate differently (Ogden, 1999).

The bilabial nasal in the datasét damalyseddoes not exhibit a wide range of variation.
This is due to the following context, which is articulated at the same place of articulation.
Most of the variatios observed i/ darein the realisation of the vocoidzigure 84 shows

an unreduced realisatioh dproduced by S2.
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Figure84. Spectrogram and waveform of an unreduced instance Gjproduced by S2.

There is not as much variation in the realisation/@f as there is in other pr+aux pieces.
This is surprising because it is the only pr+aux produced with an open vocoid and a nasal

contoid, and thus it does not contrast with any other pr+aux combinations

The main variation observed is in the temporal organisation of the various phonetic events.
During the nasal contoid, there are three articulatory components: the bilabial articulation,
the opening of the velpharyngeal port, and the vibration of thecad folds. At the end of

the nasal contoid, the bilabial closure can be maintained becausdike all pr+aux in

this data is followed by a bilabial plosive. Therefore, the closure at the lips is not released
at the end of the nasality, but is maintath® the following sound. In 34 out of 55 tokens

of / 6(81.8%), the hold phase of /b/ is completely voia@the vocal folds vibrated
throughout the hold phase up to the bilabial burst. In three out of 55 items (5%), also the
nasality continues until theelease of the bilabial plosive. The hold phase of the bilabial
plosive is thus 'masked' by the nasal soulRidure 85 shows an instance of masked hold

phase as suggested by the formant structure which is visible thomighe hold phase
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although the amplitude of the formants decreases in.tiewen though the velpharyngeal
port remains open, there is still butlap of airpressure in the vocal tract that is then

released with a burst.

Speaker 6 I m burning_ straw
5000 :
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[?am]
Figure85. Spectrogram and waveform of an instance/ obproduced by S6with visible
formants up to (almost) the burst.

Despite being the only nasal sound in the small pr+aux system, in reduced instances of
/ & wis the oral vocoidthatis reduced rather than the nasal contoid. On the one hand, the
lack of reduction of the nasal sound can be explained by the fact that nasality is the main
feature in/ g as there are no other nasal sounds in the system of pr+aux. On the other
hand, becase it is the only nasal sound in the system, it could easily be reduced to a
nasalised vocoid and still maintain the contrast with the other pr+aux. However, this is not
the case, and the nasal contoid is always articulaiée. vocoid is always articuladetoo,
although it can be very short. In its most reduced form, its duration is 9.4 msHigeee
86). However, notice that there is a period of voiceless friction before the glottal stop and

beginning of the vocoid.
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Figure86. Spectrogram and waveform of a reduced instancé d@fproduced by S14.

The vocoid can also be entirely voiceless, asigure87. The articulation of the vocoid is
in place evenhough the vocal folds start vibrating at the beginning of the bilabial closure

for the nasal contoid. The voiceless vocoid is audible.
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Figure87. Spectrogram and waveform of an instance/ obwith a voiceless vocoid
produced lg S8.
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Figure87 shows the most reduced instance of the piécéotrserved in the data collected.

The vocoid is voiceless, while the nasal contoid maintains its voicing.

To summarise the reduction features found' irg amly the vocoid is affected by reduction,

but not the nasal contoid. The vocoid can be very short and also voiceless, while the bilabial
nasal is always articulated and it can be maintained up to the burst of the bilabial plosive in
burning In this data, the essential phonetic feature of the cliticised forms the nasal

contoid.

4.1.5. Auxiliary wifl, cliticised formé / /

The cliticised form ofwi// is 6 /The phonemic transcription @/ is /A/ or //. In all the

pr+ & £ombinations except #, B 6cturs in syllable coda position. In Standard British
English, the lateral approximant is realised differently depending on the syllable position it
occurs in. When it occurs in syllable coda, the lateral is velarised, and it is calledldark
while when it occurs in syllable onset, the lateral is not velarised and it is called-tlear
(Jones, 1960; Abercrombie, 1967; Gimson, 1989). Both clear and dark alveolar lateral
approximants in English have the same primary articulation, but they différair

secondary articulation. The primary articulation is the articulation made with the tip or
blade of the tongue against the alveolar ridge. One or both sides of the tongue are lowered
so that they do not touch the molar teeth and the egressive putnaamilows out from the

oral cavity from the sides of the tongue without producing friction. The secondary
articulation is the articulation made by the body of the tondunerelarised laterals, the back
of the tongue is raised towards the veluAfeature of the secondary articulations is their
resonances. Re s 0 nan c e svoelx gualilyaudidble ih comsendntah s

productiono (Carter, 2002: 22) resulting
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The resonances of a sound dagdeon the articulatory configuration of the vocal tract, such

as the shape and size of the cavities, and the shape and position of the tongue and the lips,
that is not directly related to the primary articulation (Kelly and Local, 1989). The
resonances arthe auditory correlateof the secondary articulation and are independent

from the primary articulation in that they can occur on any consonantal articulation.

