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1. Introduction

Intonation refers to the linguistically structured and pragmatically meaningful modulation of F0.
Intonation is used in all languages and is specified at the phrasal level by means of a complex interplay
between metrical structure, prosodic phrasing, syntax and pragmatics; these factors determine where
pitch movements will occur and of what type they will be. Although the main phonetic exponent of
intonation is F0, the two are not synonymous, as F0 is used for purposes other than intonation,
including the encoding of lexical tonal contrasts (as in Mandarin or Cantonese) and the signalling of
paralinguistic information, such as boredom, anger or excitement. Intonation is seen here as part to a
language’s prosody, an umbrella term that encompasses interacting phenomena that include rhythmic
structure, prominence and prosodic phrasing. The term prosody is preferred over the more frequent
suprasegmentals, so as to avoid the layering metaphor inherent in the latter (cf. Beckman & Venditti
2011). This is so because prosody is not supplementary to segmentals (as the layering metaphor
implies) but an integral part of speech organization and intricately linked to the realization of segments
(e.g. Beckman & Edwards 1994; Baltazani 2006; Niebuhr, 2008, 2012).

The autosegmental-metrical model of intonational phonology is a model of intonational structure
developed over the past 35 years on the basis of empirical evidence from speech production and
perception. The essential tenets of the model are largely based on Janet Pierrehumbert’s (1980)
dissertation, with additional refinements built on experimental research in a large number of
languages (see Gussenhoven 2004; Jun 2005a; 2014a for surveys). The term autosegmental-metrical
(henceforth AM) was coined by Ladd (1996) and reflects the connection between two sub-systems of
phonology required for intonation, an autosegmental tier representing intonation’s melodic part, and
metrical structure representing prominence and phrasing.

AM makes a principled distinction between the phonology of intonation and its phonetic realization.
This distinction allows AM to adapt to the descriptive needs and analytical requirements of
prosodically varied languages, rather than be tethered to a conception that best fits a particular
prosodic type (cf. Fujisaki 2004; Xu 2005; Xu et al. to appear). Crucial to AM’s success has been the
central role it gives to the compositionality of tunes. Specifically, AM recognizes that one of the major
issues in modelling intonation is how to analyse continuous (and often far from smooth) pitch contours
into a series of primitives. This is crucial because the melodic component of intonation is post-lexical
and thus primitives are not readily identifiable. Not all models of intonation fully engage with
compositionality in that they often treat contours as the primitives to be faithfully modelled, an

2

approach that leads to problems in both analysis and modelling as discussed in some detail in §3.4.
(see also Arvaniti & Ladd 2009; Arvaniti 2011).

To illustrate this essential point consider the pitch contours in Figure (1). This figure shows melodies
from three different languages, English, Greek and Polish; in each case, the utterance on the left is
monosyllabic, while the one on the right is rather long. The contours of the two utterances are similar
to each other but not identical: neither can be said to be a stretched out or squeezed version of the
other. This can be seen if we compare across languages: while all short contours are rise-fall-rises, the
longer contours are not as similar to each other (or to their short counterpart). This is a first indication
that the contours are composed of elements with different properties. Nevertheless, in all three cases
both contours are recognized by native speakers as realizations of the same melody in terms of form
and pragmatic function: the two English contours imply incredulity (Ward & Hischberg 1985;
Hirschberg & Ward 1992); the Greek contours are used by default with straight-forward wh-questions
(Arvaniti & Ladd 2009; Arvaniti, Baltazani & Gryllia 2014); the two Polish contours are instances of the
contour used to call a person for a routine reason (Arvaniti, Żygis & Jaskula 2015; subm.). As a great
deal of research has shown, neither the differences in form nor the perceived similarity in each pair
of contours is accidental (among many, Redi 2003; Prieto 2005; Prieto & Torreira 2007; Arvaniti & Ladd
2009). Rather, contours exhibit what has been termed “systematic variation” by Arvaniti & Ladd
(2009), i.e. variation that is systematically related to variables like the length of the utterance (as
shown in Figure 1) and the position of stressed syllables (see Arvaniti, to appear, for a detailed
discussion of additional sources of systematic variation). The role of stress is illustrated in Figure 2,
which shows the “surprise-redundancy” contour from Figure 1 used with names with different stress
patterns: primary stress is on the first syllable of Mary but on the second syllable of Michelle; the
effect of this difference is evident in the position of the peak in the two contours which aligns with the
first syllable of Mary but with the second syllable of Michelle; as a result, the last syllable of Mary is
rising while that of Michelle is rising-falling-rising instead.
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Figure 1: Spectrograms and F0 contours illustrating the same melody as realized on a monosyllable
and a longer utterance in English (top), using the “surprise-redundancy” contour (e.g. Hirschberg &
Ward, 1992), in Greek (middle), using the default melody for wh-questions (Arvaniti & Ladd 2009), and
in Polish (bottom), using the default calling melody (Arvaniti et al. 2014).

Given data like those discussed above, it is clear that any successful model of intonation should, at a
minimum, account for two things. First, it should account for the differences observed among the
contours of each language, like those in Figures 1 and 2. Second, it should provide a generalization
capturing the fact that speakers of that language perceive these contours as instantiations of the same
melody. As demonstrated in Arvaniti & Ladd (2009) these goals can be achieved only by abstracting
away from phonetic detail and overall contour shape to a phonological structure that reflects the
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commonalities between instantiations and provides a principled way of explaining their differences.
Doing so means that posited abstract representations are predictive: they allow one to extrapolate
how a given melody relates to the segmental string and thus they provide a blueprint for how to use
the same melody with utterances of varying lengths and prosodic structures. Predictions also mean
that AM analyses can be falsified using data that test whether the predicted effects of systematic
variation are actually observed in speech. Finally, a successful model should be able to address the
first two points in a variety of languages with distinct prosodic characteristics; this requires flexible
primitives and a recognition of differences between prosodic types. Achieving these aims and testing
them experimentally are the central goals of AM. This can be juxtaposed to other models of intonation
which are focused instead on faithfully reproducing pitch contours, such as Xu’s PENTA (Xu 2005,
among many) and Fujisaki’s model (Fujisaki 2004 inter alia). Such models can be very successful in
modelling F0 but not necessarily in modelling intonation as they cannot provide principled descriptions
of melodies, only model them a posteriori. Further these models cannot provide any principled
explanations for differences observed between realizations of the same contour, nor, as it turns out,
can they better model certain types of melodies (see §3.4; for a thorough discussion, see Arvaniti &
Ladd 2009).

Figure 2: Spectrograms and F0 contours of Mary (left) and Michelle (right) with the “surpriseredundancy” contour, illustrating differences in coordination between segments and contour
depending on the position of the stressed syllable.

The main tenets and theoretical principles of AM are discussed in §2; phonetic realization is discussed
in §3; §4 discusses the treatment of intonational meaning in AM, §5 discusses typology and §6 covers
applications of AM and the role of transcription.
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2. AM phonology

2.1. AM essentials

According to the basic principles of AM, intonation is phonologically represented as a string of Low (L)
and High (H) tones and combinations thereof (Pierrehumbert 1980, Beckman & Pierrehumbert 1986,
Ladd 2008). L and H tones are the abstract symbolic (i.e. phonological) primitives of intonation. Their
identity as Hs and Ls is largely determined by phonetic observation and defined in relative terms: H is
used to represent tones deemed to be high in a melody with respect to the speaker’s range and other
tones in the same contour; L is used to represent tones deemed to be low by the same criteria (cf.
Pierrehumbert 1980: 68-75). Tones are morphemes with pragmatic meaning; all tones in a melody
contribute compositionally to the pragmatic interpretation of an utterance (Pierrehumbert &
Hischberg 1990).

Tones are autosegments that is they exist independently of the segmental string. They are
phonologically associated to structural positions in the metrical representation of an utterance. It is
this connection that has given rise to the term autosegmental-metrical. In particular, tones associate
either with phrasal boundaries or constituent heads. In the latter case, association is often with feet,
so informally we can say that these tones associate with stressed syllables. These tones are called
pitch accents and one of their roles is prominence enhancement; they are notated with a star, e.g. H*.
The last and most important of pitch accents in a phrase is referred to as the nuclear accent (see also
§2.5). Tones that associate with boundaries are collectively known as edge tones; many analyses posit
two types of edge tones, boundary tones and phrase accents, notated with % and – respectively (e.g.
H%, H-); the main role of edge tones is to demarcate phrasal boundaries. All languages investigated
so far have edge tones that associate with right boundaries; left edge boundary tones have also been
posited for several languages, including English (Pierrehumbert 1980), Basque (Elordieta & Hualde
2014) and Mongolian (Karlsson, 2014).1

Phonetically, tones are said to be realized as tonal targets that is as specific points in the contour,
while the rest of an F0 curve is derived by interpolation between these targets. Tonal targets are

1

Pierrehumbert (1980) uses the same notations, H% and L% for left- and right-associated boundary tones. In
other AM analyses, boundary tones associated with left edges are notated with the % sign preceding the tone,
e.g. %H (Grice, Baumann & Benzmüller 2005, on German, Venditti 2005, on Japanese, Elordieta & Hualde
2014, on Basque). Similar distinctions have recently been proposed for phrase accents (e.g. Karlsson, 2014, on
Mongolian).
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usually turning points, such as peaks, troughs and elbows in the contour; they are defined by their
scaling and alignment. Scaling refers to the value of the targets in terms of F0 or pitch.2 Alignment is
defined as the position of a tonal target relative to specific Tone Bearing Units (henceforth TBUs) with
which they are meant to co-occur (e.g. Arvaniti, Ladd & Mennen 1998; 2006a; 2006b; Arvaniti & Ladd
2009). The identity of TBUs varies by language, depending on syllable structure, but we can roughly
equate TBUs with syllable nuclei. The TBUs with which tones phonetically co-occur are related to the
metrical positions with which the tones associate in phonology: thus, pitch accents typically co-occur
with stressed syllables; edge tones are realized on peripheral TBUs such as phrase-final vowels. The
interpolation between targets is normally linear and can be conceived of as the equivalent of an
articulator’s trajectory between two constrictions (cf. Browman & Goldstein 1992). However,
Pierrehumbert (1981) also recognizes a type of sagging interpolation used between H* accents in
English, such that F0 curves “sag” between two peaks, with sagging increasing with increased temporal
distance between the peaks (see Figure 3). I return to this point in §3.3.

