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“Men call him Procrustes, or the Stretcher,” said the girl-and she talked
low and fast. “He is a robber. He brings hither all the strangers that he finds
traveling through the mountains. He puts them on his iron bed. He robs
them of all they have. No one who comes into his house ever goes out

again.”

“Why do they call him the Stretcher? And what is that iron bed of his?"

asked Theseus, in no wise alarmed.

“Did he not tell you that it fits all guests?” said the girl; “and most truly it
does fit them. For if a traveler is too long, Procrustes hews off his legs until
he is of the right length; but if he is too short, as is the case with most guests,
then he stretches his limbs and body with ropes until he is long enough. It

is for this reason that men call him the Stretcher.”

James Baldwin
Old Greek Stories






Summary

This thesis provides an account of the phonology and phonetics of intonation in Derry City English
within the Autosegmental-Metrical (AM) framework (Ladd, 2008). Derry City is the second largest
urban area in Northern Ireland, and the variety of English spoken there is known as northern Irish
English (nlE). Within the AM framework, intonation is understood here as the post-lexical
linguistically structured use of pitch to convey meaning (Ladd, 2008).

The first aim of this thesis is to offer a description of Derry City English within the AM
framework so that it is amenable to comparison with other AM studies of nlE, other varieties of
English, and of other languages. It focuses on the phonological inventory and phonetic features of
pitch events in different metrical and lexical contexts and in different sentence modes, i.e.,
declarative statements, wh-questions, yes-no questions, and declarative questions. The second aim
of the thesis is theoretical in concern. There are two parts to this. Firstly, it aims to investigate if—
despite the dominance of nuclear rises (L*H) as opposed to the high pitch accents (H*) found in other
varieties of English—there is evidence for a special status of the H tone in DCE, and, by association,
nlE. The second is to test for evidence of a phonological register tier which nlE speakers are able to
exploit to aid in the kind of phonological contrast that speakers of other varieties indicate through
falling and rising nuclear contours. This is the register tier hypothesis.

In order to achieve these aims, a corpus of read speech was produced by recording 11 speakers
of Derry City English (6F, 5M, mean age = 40, SD 9.9). The stimuli for read speech controlled for
the number of syllables in anacrusis (syllables preceding the first stress in the IP), in the first foot,
and in the final foot. They also controlled for the word boundary placement, as well as for sentence
mode. All utterances (n = 1427) were analysed and annotated in Praat (Boersma and Weenink, 2002)
following the IVIE labelling guide (Grabe 2001), albeit with a few adjustments. The fo contour and
the annotations were processed to generate two data tables which were used for all subsequent
phonological and phonetic analyses. Statistical analysis was conducted in R (R Core team, 2022),
using linear mixed-effects (LME) and Bayesian generalised linear mixed-effects (BGLMM) models
(Bates et al., 2015; Chung & Rabe-Hesketh, 2013).

Two major analyses were conducted, each taking the phonology of the IP as the starting points
(a Phonology-first approach). The first looked at the phonology and phonetics of intonation in
unmarked declaratives utterances under changes in anacrusis, foot size, and lexical boundaries. The
second analysed the phonology and phonetics of intonation in different sentence modes. A third
shorter analysis was also conducted. This adopted an approach which involved identifying the
minimal number of turning points in each f, contour required produce a perceptually identical copy
of the original. From these turning points, the phonological structure was analysed (a Phonetics-first
approach). A Praat Plugin, K-Max (Rodgers, 2020) facilitated this analysis. A large-scale analysis

was not conducted, but a number of phenomena found in the first two analyses were investigated.



The analysis of metrical and lexical effects found that L*H was more likely in prenuclear (PN)
position when the foot was longer or when the word-final syllable was later in the foot. H* was more
common in shorter feet and when the stressed syllable was early in the foot. This was interpreted to
mean that the L target was more prone to deletion than the H target, suggesting that the H tone has a
privileged status in the PN position. Nuclear pitch accents were resistant to lexical and metrical
effects, and all were L*H. The phonetic analysis indicated that tonal targets in PN pitch accents were
more vulnerable to metrical and lexical effects than those in nuclear pitch accents. Nuclear peak
alignment was strongly affected by foot size; however, when analysed as a proportion of voicing in
the final foot, it was remarkably stable. Stress clash effects were found, with the PN L*H rise being
truncated in order to make way for the upcoming nuclear L, while the nuclear L target was aligned
slightly later. The nuclear L*H rise was subject both to compression and truncation depending on the
size of the foot, with the two strategies working in tandem to maintain the proportional alignment of
the peak relative to the voiced material in the foot. The fact that a truncation strategy was available
to maintain the prenuclear H target but that the prenuclear L target was subject to deletion offered
more evidence of the special status of the H tone.

The phonological analysis of intonation and mode used two labelling systems, one using a
register tier and one not. BGLMM analyses using both labelling systems indicated that a register-tier
analysis was superior to a non-register tier analysis, with high register in the nuclear pitch accent
most likely in declarative questions, especially among male speakers. IPs with a nuclear pitch-accent
only (i.e., without prenuclear pitch accents) were increasingly likely in yes-no questions and
declarative questions, especially among female speakers. When treated as a single parameter, the
likelihood of one or other strategy in declarative questions was very high. This was further evidence
of a register tier. A dual strategy was employed for the phonetic analysis, using LME models with
and without register tier effects. Differences in scaling as an effect of mode were noticeably lessened
in the models with register tier effects. Thus, even with the register tier, paralinguistic effects of mode
are still evident even though the effect of the register tier was also clear. The foscaling of low register
L and H targets and high register L and H targets was well distinguished, providing more support for
the register tier hypothesis.

The Phonetics-first analysis provided some evidence that the >H* PA found mostly in
prenuclear position can be either an H* with a long plateau or an L*H in which the L target has been
suppressed in the rise, and that downstepped 'H* pitch accents may require anticipatory lowering
(L_). It also indicated how the apparently earlier tonal alignment of nuclear L targets in declarative
guestions may in fact be a side effect of physiological constraints on the maximum rate of change of
fo.

The research reported here contributes both to the body of knowledge on the intonation of
northern Irish English and to the description of intonation as conceptualised within the AM approach.
It is hoped that the investigation into the possibility of a phonological register tier, even if not

confirmatory, can help shed light on some otherwise challenging intonational phenomena.
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1 Introduction

This dissertation provides an account of the phonology and phonetics of intonation in Derry City
within the Autosegmental Metrical (AM) framework (Ladd, 2008). Derry City is located in the
northwest of Northern Ireland near the border with Donegal in the Republic of Ireland and is the
second largest urban area in Northern Ireland. Derry City English (DCE) belongs to the northern
Irish English variety (nlE), which is spoken across most of Northern Ireland, in Donegal, and in
northern parts of counties Monaghan and Cavan. The AM framework views the pitch contour as the
systematic implementation of a sequence of underlying phonological primitive tones (L for low and
H for high) inside an intonational phrase (IP)*. The majority of AM research on northern Irish English
has focused on Belfast English, with a much smaller body of research on Donegal English (Grabe et
al., 2000; Grabe & Post, 2002; Kalaldeh et al., 2009; Lowry, 2002, 2011; O’Reilly et al., 2010 inter
alia). Only one study of intonation in Derry City has been carried out in the last forty years
(McElholm, 1986), and that presented an analysis of two speakers within the framework of the British
Tradition of intonational analysis (Cruttenden, 1997). There has, until now, been no larger scale
research on Derry City intonation, nor any research conducted within the AM framework, even
though this approach has been the dominant mode of intonational analysis for the last thirty years.

The first broad aim of this work, therefore, is to offer a description of Derry City English
within the AM framework so that it is amenable to comparison with other studies of nlE intonation,
with the intonation of other varieties of English, and with intonation in other languages. It catalogues
the phonological inventory and phonetic features of pitch events in different metrical and lexical
contexts and in sentences with different grammatical functions. More precisely, it analyses effects of
variation in foot size, anacrusis (unstressed content before the first stressed syllable), and lexical
boundaries on the intonational form of unmarked declarative statements. On the functional side, it
analyses and compares variation in intonation as a function of sentence mode, i.e., in declaratives,
binary questions, wh-questions, and declarative questions.

The second aim of the research is more theoretical in nature. It originates in questions raised
by the pervasive use of rising intonation in unmarked contexts in northern Irish English, whereas
most other varieties of English (and other languages) tend to have a falling pitch. This raises
questions about the phonology and the phonetics of intonation, in terms both of description and
function. For example, within AM, it is common to divide the pitch contour into a linguistic
component which can be described in terms of intonational phonology, and a paralinguistic

component which exists (quasi-)independently of the linguistic element. The linguistic/paralinguistic

L Pitch is used here to refer to a subjective percept which correlates very closely but not exactly with the
objective measurement of the fundamental rate of oscillation in the vocal folds. As such, it is the fundamental
frequency (fo) of the (quasi)periodic acoustic signal in voiced speech. In the introduction, the term pitch is used,
but for most of the thesis, fq is used, as this is the key parameter in the acoustic phonetic analysis.



Chapter 1. Introduction

distinction may be easy to maintain as long as unmarked declaratives and binary questions typically
employ pitch accents with different pitch trajectories, i.e., a falling pitch in the nuclear contour (H*L
%) and binary questions use a rising pitch (L*H % or L*H H%). However, as a rising contour
dominates both in declaratives (L*H %) and in binary questions (L*H %), one might ask if intonation
has any linguistic function at all in nlE. Alternatively, one might wonder if the AM description of
the phonology fails to provide a sufficient account of the intonational structure.

A standard AM explanation would be that there is a phonetic, gradient component of the pitch
contour which is a manifestation of attitudinal shifts across sentence modes (Gussenhoven, 2004;
Ohala, 1983). Because of this, question forms exploit progressively higher pitch registers as the
amount of grammatical or semantic question marking decreases (Haan, 2002). Such changes would
be identified as paralinguistic, i.e., they communicate meaning but without using linguistic—and
therefore categorical or discrete—structures. However, this would imply that nlE speakers use pitch
paralinguistically (for question forms at least) while speakers of other varieties use pitch
linguistically. This in turn seems to imply a potentially major typological distinction, which feels
intuitively implausible. A more plausible explanation may be that there exists a separate (linguistic)
register tier with two discrete morphological units (an unmarked low and a marked high) which the
speaker employs to shift overall pitch range upward under certain grammatical conditions, most
obviously in binary and declarative question forms. Do note that evidence for a register tier would
not rule out the presence of paralinguistic pitch effects nor would it suggest that phonological register
is unique to nlE.

The second theoretical concern relates to the primacy of the H tone in the analysis of intonation
in English (and other languages). Issues such as peak alignment, peak drift, and peak identification
have surfaced frequently in AM research (Knight, 2008; Knight & Nolan, 2006; Nolan & Farrar,
1999; Xu, 1999b inter alia). For English, this is due largely to the fact that pitch accents are most
typically associated with peak prominence (H*) in the two most widely studied varieties of English,
Southern British English and General American English. This tonal element of the pitch accent is
commonly called the starred tone, due to the use of an asterisk to identify a tone associated with
lexically stressed syllable (Pierrehumbert, 1980). In nlE, however, L*H dominates in the nuclear
contour of unmarked declaratives, with L being the starred tone (e.g., Grabe et al., 2000). The formal
analysis of intonation in DCE will allow us to see if there are any systematic changes to the pitch
accent which provide evidence for the special nature of the H tone, or if the attention accorded to the
H tone may simply be due to its dominance in other varieties of English.

The main approach adopted for the bulk of the analysis in this thesis can be described—on
reflection—as a Phonology-first approach, which might also be viewed as a top-down approach. It
assumes that there is well-recognised set of phonological pitch events and pitch accents which can
be labelled using an established system. As such, the first pass of this analysis involves evaluating
the pitch accents and boundary tones in each utterance, while the second pass involves identifying

tonal targets associated with those pitch accents for the phonetic analysis. The phonetic analysis of
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the Phonology-first approach adopted here involves an understanding of tonal targets in terms of the
local fo minima and maxima. The Phonology-first approach is more orthodox and establishes baseline
phonological and phonetic features of DCE, thus facilitating cross-variety comparisons with other
AM analyses of intonation.