Although any consonant can have resonances, several studies have shown that liquids such
as laerals and rhotics have lorgpmain resonances that affect neighbouring sounds (Kelly

and Local, 1989; Hawkins and Slater, 1994; West, 1999a, 1999b; Heid and Hawkins, 2000).

In the data analysed, the lateral is in coda position, thereforedkpected tde

characterised by dark resonances. Although the tip tongue gesture is considered the primary
articulation, and the velarisation is the secondary articulation, in the data anatiised
velarisation, and the presence of dark resonances throughout tte @iethe most

perceptually prominent feature of pré /I this section, the descriptions of the p&-/ /
paradigms have been divided into three groups according to the syllable structure of the
pronoun. The three groups are: pronouns that have only aigd¢ you, we, pronouns that

have a contoid followed by a vocoidfe he they), and the only pronoun that has a contoid

in coda position and an empty onsef (

4151. | gyoduweédl |

The realisations of the pr+aux combinatiorn's § ¥ ¢ vaidw/ e dafgély depend on the
articulation of the lateral in coda position. As mentioned above, the lateral in coda position
in English is characterised by a secondary articulation in which the body of the tongue is
raised towards the velum. The resonances aasediwith the secondary articulation can

affect neighbouring sounds, especially vocoids in unstressed syllables (Kelly and Local,
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1989, Hawkins and Slater, 1994). The acoustic correlates of the dark resonances are

lowered F2 and F3 (Heid and Hawkins, 2000)

In the subset gy d y @ndw e Jtilelateral can be identified and measured as a discrete
element only in nine tokens (N=9/147, 6%Jigure 88 shows an instance of dn which

the onset of the lateral can baentified.

Speaker 2 1 11_burn__the_toast
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Figure88. Spectrogram and waveform of an instance/ ofuttefted by S2 in which a
distinct /I/ sound can be identified in the spectrogram and waveform.

Figure88 shows an instance df dn which the lateral is clearly iderftable. In the absence
of articulatory data, it can be assumed that the abrupt change in the spectral quality of the
vocalic sound corresponds to the beginning of the lingual contact of the lateral articulation.
This is visible only in two token®f / droduced by S2 whose production, as mentioned in
Chapter2, has been used as reference point of unreduced realisations of the pr+aux
paradigms for her slower and more careful articulation compared to all the other speakers.
Although in all the other tokens it is not possible to identify through spectrographic

inspection the beginning of the lingual articulation, it does not mean that the contact is not
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in place. In several instances the impression of a lateral sound is audible but not Visible
these cases it is difficult to determine whether the lingual conareached or whether

these are cases of phoneme restoration (Kemps, Wurm, Ernestus, Schreuder, and Baayen,
2005).Figure89 shows an instance of an which the perceptual impression of a lateral is

present but dateral sound is not delimitable from spectrographic observation.

Speaker_10_I_11_burn_the pie
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Figure89. Spectrogram and waveform of an instance/ ofuttefed by S10 in which a
lateral sound can be heard but not delimited in the spectrogram.
In severalinstances of pr+d /thle lateral sound not only is not identifiable as a distinct
sound in the spectrogram and waveform but the laterality is also not audible from a
perceptual point of view. Although there is a range of realisations that are not easy to
categorise, it seems that most realisations without a lingual contact can be placed on a
continuum between two types of realisation. In the first type /I/ is realised as a vocoid. This

is a known phenomenon in some varieties of English and it is refeoeti-vocalisation

°By 6not visibled it is hasgencanbe dhsetvedaitlistndt possiple s o me
to identify the onset of the lateral at a precise point in time. A distinct sound cannot be identified
and, therefore, its duration cannot be measured.
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(Wells, 1982). To produce a vocalised L, the gesture of the primary articulétibie

lingual contact with the alveolar ridg&is not fully articulated. The secondary articulatién
the raising of the body of the tongue towards théuwe d takes centre stage. The resulting
sound is a vocoid with a back rounded qualiBigure 90 shows an instance df an which

the lateral is produced as a back rounded vocoid.
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Figure90. Spectrogram and waveform of an instance/ ofuttefed by S3 in which the
lateral is realised as a back rounded vocoid.