Figure 3: Examples of sagging interpolation with significant sag (left) and minimal sag (right); from
Pierrehumbert (1981).

2

Pitch and F0 are often used as synonyms in the intonation literature. Strictly speaking, F0 refers to the
physical property of the speech signal which is directly related to the rate of vibration of the vocal folds, while
pitch refers to the percept of F0. F0 is measured in Hz; there are several scales for measuring pitch but no
strong consensus on which is best for the investigation of intonation. Some studies use Hz, since the
relationship between F0 and pitch is linear up to approximately 700 Hz, according to the Mel and Bark scales
(Nolan 2003), and F0 rarely exceeds 700 Hz (except in the voices of infants and toddlers). The two pitch scales
used most frequently are ERB and semitones. ERB shows a semi-logarithmic relation between pitch and F0 in
the frequencies used for intonation and has been shown to accurately reflect the percept of pitch (Glasberg &
Moore 1990; Hermes & van Gestel 1991). Semitones are a logarithmic transformation of the Hertz scale
primarily used in music and now increasingly in intonation research. Evidence in favour of semitones comes
from Nolan (2003) who concluded that semitones correspond somewhat better to intonation differences than
the ERB scale does (in that the intonation of participants’ imitations of utterances matched somewhat more
closely the original intonation when expressed in semitones than ERB). Semitones have the dubious advantage
of eliminating differences between male and female speakers; this is convenient for statistical analysis but it
may well hide systematic differences between genders which could come to light under separate analyses.
Since such differences are valid (e.g. Daly & Warren 2002), eliminating them from analysis does not seem
advisable.
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This understanding of intonational structure has important consequences for modelling. The formal
separation between tones and TBUs (an insight we owe to analyses of tone in African tone languages,
like that of Goldsmith 1976), is that tones and TBUs are not always in a one-to-one relationship, as
they are in models like PENTA (Xu et al. to appear). In AM, utterances like those on the left column of
Figure 1 include more tones than tone-bearing-units, while the relationship is reversed in the
utterances on the right which have more TBUs than tones. This in turn means that while in some
instances several tones are associated with the same TBU, in others many TBUs are phonologically
unspecified for tone. This conceptualization has repercussions for phonetic implementation as
discussed in §3.4.

2.2. The structure of tonal events

Ls and Hs can be tonal events in their own right but they can also combine into complex units. The
most commonly found combinations are bitonal pitch accents; e.g. L*+H- and L-+H*. This notation
reflects Pierrehumbert’s (1980) analysis according to which the starred tone is the stronger of the two
and the only one that is phonologically associated with a constituent head. The weak tone that leads
or trails the starred tone is a floating autosegment (an autosegment without an association to a
specific metrical position). Phonetically the weak tone precedes or follows the starred tone by a fixed
amount of time but it can also spread.

Since Pierrehumbert (1980), both the notations used for bitonal pitch accents and our understanding
of their phonetics and phonology have evolved. The notation advocated by Pierrehumbert (1980) has
largely been replaced by variants which dispense either with the dash for the weak tone or with the
dash and plus sign; thus, a bitonal accent represented in Pierrehumbert’s system as L*+H- is now
usually notated as L*+H or LH*. Though these notations have often been used interchangeably,
research shows that there are systematic differences between types of bitonal accents. Such
differences prompted Jun & Fletcher (2014) to propose that the two most common notations,
exemplified here by L*+H and L*H, be used to represent two types of bitonal accents: accents with a
loose affiliation of their tonal elements, represented with the plus sign (e.g. L*+H), and accents
showing a close connection between their tones, represented without it (e.g. L*H).

Evidence for different relations between the tones of bitonal accents have been reported for some
time. According to Grice (1995:215ff.) leading and trailing tones in English differ in status: leading
tones associate with the syllable preceding the accented one (if one is available), while trailing tones

8

occur a fixed interval in “normalized time” after the starred tone. Grice posits hierarchical structures
to represent the differences (see (1) below).

Arvaniti et al. (1998) have provide experimental evidence for the independence of tones in bitonal
accents. They showed that Greek prenuclear rising pitch accents consist of a low and a high target,
interpreted as reflexes of a L and H tone respectively, that have stable alignment with distinct
segmental landmarks rather than each other. Frota (2002) has further shown that this type of “loose”
bitonal accent can co-exist in a system with pitch accents which show a closer connection between
tones. Frota compared the alignment of nuclear falling accents in European Portuguese declaratives
with broad and narrow focus. She found that the fall of the broad focus H+L* accent shows a constant
timing relationship between the H and L tone. On the other hand, in the fall of the narrow focus H*+L
accent the H and L are timed with respect to distinct segments rather than each other. Frota uses the
hierarchical representations in (1), first proposed by Grice (1995), to capture the difference. A
shorthand would be to use HL* and H*+L respectively as in Jun & Fletcher (2014).

(1)

Data like those discussed above support the view that bitonal accents are of at least two types. Some
consist of a metrically strong tone, preceded or followed by a weak tone; this is exemplified by the
English L*+H (Arvaniti & Garding 2007), and the Portuguese H+L* (Frota 2002). Others form loose
units, like the Greek prenuclear L*+H pitch accent (Arvaniti et al. 1998) or the Portuguese H*+L (Frota
2002), with each tone showing alignment with a particular segmental landmark. The latter pattern
appears to be prevalent in that it has also been reported for English L+H* (Dilley, Ladd & Schepman,
2005), Dutch L+H* (Schepman, Lickley and Ladd 2006), Catalan L+H*, L+<H*, L*+H and H+L* (Prieto,
2014). Additional types may be possible, e.g. along the lines advocated by Grice (1995), but
quantitative validation of this point is, to the author’s knowledge, currently absent.

The Greek data of Arvaniti et al. (1998) have prompted Arvaniti, Ladd & Mennen (2000) to question
the notion of starredness altogether since neither the L nor the H tone aligns with the stressed syllable.
The Greek data clearly contravene a strict interpretation of phonological association whereby
9

association entails phonetic alignment, i.e. co-occurrence with an associated TBU. This objection is
moot, however, if association is understood to involve relationships between tones and structural
positions, rather than specific TBUs (as advocated by Pierrehumbert & Beckman 1988). If this
formalization of association is accepted, then the phonetic co-occurrence of tones with specific TBUs
is likely but not necessary. Furthermore, phonetic alignment need not be the sole or most important
criterion for determining starredness in a bitonal accent; metrical strength or relative importance of
a tone should also be considered. Alternatively, it is possible to use the star notation symbolically to
indicate that the tonal entity in question is a pitch accent but without repercussions for the phonetic
alignment of individual tones. This is the solution advocated by Ladd & Schepman (2003), who
attribute the sagging transition between H* accents of English to a L tone and propose that H* be
replaced by (L+H)*. This conceptualization of the pitch accent requires greater abstraction in
autosegmental representations, a point to which I return to briefly in §5 (for a detailed discussion, see
Arvaniti, to appear).

As noted, bitonal pitch accents are the most frequently used complex AM primitives. More complex
accents have been occasionally proposed (e.g. tritonal pitch accents with internal structure; Grice
1995), but they have not been widely adopted. Bitonal accents, on the other hand, can be found in
several analyses (among many, Ladd & Schepman 2003 for English; Grice et al. 2005 for German; Prieto
2014 for Catalan; Chahal & Hellmuth, 2014, on Arabic; Gooden, 2014, on Jamaican Creole). In most
instances it is fair to say that such analyses focus more on phonetic transparency, i.e. on a faithful
representation of the pitch movement involved, and not necessarily on the theoretical ramifications
of such representations for starredness and the internal structure of tonal events. Nevertheless, it is
fair to say that within AM it is assumed that one tone of a bitonal pitch accent is starred and co-occurs
(to a greater or lesser extent) with the accented syllable.

Multitonal combinations are posited for edge tones as well; e.g. for Korean Jun (2005b) posits
boundary tones with up to five tones (e.g. LHLHL%); Prieto (2014) posits a tritonal LHL% boundary
tone for Catalan. It is important to note that the presence of Multitonal edge tones is often dependent
on other analytical decisions to do with the number of edge tones in a system and the division of
labour between pitch accents and edge tones. Thus, in an analysis that includes phrase accents, a
phrase-final rise with a low onset may be represented as L-H%, while in a system that includes only
boundary tones the same pitch movement may be represented as LH%. Alternatively, an analysis may
incorporate the L tone into the nuclear accent; thus a sequence that in one system would be analysed
as H* L-H% may be represented as H*+L H% in another (cf. the analyses of English intonation in
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Pierrehumbert, 1980, and in Gussenhoven, 2004, chap. 15). Such differences rarely reflect
disagreements regarding the identity of tones as Ls or Hs; rather, disagreements relate to the function
of tones in the system and decisions as to how exactly to carve up a continuous curve into component
events. At present there are no strict and widely accepted criteria within AM that would allow
researchers to decide in a principled way between analyses like those discussed above. Jun & Fletcher
(2014) do propose diagnostics that could help researchers determine whether phrase accents are
necessary in the analysis of a given language; however, in their proposal phrase accents are predicated
on the existence of intermediate phrases (see §2.3). Another promising approach to this problem has
been presented by Ritter & Grice (2015) who used perception experiments to determine the
composition of the accent in rise-fall contours in German; these contours have been analysed as
involving either a pitch accent with an onglide (L+H) or a pitch accent with an offglide (H+L), choices
that have repercussions for the representation of the remainder of contour. Research along these
lines should help resolve such disputes in other intonation systems as well.

2.3. Secondary association

Secondary association is a mechanism that has been used for a variety of purposes but has come to
be strongly associated with phrase accents. Specifically, while the status and role of boundary tones
is uncontroversial within AM, the status of phrase accents is not generally agreed upon. Some AM
systems dispense altogether with phrase accents either for reasons of parsimony or because they
adopt a different conception of how the F0 contour is to be broken into constituents (see e.g.,
Gussenhoven 2004; 2005, on Dutch; Frota 2014 on Portuguese). Others like Ladd (1996) have argued
against phrase accents considering them not a special category of tonal events but rather post-nuclear
pitch accents instead.