As a response to the reflection on the underlying Phonology-first assumptions, an alternative
is also proposed, here called a Phonetics-first approach, which might also be described as a bottom-
up approach. It takes a more rigid view of the tonal target, identifying it explicitly with an ideal covert
target which can never be fully manifested in the pitch contour due to physiological constraints on
the extent to which the laryngeal apparatus can control rate of change in the vibration of the vocal
folds. While tonal targets are not fully realised in the pitch contour, they are closely associated with
turning points (or elbows) in the contour, which represent moments where the f is shifting most
rapidly from one turning point trajectory to another. This analysis also requires that the concepts of
tone and tonal target be clearly distinguished, with the tonal target representing the static ideal target
of the pitch trajectory and the tone a feature with inherent duration?.

The first pass of the Phonetics-first analysis involves identifying the minimal number of H and
L turning points required to produce a resynthesis of the contour that is perceptually identical to the
original. Having identified the turning points, they are then associated with intonational events and
structural units, such as pitch accents and boundary tones. A brief analysis using the Phonetics-first
approach revisits some of the data from the main body of research in the thesis to identify ways in
which this it might help account for some of the findings in relation to intonational form and function
in Derry City English.

The issues raised above have been distilled into four research questions (RQs) outlined in
Table 1.1. Note that the first two RQs focus on descriptive concerns and the second two on theoretical
concerns. Overall, it is hoped the analysis of DCE will offer further insight into the nature of nlE
rises while at the same time providing a critique of and advancing our understanding of both the

phonology and phonetics of intonation as understood within an AM framework.

2 | have to admit that a failure to make this distinction may well simply be a result of my own flawed
understanding and not a systematic issue in AM analysis, but it still seems worth highlighting.
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Table 1.1 Research Questions
Descriptive Concerns

RQ1. What are the formal phonological and phonetic characteristics of pitch accents in DCE in
unmarked speech as an effect of changes in metre (anacrusis and foot size) and lexical
word boundaries?

RQ2. What are the phonological and phonetic characteristics of the intonational phrase and the
nuclear pitch contour in DCE as an effect of different sentence modes?

Theoretical concerns
RQ3. s there evidence in the DCE for the special status of H tones?

RQ4. Does a register-tier analysis provide a plausible explanation for phonetic variation across
sentence modes in DCE?

In order to answer the research questions, the dissertation has been organized as follows.
Chapters 2 and 3 provide an overview of the literature while Chapter 4 shows how the research
guestions lead from previous research and how, in answering them, this thesis might contribute in an
albeit small way towards a greater understanding of nlE intonation and of intonation in general.
Chapter 5 focuses on methodologies, specifically in relation to corpus development and statistical
methods. Chapter 6 provides an analysis of metrical and lexical effects on intonational form (RQ1)
and also offers insights on the status of H targets (RQ3). Chapter 7 analyses the function of intonation
in sentence modes (RQ2) and engages with the issue of a phonological register tier (RQ4). Chapter
8 offers a critical reflection on the two main pieces of research, introducing and contrasting the
Phonetics-first approach with the Phonology-first approach. As such, this chapter does not answer a
separate research question but, rather, considers how the alternative approach might contribute
towards answering the questions listed in Table 1.1. The final chapter provides a short summary of
the research, reflecting on its value in the context of intonation and nlE studies, and suggests

directions for future research.



2 Theoretical Context: Intonation

This chapter focuses on the theoretical framework governing the analyses described in this
dissertation. It provides a summary of the two main approaches in Intonation studies in English,
namely the British Tradition (Halliday, 1967; O’Connor & Arnold, 1973) and Autosegmental
Metrical Phonology (Goldsmith, 1976; Gussenhoven, 2004; Ladd, 2008; Liberman, 1975;
Pierrehumbert, 1980). These are outlined in Sections 2.2.1 and 2.2.2 respectively. It then delves into
more detail on the Autosegmental Metrical approach (Sections 2.3 and 2.4), as this is the framework
adopted in the thesis. The discussion of the Autosegmental Metrical approach (AM) focuses on its
core principles and accounts for the development of divergent views within AM itself. These
different views affect core issues, including the structure of the Intonational Phrase, the underlying

phonology of tone and intonation, and its phonetic implementation.

2.1 Whatis Intonation?

Following Ladd (2008, p. 4), intonation is understood here as the post-lexical linguistically structured
use of pitch to convey meaning. It is post-lexical in that it may be implemented across a domain
larger than the individual word. This distinguishes it from other linguistic uses of pitch, such as
lexical pitch (e.g., in Japanese or Swedish) and lexical tone (e.g., in Chinese or Ewe), where pitch is
a property of the word and so helps distinguish between lexical items. It is linguistically structured
in that its components can be categorised into discrete linguistic entities (high or low) which are in
turn incorporated into meaningful intonational events referred to as pitch accents (Bolinger, 1986;
Cruttenden, 1997; Crystal, 1972; Ladd, 2008). This distinguishes it from gradient, indexical, and
paralinguistic uses of pitch. However, as paralinguistic uses of pitch and linguistic uses of pitch
operate largely along a single phonetic dimension (f0), it can be difficult to distinguish between them
(see 2.3.5 below). Finally, intonation is meaningful in the sense that it forms part of a language’s
Grammar®, helps signal affect, and contributes towards information structure in discourse
(Cruttenden, 1997; Halliday, 1967; Tench, 1996).

Intonation needs to be considered independently of other prosodic features with which it is
sometimes confused, particularly prominence and stress. Throughout this dissertation, prominence
refers to any phonetic effect which causes a syllable to stand out in an utterance. This could be a
function of pitch, loudness, length, vowel quality, or voice quality. Stress refers exclusively to lexical
stress, which is viewed here as a component of the lexical word encoded into the lexicon along with
its phonemic structure. Lexical stress may be associated with a prominence, but this is not necessarily

the case, especially in continuous speech (Ladd, 2008, Chapter 2).

3 Note that Grammar, writ large, is used in the broad sense, referring to all linguistically structured components
of a language and of language in general, not in the narrow sense of the morphosyntax alone.
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Like stress, pitch accents are associated with prominence, but they are not simply
manifestations of prominence. As Ladd (2008, pp. 50-54) puts it, pitch accents provide cues to
prominence. That is, they do not constitute the prominence itself, but they often coincide with
prominent syllables and thus help the listener identify prominence. Ladd contrasts this with analysis
conducted by the Institute of Perception Research (IPO) in which pitch is viewed as lending
prominence to a syllable, i.e., it is constitutive of prominence (’t Hart et al., 1990, p. 96). Effectively,
this understanding allows the linguistic function of the pitch accent to be viewed independently of

prominence signalling.

2.1.1 Functions of Intonation
We can identify two key linguistic functions of intonation in speech: grammatical and discoursal.

In English, the grammatical function is often reflected in the tendency of intonation contours
to contrast binary questions (typically with rising intonation) and statements (typically with falling
intonation). However, as we shall see in Chapter 3, this distinction does not always hold (Jarman &
Cruttenden, 1976; Lowry, 2002; Sullivan, 2012).

The discourse functions can be understood in terms of information structure and speaker
interaction. For example, intonation can be used to signal completeness or incompleteness. Typically,
completeness is indicated with a low boundary (or fall) while incompleteness is indicated using a
high (or rising) boundary (Brazil, 1995; Cruttenden, 1997).

Intonation can also be used to select specific semantic content for focus. This can be
understood in several ways. The semantic content under focus may be understood as new information
for the listener—and may be accented—while the other content may be viewed as old, shared, or
given information, and thus may not be accented. This can be described as narrow focus.
Alternatively, the focus may be corrective, in that the speaker wants to correct or alter the listener’s
knowledge about a shared topic. Focus can also be achieved through semantic and syntactic means,
e.g., with implicitly corrective adverbials such as “actually” or via cleft structures such as “It was X
who did Y,” as in the phrase, “It was actually John who rescued the children.” However, even when
semantic and syntactic features are employed to signal focus, this does not preclude the use of
prosodic focus marking (Tench, 1996).

Given the inherently communicative function of language, both of these discourse functions—
completeness and focus—can be related to interaction. Signalling incompleteness and completeness
helps signal to the listener when it is appropriate to initiate a turn, while the selection of semantic
components for focus depends on speaker inferences about listener knowledge and the extent to
which they share the same information. As such, functions of intonation have also been generalised
into abstractions, so that distinctions between grammatical and discourse functions may be collapsed
into more abstract categories.

While intonation can be analysed in terms of an expansive range of functions (e.g., Bolinger,

1989), others—such as Brazil, Gussenhoven, and Cruttenden—offer broader more abstract views of
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intonation function. Brazil (1995), focusing on functional uses of intonation in social interactions,
defines two broad types of meaning: proclaiming and referring, where referring intonation references
given information (rise, or fall-rise) and proclaiming intonation references new information (fall,
rise-fall). Brazil also includes a second dimension, that of dominance. He argues that dominance is
a function of asymmetry in spoken interactions, and that a speaker can assert current control over the
discourse using a dominant tonal pattern or cede control using a non-dominant pattern (referring fall-
rise and the proclaiming fall). This discourse approach can be generalised to show how so-called
continuation rises can assert dominance and present information as given (note: presented as given)
while a final fall can cede control (of which the sense of finality is a by-product). Cruttenden adopts
an even more abstract distinction between OPEN rises and CLOSED falls. This allows for a
generalisation in which continuation rises and YNQ rises are collapsed into the OPEN category, while
proclaiming falls and completion falls are collapsed into the CLOSED one (Cruttenden, 1997, p. 119).
Gussenhoven’s abstractions relate to the origins of intonation functions, specifically the argument
that universal tendencies in intonation arise from the phonologization of biological codes. These are
considered in more detail in Section 2.3.5.

It should be noted that these abstractions invoke the sense that there is a (quasi-)universal link
between the pitch movement and meaning. Gussenhoven (2004), however, observes that biological
codes subjected to phonologization become part of an arbitrary linguistic system, and so the meaning
of the linguistic form is no longer constrained by its biological progenitor.

2.1.2 Acoustic Measurement of Intonational Events

Pitch is very strongly correlated with the fundamental frequency (fo) of the speech waveform, which
reflects the rate of vibration of the vocal folds (the source of voiced speech), thus explaining why it
is the main parameter used in the acoustic analysis of pitch. Even though fo is very strongly correlated
with pitch, it is only a measurement of the first harmonic in the rich spectrum of voiced speech, with
harmonics repeated throughout the spectrum at multiples of the fundamental frequency. Thus, the
acoustic information which is interpreted as pitch is not simply encoded in the spectrum at the
fundamental frequency, rather it is present throughout the spectrum (Ladefoged, 1996).

Alongside intentional variation associated with intonation, fo is also subject to segmental
(microprosodic) effects from consonants and vowels, which are generally viewed as a non-intentional
component of the fo contour (Di Cristo & Hirst, 1986; Ohala, 1976; Reichel & Winkelmann, 2010),
an effect which is likely universal (Whalen & Levitt, 1995). However, the non-intentional view of
microprosodic effects is not universally accepted. Kingston and Diehl (1994), for example, argue
that microprosodic effects may be controlled for linguistic enhancement purposes. It is also known
that tones in some tonal languages evolved from the loss of syllable-onset voicing contrasts while
the associated fo effects remained (Michaud & Sands, 2020). However, here we are concerned with

microprosodic effects in relation to languages without lexical uses of pitch.
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Because they are not typically viewed as intentional, microprosodic variations in fo are
typically disregarded in the synthetic modelling of fo intonation contours. However, when they are
integrated into synthetic models, they have been found improve the perceived naturalness of the
resynthesized speech although the microprosodic effects themselves may be barely perceptible (Krug
etal., 2021; Peter Birkholz, 2020). Thus, while microprosodic f, perturbations may be salient at some
level, they are not, for the purposes of the current research, considered relevant to the analysis of
intonation.

The Sl unit for frequency is Hertz, which measures the number of oscillations per second of a
periodic waveform. However, Hertz may not be ideal for representing pitch variation in a way that
reflects human pitch perception. For example, in music, each doubling of fo represents an increase of
one single octave, which—in most Western music traditions—is subdivided into twelve semitones,
with an equally proportional difference between each semitone. As such, a semitone scale is a
logarithmic (log 2) rather than a linear one. The Mel scale, proposed by Stevens at al. (1937), offers
a non-linear perceptual scale based on experiments testing the perceived differences between (to the
best of my understanding) different sinusoidal tones, while the Bark scale, introduced by Zwicker
(1961), also offers another non-linear psychoacoustic scale based on perceptually equal differences
across critical bands in the frequency spectrum. The use of Equivalent Rectangular Bandwidths
(ERBS) provides an updated version of the critical bands approach (Moore & Glasberg, 1996).