Figure90 shows an example in which the lateral is realised as a vocoid. It can be seen that
both F1 and F2 slope to lower frequencies, F2 bandwidth becomes shallower, and F3
becomes fainter. Rather than an abrupt change (indicating that a lingual contact has
occurred) thechangein the formants is gradual. In this instance, the frequency of FI68
Hz at the beginning of the vocoid, and 536 Hz at the end of the vocoid (range 233 Hz). The
frequency of F2 is 1477 Hz at the beginning of the vocoid, and 1081 Hz at the end of the
vocoid (range 396 Hz). The variation in the formant frequencies suggiestshe tongue
moves from a front and open position tackbseandfurther backposition. Moreover, the

perceptual impression is that the lips move from a neutral to a rounded position. L
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vocalisation is not a feature of reduction but occurs also infchspeech in some accents

of English, including SSBE (Wells, 1982; Johnson and Britain, 2007).

The second type of realisation of pré bdcurs when the lateral sound is realised only as

dark resonances audible throughout the piece. In this case, thallst@ot realised as a

vocoid. The secondary articulation, or velarisation, is not subsequent to the preceding

sounds, but it is articulated simultaneously. The distinction between these two types of

lateral realisation is subtle and sometimes diffidaltdetermine. In the case of the vocalised

lateral, there is a vocalic period characterised by a back rounded quality at the end of the

piece. In the resonanamnly articulation, the secondary articulation is simultaneous to the

preceding vocoid. In bothases, the gesture of the back of the tongue that produces the dark
resonances is present. The perceptual i mpres

the beginningFigure91 shows an instance of drdallsd as a dark vocoid.
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Figure91. Spectrogram and waveform of an instance/ ofuttefed by S13 in which the
lateral is realised as dark resonances superimposed on the preceding sounds.
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Figure91 shows an instance of dn’ which the piece is characterised by a dark quality and
no considerable formant movement. There is littteangen the formant structure of the

vocoid compared to thehangefound in the instance ifrigure 90. F2 slopes slightly and its
bandwidth becomes shallower. The frequency of F1 is 728 Hz at the beginning of the
vocoid, and 666 Hz at the end of the vocoid (range 62 Hz). The frequency of F2 is 1348 Hz

at the beginning of th&ocoid, and 1224 Hz at the end of the vocoid (range 124 Hz).

More than other features of speech found in the data, the type of lateral realisation seems to
be speaker specific. Nsinglespeaker produces all the main variants described. On the

contrary, each speaker seems to use subtle variations of the same .variant

In reduced instances, the paradigm pi+is fealised as a short vocoi#figure 92 shows an

instance of/ an’ which the vocoid is very short (duration 12 ms) and has a steady quality.

Speaker 14 I 1l burn_the toast
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Figure92. Spectrogram and waveform of a reduced instancé @uttefed by S14
characterised by a short vocoid.

Figure92 shows an instance of 4’ which the vocoid is very short. The vocoid has a dark

quality due b the position of the back of the tongue raised towards the velum throughout

200



the production of the piece. The vocoid is preceded by a portion of voiceless friction of the

same quality.

As for thepr+aux w e ghy far the most common realisation is a backinded vocoid. The
main variation observed iw e as/the duration of the vocoidrigure 93 shows two

instances oiv e @roduced by the same speaker (S7).
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Figure93. Spectrogram and waveform of two instancesmwé groduced by S7. On the
left, an instance ofv e dn/which the duration of the vocoid is 53 ms. On the rigan

instance ofw e dn/which the duration of the vocoid is 18 ms. Both tokens were produced
by the same speaker. The time windows display the same time frame.
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Figure93 shows two instances af e groduced by theame speaker (S7) and displayed in
the same time window. In both cases, like in the majority of instances ef gtie piece is
realised as a vocoid with a steady quality of a back rounded vocoid. The formant structure
exhibits little variation in the fregencies of the first two formants, suggesting that the
articulation does not change substantially during the production of the piece. The energy is
concentrated at low frequencies (up to 1200 Hz) while the higher frequencies display only
weak energy, e.dg=3 is visible but faint. The frequency of F1 is around 440 Hz in the