Among analyses that do posit phrase accents complete consensus as to their nature is also lacking. In
Pierrehumbert’s (1980) analysis – which is inspired by Bruce’s (1977) analysis of similar phenomena
in Swedish – phrase accents are floating autosegments (akin to the weak tones of bitonal accents).
Phonetically they are said to spread covering the part of the utterance between the nuclear accent
and the boundary tone. The phrase accent as a floating autosegment met with criticism in Ladd (1983).
In response, Beckman & Pierrehumbert (1986) recast phrase accents as edge tones associated with
the boundaries of intermediate phrases (ip), a phrasal constituent immediately below the Intonational
Phrase (IP) in their prosodic hierarchy; e.g. Mel and Kate were late because they missed their bus is
likely to be uttered as two ips forming one IP: [[Mel and Kate were late]ip [because they missed their
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bus]ip]IP. The proposal of Beckman & Pierrehumbert (1986) which links phrase accents to the ip has
been implicitly adopted by many analyses, including those for Greek (Arvaniti & Baltazani, 2005),
German (Grice et al. 2005), Jamaican Creole (Gooden, 2014), and Lebanese and Egyptian Arabic
(Chahal & Hellmuth, 2014).

Pierrehumbert & Beckman (1988) first proposed the mechanism of secondary association to account
for the fact that phrase accents often spread. Specifically, Pierrehumbert & Beckman (1988) proposed
that edge tones may acquire additional links (i.e. secondary associations) either to a specific TBU or to
another boundary. For example, they posit that the English phrase accents are linked not only to the
right edge of the intermediate phrase (as advocated in Beckman & Pierrehumbert 1986), but also to
the left edge of the word carrying the nuclear pitch accent. This type of double association accounts
for the fact that in English phrase accents correspond to a stretch of the contour rather than to a single
maximum or minimum. Similarly, in the analysis of Pierrehumbert & Beckman (1988), the Japanese
phrasal H is associated with the left edge of an accentual phrase (AP, a constituent immediately below
the ip in the Japanese prosodic hierarchy), but also linked to a specific TBU within its AP. The general
mechanism whereby edge tones have secondary associations to TBUs has also been used by
Gussenhoven (2000) in his analysis of the intonation of Roermond Dutch which assumes that
boundary tones can be phonologically aligned both with the right edge of the phrase and with an
additional leftmost position.

The analyses of Pierrehumbert & Beckman (1988) and Gussenhoven (2000) were the basis for a wider
use of secondary association for phrase accents developed in Grice, Ladd & Arvaniti (2000) who adopt
the notion of the phrase accent but argue that the need for positing phrase accents in a given
intonation system is orthogonal to the need for the ip. Grice et al. (2000) examined putative phrase
accents in a variety of largely unrelated languages (Hungarian, Romanian, Greek, Cypriot, English,
German and Dutch). They showed that the phrase accents they examined are realized either on a
peripheral TBU, as expected of edge tones, or on an earlier TBU, often one that is metrically strong;
which of the two realizations prevails depends on whether the latter TBU is associated with another
tone or not. This type of variation is illustrated in Figure 4 with Greek polar questions (Grice et al.
2000; Arvaniti et al. 2006a). As can be seen, both the contour on the left and the contour on the right
have a pitch peak close to the end of the utterance; this peak co-occurs with the stressed antepenult
of the last word in the question on the left but with the last TBU in the question on the right but (note
that the stressed antepenult is low in this contour as it is the TBU on which the L* is realized). Grice et
al. (2000) attribute this difference in the alignment of the pitch peak to secondary association: the
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peak is the reflex of a H- phrase accent associated not only with a phrasal boundary, but also having a
secondary association to the last metrically strong syllable of the utterance. This association is
phonetically realized if this syllable is not associated with a pitch accent. The phonological structures
involved are shown in (2).

Figure 4: Spectrograms and F0 contours of the utterance [ˈefiʝe o ˈlazaros] with focus on [ˈefiʝe] “left”
on the left (gloss: Did Lazaros LEAVE?) and on [ˈlazaros] on the right (gloss: [Was it] LAZAROS that
left?).

(2a)

Did Lazaros LEAVE?

(2b) [Was it] LAZAROS [that] left?

The data of Grice et al. (2000) partly vindicated Ladd (1996) by showing that some post-nuclear tones
do associate with metrically stressed syllables. Similar results have since been reported for Dutch
(Lickley, Schepman & Ladd 2005), English (Barnes et al. 2010) and Greek (Arvaniti & Ladd 2009), with
all phrase accents showing “stress-seeking” behaviour to some extent. However, Grice et al. (2000)
also found that secondary associations are not always to metrically strong syllables; e.g. in Hungarian,
secondary association is with the penultimate syllable independently of stress. This suggests that
phrase accents with second association cannot to be equated with postnuclear pitch accents (but see
Ladd 2008, chap. 8 for an alternative view). Arvaniti (2009a) has further shown that at least in Greek
postnuclear accents and phrase accents with secondary association to a metrically strong syllable are
distinct: postnuclear pitch accents of reduced scaling may optionally appear in very long polar
questions when the nuclear L* pitch accent is early; the H- phrase accent, on the other hand, is an
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obligatory element of the tune and is scaled much higher than the optional postnuclear pitch accents.

The mechanism of secondary association has also been used by Prieto, D’Imperio and Gili Fivela (2005)
to account for alignment differences observed in the realization of pitch accents in Catalan, and
Neapolitan and Pisan Italian. Specifically, Prieto et al. (2005) posit that in addition to their primary
association with a stressed syllable, pitch accents may have a secondary association to a metrical
position, such as the first mora of the accented syllable, or the right edge of the accented word. They
argue that this is needed because in the linguistic systems in question pragmatic distinctions conveyed
by pitch accents are such that tonal composition and starredness alone cannot capture the contrasts
involved. Though the analysis of Prieto et al. (2005) has not been used in subsequent work (e.g. it is
absent from Prieto’s 2014 analysis of Catalan intonation), the issue of what to include in phonological
representations and how abstract should such representations be remains an open one in AM (see
Arvaniti et al. 2006b; Arvaniti to appear; see also §5 and 6 for a brief discussion).

2.4. Scaling and downstep

Phonologically, AM models rely on two levels, L and H. The use of just two phonological levels which
show phonetic variation in scaling avoided issues that had arisen with previous models, like those of
the American structuralists which relied on several tonal levels (e.g. Pike 1945; Trager & Smith 1951;
for an account of this debate see Arvaniti 2011). Some issues with the AM approach do remain,
however. One of the most problematic aspects is the presence of downstep, the lower than expected
scaling of H tones. In Pierrehumbert (1980) and Beckman & Pierrehumbert (1986), downstep is treated
as the outcome of contextual rules, i.e. as allophonic. Thus in Pierrehumbert (1980) the second H tone
is a HLH sequence is downstepped, while in Beckman & Pierrehumbert (1986) all bitonal pitch accents
are said to trigger downstep of a following H tone. Others, however, have argued that downstepped
accents differ in meaning from accents that are not downstepped and thus that downstep should be
treated as an independent phonological feature to mark the contrast between downstepped and nondownstepped accents, such as !H* and H* respectively (Ladd 1983, Ladd 2008). The issue of whether
downstep is a phonological phenomenon or a matter of phonetic scaling remains unresolved for
English and has been a matter of debate more generally.

In some AM systems additional notations are used to indicate differences in scaling. For example, 0%
and % have been used to indicate an intermediate level of pitch that is neither high nor low within a
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given melody and is often said to reflect a return to a default mid-pitch in the absence of tonal
specification (e.g. Grabe 1998; Gussenhoven 2005). Still other systems incorporate additional
variations in pitch, such as upstep, that is higher than expected scaling; for example, Grice et al. (2005)
in their analysis of German intonation notate a boundary tone which has extra high pitch as ^H%.
These practices in part reflect the awkwardness that mid-level tones pose for analysis, particularly if
evidence suggests that they do contrast with H and L tones proper, as has been argued for Greek
(Arvaniti & Baltazani 2005) and Polish (Arvaniti et al 2015, subm.). In addition, however, the use of
these (and other) diacritics also reflects a more general issue of how to determine what is phonological
and what is phonetic in a given intonational system and thus what should or should not be part of the
phonological presentation (see also §5).

2.5. The composition of melodies

In Pierrehumbert (1980) the grammar for generating English tunes is as shown in Figure 5. Primitives
of the system can combine freely and, in the case of pitch accents, iteratively. With the exception of
left edge boundary tones which are optional, all other elements are required. In other words, a well
formed tune must include at least one pitch accent followed by a phrase accent and a boundary tone.

The fact that elements combine freely is connected to Pierrehumbert’s position that there is no
hierarchical structure for tunes (they are a linear string of autosegments); it follows that there are no
qualitative differences between pitch accents and no elements are privileged in any way. Some
support for this AM tenet comes from Silverman & Pierrehumbert (1990) who compared the
realization of prenuclear and nuclear H* accents in English and concluded that they are phonetically
comparable and thus should not be distinguished by virtue of their position in the utterance. This view
is juxtaposed to that of the British school which distinguishes between the head and the nucleus,
essentially between the part of the contour before the last pitch accent (head), and the last pitch
accent and following edge tones which together form the nucleus, considered (as the name implies)
the most important and only necessary part of a tune. Though the term nucleus is used in AM to
denote the last accent in a melody, as mentioned, AM does not accord the nucleus a special status
like the British school in which melodies were defined primarily by their nucleus. Nevertheless, the
primacy of the nuclear configuration is indirectly reflected in the grammar shown in Figure (5) since
the required elements for a well-formed minimal tune are a pitch accent, a phrase accent and a
boundary tone, the three elements that together form the British School nucleus.

15

Figure 5: The grammar of Pierrehumbert (1980); after Dainora (2006).