Research into which scale is most appropriate for representing pitch perception (rather than
bands within the frequency spectrum) has not been conclusive. For example, Rietveld and
Gussenhoven (1985) found that prominence judgments may be more appropriately represented in
Hertz than in semitones, while Hermes and van Gestel (1991) found that ERBs best reflected
perceptual equivalence of rise-fall contours at different pitch (fo) heights. In contrast to each of these,
Nolan (2003) found that logarithmic (semitone) or quasi-logarithmic (ERB) frequency scales better
reflect intuitions about pitch equivalence in an imitation experiment.

Of course, fo is only one—albeit a very important one—of a rich combination of harmonic
frequencies contributing to our perception of pitch (Houtsma, 1995), so the perceptual equivalence
between spectral frequencies reflected in the Mel scale, Bark scale, and in ERBs may still not reflect
perceived differences in pitch. Nor too, for that matter, might the logarithmic semitone scale, even
though it is fundamental to the understanding of differences in pitch in Western musical scales.
Despite these caveats, the semitone (ST) scale is preferred here, based, in part, on the assumption
that even a slight familiarity with Western musical conventions will facilitate the interpretation of fo

in the analyses which follow.

2.2  Theoretical Frameworks for Intonation Analysis

There are a large number of different models of intonation, but this section summarises the two
approaches which have most influenced the study of intonation in English, namely the British
tradition (Cruttenden, 1997; Halliday, 1967, O’Connor & Arnold, 1973; Tench, 1996) and the
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Autosegmental Metrical (AM) approach (Gussenhoven, 2004; Ladd, 2008; Pierrehumbert, 1980).
After a brief overview of both approaches in Sections 2.2.1 and 2.2.2, Sections 2.3 and 2.4 focus on
the AM approach in more detail since it is the one adopted in this thesis.

2.2.1 The British Tradition

The British tradition posits the existence of an intonation group (or tone group) (Cruttenden, 1997).
The intonation group must have at least a nucleus—or tonic syllable—which contains the most
prominent pitch movement, also known as a pitch accent, of the phrase. A nucleus may have a tail,
which is a sequence of unstressed syllables following the nucleus. In addition, there may also be a
pre-tonic segment with a pre-head and/or a head. The pre-head is the stretch of unstressed syllables
before the first stressed syllable, i.e., anacrusis, while the head is the stretch from the first stressed
syllable up to (but not including) the nucleus. The intonation group structure is summarised in Table
2.1 (after Tench, 1996, p. 14). Within this framework, the nucleus is described in terms of tone height
(high, low) and pitch glide (rising, falling, and sometimes level). Thus, one might describe the

nucleus as a high-fall or a rise-fall.

Table 2.1 Formal structure of the intonation group

pre-tonic segment tonic/nuclear segment
pre-head head tonic/nucleus tail
®) H N (M

It should be noted that the intonation group in the British Tradition fuses prominence, pitch,
and lexical stress features and analyses them on a syllable-by-syllable basis. For example, Cruttenden
(1997) identifies four degrees of accent/stress. Only the first two of these contain pitch movements,
and so only they can be described as (pitch) accents. These are the primary stress/accent, which
contains the main prominence of the intonation group, i.e., the nucleus, and the secondary
stress/accent, which contains a hon-nuclear pitch movement. The other two degrees of accent/stress
are tertiary stress—indicating a loudness or length related prominence—and the unstressed syllable.
This approach is illustrated by the interlinear tonetic transcription, also known as a tadpole diagram,
shown in Figure 2.1. The figure represents a fall-rise nuclear contour, where the high falling nucleus
occurs in thought and is identified by the large black dot with a falling tail, followed by the rise
represented by the sequence of rising dots for each syllable through the rest of the phrase. The
lexically stressed syllable in married (also marked by a large black dot) only contains a tertiary stress,
and so does not carry a pitch accent. All the other syllables are identified as unstressed using the

small dots.
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I thought she was married

N

Figure 2.1 Example of interlinear tonetic transcription of intonation. (Cruttenden, 1997)

One criticism of the British tradition is that by dividing the intonation unit into a distinct
hierarchical structure, it creates a level of complexity which requires a separate description of each
intonational phrase, and that the structurally large intonation group suggests a degree of planning
which may not be psychologically plausible (Taylor, 1992). Another criticism of the British tradition
is that it makes assumptions about form-function relationships, thus excluding patterns a-priori
which do not fit the assumptions (Ladd, 1983). This second criticism, however, as we shall see later,
cannot be aimed exclusively at the British tradition (see Section 2.4).

A criticism perhaps even more pertinent to the current study is that the British tradition bundles
prominence, stress, and pitch accent into a single structural unit. This may obscure the way in which
functionally equivalent pitch accents can be implemented across a wide range of utterances
containing very different stress patterns, or alternatively it may obscure ways in which speakers can
vary the location of prominence in phrases which are otherwise structurally equivalent. Thus, the
following section introduces the AM approach, which—among other things—separates the strands

of (lexical) stress, pitch movement, and prominence.

2.2.2 The Autosegmental Metrical Approach to Intonation

The Autosegmental Metrical (AM) approach to intonation has its origins in work by Liberman
(1975), Goldsmith (1976), and Pierrehumbert (1980), and has become the most widely used approach
in the description and analysis of intonation in English varieties both within and beyond Europe. We
will briefly outline the four core tenets of the AM approach, as summarised by Ladd (2008, pp. 44—
45), while also indicating how it differs from the British tradition.

1. Sequential tone structure. Intonation is viewed as a string of tonal targets rather than a
series of dynamic pitch movements as in the British tradition. Thus, pitch glides are
considered epiphenomenal transitions occurring in between target tones, so pitch accents are
important tonal events®. The string of tones occurs within an intonational phrase (IP) and
may also be marked on the initial or final edge tones at prosodic boundaries. Pitch accents
are “associated with prominent syllables [typically in lexically stressed words] in the
segmental string” (Ladd, 2008, p. 44). This means that there is a separate tone tier which is

independent from but still coordinated with the segmental string. Moreover, there can be a

4 The term tonal event is used to refer to pitch accents, phrase accents, and boundary tones, which are all
landmark events within the intonational phrase.

10



Chapter 2. Theoretical Context: Intonation

one-to-many or a many-to-one association of tone to units on the segmental string. The
autonomy of pitch and the segmental string distinguishes AM from the British tradition,
which—as previously noted—fuses degrees of stress, prominence, and pitch movements into
a single structure.

2. Distinction between pitch accent and stress. Pitch accents are phenomena independent
from stress and prominence; however, as their location is associated with stressed syllables,
they may serve as cues to prominence, as outlined Section 2.1. Again, this facilitates an
analysis of the intonational structure of a phrase independently of the segmental string and
stress.

3. Analysis of pitch accents in terms of level tones. Tones are analysed as intonational
primitives, i.e., either high (H) or low (L) tonal targets. This reinforces the point mentioned
above, that the intonational contour is a manifestation of a string of tonal primitives rather
than a sequence of both tones and glides.

4. Local source for global trends. The phonetic realisation of H and L tones across an
utterance is accounted for by a variety of local factors, such as downstep. This contrasts with
the idea, for example, that individual pitch events are superimposed over a global downward
trend, as in the Fujisaki model (Fujisaki, 2004)°. The crucial point here, however, is that
there are rules governing the phonetic realisation of the underlying phonological sequence
of tones, and these account for differences in the scaling and timing of H and L tones.

The AM approach has been adopted for this research project for several reasons. Firstly, as the
dominant approach to the study of intonation in English, it facilitates comparison with other AM-
based studies, especially those on nlE, such as Lowry (2001, 2002, 2011), Dorn (2006) Sullivan
(2007, 2010, 2012), or Jespersen (2018). Secondly, the view that intonational structure can be
analysed independently of—or at least discretely from—segmental and metrical structure is
appealing in that it lends itself to an experimental approach in which target variables can be isolated
and manipulated®. Finally, viewing an intonation contour as a string of phonological tones helps
reduce much of the noise in the signal and offers a more parsimonious account of the intonational
events. It also, in principle at least, provides insight into how an underlying phonological structure

may be accounted for via a set of implementational rules. Such rules—among other things—help

51 am not totally convinced that global downstep can wholly account for declination. | think that a trace of
declination effects may be seen in the slight downward slopes of plateaux and valleys in the contour unless
overridden by a phonological imperative (see also Section 8.6.3, p. 196). Liberman and Pierrehumbert,
however, make the point that analyses of declination effects are “uninterpretable” unless events such as
downstep and final lowering (in IP-final pitch accents) are also taken into account (Liberman & Pierrehumbert,
1984, p. 224).

61 do not wish to suggest that this is not possible in other approaches, particularly in the British tradition;
however, | do think the AM approach is more amenable to this kind of study.

11
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explain how the string of tones is linked to the segmental string at different locations without
compromising the underlying intonational structure and, as a corollary, why otherwise functionally
identical pitch events may seem superficially different.

It has been observed that inventories of the British tradition can largely, if not completely, be
converted to AM-style labels and vice-versa, as noted in Roach’s (1994) discussion of the (British
Tradition) annotation of the Spoken English Corpus and in Ladd’s comparison of Pierrehumbert’s
1980 inventory with potential corresponding British Tradition alternatives (Ladd, 2008, pp. 90-92).
Despite a certain degree of inter-changeability in descriptive inventories, however, it is important to
bear in mind that the two approaches reflect different assumptions about the underlying nature of

intonation.

2.3 AM Studies of Intonation

While the AM approach is very appealing, it is not without its own internal divisions and issues.
Therefore, this section outlines the development the AM approach, highlights disagreements within
AM, offers a critique, and explains how these issues have contoured the research presented in the
subsequent chapters. Much of the description and critique which follows is indebted to monographs
by Ladd (2008), Cruttenden (1997), and Gussenhoven (2004).

2.3.1 Pierrehumbert (1980)

Pierrehumbert’s (1980) doctoral thesis is a seminal work in the AM approach to intonation analysis,
and the labelling system it used has provided the basis for AM labelling systems since. Within
Pierrehumbert’s original framework, an intonational phrase (IP) comprises a sequence of high and
low tones (H and L) which are associated with three different structural units. These are the pitch
accent, the boundary tone, and the phrase accent. A pitch accent is an intonational pitch event within
the IP and is associated with the metrically strongest syllable in the foot in which it occurs. (Note
that Pierrehumbert points out that there is disagreement about how pragmatic and syntactic
considerations may affect the strength of syllables in the foot.) Both the phrase accent and boundary
tone are edge tones. Boundary tones can occur at the beginning and end of the IP, while the phrase
accent occurs before the final boundary tone of the IP.

Pierrehumbert (1980) uses a range of symbols after the tone to show how the tones are
associated both with each other and with the text. Boundary tones are indicated by a percentage sign
(L%, H%), while a macron indicates a phrase accent (H , L ). An asterisk indicates which tone in a
pitch accent is associated with the metrically strongest syllable in the foot (H*, L*). In
Pierrehumbert’s analysis, pitch accents can be monotonal or bitonal, and bitonal pitch accents can be
either left- or right-headed. A plus sign is used to link leading and trailing tones to the pitch accent
with which they are associated. The macron is also used for such tones, as in L +H* or L*+H . The
conventional use of the asterisk and the percentage sign continues today; however, the macron is no
longer used at all, and phrase accents are indicated with a hyphen instead. The plus sign is still in

use, but not in all AM labelling systems or analyses (see Section 2.3.7).

12
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Pierrehumbert views the intonational grammar as a finite state, shown in the schematic
representation in Figure 2.2. Note that the empty line on the left boundary tone indicates that the
initial boundary tone is optional. The leftward-pointing arrow at the top of the Pitch Accents section
indicates that PAs are iterative.

Boundary Pitch Accents Phrase Boundary
Tone Accent Tone

H%

L%

H*+H™

Figure 2.2 Pierrehumbert’s (Pierrenumbert, 1980) finite state grammar of the intonational phrase.

In addition to the structural component of the PA and its tune-to-text associations,
Pierrehumbert (1980) also posits rules that govern the phonetic implementation of the tones within
the IP, three of which will be covered here. Firstly, the gradual reduction in pitch scaling across an
utterance is motivated by downstep, a systematic lowering of the phonetic realisation of an H tone
as an automatic consequence of an intervening L tone, examples of which are shown in Figure 2.3,
Panels A and B. Secondly, the height of the final boundary is determined by the preceding phrase
tone. That is, after a H phrase accent, the H% boundary tone is upstepped; however, the L%
essentially becomes null in such cases, representing no or only slight lowering of f, in the contour.