instance on the left and 430 Hz in the instance on the right. The frequency of F2 is between
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926 and 999 Hz in the instance on the left (range 73 Hz) and between 996 and 1026 Hz in
the instance on the right (range 30 Hz). In both instances the frequency of F2 is higher in
the central portion of the vocoid and lower at the beginning and end, displaying a domed
shape. Although the duration of the vocoid in the instance on the right is 18hasjocoid

is preceded by a portion of weak voiceless friction of the duration of 35 ms.

While the vocoid inw e ds/cHaracterised by almost flat formants throughout its duration,

the paradigny o vigicharacterised by a falling F2 even in the most reeldiinstancesThe
realisations ofy o vaisd &xhibit more variation thaw e Olrt several cases gr o y e /
lateral sound is realised as a vocoid (N=12/47, 26%), but the vocoid can have either a back
rounded quality or (less frequently) a front raled quality. The range of realisations varies
between [p ~ > +ijg]. Figure94 shows an unreduced instancejofo vidwhich the lateral

is realised as a vocoid even in unreduced speech.
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Figure94. Spectrogram and waveform of an instanceyob vuftered by S2 in which the
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lateral is realised as a vocoid.
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Figure94 shows an instance gf o utldal, like the great majority of tokens in this subset, is
characterised by an initial close front unrounded vocoid and a tongue and lips movement to
a mid-close back rounded vocoid. All instances jofo usbow/some degree of F2

movement, even the mostduced onedrigure 95 shows a reduced instance pfo vig / /

which the vocoid is very short (11 ms).
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Figure95. Spectrogram and waveform of a reduced instancg af vpdouced by S14 in
which the vocoid is very short (duration 11 ms).
Figure 95 shows a reduced instance pfo vidwhich, despite the temporal reduction, the
movement of the second formant is visible in the vocoid as well as in the vaisdietion

preceding it.

To investigate the degree of reduction of the magnitude of the tongue gesture from front to
back, the formant dynamics of the first three formants in reduced and unreduced instances
of y o0 uagrbss speakers and repetitions wemnalgsed. To identify the reduced and
unreduced instances ¢f o y e duration of the vocoid was taken into account together

with the spectral observation of each token. The formant of the 15 tokens with the shortest
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vocoid duration (vocoid duration frori ms to 45 ms, mean=34 ms, median=39 ms) were
compared to the 15 tokens with the longest vocoid duration (vocoid duration from 74 ms to
116 ms, mean=92 ms, median=87 ms}igure 96 shows the formant dynamics of the

reduced and unreduced instancesjob ungeaslred at 9 equidistant points in time.

Formant dynamics of reduced and unreduced
Hz instances ofou/
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Figure96. Formant dynamics of reduced (red) and unreduced (blue) tokepsmfs 6 / /

measured at 9 points in time. Although both F2 and F3 exhibit less variation in the reduced

tokens, the movement from front to back (indicated by the falling F2) is present also in

reduced tokens.

Figure 96 shows the first three formants in unreduced instanceg of v(bluey and reduced
instances o/ o u(éd)./Although all three formants differ between the two groups, F2 (the
acoustic correla of the frontback dimension) exhibits the greatest difference. At the
beginning of the vocoid (Time point 1), F2 already starts at lower frequencies in the
reduced tokens (1771 Hz in reduced instances, 2210 Hz in unreduced instances). At the end
of the vocoid (Time point 9), F2 ends at higher frequencies in the reduced tokens (1241 Hz

in reduced instances, 1046 Hz in unreduced instances). The frequency range of F2 in

reduced tokens is 539 Hz, while the frequency range of F2 in unreduced tokens is 1164 Hz.
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Nevertheless, despite the decrease in the magnitude of the gesture, the tongue movement
from front to backd as shown by the movement of F2 from higher to lower frequendies

always articulated even in reduced instanceyad u 6 / /

4.1.5.2. Summary of observains of/ gwé oyydu b/ |/

To summarise the observations of the realisation of the paradigity ¢ vaindw/ e gtiie/
variants observed can be divided into four main groups, although the differences between

them are subtle and not always easily ideatiiie.