Not everyone who works within AM shares Pierrehumbert’s (1980 view. Gussenhoven (2004, chap.
15; 2005) provides analyses of English and Dutch intonation respectively which rely on the notion of
nuclear contours as units, a conception close to that of the nucleus adopted by the British School.
According to Gussenhoven (2004), the grammar of English intonation relies on three components,
nuclear contours, which include the nuclear accents and following boundary tones, the prenuclear
pitch accents and the initial boundary tones or onsets. Ladd (2008, chap. 8) also proposes a model of
metrical structure for tunes that divides a tune into three regions, prenuclear, nuclear and
postnuclear. Ladd also argues that this structure is “more abstract than the string of tones” (2008:
286) in that tones are not divided by function at this level: in other words, at the level of the tune,
tones are simply Ls and Hs without any associations but with a strength relationship between them.
The view that the nucleus is somehow privileged is also supported by Calhoun (2010) whose research
indicates that nuclear and prenuclear accents may serve distinct functions (see §5).

It is unclear at this stage whether the more elaborate structures advocated by Gussenhoven (2004,
2005) and Ladd (2008) are necessary for all languages, as little relevant work is available. In practice,
it is clear, however, that certain combinatorial possibilities are extremely rare while others are very
frequent, though there is little systematic investigation of this particular point as well. Perhaps the
most comprehensive study to date is Dainora (2001, 2006) who applied Hidden Markov modelling to
the Boston University Radio Speech Corpus (Ostendorf, Price, Shattuck-Hufnagel, 1996) in order to
examine and predict the distribution and combinatorial possibilities of tonal events. She found that
some tunes are much more frequent than others; e.g. H* L-L% occurred 33% of the time in her corpus,
while L*+H L-H% occurred less than 0.5% of the time. She also found a small but significant difference
in the transitional probabilities between prenuclear and nuclear accents which could indicate that the
nuclear accent is structurally different from prenuclear accents, as advocated by Gussenhoven (2004,
2005) and Ladd (2008). Though Dainora’s corpus may not be entirely representative of natural speech,
being based on a relatively small number of radio news announcers reading news stories both in their
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radio- and non-radio style, it does indicate that some combinations of tonal elements form standard
tunes.

This observation appears to be correct for other languages as well, in that certain meanings appear to
be consistently expressed using particular combinations of pitch accents and edge tones. All the
melodies illustrated in Figures 1 and 2 fall into this category. The fact that some combinations appear
to be consolidated into tunes with default functions should not perhaps be surprising: as noted, in AM
tonal entities are morphemes with pragmatic meaning, while the meaning of a tune is created
compositionally (Pierrehumbert & Hirschberg 1990; see §4). If so, then it is reasonable to assume that
some combinations are preferred and standardized as they reflect frequently used pragmatic
meanings (see also §5).

2.6. Metrical structure and its relationship with the autosegmental string

As mentioned in §2.1, the relationship between tonal autosegments and the segmental string (often
referred to as text-to-tune association) is mediated by metrical structure. Metrical structure
represents both relative prominence among constituents and their grouping. Both are necessary in
the majority of languages investigated so far. At the same time, evidence also shows that while all
languages use edge tones to demarcate phrasal constituents, some languages do not make use of
pitch accents; this applies, among others, to Korean (Jun 2005b), Chickasaw (Gordon 2005), and
Mongolian (Karlsson 2014).

Far less attention has been paid to the metrical structure and as a result there is less empirical
evidence on it (but see, e.g., Gussenhoven 1990, 2004; Post 1999, D’Imperio et al. 2005, Prieto 2007).
Perhaps the most elaborate early model is that of Pierrehumbert & Beckman (1988) which has been
implicitly adopted and informally used in many analyses. This model uses n-ary branching trees that
abide by the Strict Layer Hypothesis (SLH) according to which all constituents of a given level in the
hierarchy are exhaustively parsed into constituents of the next level (Selkirk, 1984); however,
Pierrehumbert & Beckman also accept limited extrametricality (Pierrehumbert & Beckman 1988: 147
ff.). Crucially, the number of levels in the prosodic hierarchy is not fixed but language-specific. Thus
Pierrehumbert & Beckman (1988) posit three main levels of phrasing for Japanese – the accentual
phrase (AP), the intermediate phrase (ip) and the Intonational Phrase (IP)3 – but only two for English,

3

In J_ToBI, a model of Japanese intonation based on Pierrehumbert & Beckman (1988), the use of the ip is
abandoned in favour of two levels only, the AP and the IP (Venditti 2005).
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the ip and the IP, since they found no strong evidence for the AP (Beckman & Pierrehumbert 1986).
Finally, the model assumes that it is possible to have headless constituents, i.e. constituents that do
not include a prominent element. In Pierrehumbert & Beckman’s analysis this applies to Japanese APs
that do not include a word with a lexical pitch accent. As noted above, the same understanding applies
by and large to several other languages that allow headless constituents, such as Korean (Jun 2005b)
Chickasaw (Gordon 2005), Mongolian (Karlsson, 2014), Tamil (Keane, 2014), Bengali (Khan, 2014), and
West Greenlandic (Arnhold, 2014).

A more radical and explicit deviation from the SLH is that advocated by Ladd (2008, chap. 8 and
references therein) who argues in favour of compound prosodic constituents. This model allows for
limited recursiveness in that constituents of one level in the prosodic hierarchy, e.g. ips, can form
compound constituents of the same level, e.g. a compound ip, rather than group onto constituents of
the immediately higher level; this is illustrated in (3) with materials from Ladd (1988); the larger bolded
brackets mark the compound domains. Ladd (2008) provides several arguments about this alternative,
including evidence from the organization of tunes, pith accent scaling and declination reset.

(3)

(a) [[[Warren is a stronger campaigner,] [and Ryan has more popular policies,]] [but Allen has a
lot more money.]]
(b) [[Warren is a stronger campaigner,] [[but Ryan has more popular policies,] [and Allen has a
lot more money.]]]

There are two additional differences between the models discussed above and models of Prosodic
Phonology such as Selkirk (1984) and Nespor & Vogel (1986). First, models used in AM fully espouse
the idea that prosodic structure above the word is affected by factors such as utterance length, and
speaking rate and style. As Beckman & Pierrehumbert (1986: 288) put it “[p]hrasing in English is highly
facultative”. In this view, then, phrasing is best determined once a sentence has been uttered and may
involve unexpected choices (cf. Arvaniti, to appear). Second, the criteria about prosodic phrasing are
primarily determined by the tune (though ample evidence is now available from sandhi and other
segmental phenomena as well as durational patterns and articulatory strengthening; among many,
Dilley, Shattuck-Hufnagel & Ostendorf, 1996; Fougeron & Keating, 1997; Byrd & Saltzman 1998, 2003;
Cambier-Langeveld & Turk 1999; Turk & Shattuck-Hufnagel 2000, 2007; Fougeron, 2001; Cho, 2005;
Byrd 2000; Byrd et al. 2000; Nakai et al. 2009; Themistocleous 2014). In contrast, phonological models
like Selkirk (1984) or Nespor & Vogel (1986) posit that prosodic structure is determined by reference
to syntactic structure. For example, Nespor & Vogel (1986: 168) define the domain of the Phonological
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Phrase φ (roughly the equivalent of the ip) as consisting of “a C [Clitic Group] which contains a lexical
head (X) and all Cs on its nonrecursive side up to the C that contains another head outside of the
maximal projection of X.” These models also include a number of constituents such as the Clitic Group
(Nespor & Vogel 1986) based primarily on sandhi and stress patterns. AM is largely agnostic as to the
presence of these additional levels of structure which have rarely been motivated on the basis of
intonation.

The issue of prominence has received less attention than phrasing within AM. Generally, it is assumed
that metrical structure is determined independently of intonation, a position dubbed by Ladd (2008,
chap.7) the stress-first approach, to distinguish it from views advocating an accent-first approach (e.g.
Selkirk 1984, §5.3). The difference has to do with whether metrical structure reflects prominence
patters that drive accentuation (stress-first) or whether accentual patterns are independently
determined and drive changes in metrical structure instead (accent-first). As Ladd agues, the fact that
it is possible for words to be focused without being accented and for words to be accented without
being in focus supports the stress-first approach. Both options have been supported by empirical
evidence. Shattuck-Hufnagel, Ostendorf & Ross (1994) analysed instances of the Rhythm Rule of
English which is often presented as a change in metrical prominence; e.g. Chinese in I speak Chinese is
said to be stressed on its ultima but in My Chinese teacher was late, it is said to be stressed on this
first syllable (Liberman & Prince 1977). Shattuck-Hufnagel et al. (1994) showed that the Rhythm Rule
results not in a change in metrical prominence as such but, rather, in a shift in the position of the pitch
accent in words like Chinese; the accentual shift does not affect the realization of stress (i.e. vowel
quality, duration or amplitude), supporting the view that metrical structures is independent of and
can influence accentuation (see also Gussenhoven 1991; Vogel, Bunnell & Hoskins 1995; Grabe &
Warren 1995; Shattuck-Hufnagel 1995). Similar evidence is provided by Beaver et al. (2007) with
respect to “second-occurrence focus”, the focus on vegetables in utterances like If even [Paul]F knew
that Mary only eats [vegetables]SOF, then he should have suggested a different restaurant. Beaver et
al. (2007) showed that words with SOF are phonetically prominent, having longer duration and greater
energy than nonfoci, but they are not accented.

Conversely, the work of Calhoun (2010) indicates that accentuation cannot always be interpreted as
evidence of focus; as Calhoun shows prenuclear accents are present but often required for metrical
purposes rather than to encode focus and information structure. Calhoun’s conclusions about English
are strongly supported by similar patterns observed in Spanish (e.g. Prieto, van Santen & Hirschberg
1995), Greek (Arvaniti & Baltazani 2005), Egyptian (Chahal & Hellmuth 2014), and Romani (Arvaniti &

19

Adamou 2011), languages in which all content words are typically accented, a pattern that is more
plausibly attributed to metrical structure than information structure requirements.

Metrical requirements can affect accentuation in additional ways. For instance, German,
Pierrehumbert & Kaufmann (2006) have shown that in English metrical considerations may result in
an accent being realized not on the word that represents new information but on a word that is more
“accentable”. For example, in an exchange like that in (4) the new information in B’s utterance is the
word in, which in German et al. (2006) was accented only 32% of the time; in 64% of the data speakers
used an accent on game instead.

(4)
A: Are the children playing their game?
B: Paul took down the tent that they play their game in.