The contrast between H L% and H H% can be seen clearly in Panels B and C of Figure 2.3.
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Figure 2.3 Examples of pitch contours and tonal targets from Pierrehumbert (1980)

It should also be remembered that Pierrehumbert’s system only allows for two tone states, H

or L. However, it needs to account for at least three different boundary phenomena: the final fall of
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the unmarked declarative (Panel A), the down-stepped plateau of the calling contour (Panel B), and
the high boundary of the binary question (Panel C). As such, the phrase accent and boundary tone
rules are required to permit the two-tone system to account for three different phenomena. That is,
because there is no lowering associated with L% boundary tone, it is the L phrase accent which
causes the lowering of f, shown in Panel A.

Finally, Pierrehumbert accounts for stretches of contour between boundary tones and pitch
accents by viewing them as linear interpolations between pitch events. Thus, pitch glides are a side-

effect of the phonetic implementation of tones in the f, contour.

2.3.2 Critique of Pierrehumbert’s (1980) Upstep and Downstep
Several problems have been identified in Pierrehumbert’s analysis both of downstep and upstep.

Firstly, it has been noted that Pierrchumbert’s account of downstep means that wherever
downstep is observed (Ladd, 1983), an intervening L target must be posited to motivate—or justify—
it, even if there is little evidence of one in the surface realisation. This can be seen in Figure 2.3,
Panel A, where the second PA must be described as H*+L in order to explain why the final H* is
downstepped. Ladd comments on this issue and also notes that sometimes the same phonological
structure appears to give rise to very different surface contours. He suggests that the surface
phenomena can be represented more sensibly if downstep is viewed, not as an obligatory rule, but as
a speaker-motivated event (labelled as 'H); i.e., something which the speaker choses to do rather than
the deterministic consequence of an implementational rule.

A similar problem may also be seen in relation to the phrase accent in Panels A and C. In Panel
A, the final pitch accent is H* followed by the edge-tone sequence L L%. The phrase accent L is
required in order to explain the fall from the H* to the boundary, since, without the intervention of
the phrase accent, the boundary L% would not trigger a fall, but would reflect be a continuation of
the H*, since boundary L% essentially represents a null state. Thus, in order to show the phrase final
fall, L% must—by virtue of the argument Pierrehumbert presents—be accompanied by a phrase
accent, leading to L L%. Unfortunately, there seems to be little phonetic evidence to indicate that
there are indeed two tones here. Rather, it is the theory which requires the presence of the L rather
than the data which suggests it. Grabe (1998b, 1998a) presents an alternative solution to this, which
is to suggest that the final boundary tone is fully relational and does not need to be specified at all.
In this way, a final H% always triggers up-step, and L% always indicates a relative lowering of the
fo contour at the boundary, while the unspecified final boundary (or 0%) indicates a continuation of
the final tone in the pitch accent. In effect, this obviates the need for the phrase boundary at all.

Together, Ladd’s proposal for a motivated rather than obligatory downstep (!H) and Grabe’s
proposals for boundary tones make it possible to describe the sequence of tones in an intonational
contour more parsimoniously and without the need for injecting extra tones into the tonal string for

which there may be insufficient empirical evidence.
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2.3.3 Modifications to PA Structure, a More Hierarchical Approach
Two modifications to PA structure as originally proposed by Pierrehumbert have also been
suggested. Firstly, Pierrehumbert and Beckman (1986) propose that an intermediate phrase (small
ip) can be embedded within the IP, wherein each ip ends with a phrase accent, but only the IP has a
boundary tone. In this way, a hierarchical component is added to the IP, wherein the final accent of
the IP becomes more akin to the nucleus of the British tradition, while the intermediate phrase is
similar to the head of the tone group. Within AM approaches, it is now standard to view the final PA
as the nuclear pitch accent and those preceding as prenuclear pitch accents (Ladd, 2008; Nolan,
1997). This also reflects a more hierarchical structure. Moreover, the final pitch accent plus the final
edge tones may be described as the nuclear contour (c.f., Gussenhoven, 2004, Chapter 11). Such
evolutions represent a partial synthesis of the original AM approach with the British tradition of a
hierarchically structured Intonation Group.

Despite these modifications, it should be borne in mind that the tonal string still belongs
fundamentally to a separate tier (autosegment), the tones of which are associated with events in the
segmental string, which itself is organized within a metrical hierarchy. After all, this is still the

underlying view that led to the Autosegmental Metrical approach.

2.3.4 Gussenhoven

A different approach to AM analysis is presented by Gussenhoven (1983, 2004, 2016).
Gussenhoven’s analysis of Standard Southern British English diverges from the Pierrchumbert
school of thought in several key areas. Aside from a few notational differences’, Gussenhoven’s
analysis differs in many fundamentals, summarised as follows:

1. Off-ramp analysis. All pitch accents are left-headed, following the British Tradition (c.f.
Gussenhoven, 1983), unlike Pierrehumbert’s approach which permits both left- and right-
headed PAs.

2. IP boundary constituents. The initial IP boundary (L,, H,) is obligatory but—similar to
the Grabe approach—the final IP boundary is optional (L., H,, @,) and the height of the
boundary tone is relative to the preceding tone. Although obligatory, initial L, refers to a
mid to low tone.

3. Absence of phrase accents. There is no phrase accent tone since the off-ramp analysis

obviates the needs for a phrase-accent interpretation of the contour.

" Gussenhoven makes the relationship between tone and the metrical hierarchy explicit by using subscript
Greek letters to indicate tiers within the metrical structure. Thus, IP is represented as 1 and boundary tones
associated with the IP are identified using a subscript 1, as can be seen in the formal summary of the grammar
in Figure 2.4. Gussenhoven also avoids the + sign for trailing accents, as he feels it wrongly implies that the
two tones must be realised close together, when in fact they are subject to rightward displacement
(Gussenhoven, 2004).
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4.

10.

Double alignment. Initial boundary and monotonal pitch accents extend rightwards
towards the onset of the next pitch event, so that each L,, H,, L*, and H* tone has both a
left-hand tonal target and a right-hand one (Gussenhoven, 2016). This means that, in
effect, this tone continues rightward until the next tonal event. Trailing tones also display
double alignment, but this is only typically seen before a final T.. Final T, is not double
aligned, and only represents a single event (where T refers to tone, either high or low).
Intra-accentual interpolation. Interpolation of the f, contour only occurs inside the pitch
accent, not across pitch accents. This is in stark contrast to Pierrehumbert’s view of
interpolation, which occurs between PAs.

Rightward displacement. Within a pitch accent, the trailing tone can drift rightwards
towards the next tonal event, although the timing and scaling of the drift may be variable.
This implementational feature is not a feature of Pierrehumbert’s approach.
Morphological and PA-internal downstep. Downstep applies only to H* and can be
motivated by a [DOWNSTEP] morpheme applying to every H in the IP, or it can be triggered
PA-internally when the H* is prefixed by an H tone. (See 9 below.) Note that this
essentially accommodates both Ladd’s speaker-motivated optional downstep and
Pierrechumbert’s obligatory downstep.

Tri-tonal prenuclear pitch accents. Prenuclear pitch accents can take the form H*LH,
wherein the L will be implemented as a fall after the H* but final trailing H tone can drift
rightwards towards the next pitch event. While the use of tritonal pitch accents is not in
itself particularly significant, what is note-worthy is that prenuclear pitch accents and
nuclear pitch accents do not have access to the same inventory. Again, this reinforces a
hierarchy in which the final (nuclear) pitch accent has special status.

Tone prefixation. All pitch accents can be prefixed with an L tone, while nuclear pitch
accents can also be prefixed by an H tone or a HL sequence. Gussenhoven argues that this
can explain the contrast between the scooped rise, sometimes labelled L+H*, and the
unscooped H* (Ladd, 1983). For example, if an H*L tone is prefixed with an L*, the H*
is displaced with L* takings its place as the starred tone, thus becoming L*HL. Again, the
final L in the PA is free to drift rightwards. Similarly, an H prefixed to a nuclear pitch
accent leads to obligatory downstep of the H* tone. This equates to the H+!H* of the
ToBlI-style analysis (see Section 2.3.7 below).

NOSLUMP. This is an obligatory feature of SSBE, which prevents the final L, from
exhibiting the kind of slump found in other varieties of English, including nlE (Lowry,
2001, 2002)

Gussenhoven’s intonational grammar of Standard British English is summarised in Figure 2.4.

Note that there are only four pitch fundamental accents: L*, H*, L*H, and H*L. All other features

are functions of implementation and the effect of prefixal tones. Even the “interloper” prenuclear
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H*LH, Gussenhoven argues, is likely an artefact of an earlier IP form H*L H, (2004, pp. 302, 305—
306).

H) o (HE(L@ED)) HeL)) [t
(1) ([DOWNSTEP]) {L} @) {L*(H) }0 HHL) {L*(H)} {Ié}

NOSLUMP

Figure 2.4 Gussenhoven’s (2004, p. 313) intonational grammar of Standard British
English
While the formalization of the intonational grammar is relatively succinct, Gussenhoven’s

analysis of English intonation appears considerably more complex overall, requiring the inclusion of
the double alignment and rightward displacement rules as well as the NOSLUMP rule, delay triggered
by prefixal L*, prefixal tones in general, and both morphological and PA-internal downstep. At the
same time, it should be noted that Gussenhoven’s approach aims to integrate a limited PA inventory
into a more complex set of implementations reflecting the complexity of pitch contours as they are
realised.

2.3.5 Linguistic and Paralinguistic Uses of pitch

The matter of linguistic versus paralinguistic use of pitch is important in the study of intonation. This
is largely due to the fact that while intonation appears to have an internally structured phonology, it
is manifested in the f, contour, which is affected by a range of other non-linguistic components, such
as individual physiology, attitude, and psychological state. The most common distinction between
paralinguistic and linguistic use of pitch is, as noted in Section 2.1, between the gradient and
categorical. For example, paralinguistic use of pitch may be observed in the indexical relationship
between the affect of surprise and the height of the pitch excursion, with higher excursions indicating
greater surprise. In contrast, a linguistic use may be found in the categorical distinction between the
falling intonation of declarative statements and the rising intonation of binary questions (H*L % and
L*H H% or H* H% respectively). Unfortunately, this distinction can be hard to maintain, since the
paralinguistic use of pitch height appears to bleed into the linguistic, especially in cases where the
size of the excursion or overall height of f, may vary depending on the grammatical, semantic, or
pragmatic context as well as on affect and attitude.

Building on Ohala (1983), Gussenhoven (1999, 2004) proposes a framework aimed at
accommaodating both the phonological aspects of pitch and its paralinguistic use. Ohala proposed that
the near universal use of high or rising pitch has evolutionary biological origins, in which low pitch
is associated with dominance and larger size while high pitch indicates smallness. He described this
as a Frequency Code, which leads to the tendency for low or falling pitch to be associated with
statements (indicting certainty) and high or rising pitch with questions (indicating uncertainty and
deferring to the listener). Expanding on this, Gussenhoven (2004) argues that there are three
biological codes which do indeed motivate the apparent aforementioned universality of pitch

movements. The two additional codes are the Effort Code and the Production Code. The Effort Code
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associates greater overall effort in speech with an increase in fo while the Production Code reflects
the gradual decrease in fo over time during sustained voicing.

Gussenhoven argues that such codes may be phonologized in an otherwise arbitrary system of
linguistic symbols. Thus, the Frequency Code, associated with size, may have a universal
informational interpretation contrasting certainty with uncertainty, but lead to a phonologization
which associates H% boundaries with questions and L% boundaries with statements. The Effort
Code, where higher pitch may be universally associated with a greater sense of urgency, may lead to
phonologization wherein H* is associated with focus and L tones with backgrounding or prominence
loss. The Production Code—where pitch gradually decreases and which may be associated
universally with a movement from newness or towards completion—may be phonologized so that a
high final boundary H% indicates continuation or incompleteness while a low L% boundary is
associated with completion. Because these universal tendencies have been phonologized, there is
also the potential that phonological units may change their associations and thus subvert the putative
universality of the biological codes. In addition to phonologization, however, Gussenhoven also
argues that a parasitic phonetic trace often remains, meaning that an utterance may still contain an
indexical paralinguistic element in the pitch contour.

An example of this interpretation is be found in Haan’s (2002) PhD dissertation on the
intonation of question forms in Dutch, in which she provides evidence of linguistic and paralinguistic
components in question intonation. She finds that H% boundaries are associated systematically with
guestion forms; however, she also finds paralinguistic effects in their implementation. She notes that
declarative questions have the highest average fo, polar questions lower average fo, and wh-questions
the lowest. This, Haan notes, confirms her hypothesis that there is an inverse correlation between
pitch height and the amount of non-acoustic—i.e., lexical, semantic, or morphological—marking in
the utterance.