The most common realisation of the lateral is as resonance only that is audible throughout
the piece and that is not time delimited. This resonance has a dark quality and it is produced
by the secondary articulation: the raising of the back of thegue towards the velum and

by lip rounding (or labialisation). Although the dark resonance is audible in all the tokens
analysed and affesthe entire piece, in the most common realisation, the resonance is the
only acoustic cue that indicates the presef a phonological lateral in the citation form of

the paradigms. The second most common realisation of /I/ is as a (usually mid) back
rounded vocoid. The primary articulation, if it is in place, does not create contact between
the front of the tongue ahthe alveolar ridge. However, the secondary articulation, or
velarisation, is articulated and produces a vocoid with a back rounded quality. This
realisation has been observed in 15% of the data analysed (N=22/147). The least frequent
realisation of thedteral is with a lingual contact between the front of the tongue and the
alveolar ridge. The beginning of the contact is identifiable in the spectrogram and waveform
and the lateral sound can be temporally measured. This realisation is rare but it does occ
in some unreduced instances in the dataset (6%, N=9/147). Some instances af prave

been classified as a fourth type of realisation. These instances are characterised by a
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seemingly audible lateral sound that nevertheless cannot be identified gp&otrogram

and waveform. These realisations are ambiguous and not well defined. However, since
several instances were found to give the auditory impression of a lateral gesture being
articulated, despite the absence of acoustic cues in the spectrogham®es,instances were
grouped together in a separate group. The differences between the variants are subtle and
sometimes difficult to determine. Despite this, a count of the four main variants was

attempted and it is shown ihable13.

Audible | Audible but not| Back rounded| Resonancs Total
Pr+aux o ] Unsure
lateral visible lateral vocoid only N
/! 61 1/ 4 (9%) 11 (23%) 2 (4%) 29 (62%) | 1 (2%) 47
Youo 4 (9%) 7 (15%) 12 (25%) 24 (51%) | 0 (0%) 47
We 6/ 1 (2%) 5 (9%) 8 (15%) 38 (72%) | 1(2%) 53
9 (6%) 23 (16%) 22 (15%) 91 (62%) | 2 (1%) | 147

Table13. Count and percentage of four main variants of /I/ realisations in the paradigms
| ¢y @ uabdwie 61 /

Table 13 shows the classification of the realisations of /I/ in four main variants. The
boundaries between thedogroups are not always clear cut and some instances are difficult
to classify. Of the three paradigms (§ ¥ d vaidw/e § w é &Hows less variation in the
magnitude of gesture. The large majority of instancesva# ds/realised with dark
resonaces only. A possible explanation is that the piece begins with a back rounded vocoid
similar in quality to a vocalised.. From an articulatory point of view, it is more
economical to maintain the tongue position throughout the piece than to change it. This
might explain why the first two formants of the vocoid im e é&@re fegularly flat and at low

frequencies (below 1200 Hz) whether the piece is reduced or not.

In all instancesf y o vamdlysed, the movement of the second formant from higher
frequenciedo lower frequencies is always visible, even in highly reduced tokens.
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The paradigny Jdoresgents the largest range of variation of the three paradigms. One reason
for this feature might be that the open front unrounded vocoidisunique in the small
paradigmatic system of pronouns and therefore can undergo a wider range of variations
without becoming problematic for speech perception. The shared feature between all the
paradigms analysed in this section is the dark resonance throughout the duratten of

piece, regardless of the actual tongue tip articulation of the lateral.

4153. Shebédlhleydl /

The paradigms h efoé dnldd h e yade/the same syllable structure of a contoid in

onset, a vocoid and an empty coda. The paradgyih esdused in this section to illustrate

the realisations of these three paradigms. All pieces are realised along a continuum between
two main variants. One variant is characterised by a tongue movement during the
production of the vocoid, from a front artitation to a back articulation. The other variant

is more temporally compressed: the vocoid has a shorter duration and a steady quality of a
front rounded vocoidFigure 97 shows two instances of /1 etl@t/ exemplify hese two

variants. In the instance on the left, there is a clear F2 movemernig the vocoidIn the

instance on the right, F2 is flat.
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Figure97. Spectrogram and/aveform of two instances o /# e @n/the left, an instance of

s h eptbduted by S11 in which there is tongue movement from a close front position to a

back one. On the right, an instance 47 epduted by S13 in which there is little tongue
movemat and the vocoid has a back rounded quality.