Similarly, Swerts, Krahmer & Avesani (2002) found that in Italian words that represent given
information remain resolutely accented. Data like these reinforce the point that accentuation involves
language-specific rules rather than universals of what is prominent, new in discourse, informative or
worth highlighting. This conclusion tallies with the Focus-to-Accent view generally accepted in AM.
Informally, this is the position that although accentuation is used to encode focus, the relationship
between focus and accentuation is mediated by language-specific patterns and metrical
requirements, rather than blindly obeying information structure (for a discussion, see Ladd 2008,
chap. 6). This view is inherently more compatible with stress-first rather than accent-first.

3. Phonetic implementation

In terms of phonetic implementation, it is fair to say that in AM literature the focus has been on target
alignment and scaling. Nevertheless, as mentioned in §1, AM recognizes that intonation does not
simply result in the “layering” of an F0 movement on particular syllables but may have additional
consequences on articulation, duration, the spectral quality of segments and the application of sandhi
(Beckman & Edwards 1994; Campbell & Beckman 1997; Baltazani 2006; Niebuhr, 2008, 2012). A full
discussion of these effects is beyond the scope of this section, which focuses on alignment (§3.1.),
scaling (§3.2.), interpolation (§3.3.) and underspecification (§3.4).
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3.1. Alignment

The idea of tones as targets differentiates AM from models whose primitives are movements (often
referred to as configurations), such as rises and falls, like the IPO model (’t Hart, Collier & Cohen 1990)
and models that define their phonetic primitives variably as levels or movements, such as PENTA (Xu,
2005; Xu et al. to appear). The idea of tonal targets as levels was put to the test in Arvaniti et al. (1998)
who found that the L and H targets of Greek prenuclear accents each have their own alignment
properties. A consequence of this mode of alignment is that the rise defined by the L and H targets
has no invariable properties (such as duration or slope), a finding used by Arvaniti et al. (1998) to argue
in favour of levels as primitives. Empirical evidence from perception (Dilley & Brown 2007) supports
this view showing that listeners perceptually equate pitch movements with level tones.

The strict alignment observed by Arvaniti et al. (1998) gave rise to the notion of segmental anchoring,
the idea that tonal targets anchor onto particular segments in phonetic realization. Segmental
anchoring was explored in subsequent work by Ladd and colleagues (e.g. Ladd, Mennen & Schepman
2000; Ladd & Schepman 2003; Ladd et al. 2009). The idea of segmental anchoring also spurred a great
deal research in a variety of other languages (among many D’Imperio 2001 for Neapolitan Italian;
Myers 2003 for Kinyarwanda; Elordieta & Calleja 2005 for Basque Spanish; Arvaniti & Garding 2007
for American English; Dalton & Ní Chasaide 2007 for Irish; Gordon 2008 for Chickasaw; Prieto 2009 for
Catalan). This body of research has indicated that the idea of segmental anchoring is by and large
correct though looser alignment than that reported by Arvaniti et al. (1998) is also found (e.g. Welby
& Loevenbruck, 2006, on French; Smiljanić, 2006, on Serbian and Croatian; Arvaniti & Ladd, 2009, on
Greek). In addition, research has shown that alignment is dialect specific (e.g. Grabe et al. 2000, and
Fletcher, Grabe & Warren 2005 on varieties of English; Atterer & Ladd 2004 on varieties of German).
Within a linguistic variety alignment has been shown to be influenced by several factors including
speaking rate (e.g. Fougeron & Jun 1998 on French), vowel length and weight (e.g. Schepman, Lickley
& Ladd 2006 on Dutch; Grice, Roettger & Ridouane, to appear, on Tashlhiyt Berber), syllable structure
(Prieto & Torreira 2007 on Spanish; Baltazani & Kainada 2015 on Northern varieties of Greek; Petrone
& D’Imperio 2015 on Neapolitan Italian; Grice et al. to appear on Tashlhiyt Berber). This increasingly
large body of research shows not only production regularities in tonal alignment but also their
relevance in encoding and processing phonological contrasts even in tone languages (e.g. Petrone &
D’Imperio 2015 on processing in Italian; Remijsen 2013 and Remijsen & Ayoker 2014 on phonological
contrasts in Dinka and Shilluk respectively).
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One point that has become very clear thanks to this research is that the traditional autosegmental
idea that phonological association necessarily entails phonetic co-occurrence between of tone and a
TBU does not always hold. This applies particularly to pitch peaks. Indeed, one of the most consistent
findings in the literature is that of peak delay. This was first documented by Silverman and
Pierrehumbert (1990) who examined the phonetic realization of prenuclear H* accents in American
English. Empirical evidence for peak delay has since been reported for many typologically unrelated
languages with widely different prosodic systems (among many, Prieto, van Santen & Hirschberg 1995
for South American Spanish; Myers 2003 for Kinyarwanda; Prieto 2005 for Catalan; Dalton & Ní
Chasaide, 2007, for Irish; Gordon, 2008, for Chickasaw). In some instances, other types of alignment
have been reported. Perhaps one of the rarest is that reported by Gussenhoven (2000) for Roermond
Dutch. While boundary tones are expected to align with the last TBU in their phrase, Gussenhoven
showed that in Roermond Dutch the realization of a lexical pith accent on the syllable it is associated
with may result in boundary tones being realized non-peripherally, i.e. before the lexical pitch accent.
This pattern, which clearly shows that the linear ordering of tones may not always hold, is analysed by
Gussenhoven (2000) in OT terms. It may also be seen as an instance of secondary association the aim
of which is to avoid tonal crowding (for a discussion see Gussenhoven 2004, chap. 7).

A particular point of debate has been whether alignment is absolute or proportional to the duration
of the anchoring landmark. Evidence for both has been reported. Silverman & Pierrehumbert (1990)
advocated in favour of proportional alignment of H* peaks with respect to the duration of the
accented syllable, while Arvaniti et al. (1998) argued for absolute alignment of L and H tones with
respect to the accented syllable onset and postaccentual vowel onset respectively. Schepman, Lickley
& Ladd (2006) tested various ways of measuring alignment and concluded that measuring absolute
alignment from a nearly landmark is the most robust. In practice, however, proportional measures
can be very useful in comparing alignment across different events: e.g. Arvaniti et al. (2006b) use
proportional alignment to express differences in pitch peak alignment between the Greek L+H* accent
and the peak of the H- phrase accent of Greek polar questions. Further, the variety of ways in which
alignment is manifested cross-linguistically rather indicates that the method of alignment of any
particular tonal event is best determined empirically by means of controlled materials designed to test
predictions based on different alignment modes.

3.2. Scaling

Possibly less attention has been given to the scaling of targets compared to alignment. This is partly
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due to the fact that alignment has been seen as the major diagnostic of tonal composition; e.g. the
stability of alignment of specific turning points has been used to argue that such points are actual
tonal targets and thus reflexes of phonological tones (e.g. Ladd & Schepmann 2003). An additional
complication has been the fact that scaling, much more than alignment, reflects not only systematic
linguistic differences but also paralinguistic effects; e.g. excitement and boredom may result in
diametrically different changes in the scaling of targets. A discussion of paralinguistic effects on scaling
is beyond the scope of this paper, which focuses on linguistic differences expected to surface
systematically and independently of paralinguistic effects (on paralinguistic uses of pitch, see
Gussenhoven, chap. 3; Ladd 2008, §1.4).

Since Ladd (1998) a distinction is made in AM between pitch span, which refers to the extent of the
range of frequencies used by a speaker, and pitch range, which refers to whether these frequencies
are overall high or low. Thus, two speakers may have the same pitch span of 200 Hz but one may use
a low range (e.g., 125-325 Hz) and the other a higher range (e.g., 175-375 Hz). It is fair to assume that
the pitch range and span of a speaker may change for paralinguistic reasons. Further, language and
gender specific differences in range and span are also part scaling (e.g. Warren & Daly 2001, Graham
2014, inter alia).

With respect to the linguistic aspects of tonal scaling three main influences are generally agreed upon,
declination, tonal context, and tonal identity. Following Pierrehumbert (1980), it is generally
understood that the scaling of tones can be modelled with reference to a declining baseline that is
invariant for each speaker (at a given time). The baseline is defined by its slope and a minimum value
which is assumed to represent the bottom of the speaker’s range, a value that tends to be very stable
for each speaker (Maeda, 1976; Menn & Boyce 1982; Pierrehumbert & Beckman 1988). L and H tones
(apart from terminal L%s) are scaled above the baseline and with reference to it. For example,
Pierrehumbert (1980: 136) notes that the difference between the vocative chant, H*+L- H- L%, and a
straightforward declarative, H* L- L%, is that the L% in the former remains above the baseline while
that in the latter does not. The effect of declination is a systematic lowering of targets, though
declination can be suspended (e.g. in questions) and is reset across phrasal boundaries (Ladd 1988;
see also Truckenbrodt 2002). Listeners do anticipate declination effects and adjust their processing of
tonal targets accordingly (e.g. Yuen, 2007).

Declination plays a small role in AM compared to other intonation models, such as IPO (’t Hart et al.
1990). Recent evidence indicates that this largely correct in that the relationship between physiology

23

and declination rate is weak (Fuchs et al. 2015). In AM scaling takes place on the fly with every accent’s
scaling being calculated as a fraction of the scaling of the preceding tone (Liberman & Pierrehumbert,
1984). The exception to this is what Liberman & Pierrehumbert (1984) have called final lowering, the
fact that the final peak in a series is scaled lower than what a linear relation between successively
peaks would predict. This phenomenon has since been reported in several languages with very
different prosodic systems, including Japanese (Pierrehumbert and Beckman 1988), Dutch
(Gussenhoven and Rietveld 1988), Yoruba (Connell & Ladd 1990; Laniran & Clements 2003), Kipare
(Herman 1996), Spanish (Prieto, Shih & Nibert 1996) and Greek (Arvaniti & Godjevac 2003). Dialectal
variation on the extent and scope of final lowering has also been reported (Arvaniti, 2007, on American
and British English). Herman et al. (1996) and Herman (2000) further suggest that final lowering is one
of several manifestations of overall “vocal effort” decrease towards the end of an utterance. Less vocal
effort results in a drop in subglottal pressure and in gesture stiffness, including a relaxation of the
muscles of the larynx; these changes can lead to segmental lengthening, a drop in RMS amplitude,
voice quality changes and final lowering, and can be interpreted as indicators of discourse-finality.