Alongside the issue of pitch height is the alignment of tonal targets. For example, Gussenhoven
refers to an observed distinction between the later less precise alignment of pitch peaks and an earlier
more precise alignment inside stressed syllables in the Zagreb variety of Serbo-Croat, where the more
precise alignment occurs when the lexical word is in focus. He notes that this may reflect a difference
in the selection of pitch accent type (L+H* v H*) to indicate different kinds of focus, or it may simply
be the implementational effect of a tendency to align the peak more precisely when speaking more
carefully, such as might happen when a word is in focus. In other words, he points out that the
distinction may reflect a phonological choice or be an effect of implementation, and that it can be
difficult to decide between the phonological and the implementational interpretations. Whether this
is viewed as phonological or paralinguistic, the more precise alignment of the peak with the stressed
syllable might be understood as originating from the Effort Code. (Gussenhoven, 2004, pp. 60-60,

in reference to Smiljanic and Hualde, 2000.)
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2.3.6 Phonological Explanations for Apparent Phonetic Scaling Effects

Several alternatives have been proposed which incorporate changes in scaling into the phonology.
Looking at intonation and question forms in Spanish, Sosa (1999) argues that there is an optional
initial H boundary event (%H) which raises the first stressed syllable of binary questions raises. This
initial-high raising, in turn, permeates across the whole utterance, leading to an overall increase in fo
across the question. This approach is still compatible with the view of intonation in terms of the tonal
string alone. Alternatives, which call upon additional components have also been proposed.

Ladd (1990) observes that prenuclear pitch accents in English may be nested within an
utterance in such a way as to give rise to apparent resetting of downstep with a single utterance, while
differences in pitch accent scaling might be explained phonologically in terms of high-low and low-
high relations at a higher level in a metrical tree. Elaborating on this more broadly (Ladd, 2008), he
argues that variation in pitch height of semantic constituents in an utterance—such as those in the
Manny/Anna study (Liberman & Pierrehumbert, 1984)—may be explained phonologically if we
accept that intonational constituents can be compounded and so can also be embedded (and thus
subordinated) hierarchically within larger constituents. This is particularly relevant to the role of
intonation in information packaging (e.g., identifying new versus given information). The argument
for a phonological explanation of apparent phonetic effects is further developed in Ladd and Arvaniti
(2023), specifically with regard to prominence relations.

Another approach aimed at explaining changes in register involves the inclusion of a register
tier as well as a tonal tier. This argument relates specifically to the scaling of high and low tones in
African tone languages (c.f. Snider, 1988, for a summary of different approaches). This register-tier
approach aims specifically to provide an explanation for observed downstep and upstep effects and
to explain why phonologically low tones may in some cases be realised at the same pitch as
phonologically high tones, and vice versa. The following paragraphs summarise two different views
on how the register tier is understood to operate.

Snider (1988, 1990) presents a three-dimensional Autosegmental model to explain scaling
effects phonologically. He views the Register Tier® as a sequence of highs and lows, with each
successive high or low associated with a relative increase or decrease in the overall scaling of tones
in the Modal [Tone] Tier. As an analogy, the Modal [Tone] Tier can be viewed as like standing or
sitting on a platform to raise or lower one's height, while the Register Tier is akin to a progressive
lowering or raising of the platform itself. Events in both the modal and register tiers are linked to the
Tone-Bearing Unit (TBU) Tier via a Tonal Node (or Architonal) Tier. In Snider’s representation,
each high or low tone in the Modal [Tone] Tier is, by default, associated with a High or Low in the

Register Tier (see Figure 2.5). In such a scenario, H tones are realised high in the speaker’s pitch

8 In the Africanist literature, tier names are capitalized. This convention is retained for the current discussion.
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range and L tones low. However, the application of a sequence of phonological rules leads to
variation in the realisation of Tones in the pitch contour, including Tone Spreading, Tone Insertion,
and Stray Erasure (i.e., phonological deletion of tonal features de-associated with the TBU tier as an
effect of previous processes). Within Snider’s approach, since the register tier is relational, the

association of the initial high or low in the register tier is essentially an arbitrary speaker decision.

Register Tier

Modal Tier

Architonal Tier

TBU Tier
Figure 2.5 Three-dimensional representation of tone in Snider (1988, p. 245).

A different kind of Register Tier is proposed by Leben, Inkelas, and Cobler (Inkelas & Leben,
1990; Leben et al., 1989). Again, the register tier is understood to consist of high and low values,
and—similar to Snider’s approach—the register tier and the Tone Tier (called the Primary or Lexical
tier in this case) are linked via a tonal node. In this case, however, the low of the register tier is an
unmarked form while the high of the register tier is marked. Moreover, unlike the Snider’s approach,
changes in register do not lead to the relative raising or lower of the overall register, and there is no
default association of High tones with High register and Low tones with Low register. Rather, the
presence of the Low register is associated with the sequential downstepping of tones in the Tone
Tier, while the presence of High register is associated with the suspension of downstep and the raising
of the realisation of High tones in a High-High sequence. This means that the Highs and Lows of the
register tier are expected to spread across a sequence of tones. Using this approach, Inkelas and Leben
(1990) argue that, in Hausa, it is the presence of High register in binary questions which leads both
to the suspension of downstep and to the raising of the final H tone which often occurs in binary
guestions. They also observe that, in emphatic structures, High register explains the use of an
upstepped realisation of the High tone.

Snider’s approach to the description of Register Tier effects is concerned with phonological
rules governing the realisation of lexical tone sequences independently of intonational features.
However, the description provided by Leben, Inkelas, and Cobler was developed to take into
consideration both lexical and intonational uses of pitch. In an intonation-only language, such as
English, therefore, it is possible that a Register Tier of the kind proposed by Leben, Inkelas, and
Cabler could provide a phonological account of apparently paralinguistic-only variation in fo across
sentence modes. This point is recognised but ultimately rejected in Haan’s (2002) account of Dutch
question intonation. Of course, in Dutch, the Tone Tier provides enough phonological material—i.e.,

the final H% boundary in questions— to help discriminate between statements and questions.
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2.3.7 Labelling in Contemporary AM Analyses of English Intonation: ToBI° and IViE

It is clear that the labelling of PAs and boundary tones within an IP should not be viewed merely as
a matter of convention or an arbitrary selection of pre-determined pitch accent types. Rather, it is
driven by underlying principles, beginning with the understanding that tones are sequences of Hs and
Ls in an autonomous tonal tier.

Currently, within the AM research on English, there are two main different approaches to
intonational labelling, and they depend largely on whether or not one accepts the existence of and
need for phrase accents. In a closely related manner, they also depend on whether the pitch accent is
analysed as being right-headed or as left-headed, or—as Gussenhoven (2004) puts it—whether the
analysis of the pitch accent follows an on-ramp or an off-ramp approach. Broadly, the phrase accent
on-ramp approach is mostly followed in ToBI (Tone and Breaks Indices) labelling and labelling
systems derived from it (Beckman et al., 2005; Beckman & Ayers Elam, 1997). On the other hand,
the phrase-accent-free off-ramp approach is adopted in studies associated with the Intonational
Variation in English (IVIE) project. The IVIE project was developed to collect corpora from several
urban areas in Britain and Ireland, including Belfast in Northern Ireland (Grabe et al., 1998;
Gussenhoven, 2004), and the labelling system shares some principles with Gussenhoven’s analysis.

ToBI analyses pitch accents as monotonal or bitonal, with bitonal pitch accents being either
left- or right-headed, e.g., L+H* or L*+H. It takes a theory-neutral approach to downstep triggers,
and uses downstepped H tones ('H* and H+!H*) in pitch accents (Beckman et al., 2005). However,
downstep is still, as elsewhere, understood to trigger an overall reduction in scaling of H in the IP.
Because downstepped H is available in ToBl, there is no need for the H*+L PA used in Pierrehumbert
(1980) since the trailing +L was essentially viewed as a downstep trigger. Further, H+!H* replaces
the H+L™* originally proposed by Pierrehumbert. In line with Pierrehumbert and Beckman (1986),
ToBl also includes an obligatory phrase accent, occurring at the right edge of each ip and before the
final boundary tone. In this way, the edge tones combined resemble the tail of the British Tradition.
The final boundary tone retains the same features as the original Pierrehumbert analysis, with H%
reflecting an upstep after H- and a high after L-, while L% represents a null state, with little to no
downward movement of fo.

IVIE labelling, like ToBlI, has both monotonal and bitonal pitch accents and permits the use of
downstepped 'H. However, IVIE also permits tritonal pitch accents, L*HL and H*LH, where the
first two targets occur on the stressed and following syllable, with the third target following. This is

similar to Gussenhoven (2004), although he permits tritonal pitch accents only in prenuclear

® MAE_ToBI (Mainstream American English ToBl) is the current iteration of ToBI analysis of General
American English. However, for the sake of convenience—and because there are now several variants of ToBI
within English and across other languages—ToBI is used here. It should also be noted that the “Break Index”
component of ToBI is not covered here, as it is more closely connected to the identification of ip and IP
boundaries, which are not directly of concern for the approach used in this thesis.
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positions. Further, like Gussenhoven, IVIE rejects the phrase accent hypothesis, and instead adopts
the fully relational approach to boundary tones suggested by Grabe (1998a). This is in part motivated
by the observation that ToBI cannot effectively represent some contours commonly found in nlE,
most noticeably the nuclear rise-plateau-slump (Grabe et al., 1998). (See also Chapter 3, Sections 3.2
and 3.3.1). Moreover, it allows for a more parsimonious labelling system which can facilitate the
identification and comparison of structurally identical pitch accents and boundary structures across

different varieties of English.

2.3.8 Phonetic Analysis of Intonation in AM: Tones and Tonal Targets

In addition to the phonological analysis of intonation, AM analyses also generally evaluate the
phonetic implementation of tones, or tonal targets. In its simplest formulation, a tonal target is a
surface realisation of an underlying phonological tone, described in terms of both fy scaling and its
temporal alignment in relation to a segmental landmark, frequently the onset of the vowel in the
lexically stressed syllable (Arvaniti, 2022).

As discussed in Section 2.3.5, the alignment and scaling of tonal targets may be influenced by
the pragmatic or linguistic function of an utterance. However, formal structural features are also
understood to affect f, scaling and temporal alignment of tonal targets. These include compression
and truncation, tone drift, and tonal crowding.

Schematic Representation of Truncation and Compression

A. L*H realised fully. B. L*H affected by compression C. L*H affected by truncation.

Figure 2.6 Three Stylisations of L*H pitch accents shown truncation and compression. The grey area on the
right of each box represents unvoiced segmental material or a phrase-final pause.

It has been argued that a pitch contour may be truncated or compressed as a function of
available voiced material leading to different surface realisations of underlyingly identical pitch
events, a phenomenon first noted in Grgnnum (1990) and taken up by others (Grabe, 1998a, 1998b;
Ladd, 2008 inter alia). In the case of compression, the tonal target may be fully realised but within a
shorter time window to compensate for the reduced amount of voiced segmental material, as shown
in Figure 2.6, Panel B. With truncation, however, the pitch movement may be foreshortened, as
represented in Panel C, so the tonal target is not realised fully. It is also possible for pitch contours
to be subject to truncation and compression simultaneously, such as those found for Belfast English
in Sullivan (2012). Truncation/compression trends vary across English dialects, so one cannot
assume that effects which occur in one variety will be found in another (Grabe, et al., 2000).

As regards timing, it appears that tonal targets may be fixed or subject to drift. When a target

is fixed, it is typically anchored to a specific landmark in the phrase, such as a stressed syllable, the
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foot, or sometimes with lexical boundaries (Prieto, 2011; Prieto et al., 2005). However, it has been
found that, given enough segmental material, and conditioned by foot size and anacrusis, a tonal
target may drift rightwards or leftwards(Gussenhoven, 2004; Pierrehumbert & Steele, 1989;
Silverman & Pierrehumbert, 1990). Analysis of variation in peak alignment strategies has shown that
they can be a marker of dialect differentiation, both in English (Arvaniti & Garding, 2007; Kalaldeh
et al., 2009) and other in languages (Atterer & Ladd, 2004; Bruce & Thelander, 2001; Dalton & Ni
Chasaide, 2007).

The third formal effect is tonal crowding (Arvaniti et al., 1998; Ladd et al., 2009; Silverman
& Pierrehumbert, 1990). This occurs when tonal targets must be realised in close proximity to each
other, such as when two starred tones occur in adjacent syllables. In such cases, there can be
interactions affecting the alignment and/or scaling of targets, most likely as adjustments made to
accommodate both tones within a short window of time.