’J”}’ e

Figure97 on the left shows an instance sf # ardwhith F2 moves from higher to lower
frequencies during the vocoid, indicating that there is a tongue movement from front to
back. InFigure97 (right), however, the variation in the frequency of F2 is much smaller

and perceptually the vocoid has a back rounded quality.

In all pr+ & /thle dark resonances are audible throughout the piegewre 98 shows an
instance ofs /# ardwhith the palatealveolar friction in onset is charastised by a

particularly dark quality.
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Figure98. Spectrogram and waveform of an instancesof1 eutiefed by S14 in which the
initial friction has a dark quality.
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In Figure98, F2 is clearly visible in the palatalveolar friction around 2000 Hz. In order to
investigate the acoustic correlates of the dark resonances during the friction, the spectral
moments of the palatalveolar friction ins A enm@ré ¢ompared to those of tpalate

alveolar friction ins A ewéhigh is characterised by clear resonancesble 14 shows the

spectral moments measured in the central portion of the friction, as explairfeecition

2.2.2.22.
Paradigm | Amp (dB) | CoG (Hz) | SD (Hz) | Skewness Kurtosis
she'll 57.7 3777 1266 1.89 8.24
she'd 57.3 4050 1364 1.55 5.70

Table14. Meanvalues ofamplitude andfirst four spectral momentmeasured ira central
portion of the palatealveolar friction ins # eatid/s /h ecalculated across speakers and
repetitions.

Similar results were obtained from the spectral moments of the glottal friction en a&nd /

h e,@g’'shown infTable15.
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Paradigm | Amp (dB) | CoG (Hz) | SD (Hz) | Skewness Kurtosis
hell 46.9 2314 1997 2.35 9.69
he'd 46.2 2795 2066 1.42 4.27

Table15. Meanvalues ofamplitude andfirst four spectral momentmeasured ira central
portion of theglottal friction in # e &¥d # e ,&alculated across speakers and repetitions.
The main feature to notice imable14 andTable 15 is that the mean CoG is lower in
pr+ & thén pr+ &.AA lower CoG is compatible with dark resonanc@#is feature is

investigated further in Sectioh.2.2.3

The most reduced instances ®fh e o é dnd? h e aredchatracterised by a very short
vocoid or a temporal reorganisation of the phonetic events in the oral cavity and the
vibration of the vocal folds in the glottis. The feature sf # eh@t/is/always present even in
most reduced instances is the palateeolar friction in onset. In thes / esdbket there are
no instances of complete voicelessness (which occurs in atheraux s ubsets)Figure99
shows an instance of reduced/ ardwhith the vocoid is short (duration 7 ms) but F2 is

visible during the palat@lveolar friction and voicing continues after the end of the vocoid.

Speaker_9_She_ll_burn_the_bread
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Figure99. Spectrogram and waveform of a reduced instance df ewdtlY a/very short
vocoid produced by S9.
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4.1.54. Summary of observationsof 1 e/oé dldd hey 6/ /

To summarise the observations of the realisations of the phonological lateral approximant in
the paradigms h efdoé dndd h e, jt d@abk Yeported that the two main types of variants

are articulated without lingual contact at the front of the oral cavim the first type (or

group of subtly different instances) /I/ is realised as a vocoid with a back rounded quality:
the first articulation is lost, and the secondary articulation becomes more prominent. Before
the back rounded vocoid, a short onglidethva close front quality is audible and usually
visible in the spectrograms. In the second type (or group of variants), /I/ is realised as dark
resonance only. The dark resonances are audible throughout the piece in all the variants
observed, but in the & of the second type of variant, the dark resonances are the most

prominent acoustic correlate of /I/.

In the most reduced instances ot/ e /6 ¢ ,@ihdt h e, thé Vocoid is very short and can
even be apparently absent. However, the dark resonaaseasell as voicing, are always

present.

4155 It 611

The paradigny ¢ b#&Hayves differently from all the other pronouns because of its syllable
structure. Like the paradigm ¢, © tig chdracterised by second vocoid between the
contoids as theconsonant clustettl/ in coda position breaks the rules of English

phonotactics (while /ts/ in  tisdalowed).