With respect to tonal identity, several authors have noted that the scaling of L and H tones is
differently affected by changes in pitch range and span: L tones tend to get lower when pitch span
expands, while H tones get higher (e.g. Pierrehumbert & Beckman 1988; Gussenhoven & Rietveld
2000). In addition, consistent differences in the scaling of comparable tonal events have also been
reported, suggesting that this is an additional factor to be taken into account during modelling. For
instance, Arvaniti & Baltazani (2005) note that Greek the peak of H*+L is scaled higher than that of
H*, while Arvaniti & Garding (2007) report consistently higher scaling of the H tone in American English
L*+H as compared to L+H*. Similarly, Vanrell (2007) found that higher scaling of %H in polar questions
as compared to H* in wh-questions in Catalan allowed speakers to differentiate otherwise
homophonous questions. Similar results are reported by Borràs-Comes, Vanrell & Prieto (2014) with
respect to Catalan L+H* which can convey different pragmatic meanings depending on peak scaling.

Finally, scaling is affected by tonal context. As mentioned in §2.4, tonal context was the explanation
for downstep in Pierrehumbert (1980) and Beckman & Pierrehumbert (1986). Additional tonal
interactions between tones have also been reported. Thus, in Pierrehumbert’s original analysis of the
vocative chant, the melody, which ends in sustained level pitch in the middle of a speaker’s range, was
represented as H*+L- H- L%: in this analysis the trailing tone of the pitch accent is not phonetically
realized but serves to downstep the following H- phrase accent; the L% is in turn upstepped by virtue
of being preceded by a H- phrase accent. This type of analysis has not been adopted for other
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languages, though the representation of sustained phrase-final pitch remains problematic (for
discussions see Ladd 2008, chap. 3; Arvaniti to appear; Prieto & Hualde to appear). Interactions such
as upstep and downstep as a result of tonal context are certainly not to be taken for granted crosslinguistically; e.g. Arvaniti & Baltazani (2005) show that in Greek neither the presence of bitonal
accents nor combinations of L and H edge tones result in downstepping or upstepping of tones. Data
like these are relevant for the treatment of downstep as they indicate that perhaps some languages
do require a phonological distinctions in scaling that involved three levels rather than just two.

3.3. Interpolation

Interpolation has not been investigated as extensively as alignment and scaling. It is generally assumed
that interpolation is linear between tones though it is clear that evidence to the contrary is available.
The first such piece of evidence is the sagging interpolation briefly discussed in §2.1. (Pierrehumbert
(1980, 1981). Sagging interpolation has always been seen as something of an anomaly, leading Ladd
& Schepman (2003) to suggest that it is more plausibly analysed as the reflex of a L tone.

Non-linear interpolation is arguably evident in the realization of particular tonal events as well. For
instance, L*+H and L+H* in English differ in terms of shape, the former being concave and the latter
convex, a difference that is neither captured by their autosegmental representations nor anticipated
by linear interpolation between the L and H tones. In order to account for this difference, Barnes et
al. (2012, 2013) proposed a new measurement, Tonal Centre of Gravity (TCoG), the formula for which
is shown in (4) below.

(5)

The aim of TCoG is to quantify the overall “tilt” or “mass” of a tonal event; e.g. L*+H would have a
lower TCoG than L+H*. As Barnes et al. (2012, 2013) show, TCoG is also relevant in perception
providing, as it were, a perceptual reference location for the event. The existence of the difference
quantified by TCoG can be interpreted in two different ways. One possibility is to accept that tonal
targets are individual points – as is traditionally maintained in AM – and that therefore interpolation
between them can take different shapes, as indicated by the English L*+H and L+H*; in that sense,
TCoG captures this type of phonetic difference. Alternatively, one may consider that some tones have
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duration (cf. Cole 2000). This is a straightforward way of explaining the concave shape of L*+H, i.e. to
say that it is the result of the longer duration of its L* tone.

The fact that tones may have duration, rather than being turning points is somewhat problematic for
the basic target-and-interpolation view. This applies not only to L tones discussed above but to H tones
as well. H tones are typically said to be realized as peaks, but evidence suggests that plateaux
realizations are also possible, further arguing for tonal duration. Though in some languages plateaux
appear to be used interchangeably with peaks (e.g. Arvaniti, to appear, on Romani) in others the two
are distinct, affect the interpretation of the tune (e.g. D’Imperio 2000; D’Imperio et al. 2000, on
Neapolitan Italian), the scaling of the tones involved (e.g. Knight & Nolan, 2006; Knight, 2008, on
British English), or both (Barnes et al. 2013 on American English). Data like these indicate that a
phonetic model involving only targets as turning points and linear interpolation between them may
be too simple to fully model all phonetic detail pertaining to F0 curves or account for its processing by
native listeners.

3.4. Underspecification

The fact that the phonetic implementation of an AM phonological representation relies solely on the
realization of its phonological elements means that melodies are not only phonologically but also
phonetically underspecified. In other words, in many melodies, like those in the right column of Figure
1, most syllables are not assigned a specific F0 value during production. On the other hand, it is also
possible for an utterance to involve more tones than TBUs; this is illustrated in the examples in the
left column of Figure 1. In such instances, AM talks of tonal crowding. This conceptualization of the
phonetic realization of melodies differs radically from that of full specification models like PENTA (Xu
2005; Xu et al. to appear) which encounter problems both with sparse and dense specification. These
are briefly discussed below (for a full discussion see Arvaniti & Ladd 2009).

Underspecification was first illustrated with Japanese data by Pierrehumbert and Beckman (1988:
13ff.). They showed that the F0 contours of APs without an accented word could be successfully
modelled by positing only one H target, associated with the AP’s second mora and one L target at the
beginning of the following AP; the F0 slope from the H to the L target depended on the number of
moras between the two. This change in the F0 slope is difficult to model if every mora is specified for
F0. In a system like PENTA it would be possible to stipulate that the tonal specifications of moras
between the H and L targets are of low strength and thus weakly implemented because of the greater
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strength of the H and L targets at the two ends. This, however, would be an ad hoc solution, that is
particularly problematic when modelling languages like Japanese, Korean and many others in which,
as noted in §2.5., headless constituents are possible. In such languages solutions based on relative
tonal strength are not linguistically motivated rendering any analysis along these lines both arbitrary
and circular.

Research in AM has examined not only underspecification but also its flip side, tonal crowding. This
body of research shows that tonal crowding is phonetically resolved in a number of ways: (a)
truncation, the elision of parts of the contour (Bruce 1977, Grice 1995a, Arvaniti 1998, Grabe 1998,
Grabe et al. 2000, Arvaniti & Ladd 2009); (b) undershot, the realization of all tones without them
reaching their targets (Bruce 1977, Arvaniti, Ladd & Mennen 1998, 2000, 2006a, 2006b, Prieto 2005,
Arvaniti & Ladd 2009); and (c) temporal re-alignment of tones (Silverman & Pierrehumbert 1990,
Arvaniti & Ladd 2009).4 Undershot and temporal realignment often work synergistically giving rise to
compression. Attempts have been made within AM to pin different resolutions of tonal crowding to
specific languages (Grabe 1998). Empirical evidence, however, indicates that the mechanism used is
specific to elements in a tune, rather than to a language as a whole (see Ladd 2008, Arvaniti & Ladd
2009, Arvaniti to appear, for discussions).

Dealing with tonal crowding is even more challenging than underspecification for models like PENTA.
While in instances of sparse tonal specification it is possible to assign, albeit arbitrarily, different tonal
strengths to particular syllables, this is not possible when the same melody is realized on one syllable
only. The problem is both theoretical and practical. From a theoretical perspective arguing that, e.g.,
Me?! has a rise-fall-rise pitch target misses a significant generalization, namely that the melody of
Me?! is not different from that of A driving instructor?! in terms of function. This is a problem for a
model like PENTA in which tonal specification and communicative functions go hand in hand, as the
same communicative function must be arbitrarily linked to a seemingly arbitrary assortment of
contours. Pitch contours like that of Me?! are problematic from the perspective of modelling as well:
with only one syllable in place it is unclear how the relative importance of each part of the melody is
to be modelled. The fact that different aspects of a contour are prioritized based on the melody is
undisputable as shown below. This is illustrated in Figure 6 with data from a calling melodies of Polish
(Arvaniti et al. subm.). Words with different degrees of tonal crowing are shown, Piotr, which is the
most extreme, and Jaś, as well as a longer name, Marianna, which does not involve tonal crowding

4

The avoidance of tonal choices that would result in crowding is also discussed by Ladd (2008, chap. 5) with
respect to German data, but this strategy has not been experimentally investigated to my knowledge.
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and is added here for comparison. As can be seen, although both the onset and coda are voiceless in
Piotr, the rise is truncated but the fall is not; it is only slightly undershot by comparison to Marianna.
This difference cannot be accounted for by relative strength since in PENTA both the rise and fall are
tonal specifications connected to the same syllable. In AM, however, the analysis of the rise as the
reflex of a H* pitch accent, which is independently motivated, allows for this difference: the rise is not
part of the tonal specification of the tune but simply interpolation between a default starting level,
attested in other Polish contours as well, and the target (the peak); thus the rise can be truncated
under extreme tonal crowding like that of Piotr.

(b)
Figure 6: Spectrograms and F0 contours of two calling contours of Polish illustrating the effects of
different degrees of tonal crowding on the realization of contours.