If one were to analyse an fo contour without consideration of truncation or compression, tonal
drift, and tonal crowding, it might be possible to misidentify fundamentally identical pitch accents
as different. Through systematic analysis of pitch accent alignment and scaling under different
segmental and/or metrical conditions—Ilonger feet meaning more segmental material—one can
assess whether truncation or compression effects are in operation, if targets are subject to drift under
different formal conditions, or if (and how) tonal crowding affects the realisation of tonal targets.
Such issues strongly inform the analysis in Chapter 6.

2.4 lIssues for AM Analysis of the Phonology and Phonetics of Intonation

So far, the main difficulties discussed in relation to AM analysis have focused on theoretical divisions
motivating differences in ToBl-style and IViE-style analysis. However, there are a few other
fundamental issues which need to be considered in relation to AM analysis. The following section
describes three of them, indicating why they matter, and explaining how they have influenced the

research project.

2.4.1 Tonal Targets and Implementational Domains
Within the AM approach, the domain of the starred tone is, by definition, the metrically stressed
syllable since the star simply represents the stressed syllable which links the segmental string to the
tonal sequence. There are, however, several problems with this assumption, one of the most
significant being that the starred tone does not, in fact, always align with the stressed syllable (e.g.
Nolan and Farrar, 1999; Arvaniti, Ladd and Mennen, 2000). For example, Arvaniti, Ladd, and
Mennen analysed prenuclear tones in Greek, which appear to have a low tonal target before the
stressed syllable and a high tonal target after it, making it difficult to identify a single tone associated
with the stressed syllable, and this make it difficult to land on an appropriate label (L*H, L+H*,
[LH]*, H*, etc.).

The failure of starred tones to align consistently and neatly with the metrically stressed syllable

could stem from several sources. It could be an effect of segmental pressure, i.e., it might sometimes
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be difficult to coordinate pitch targets with metrical targets when there is less segmental material
available in which to implement the pitch movement. Alternatively, it could be that tonal targets are
subject to leftward (or rightward) drift when there is an excess of segmental material before the
metrically stressed syllable, as in the case of anacrusis. Finally, it could be pragmatic, in that the
speaker aligns the target only as precisely as they believe necessary for the speaker to interpret the
intended pitch accent correctly. Of course, it could well be a combination of all of these, wherein the
speaker may be more or less likely to cede to segmental pressure or to let the target drift based on
the extent of the perceived need to realise the pitch accent precisely.

A closely related issue is the implementational domain of the pitch accent. This is generally
taken to be the foot. However, as Arvaniti, Ladd, and Mennen (2000) point out, it is not always clear
how the trailing tone is supposed to be aligned. There is evidence that starred tones and trailing tones
in English may be aligned partially according to the left and right boundaries of the lexical word in
which foot stress occurs rather than the foot alone (Silverman & Pierrehumbert, 1990). There is also
evidence that pitch alignment may be partially lexically motivated in that it plays a role in the
segmentation of words (Ladd & Schepman, 2003; Welby, 2003).

There is also debate as to how to identify tonal targets in the first place. The simple view takes
the local fO maxima and minima as the tonal targets. However, while this seems sensible at first, there
can be complicating factors. For example, a study of British English by Knight and Nolan (2006)
found that the most stable landmark of the H tone was not the peak but the end of the H plateau 4%
below the fO maximum (i.e. the end of the effective duration of the H tone). Greater consistency in
the alignment of the end of the plateau rather than that of peak fo may suggest that the speakers too
may intuitively aim at a target near the end of the plateau rather than simply the peak itself. In other
cases, the listener may be able to identify the percept of an L target but there may not be an easily
identifiable local fO minimum in the contour. A stylised example of this is shown in Figure 2.7. These
points are referred to as elbows or turning points, and have been used to identify L targets in several
studies (D’Imperio, 2000; Shosted et al., 2006; Welby, 2003). In fact, the use of turning points can
be generalised to interpret all tonal targets in this manner. Frequently, as in the Figure 2.7B, fo
maxima and minima do align with turning points but this is not always the case. The topic of elbows

is taken up further in Chapter 8, Section 8.5, which outlines a technique for identifying turning points.
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Schematic Representation of Turning Points

Turning point and fo maximum
Turning point only

Turning point only

t Turning point only 1
Turning point only Turning point and fo minimum
A. Turning points only. B. Turning points and fo extrema

Figure 2.7 Stylised representations of an f, contour, indicating turning points (in orange), and f, peak (purple)
and fo minimum (blue). Note, the fy extrema in these stylized examples are also turning points.

In summary, we can see that neither the implementational domain of the turning point nor its

most salient identifier can be taken for granted.

2.4.2 Form-Function Mismatches and Failures in Phonological and Phonetic Analysis

AM analysis of intonation typically involves identifying functions associated with intonation and
then describing them in terms of intonation structure. Examples of this can be found in the analysis
of Eastern European Question Intonation, and in analysis of question types in Dutch, German, and
Greek, to name just a few (Arvaniti & Ladd, 2009; Grabe, 1998b; Grice et al., 2000; Haan, 2002). In
English, this can be seen around the discussion of question modes, calling contours, and focus (Ladd,
2008, has an excellent overview of this). However, as noted above in Section 2.3.5, pitch contours
sometimes vary according to function in a manner which cannot easily be attributed to different
combinations of pitch accents and edge tones. Such variation is often viewed as gradient and is
typically attributed to a paralinguistic effect. Unfortunately, there is a very clear methodological
problem with this approach. In essence, it means that pitch features associated with functions are
identified as linguistic only in so much as they fit the theory. When the pitch contours do not fit the
theory, they are in effect cordoned off as paralinguistic. This occurs even in cases where there is a
clear and consistent correlation between grammatical function and the pitch contour, which suggests
that the different contours do in fact serve a linguistic function too. While there is clearly a
paralinguistic component to pitch, the problem here lies in the fact that the theory is essentially
prioritised over the data, when in fact it may be that the theory needs to be adapted or reimagined so
that it can explain the data. In short, the availability of a paralinguistic out may hinder progress in
the AM analysis of intonational function.

Grice et al. (2017) illustrates and deals with the problems of discreteness, gradience, and
function in a particularly insightful manner. In an analysis of narrow and corrective focus in Standard
German, the researchers found—as they expected—a relatively low correlation between intended
focus type and the pitch accent employed, but they found that the focus type was still likely to be

interpreted as intended. More importantly, however, they found that, despite the lack of consistency
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in pitch accent choice, speakers did still employ similar implementational strategies. Specifically,
peaks were aligned later and with higher fo in contrastive focus when compared to narrow focus, and
in narrow focus when compared to broad focus. The authors note the difficulties their results pose
for linguistic traditions based on discrete categories of analysis, since their research identifies a
mismatch between the phonological categories and their function while at the same time identifying
clear patterns and gradient shifts associated with changes in function. They argue that there is a need
to integrate discrete and continuous features in an intonational grammar, since both belong to one
single system.

As the authors suggest, it may well be necessary to carefully consider both discrete and
gradient features in a systematic analysis of function in intonation. However, it is also necessary to
consider possible limitations to the phonological framework within which the analysis is conducted
and to consider possible adjustments to it. For example, in the study described above, discrete
categories were generally poor predictors of function, but an overall systematic trend was found in
the alignment and scaling of f, targets from broad to narrow and from narrow to contrastive focus.
This should, perhaps, not only signal the importance of assessing both categorical and gradient
patterns in the analysis of intonation, but it should also signal that the current phonological
description may not adequately identify and reflect phonological features which are easily interpreted
by listeners during conversion.

In short, it is important to avoid the temptation to perform a phonological analysis which
dismisses some phenomena as paralinguistic rather than linguistic. Therefore, if one identifies a
systematic relationship between function and an ostensibly gradient feature, one must consider if
such a feature can in fact be accommodated by adjusting the phonological theory instead excluding

it from the phonological. This is central to the analysis of sentence mode in Chapter 7.

2.4.3 Contours Versus Targets

At its core, the AM framework relies on the assumption that the pitch contour is the physical
manifestation of an underlying sequence of tonal primitives. As such, glides and curves should be
understood as side effects of this implementation. However, this does not always appear to be the
case. For example, D’Imperio (2000) found that the perception of peak alignment—and thus of pitch
accents—can be influenced by the shape of the contour rather than tonal target alignment alone,
while Knight (2008) found that the perception of pitch height and pitch prominence is influenced by
the shape of the pitch accent, specifically the duration of the plateau associated with the target pitch
accent.

Building on such insights, Barnes et al. (2012, 2021) argue that the perception of tonal targets
may not be associated so much with turning points but with a global measurement, Tonal Centre of
Gravity (TCoG). TCoG abstracts away from the alignment and scaling of fo by integrating them into
a single function which calculates the time point which the authors describe as the “centre of gravity”

of the contour. It is in effect an integral function which calculates the time at which the area under
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the curve is balanced on either side of the curve, described more precisely as TCoG-t in Barnes et al.
(2021). Figure 2.8 helps illustrate this point. Each shaded area represents half the area under the curve
between the onset and offset of the pitch movement. The frequency domain equivalent of TCoG-t is
TCoG-fo, which measures the mean fo across the contour. Whenever the glide to the peak is more
domed, as in Panel B, TCoG-fo is higher and TCoG-t is earlier. Conversely, whenever the glide to
the peak is more scooped, as in Panel C, TCoG-fy is lower and TCoG-t is earlier. These effects are

reflected by the different positions of the dots in Figure 2.8.
Schematic Representation of Pitch Curves and Tonal Centre of Gravity
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Figure 2.8 Schematic representations of different pitch curves with different TCoG. Adapted from Barnes et
al. (2021) to illustrate how TCoG-t reflects timing of the balance of the area under the curve.

In their 2012 paper, the authors were able to demonstrate that the TCoG-t was a better predictor
of annotators’ PA categorisation choices than turning point timing and scaling parameters. In the
2021 paper, the authors used forced choice match-to-sample tasks with utterances containing
resynthesized pitch contours. They demonstrated that the shape of both the rise and fall influenced
listeners’ categorical judgments.

The alignment effects predicted by TCoG appear to reflect the findings of D’Imperio (2000),
in that a domed rise leads to the perception of an earlier peak. Similarly, f, effects of TCoG appear
to reinforce the findings of Knight (2008), where the more plateau-like domed contours are
associated with a higher TCoG-fo.

Both papers present a serious challenge to the AM approach. They use AM conventions to
describe the PAs, which appears to validate the fundamental principle of the AM framework and the
importance of underlying L and H primitives along with their associated tonal targets. However, the
analyses suggest that listeners do not categorise pitch accents based on the implicit identification of
tonal targets, but rather on the interpretation of the tonal centre of gravity. If this is indeed the case,
i.e., that listeners use TCoG rather than tonal targets to identify and categorise pitch accents, then it
stands to reason that the interpretation of intonation events in terms of L and H primitives is wrong-
headed. As such, it brings into question the whole AM project and might suggest that the use of terms
such as L+H* or L*+H are useful only in so far as they are convenient placeholders for PA categories,
while the L and H terms themselves hold little theoretical merit.

This train of thought is not merely panicked catastrophizing, since the TCoG analysis does
indeed appear to reflect listener’s ability to categorise pitch contours without recourse to tonal targets
or the underlying tonal primitives with which they are associated. However, there are two major

considerations which may help ease the distress of such catastrophic thinking.
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The first consideration relates to the psychological plausibility of TCoG. It would require a set

of complex cognitive processes from the listener for it to work:

1. Continuous summation of fo over time (a cognitive integral function).

2. Retrospective assessment of the timing of the onset and offset of the complete contour.

3. Retrospective calculation of the time at which the area under the curve can be divided equally

in half.

In addition, the speaker would need a complementary set of production strategies, including the
planning of the contour so as to calculate the area under the fo curve and an implementation strategy
to generate the target TCoG so that it can be interpreted correctly by the listener. While such cognitive
processes may occur in the production and perception of PAs, it feels more practical to assume a
simpler process in which the pitch contour is produced through the implementation of a linear
sequence of L and H primitives. In short, it is unlikely that the predictive value of TCoG is due to
the fact that it directly represents the underlying phonology. Rather, it is more likely that it is an
epiphenomenon which works as an effective heuristic in the categorisation of pitch contours.