In the paradignmy ¢, thefrd is a wide range of variation in the realisation of the phonological
plosive in coda ofi, but the lateral appramant exhibits very little variation compared to
the variability observed in the other pré paradigms. The lateral approximant is realised

as a vocoid in the great majority of instances (N=38/48, 79%). In the remaining 10 tokens
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(N=10/48, 21%), the lateal is articulated with lingual contact at the alveolar ridge. In three

of these instances, the preceding stop is laterally released (N=3/48, 6%).

Figure100shows an instance af ¢ ti¥at ig realised as a vocoid chang from a close front
unrounded quality to a mid back rounded quality. The absence of a visible intervening

contoid allows a clear observation of the formant structure of the piece.

Speaker_6_Tt_I1_burn_the_trees
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Figure100. Spectrogram and waveform ah instance of ¢ pfofluced by S6 and realised
as a vocoid changing in quality and no apparent intervening contoid.
Figure100shows an instance af ¢ ufitéred by S6 in which the piece is realised as a
continuous vocoidThis allows a clear observation of F2 which moves from the frequency
of 2321 Hz at the beginning of the vocoid to the frequency of 960 Hz at the end of the
vocoid. F1 also moves from 575 Hz at the beginning of the vocoid to 437 Hz at the end of
the vocod. The movement of the first two formants suggest that the tongue moves from a
mid front position to a back position. Perceptually, the contoid can be heard as a very weak
tap. It can be assumed that the front of the tongue moved towards the alveolabritige

stopped far before reaching it. The small dip in amplitude and simultaneous slightly fainter
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F2 are the only visible acoustic cues that indicate a chdatieeit small)in the

configuration of the oral cavity.

The same F2 movement can be observedstances in which the phonation mode is
creaky voiceFigure101shows an instance af ¢ idwhich the piece is produced with

creaky voice throughout its duration.

Speaker_7_ Tt Il_burn_the bridge
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Figure101 Spectrogram and waveform ah instance of ¢ pfofluced by S7 and realised
as a vocoid with creaky voice.

Figure101shows an instance af ¢ idwhich the movement of the formants is visible and
similar to the moement shown irFigure 100. In this case, F2 starts at the frequency of
2073 Hz and ends at the frequency of 1018 Hz. F1 starts at the frequency of 628 Hz and
ends at the frequency of 444 Hz. As mentioned in Sec8dn4 creaky voice is the acoustic

correlate of /t/ in the absence of a contoid realisation.

In three instances, /t/ is realised as a plosive with aritreleaseFigure 102 shows an

instance of/ ¢ i@which /t/ is laterally released.
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Speaker_8 Tt_II_burn_the_town
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Figure102 Spectrogram and waveform ah instance off ¢ pfofluced by S8 in which /t/ is
laterally released.

Figure102 shows an instance af ¢ i@which /t/ is realised with a hold phase with a

complete closure, a burst, and a release phase. Thd-bpibf air pressure in the oral cavity

is released from the sides of the tongue.

While in all the other pr+6 /there was a type of realisation 6fl / t hat was 6r eso
this realisationhas not been observed ihe paradigny ¢. ®he Yeason for thisan be

ascribed once again the syllable structure of the pronounh

The most reduced instances 0ft aie/clhharacterised by the apparabsence of the vocoid

in /t. Figure103shows an instance af ¢ idwhich the vocoid in/t cannot be identified.
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Figure103 Spectrogram and waveform of a reduced instance ¢fpiotiuce by S7 in
which the vocoid in ®/ is apparently absent.
Figure103shows an instance af ¢ id@which the vocoid at the beginning afis apparently
absent. The piece starts with some friction and a burst. Thesmbowed by a long release
phase (58 ms from the spike in the waveform to the first cycle of vocal fold vibration)

characterised by glottal friction (aspiration) and followed by a back rounded vocoid.

To summarise the observation of the paradigng, dhié phonological lateral /I/ is realised as
a back rounded vocoid in the majority of instances (79%) and as a lateral with lingual
contact in 21% of instances. The main source of variation in the readisaff the paradigm

/ t igthe/phonological plosive, which can take many forms including being laterally

released. Reduction is more apparent in the absence of a vocoid before /t/.

4.1.6. Auxiliary are,cliticised formé r e

All the pr+ 6 rcembinationdn this dataare followed by the contoid /b/. SSB English (the
variety of English recorded) is a nenotic varietyd /r/ is not pronounced in pre

consonantal position. Therefore, in the dataset collected, the three paradign@y @ v 6 r e
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