4. Intonation and Meaning

Intonational meaning has been the Achilles heel of many models of intonation. This is understandable
as intonational meaning is hard to pinpoint since it relates to the pragmatic interpretation of an
utterance. One of the major difficulties that most models have encountered is the fact that the
meaning of a tune appears to change dramatically depending on context. This can be illustrated with
an example from Bolinger (1964): Because I wanted to can be used with rising intonation as a petulant
response to Why did you do it?, but the same tune can also be used for a straight forward question,
as in Was it yesterday?5 The difficulty of handling such seemingly arbitrary changes in meaning and
modality is evident in the elusiveness of phenomena like “ironic prosody” (e.g. Bryan & Foxtree 2005),
or the treatment of intonational meaning in the British School which essentially amounted to attaching
to each tune a long list of attitudinal meanings, often quite contradictory from a pragmatic
5

It was precisely this problem with intonational meaning that prompted Pike (1945: 23 ff.) to caution against
the practice of investigating the meaning of tunes using only utterances with the same grammatical structure
(such as pitting statements against questions). Doing so can give the false impression that a tune has a
consistent meaning.
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perspective; e.g. one of the many meanings of the “Low Drop” of O’Connor & Arnold (1973: 49) is “to
give weight to expressions of both approval and disapproval, of both enthusiasm and impatience”.
Other systems either do not deal with meaning (e.g. IPO; ’t Hart et al. 1990), or limit the exploration
of intonational meaning to simple “communicative functions” such as statement vs. question (e.g. Xu
2005, Xu et al. to appear). Finally, intonational meaning has been studied quite extensively in research
on information structure where, however, intonation has often been treated as just a vehicle for focus
with little recognition of its contribution to pragmatics (among many, Selkirk 1984, Beaver et al. 2007,
Féry & Kügler 2008, Buring 2013).

An additional obstacle to understanding intonational meaning has been the widely held view that
there is a natural relationship between tunes and meaning (as advocated, e.g., by Ohala 1983 and
partly espoused by Gussenhoven 2004, chap. 5). This view has often blurred the boundaries between
linguistic and paralinguistic uses of F0 (rather than intonation per se), despite the evidence to the
contrary. For instance, Chen, Gussenhoven & Rietveld (2004) have shown that even the perception of
paralinguistic information derived from F0 cues is language specific, as is the encoding of very common
intonation functions such as continuation (e.g. Chen 2007). Research on uptalk has shown that not
only does uptalk differ subtly in its realization across varieties of English, it also serves different
pragmatic functions (e.g. Fletcher et al. 2005; Ritchart & Arvaniti 2014). Even one of the most frequent
cited pieces of evidence in support of a natural relationship between F0 and modality, namely that
questions end in rises, is only weakly supported by cross-linguistic evidence; questions ending in falls
or in low F0 are attested in (at least) several African languages as shown by Rialland’s (2007) survey,
as well as in Greek, Hungarian, Romanian and Cypriot (Grice et al. 2000), Romani (Arvaniti to appear),
and Tashlhiyt Berber (Grice et al. to appear).

Most of these issues are dealt with successfully in the model of Pierrehumbert & Hirschberg (1990),
perhaps the best known treatment of meaning within AM. Though their analysis is specific to English,
its principles are applicable to intonational systems at large. According to this model, each intonational
element is seen as a morpheme that encodes pragmatic meaning. The meaning conveyed by an entire
melody is therefore compositional, not holistic as in other models, and depends on contributions from
all tones. One advantage of this model is that it can account for similarities in meaning conveyed by
identical components of different melodies, such as the use of the same pitch accent with different
edge tones. A the same time, by not relying on some natural connection between tones and meaning
it is more easily amenable to an understanding of cross-linguistic and cross-dialectal variation in the
relationship between intonational meaning and form.
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Further, Pierrehumbert & Hirschberg (1990) treat intonation as a means speakers use to specify a
particular relationship between the propositional content of their utterance and the mutual beliefs of
the discourse participants. These are beliefs that participants come to believe as a result of the
conversational interaction. Thus the use of a particular tune can indicate what a speaker may think is
or is not part of mutual beliefs (though Pierrehumbert & Hischberg also make use of one sided mutual
beliefs, a particular speaker’s beliefs about what is mutually believed by all participants). In this
framework then intonation does not have an attitudinal function (as in the British School, for instance).
As Pierrehumbert & Hischberg (1990: 284) note, “attitude is better understood as derived from tune
meaning interpreted in context than as presenting that meaning itself”. In other words, the meaning
of a tune is not to be directly interpreted; e.g. H* L- L%, often used with declaratives, is not to be
interpreted as the speaker believes x; rather, the speaker’s belief in x will be inferred from all the tones
that make up a tune and the context in which they are used. This approach allows AM to account for
the different interpretations of the same tune in different contexts. This is because the meaning is
compositional, sufficiently abstract and based on the idea that in a conversation speaker and hearer
contribute and alter mutual beliefs.

The principles of Pierrehumbert & Hischberg (1990) can be illustrated with an analysis of Bolinger’s
examples discussed above, Because I wanted to and Was it yesterday? In AM terms, the melody of
both is L* H-H%. According to Pierrehumbert & Hirschberg (1990), items accented with a L* pitch
accent are not part of what the speaker is predicating about the utterance and thus they are not to be
added to the hearer’s system of mutual beliefs. The use of H-H% conveys “forward reference”
(Pierrehumbert & Hischberg 1990: 306); informally, we could say that by using H-H% the speaker
throws the ball back to the listener. Based on the above, it is easy to see why L* H-H% would be used
with the question: the speaker highlights yesterday using L* but at the same time invites the hearer
to make a predication, she is not making one herself; H-H% indicates the expectation of an answer. In
short, in this instance the speaker offers no predication but invites the listener to do so. Similarly, L*
in Because I wanted to indicates that the speaker does not really commit herself to the answer; while
H-H% invites a response. In short, by using L* H-H% with Because I wanted to the speaker conveys
that she does not wish to commit to a proper explanation of her actions and at the same time
challenges the speaker to respond.

Though Pierrehumbert & Hischberg (1990) focus on the role of the speaker and the way their
utterances alter mutual beliefs for all participants, recent evidence suggests that listeners are not a
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passive recipients of the intended changes but can actively contribute to them. For instance, Arvaniti,
Baltazani & Gryllia (2014) have found that Greek wh-questions uttered with L+H* L-L% are interpreted
differently by female listeners based on the gender of the speaker: a question is more likely to be
interpreted as an indirect statement with negative implicatures if uttered by a man than a woman.
Results like these highlight the active role that the hearer plays in interpreting intonational meaning
and more generally the dynamic nature of the pragmatics of discourse.

Despite the existence of this framework, it is fair to say that many aspects of intonational meaning
remain unclear within AM. Pierrehumbert & Hirschberg (1990) themselves note that similarities
between the meanings of bitonal accents (L*+H and L+H*, and H*+L and H+L*) are evident in English
but not easy to account for in their model. Further, models similar to that of Pierrehumbert &
Hirschberg have not been as developed for other languages, so the framework has not been
extensively tested for cross-linguistic validity (though research in this area is becoming more
widespread; e.g. Armstrong & Prieto 2015; Arvaniti et al. 2014; Borràs-Comes, Sichel-Bazin & Prieto
2015). As mentioned earlier, researchers have also found that certain configurations appear to be
more frequent than others (e.g. Dainora 2001, 2006). Observations of this sort have given rise to
hypotheses that intonational meaning may depend on strings of intonational primitives, like Ladd’s
(2008) tunes, rather than being strictly compositional, though the two views are not entirely
incompatible with each other (for reviews and discussion, see Gussenhoven 2004: chap. 7; Ladd 2008,
chap. 8). Though these discussions highlight the importance of the nuclear configuration for
intonational meaning, more recent evidence indicates that prenuclear accents can also convey
pragmatic information (e.g. Petrone & D’Imperio 2011 on Neapolitan Italian; Petrone & Niebuhr 2014
on German; Baltazani et al. 2015 on Greek).

As this brief discussion indicates, much remains to be done before the relationship between intonation
and meaning is fully understood. It is clear, however, that crude distinctions such as that between
statement vs. question or focus vs. lack thereof are not sufficient to explain intonational meaning and
that a more sophisticated understanding is required, possibly along the lines of Pierrehumbert &
Hirschberg (1990) or with their analysis as a starting point. Finally, a principled distinction between
the pragmatic functions of intonation, on the one hand, and the role of accentuation in encoding focus
on the other, together with a recognition that both are part of the functions of intonation are likely to
lead to greater insights into intonational meaning.
5. Intonational Typology
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Typology is frequently discussed in the AM literature. However there appears to be no generally
accepted view of what this typology would address, particularly with respect to the tonal aspects of
AM. Jun (2005c, 2014b) provides two related proposals of a general prosodic typology which includes
both a categorization of word-level prosody and a categorization of postlexical prosodic events. Jun
(2005c) groups both by prominence, which she takes to be a category of prosodic typology. For the
lexical level Jun accepts the traditional division between tone languages (e.g. Mandarin), stress-accent
languages (e.g. English) and lexical pitch accent languages (e.g. Japanese). Languages are said to be
tonal if “pitches [have] paradigmatic contrast” (Jun 2005c: 440). In stress-accent languages, one
syllable in a word is more prominent by means of duration and/or amplitude setting up a syntagmatic
contrast between syllables. Finally, languages with lexical pitch accent are those in which one syllable
has lexical specification for pitch but is not otherwise made prominent relative to other syllables. An
additional category is implicitly accepted by Jun (2005c) to include languages like Korean which has
neither stress-accent nor tonal specification of any type at the lexical level and thus does not fit any
of the three types above. At the post-lexical level, Jun (2005c) proposes a distinction between
languages that use prominence culminatively by marking the head of a prosodic constituent and those
that use prominence demarcatively, by marking its edge. One can informally equate these two types
with accentuation and edge tones respectively. Jun (2005c: 441) argues persuasively that in languages
like Korean, which are of the latter type, “the function of postlexical pitch accent in English and other
West Germanic languages is performed by prosodic phrasing”. The difference between edge and head
marking is predictive: in languages like Korean the intonational encoding of focus involves not
accentuation of the item in focus and deaccenting of subsequent items in the utterance, as in English
and similar languages, but rather dephrasing (e.g. Jun 2005b, for Korean, Venditti 2005 for Japanese).
Jun (2005c) also adds rhythm in her typology making use of the traditional rhythm classes, syllable-,
stress- and mora-timing (on reasons why this typology is problematic, see Arvaniti 2009, Arvaniti
2012). Jun’s final dimension is that of prosodic constituents and their size, a typological difference she
links to rhythm class.