The second consideration is the way in which tonal targets are identified. In Barnes et al.
(2012), tonal targets are associated with fo minima and maxima. The authors explicitly reject the use
of elbows as tonal targets. They argue that, since the most common algorithm for estimating elbows
is sensitive to the contour shape much in the same way as TCoG, the use of elbows “in essence
amounts to smuggling global contour shape in through the model’s back door.” (Barnes et al., 2012,
p. 379). However, it is very possible that this observation, relegated to a footnote, explains the
apparent effectiveness of TCoG. That is, TCoG may appear so effective simply because it reflects
the way in which tonal targets are realised, i.e., as elbows rather than as fo minima and maxima. In
this case, the apparent challenge to the AM framework might be an artefact of the methodology. In
other words, the problem might lie in the technique used to identify tonal targets. The concern persists
in a more recent perception study on TCoG (Barnes et al., 2021). This paper reports the results of
experiments which used synthesized f, contours in which low f, targets were measured both at the
point where the rise began and at the point at which it was complete. However, considering that the
scooped rise begins subtly and gradually (unlike the domed rise where the fy change is sudden and
dramatic), there is no reason to assume that this mirrors how tonal targets are manifested in real
speech. It still seems plausible that it is in fact the elbow which should be identified as representative
of tonal targets.

The conclusion one might draw from the discussion of TCoG is that tonal targets are best
measured in terms of elbows rather than fo minima and maxima. However, it was not until later in
the project—once | had designed the methodology, conducted the analyses, and was reflecting on
the results—that | began to consider more fully the implications of TCoG and the limitations of using
fo minima and maxima as proxies for tonal targets. As such, the issue of turning points is given fuller

consideration in the critique in Chapter 8.
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2.5 Summary and Conclusion

The dominant mode of intonation analysis in English is the Autosegmental Metrical (AM) approach,
and it has been employed for this thesis. In essence, there are two main schools of thought in AM
research. The first is a direct descendent of Pierrehumbert’s original (1980) approach, and has been
propagated though ToBI and its offshoots (Beckman et al., 2005). The second is more closely aligned
with the work of Gussenhoven (1983, 2004), Grabe (1998a), and the IVIE project (Grabe et al., 1998;
Grabe & Post, 2002). The distinguishing features of each approach are summarised in Table 2.2. The
terms ToBI-like and IViE-like are used for convenience, and it should also be noted that while both
ToBI and IVIE are intended as largely theory-neutral approach, they are both still influenced by

competing theoretical interests.

Table 2.2 Comparison of ToBI-like and IViE-like analysis
Features ToBl-like IViE-like

Onramp PA v x

Offramp PA v v

Phrase accent v x
Intermediate phrase v x
Obligatory final boundary v x

Fundamentally, both approaches analyse the same set of phenomena, follow the same overall
theoretical framework, and share the same general understanding of the relationship between the
underlying phonology and the surface form. Both approaches agree that there is a string of underlying
tones which are linked to the segmental string via metrical structure. The key difference lies in how
the events in the tonal string are associated with structural elements of the IP. As can been seen from
Table 2.2, this comes down to whether or not the approach uses an exclusively offramp approach,
whether it accepts the existence of the phrase accent and the intermediate phrase, and whether or not

the final boundary tone is obligatory.

2.5.1 Labelling Choices for Research
ToBI-style analysis requires the labelling of PA-final edges in terms of both phrase-accents and
boundary tones, even in cases where there is little evidence for the phrase accent. The solution
adopted by Grabe, Gussenhoven, and the developers of the IVIE project feels intuitively more
appealing, largely because it does away with the phrase accent and allows for an optional final
boundary (L, H, 0) in its stead. This creates an overall more economic labelling system and appears
more suited to capturing parallelisms across pitch accent and boundary conditions than the obligatory
phrase-accent and boundary tone approach, which can lead to fundamentally similar tunes being
analysed as if they are very different.

Gussenhoven (2016) argues that an off-ramp analysis which does away with the phrase accent

and permits optional phrase-final boundary tones is able to capture a wider range of attested nuclear
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contours than ToBi-like annotation. However, if one is to adopt Gussenhoven’s approach, it is also
necessary to accept a long list of additional claims about the nature of the implementation of the
phonology. These may be absolutely correct; however, in terms of analysis, it feels unwise to adopt,
wholesale, Gussenhoven’s approach, as this could, again, lead to a prioritisation of the theory over
the data.

For the purposes of labelling, the IVIE system is preferred in this thesis. After all, IVIiE was
designed for labelling different varieties of English, including nlE, which is the focus of this
dissertation, whereas ToBlI (specifically MAE_ToBI) was designed with North American English in
mind. The developers of IViE also argue that its more flexible approach to final boundaries makes it
more amenable to the analysis of northern Irish English (Grabe et al., 1998). There is also no phrase
accent in IVIE, which means that there is no need to include labels for tones for which there may not
be sufficient empirical evidence. However, it should be noted that it was still deemed necessary to
make some adjustments to the IVIE labelling system in order to adequately account for some of the
features observed in the data. These adjustments are discussed in the Phonological Labelling sections

of Chapters 6 and 7, Sections 6.4 and 7.4 respectively.

2.5.2 Strategy for Identifying Tonal Targets

For the purposes of identifying tonal targets, the analyses in Chapters 6 and 7 use fo maxima and
minima rather than fo turning points. There were two core reasons for this. Firstly, minima and
maxima are intuitively easier to reconcile with concepts of High and Low than turning points.
Secondly, they are much easier to identify and catalogue than turning points. As mentioned in 2.4.3
above, however, it was only on reflection and with the benefit of experience that the potential

advantage of using turning points over fo maxima and minima became apparent.

2.5.3 Analysis of Form and Function

As noted in 2.4.1, the alignment of tonal targets may not always reflect the theoretical ideal, i.e.,
starred tones may not be realised in the stressed syllable and trailing tones may sometimes be
associated with lexical boundaries rather than metrical ones. This demonstrates the need for an
analysis of formal—i.e., lexical boundary and metrical—effects on the implementation of pitch
accents. Chapter 3 will outline some of the formal effects found on the realisation of pitch accents in
nlE, while Chapter 6 offers an analysis of the metrical and lexical boundary effects on pitch accent
inventories and the alignment and scaling of tonal targets in DCE.

Section 2.4.2 pointed out that the partitioning of pitch events into phonological/linguistic and
paralinguistic categories may mean that some intonational phenomena are inadvertently dismissed
as paralinguistic because they do not ‘fit’ the theory, even though they still systematically reflect a
communicative function. To avoid such a Procrustean trap, it was suggested that one must consider
the limitations of the theory itself and see if reasonable accommodations can be made to adapt the
theory so that it can explain systematic patterns in the data more completely. Chapter 3 will indicate

how a strict AM analysis of sentence modes in nlE might lead to phonological distinctions being
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identified as paralinguistic. Potential adjustments to the phonology are considered in the analysis of

sentence mode in Chapter 7.
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3 Local Context: northern Irish English and Derry City

This chapter focuses on Derry City and northern Irish English, outlining geopolitical and linguistic
contexts, and summarising previous research on Intonation in northern Irish English and Derry City.
It begins by presenting some general background information about Derry City and northern Irish
English and moves on to discuss British Tradition analyses of Belfast and Derry City intonation
before turning to AM studies of nlE intonation. It ends by considering how the issues within AM

discussed in the previous chapter (Section 2.4) relate to the current study of DCE intonation.

3.1 Derry City and northern Irish English

Derry City is located in the Northwest of Northern Ireland, close to the border with Donegal in the
Republic of Ireland (see Figure 3.1). It has a population of 83,125 (Northern Ireland Statistics and
Research Agency, 2015). The oldest settlements of the city were along the west bank of the river
Foyle, although the city now straddles both the eastern and western banks of the river. The area on
the western side is referred to locally as the City Side, and the area along the eastern bank is called
the Waterside. Before the 1612 royal charter of James VI, the site along the West Bank of the river
Foyle was part of Donegal (Lacy et al., 1983), and there still continues to be a close relationship
between Derry City and county Donegal.

As in Northern Ireland in general, Derry City is in many ways demographically homogenous.
In the 2011 census, 98% identified as white, 97% as Christian or as having been brought up as
Christian. 89% were born in Northern Ireland, with less than 3% of the population born outside of
either the UK or the Republic of Ireland. Two very strong markers of identity in Northern Ireland,
however, are nationality and religion, and there is a general tendency for Roman Catholics to identify
as Irish and for Protestants to identify as British (Zwickl, 2002, pp. 72-101). The city has a large
Roman Catholic majority (78% in the 2011 census), with most of the Protestant population (19% in
total) living on the Water Side. 59% of the population identify as Irish, 34% as Northern Irish, and
21% as British. (The total is over 100% as the census allowed people to identify with several
nationalities.)

Varieties of English spoken in the northern part of the island are quite distinct from southern
varieties; unfortunately, the term Northern Irish English—often found in the literature—is
intrinsically ambiguous. That is, it may refer the Irish English spoken in the geographical north or to
English spoken in Northern Ireland, the political jurisdiction, the border of which is shown by the
thick black line in Figure 3.1. In some cases, the distinction between Irish English of the geographical
north and the English of the political entity Northern Ireland is blurred, so a northern variety of Irish
English—such as Belfast English in Grabe, Kochanski and Coleman (Grabe et al., 2005)—is
contrasted with English in the Republic of Ireland, in such a way as to imply that the political border
and the linguistic borders coincide. To give just one example of this, Folley, Gibbon, and Peppé write
that “[a]lthough statements have a high terminal in Northern Ireland [...], this is not the case in the

Irish Republic” (2011, p. 23). Conversely, Moritz (2016) includes northern varieties spoken in the
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Republic in her discussion of English in Northern Ireland. The two-book survey of Irish English by
Corrigan (2010) and Kallen (2013) explicitly splits the burden of description into one volume on
Northern Ireland and one on the Republic of Ireland, but both books exclude the English of Donegal,
which is in the geographical the north but is part of the Republic of Ireland.

Belfast, )

LN\ Gaeltacht (Irish-speaking area)

‘Core’ Ulster Scots (area def*

[CITT] south Ulster English @ Derry city
[ ™id Uister English
Southern Hiberno-English Ulster border

== = North-south isogloss
= N|-ROI border

Figure 3.1 Approximate boundaries of northern Hiberno-English dialects
(Hickey, 2007, p. 442 after Harris, 1985, p. 16). Derry City is highlighted in red.

Harris (1985) avoids such geopolitical confusion, conflation, and exclusion when he identifies
an isogloss running roughly from Donegal Bay in the west to Carlingford Lough in the East, which
separates northern varieties from southern varieties of Irish English, This is shown in Figure 3.1 by
the dashed purple line. Harris describes the northern variety as Ulster English and identifies three
main language groups: Southern Ulster English, Ulster Scots, and Mid-Ulster English (MUE), each
influenced to varying degrees by the influx of Scots speakers and English speakers from the English
Midlands during the seventeenth century plantations. It should be noted that the isogloss is not
actually coterminous with the Ulster boundary (shown by the pink dotted line), especially in south
Ulster. Therefore, following McCafferty (2001), [lowercase] northern Irish English (nlE) will be
used to describe the varieties of Irish English spoken in northern parts of the island.

As can be seen from Figure 3.1, Derry city is in the MUE region. Thus, one expects DCE to
be broadly similar to the English of this region in general. In fact, one well recognised similarity
across all nlE varieties is the use of rising nuclear pitch accents in unmarked declarative sentences
(see Chapter 6). It is this specific feature of nlE which motivated this research, since, as shall be
explained in Section 3.4, the prevalence of rising intonation patterns raises questions about the
relationship between the form and function of intonation and about the linguistic/paralinguistic

distinction in the AM approach to intonation analysis.
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3.2 British Tradition Analyses of northern Irish English Intonation
In the 1970s and early eighties, two studies of northern Irish intonation were conducted within the
British Tradition, the first focusing on Belfast English and the second on Derry English.

In a study of Belfast English, Jarman and Cruttenden (1976) found that 70% of all nuclei
contained rising tones, including semantically unmarked phrases, i.e., neutral declaratives. Working
within the British tradition, they observed that low rising tones (tone 1) were common in declaratives
while high rising tones (tone 2) were common in questions. In each case, they noted that the post-
tonic section formed a plateau. Although the rise in semantically unmarked nuclei was less dramatic
than that of questions, the importance of their findings at the time was that they drew attention to the
weakness of the assumption that unmarked intonation is universally indicated by a falling tone.

McElholm’s (1986) study of intonation in Derry English found that it was similar to that in
Jarman and Cruttenden’s Belfast study, especially in the use of rising tones in unmarked forms.
However, McElholm found no examples of nuclear falls and also found that a low-rising tone was
used for wh-questions. McElholm suggests that such differences may be due to data sparsity or a
difference in social class between the Derry informants and the Belfast informant. Therefore,
McElholm’s overall inventory of tones, summarised in Table 3.1, is slightly different to that of the
Belfast study.

Table 3.1 Summary of McElholm's inventory of nuclei for Derry English (adapted from McElholm, 1986, p.
56). Parentheses indicate corresponding tonal forms in Jarman and Cruttenden (Jarman & Cruttenden, 1976).

Tone Stylisation tonic movement general meaning

A (1) ”/ low rising  natural for all major speech functions except YNQs;

also used to introduce secondary information*®

B (2) “/ high rising neutral for YNQs

C® rising-falling contrastive [preceding contrast or suggesting

u/f_\ reservation]

D extra-high rising- assertive or surprised [NB very rarely attested]
H/_\\ falling

E (5) u/u/ rising plus rising conveying new plus secondary information

F extra-rising rising- as tone D plus secondary information
lﬂ‘/ falling plus rising

10 McElholm uses the terms secondary information to refer to information which is already given in the
discourse. Secondary and new information are often described as topic and comment, or theme and rheme.
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Like Jarman and Cruttenden, McElholm conducted his analysis in the British Tradition, largely
via impressionistic analysis of two speakers (although McElholm did also include some instrumental
analysis). The differences in theoretical approach and the limited amount of quantitative data make
it is difficult to compare it with AM studies beyond a few broad phonological comparisons.

3.3 AM Studies of northern Irish English Intonation

Within the AM approach, the majority of studies on nlE are based on IViE data, and thus focus on
Belfast English. A few studies of Donegal English have been conducted based on data collected by
O’Reilly and Dorn (Dorn, 2006; Kalaldeh et al., 2009; O’Reilly et al., 2010). The only other AM
study of nlE of which | am aware is Moritz (2016), which compares Southern Ulster English, Ulster
Scots, and Mid-Ulster English, with Belfast English representing Mid-Ulster English.

The IVIE project collected speech corpora from secondary school pupils in different urban
areas across both Britain and Ireland (Grabe & Post, 2002), including Belfast. The Belfast corpus
includes speech from 12 speakers (6 female, 6 male, 17 years old) who attended one of two schools
near the city centre, all of whom had been born and had grown up in Northern Ireland. Five tasks

were used to elicit a range of speaking styles, speech functions, and interactions.

3.3.1 Phonological Analysis of Belfast English

Lowry’s initial (2001) analysis of nlE followed the ToBI labelling approach and found that
adjustments needed to be made to it in order to accommodate features of nlE which are not found in
the General American English for which ToBI was designed. Most notable of these was ToBI’s
inability to provide a label for the rise-plateau-slump of Belfast English. Later, using the IViE system,
she identified four different nuclear contours in Belfast English, labelled L*H %, L*H L%, L*H H%,
and H*L % respectively. These are shown in Table 3.2 (Lowry, 2002). These patterns have been
attested in a number of analyses of the IVIE Belfast data (Grabe, 2004; Grabe et al., 2005; Lowry,
2002) as well as in more recent studies (Jespersen, 2018; Sullivan, 2010, 2012). L*H % is by far the
most common nuclear pitch contour across sentence modes. However, differences in the distribution

of nuclear contours across speech style, gender, and sentence mode have also been found.
Table 3.2 Nuclear patterns of Belfast English, adapted from Lowry (2002).

Schematic
representation

Impressionistic
description

rise-plateau rise-plateau-slump high rise fall

IVIE labelling L*H % L*H L% L*H H% H*L %

Lowry’s (2002) study of style shift found that rising nuclei dominate all styles of speech and
that their use increases dramatically in less careful speaking styles, especially among the female
speakers. Grabe’s (2004) analysis of the IVIE read-sentence corpus found that L*H % accounted for

a least 83% of nuclear tones across all sentence types. H*L % was found in only 4.2% of declaratives
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(DECs) and 5.6% of wh-questions (WHQs) while low boundary tones, L*H L%, occurred only in
12.5% of DECs. The simple rise, L*H H%, was found in yes-no questions (YNQs) but was not the
dominant form, accounting for 5.6% of YNQs and 16.9% of declarative questions (DCQs). Sullivan
(2010) found L*H H% in DECs as well as YNQs. She also found that L*H L% was more likely to
occur in question forms than in DECs. In a more recent study, Jespersen (2018) has also found
occurrences of simple rises in declaratives.

Another study of the IVIE data (Grabe et al., 2005) analysed PAs across utterances in both
prenuclear and nuclear position. They found four different prenuclear accent types (H*, L*H, H*L,
and L*), with H* being by far the most common, accounting for 78% of all PNs in declarative
utterances. In sharp contrast to this, L* occurred in only 2.2% of PN pitch accents.

Table 3.3 summaries the inventory of nuclear accents attested in Belfast English across
sentence modes. If the same similarity exists today between Belfast and Derry City English as
described in Jarman and Cruttenden and in McEIholm, one should expect a similar distribution of

pitch accents, though with fewer—if any—instances of H*L Derry City English.

Table 3.3 Summary of pitch contours attested in
Belfast English across sentence modes.

Contour DEC WHQ YNQ DCQ

L*H % v v v v
L*H L% v
L* H% v
L*H H% v v v
H*L % v v

Unmarked rising nuclei are also attested other varieties of English, such as Liverpool,
Manchester, Tyneside, and Glasgow, and this phenomenon has been described as Urban Northern
British intonation (UNBI) (Cruttenden, 1995, 2001, 2007). In the IVIE corpus, there are four sets of
data from Britain in the UNB category: Liverpool, Leeds, Bradford, and Newcastle upon Tyne.
However, nuclear rises in declarative statements were attested only in the Newcastle corpus. Even
so, Newcastle only had 17% L*H in declaratives compared with 96% in Belfast (Grabe, 2004).
Cruttenden (2007) also notes the evidence for the greater dominance of unmarked rises in Belfast

English when compared to other varieties.

3.3.2 Alignment, Compression and Truncation in nlE

Nolan and Farrar (1999) used the IVIE corpus to analyse peak lag in prenuclear pitch accents, which
in their study was defined as the occurrence of the tonal target after the stressed syllable. They found
that it was very common in Belfast but was less so in the presence of anacrusis. Sullivan (2007)

focused on the alignment of nuclear valleys, also using the IViE corpus. She found a significant
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effect of anacrusis on the alignment of L, causing earlier alignment!!. Gender was also a significant
factor, but sentence mode had only a limited effect.

A comparative study of nuclear and prenuclear alignment across varieties of Irish English
(Kalaldeh et al., 2009) examined L*H PNs in Donegal English (as PNs were found to be exclusively
L*H). The study found that anacrusis caused rightward drift of the prenuclear peak, which appears
to be the opposite of Nolan and Farrar (1999). The Donegal data also indicate rightward drift of peaks
in nuclear L*H pitch accents as the syllable count in the foot increases. For both nuclear and

prenuclear accents, L targets were stable.

3.3.3 Proposed Source of Declarative L*H Dominance in nlE and Elsewhere

Cruttenden (2007) speculates that the UNBI phenomenon may have originated in migration from
Belfast and other regions of northern Ireland. Offering an alternative hypothesis to account for the
existence of rises in Tyneside—which was not subject to the same degree of migration from
Ireland—Hirst (1998, 2013) has suggested that the declarative rise may have originated in migration
and settlement from Scandinavia during the Viking raids starting in the eighth century. However, the
distribution of Scandinavian settlements does not reflect the distribution of the rises in Ireland or in
other parts of England either. So, while Tyneside English may have retained prosodic features
adopted during Norse settlement, it seems unlikely that it can account for the occurrence of nuclear
rises elsewhere. Therefore, it is more reasonable to suggest that the Scandinavian hypothesis is
plausible for the declarative rise in Tyneside English but that the northern Irish migration hypothesis
is more reasonable in areas such as Liverpool and Glasgow.

This still does not explain the origin of the rise in nlE. In fact, rising nuclear tones dominate
not just nlE but also northern varieties of Irish Gaelic (Dalton & Ni Chasaide, 2007; O’Reilly et al.,
2010). The realignment hypothesis proposes a possible source for this, namely that diachronic
rightward drift of the H*(L) peak has led to a phonological realignment of H, and thus the rise—so
to speak—of L*H pitch accents. Dalton and Ni Chasaide (2005) found the realignment hypothesis
unlikely for Donegal Irish, and Sullivan (2010) found little evidence for it in Belfast English.
Sullivan, however, proposes a transfer hypothesis, which states that the unmarked use of L*H is due
to transfer from other functional domains, such as continuation forms or question rises. Sullivan
found more phonetic similarity between statements and continuation forms than between statements

and questions, suggesting transfer from the continuation function to declarative forms.

11 Sullivan appears to use the tern anacrusis to describe any sequence unstressed syllables preceding a stressed
syllable not just those preceding the first stress in the IP. Thus, for example, trailing syllables in the first foot
are termed as anacrusis in the relation to the stress in the second foot. However, here, | define anacrusis strictly
as the sequence of unstressed syllables before the first stressed syllable in the phrase.
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3.3.4 Quantitative Analysis of Intonation in Belfast

Grabe, Kochanski, and Coleman (2003) used the IViE read speech corpus to conduct a quantitative
analysis of pitch trajectories across sentence modes and dialects, including Belfast English. They
used time- and fo-normalised data to facilitate the comparison of contours. The study found that, as
with many other studies (including Sullivan, 2010, 2012), mean f, increased in question forms, with
DCQs having the highest average fo in all dialects (see Figure 3.2). The authors were also able to
show that the fo average and f, slope contribute to the distinction between sentence modes across
dialects. This could be interpreted as a paralinguistic pitch raising effect similar to that found in
Haan’s (2002) study of Dutch guestion forms. Such findings also reinforce the argument from Grice
et al. (2017) that the analysis of phonetic/gradient data must be integrated with analysis of
phonological/categorical data to fully capture similarities and differences in intonation across

different functions.

Average fo and Global fo Slope of Pitch Contours by Dialect and Sentence Mode

DECQs

Belfast
Bradford
Cambridge
Dublin
Leeds
London
Newcastle

+OXD>EO

C1: fo slope

WHQs
and YNQs

A
v

CO: average fo

Figure 3.2 Average fy (x-axis) plotted against the global slope of fo (y-axis) for four utterance
types and seven dialects. Adapted from Grabe, Kochanski and Coleman (2003)

3.4 Implications for an AM Analysis of Intonation in DCE

Chapter two focussed exclusively on intonation theory, with a particular focus on the AM approach.
This included a discussion of some problem areas within AM and ended with an argument for the
importance of both a formal and functional analysis of intonation in a target language or language
variety. This chapter has dealt with intonation in relation to nlE and Derry City English. It is now
time to consider how the issues raised in Chapter 2 might inform the research aims of a phonetic and

phonological analysis of DCE.

3.4.1 Does nlE Provide Evidence for the Special Status of H Targets?
Aside from the study by Sullivan (2007), the vast majority of studies on tonal alignment in English
deal with H targets, looking at issues such as peak alignment, peak lag, and even tonal centre of

gravity, which is essentially a means of identifying (perceptual) peaks. This is primarily because H
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targets dominate unmarked starred tones in a quasi-universal manner, i.e., H* and H*L are much
more common as unmarked PAs than L*H and L*. However, all the evidence suggests
overwhelmingly that L*H is the dominant nuclear PA in nlE. At the same time, as noted in Section
3.3.1, an analysis of the Belfast IVIE data indicated that there was a greater amount of variation in
prenuclear (PN) pitch accents.

Increased variation in PN pitch accents could indicate that prenuclear PAs also signal variation
in meaning; however, given that nuclear pitch accents are more closely associated with
communicative function than prenuclear accents, it seems unlikely that they would somehow contain
more variation than the nuclear PA in order to signal a greater variety of meanings. It is more likely
that variation across PN pitch accents stems from the fact that they are actually communicatively less
important, and therefore, speakers are less apt to realise them with the same care and consistency as
the nuclear pitch accent. If this is indeed the case, it is very interesting to note that, in the IVIE Belfast
data, where they are attested, PNs are very likely to be H* and very unlikely to be L*. It is interesting
because it might speak to the importance of H tones over L tones, in that, when given the choice of
either deleting atone in L*H or employing L* or H*, speakers prefer H*. Such a finding would imply
that PN H* pitch accents are, at least some of the time, essentially a reduced form of L*H, and that
the H m