Jun (2014b) recognizes some issues with this typology, one of the most significant being that it does
not provide a way to directly compare tonal aspects of prosody. To account for this Jun (2014b)
proposes an additional concept for her typology, that of macro-rhythm which is based on changes in
F0 and is used together with micro-rhythm, the traditional rhythm classes discussed above. Macrorhythm aims to capture the observation that some languages, like English, use accentuation sparingly,
while others, like Greek or Spanish accent every word (see §2.6.). Three criteria are used to define
macro-rhythm: the number of possible phrase-medial tonal events (e.g. different types of pitch
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accents), the form of tonal events involved (roughly level tones or glissandi), and the frequency of
those events. Thus, a languages that has a large inventory of rising and falling pitch accents which are
used to accent ever word would be considered more macro-rhythmic than a language that sparingly
used only level tonal events.

There are some issues with Jun’s proposals both for the lexical and postlexical level. First, there is no
agreement among researchers with respect to the prosodic types posited for the lexical level. Hyman
(2006, 2009) argues against the lexical pitch-accent category, which he considers vague and lacking a
prototype, leading him to argue for only two essential types, tone languages and stress-accent
languages (with languages like Japanese probably being treated as having privative tone). Beckman &
Venditti (2011), on the other hand, argue that languages traditionally classified as tonal and those
classified as having stress-accent share many similarities in terms of prosodic grouping and the tonal
expression of focus; at the same time, both groups are quite distinct from lexical pitch accent
languages like Japanese which pattern with languages without prominence at the lexical level like
Korean. The analysis of Beckman & Venditti (2011) rests on the idea that the function and provenance
of tones at the lexical level are best seen as predictors for the function and role that tonal elements
play at the post-lexical level, rather than as predictors of types in and of themselves.6 In this respect
they agree with Jun (2005c, 2014b) by giving priority to the edge vs. head prominence parameter
which is better expressed by their typological grouping.

Second, there are some issues with the idea of macro-rhythm. First, its predictive power and relevance
for the organization of prosody (if any) are at present unclear. In addition, there is currently little
quantitative evidence for macro-rhythm, so it is also unclear whether the combination of Jun’s (2014b)
three criteria would result in different types in practice (e.g. if macro-rhythm were to be quantified
with data from natural speech corpora). This is of some concern for two reasons. First, some of the
criteria may cancel each other out; e.g. English does have a variety of pitch accents but typically the
same accent is used phrase-medially in an utterance (Dainora 2006), so variety may not apply in
practice. Second, some of the criteria for macro-rhythm may not be completely independent of each
other; e.g. if a language uses only level tonal events, their variability is likely to be restricted as well.

Ladd (2008, chap. 3), on the other hand, has argued that the difficulty in making meaningful typological
comparisons is related to the variable representations used among AM analyses of different languages
6

This may go some way towards explaining the disagreement between Hyman (2009) and Beckman & Venditti
(2011), since Hyman places emphasis of lexical phenomena, while Beckman & Venditti focus on the postlexical
level.
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for seemingly similarly phenomena. This argument reveals two main issues that plague typological
research, the nature of AM representations and criteria for similarity in intonation. First, there is no
consensus about the necessary level of abstraction for a typology of intonation. It would seem
plausible for Ladd (2008) to consider abstract tunes (see §2.5.) as basic for typology. Yet his main
example in this discussion is sustained-level phrase-final pitch which is a rough and ready phonetic
description. As the discussion throughout this chapter has indicated, a pitch contour can be the result
of a variety of tones of both lexical and postlexical provenance; no two languages break up a pitch
contour in identical ways and as a result a particular pitch configuration, like sustained-level phrase
final pitch, can come about in different ways. In other words, the fact that they may look similar does
not necessarily make two contours instantiations of the same phenomenon. This serves as a reminder
then that, as argued by Human (2006), any phonological typology must deal not with surface phonetic
details but rather with the analytical categories used to make sense of these details in a given linguistic
system. Though concrete solutions do not appear at present to be forthcoming, at the very least, it is
important in any attempts at typology do not to confuse the two (Ladd 2008, Arvaniti to appear).
Applying Hyman’s principle to intonation would mean that typologically relevant elements are unlikely
to be rising vs. falling pitch or details like whether a tone is exceptionally high or downstepped. This
in turn suggests that any categories used for typology cannot be determined a priori for all languages
and be based on surface phonetic representations, as argued by Prieto & Hualde (to appear). Rather,
they are likely to be more abstract concepts, allowing for language specific instantiations, as argued
by typologists like Haspelmath (2010, 2015). If this assessment is correct, then parameters like edge
vs. head prominence discussed above are more likely to be relevant for understanding how tones are
organized in different systems and how they function (Jun 2005c, 2014c; Beckman & Venditti 2011).

This debate on the role of typology brings to the fore one major issue in the field, the degree of
abstraction required for phonological representations of AM. Many of the issues discussed throughout
this chapter reflect precisely this type of disagreement. This includes the role of secondary
associations to phonologically represent phonetic alignment, the use of diacritics to represent degrees
of scaling or alignment details, and the treatment of downstep. As argued elsewhere some of these
issues can be resolved if the phonological nature of intonation is accepted and intonation is treated in
a similar fashion to other sub-systems of phonology (Arvaniti to appear). This would require
acceptance that phonetic form is not the end-all of intonational research, that categories must be
posited if contrastive in a system, that contrast must involve distinctions in meaning not just in form,
while phonetic realization will be variable (due to factors like speaking rate) and must also be expected
to show dialectal and sociolinguistic variability, much as it happens with all elements posited in any
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phonological system.

6. Applications of AM: ToBI systems and transcription

The best known application of AM is the family of ToBI systems. ToBI (Tones and Break Indices) was a
system originally developed for the prosodic annotation of American English corpora for use in speech
synthesis (Silverman et al. 1992; see also Beckman, Hirschberg & Shattuck-Hufnagel 2005; Brugos,
Shattuck-Hufnagel & Veilleux 2006). Since then several similar systems have been developed for a
variety of languages (see e.g. Jun 2005a, 2014a for relevant surveys). In order to distinguish the system
for American English from the general concept, the term MAE_ToBI is now used for the former (where
MAE stands for Mainstream American English; Beckman et al. 2005). ToBI was originally conceived as
a tool for research and speech technology; e.g. the ToBI annotated corpus can be searched for
instances of the same intonational events, such as the H* accent in English, so that a corpus of its
instantiations can be analysed and generalizations as to its realization reached. Such generalizations
are useful not only for speech synthesis but also for phonological analysis and the understanding of
variation (for additional uses and extensions see Jun 2005c).

ToBI representations consist of a sound file, associated spectrogram and pitch track and several tiers
of annotation. The required tiers are tones – a representation of the tonal structure of the pitch
contour – and the break index tier in which the perceived strength of prosodic boundaries is annotated
using numbers; e.g. in the MAE_ToBI system [0] represents cohesion between items (such as flapping
between words in American English); [1] represents the small degree of juncture expected between
most words; [3] and [4] represent ip and IP boundaries respectively, and [2] is reserved for uncertainty
(e.g. for cases when the annotator cannot find tonal cues for the presence of a phrasal boundary, but
does perceive a strong degree juncture). Additional tiers may include an orthographic tier and a
miscellaneous tier for additional information, such as disfluencies. The content of all tiers is adapted
to the prosodic features of the system under analysis but also to particular research needs and
theoretical positions of the developers. For instance, Korean K_ToBI, includes both a phonological and
a phonetic tier (Jun, 2005b), while Greek GRToBI marks sandhi which is widespread in Greek and thus
of some interest (Arvaniti & Baltazani 2005).

ToBI as a concept has often been misunderstood. Some consider it to be one of many transcription
systems for intonation, similar to, say, INTSINT (Hirst, Di Cristo & Espesser, 2000), i.e. a system of
symbolic notation based on a limited number of symbols and agreed upon conventions on their use
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the aim of which is to reproduce the course of F0. Due to its relative popularity, some have taken ToBI
to be the equivalent of the IPA alphabet for intonation, a claim that the developers of ToBI have taken
pains to deny (e.g. Beckman et al. 2005; Beckman & Venditti 2011). It is perhaps this belief that ToBI
is a transcription system designed originally and best suited for English that gives rise to frequent
assertions that ToBI is not right for certain languages. Yet, neither the categories nor the tiers of
MAE_ToBI have to be adopted by any other ToBI system; the fact that the overall architecture has
been used for languages as distinct as Cantonese (Wong, Chan & Beckman 2005), Japanese (Venditti
2005), Bengali (Khan 2014), and West Greenlandic (Arnhold 2014) testifies to this. Further, a ToBI
annotation system is meant to rely on a prosodic analysis of the language in question (though it could
be used as an informal tool to kick-start such an analysis on the understanding that annotations would
have to be revisited once the phonological analysis is complete; Jun & Fletcher 2014; Arvaniti to
appear).

The confusion then arises from the fact that it is not always clear that AM is a phonological model of
intonational structure, not a transcription, and that ToBI is a tool. Opinions on this point are divided
within AM as well, as is reflected in the development of ToBI itself which is a hybrid between the very
abstract system of Pierrehumbert (1980) and more concrete representations like the explicit marking
of downstep which has replaced some of Pierrehumbert’s more abstract solutions. It is also reflected
in the debate as to whether a level of phonetic transcription is needed in ToBI systems. Recently,
Prieto & Hualde (to appear) have argued for the formalization of this idea, so that AM “labels” be used
for an International Prosodic Alphabet (IPrA) with agreed conventions on the use of a limited set of
symbols with prespecified phonetics. Others have argued that the phonetic representation of
intonation is the pitch track (Beckman & Venditti 2011; Arvaniti to appear) and that such phonetic
transcriptions as advocated by Prieto & Hualde (to appear) should at best serve as a tool in the early
stages of analysis. Arvaniti (to appear) has further argued that using AM as a system of broad phonetic
transcription is problematic, as doing so turns one symbolic representation into another, the
equivalent of the systematic phonetic level of generative phonology criticized by Ladd (2011) with
respect to the representation of segmentals.

What needs to remain clear from this discussion is that AM is fundamentally a phonological system
and as such relies on the combined investigation of form and meaning. This is one of the major
features that distinguishes it from other systems for the modelling and analysis of intonation. As
argued elsewhere (Arvaniti & Ladd 2009) this is what gives AM predictive power and allows it to reach
useful generalizations about intonation and its relation to the rest of prosody.
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