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Abstract

Phonological variation is common in many alternations, especially in processes where
the target and the trigger of the alternation are in different words—external sandhi pro-
cesses. Much previous work on external sandhi has addressed the morpho-syntactic lo-
cality conditions that restrict these cross-word processes, but they are also often sensitive
to phonetic and usage factors like pauses, speech rate, lexical frequency, and speech style.
What has not been explored in previous work is why these factors are consistently associ-
ated with external sandhi.

This thesis pursues the hypothesis that patterns of external sandhi variation are shaped
by online speech production planning constraints, which can mediate the effect of both
grammatical and non-grammatical factors. I investigate the Production Planning Hy-
pothesis (PPH) proposal that the narrow window of phonological encoding can block
application of external sandhi processes—if the triggering context is not within the same
planning window as the target of a process, it cannot apply. The size of the speech plan-
ning window is variable, and has been shown to be influenced by many of the factors
associated with phonological variation. The predictions of the PPH are tested in case stud-
ies of three different external sandhi processes. These studies also contribute to a general
understanding of the relationship between variability and syntactic, prosodic, and lexical
factors.

The first study investigates the effect of word boundaries, prosodic position, and pho-
netic pauses on variation of high vowel devoicing (HVD) in Tokyo Japanese. Statistical
modeling of HVD patterns in a corpus of spontaneous speech suggests that these fac-
tors jointly affect HVD, and that position within a prosodic phrase modulates the effect
of speech rate and lexical frequency on HVD. It is proposed that two distinct processes
underlie HVD, one that is sensitive to the segmental content of the upcoming word (inter-
consonantal HVD), and another that is triggered by strong prosodic boundaries (phrase-
final HVD). Under this view, part of the variation can be explained under the PPH as
production planning effects on interconsonantal HVD.

In a second case study, two factors previously associated with external sandhi variation
are tested directly: syntactic structure, and lexical frequency. Both of these factors have
also been shown to affect speech planning—and therefore, according to the PPH, should
affect external sandhi.



iv

In a production experiment, we examine the effect of a clause boundary on realization
of word-final coronal stops in North American English. Clause boundaries are found to
have a gradient inhibitory effect on flapping, beyond the effect of associated final length-
ening. The PPH explanation for this effect is that a clause boundary induces a delay while
high-level planning of the next clause takes place, so segmental details of a potentially
flap-triggering word will rarely be available. In contrast, a word that is within the same
clause is much more like to be planned within the same window.

Lexical frequency can also affect the time course of speech planning. Higher lexical
frequency is associated with faster retrieval, so the PPH predicts that the realization of
a word-final coronal stop will be related to the frequency of the word that follows it. A
higher frequency following word will be retrieved more quickly, and be more likely to
trigger flapping. The relationship between lexical frequency and coronal stop realization
is examined in a corpus of American English, and a positive correlation is found between
frequency and flapping, as predicted.

The third case study extends testing of PPH predictions to a non-reductive external
sandhi process: liaison in French. Frequency and also predictability are used as proxies
for upcoming word availability. The PPH predicts that the correlations should be posi-
tive, just as for flapping, since both flapping and liaison rely on the knowledge that the
upcoming word starts with a vowel.

Examination of two syntactic contexts suggests that increased following word pre-
dictability, measured by both local (conditional probability) and global (lexical frequency),
increase the likelihood of liaison application. Finding the same effect for the qualitatively
distinct processes of flapping and liaison lends support to the PPH proposal that accessi-
bility of the word containing the triggering information for sandhi constrains application
of the process.

The PPH offers a unified account of variation in external sandhi related to both gram-
matical and non-grammatical factors. In addition, the PPH makes many new, testable
predictions for future work: the size of the window for phonological encoding should be
correlated with the application of external sandhi, with less sandhi applying when the
window is more narrow.



Resumé

La variation est un trait fréquent des alternances phonologiques, notamment chez les pro-
cessus ot la cible et le déclencheur ne sont pas dans le méme mot—un type de processus
qui s’appelle le sandhi externe. La recherche portant sur le sandhi externe aborde surtout
les contraintes sur la localité morphosyntaxique qui restreignent ces processus, mais ces
processus sont généralement aussi sensibles a des facteurs phonétiques et contextuels tels
que la présence de pauses, le débit de la parole, la fréquence lexicale et le style du discours.
Ce qui n’a pas été exploré jusqu’a présent est pourquoi ces facteurs sont constamment as-
sociés aux processus de sandhi externe.

Cette thése poursuit 'hypothese que la variabilité du sandhi externe est en partie le
résultat des contraintes sur la planification de la production de la parole en temps réel,
ce qui ont un effet médiateur sur les facteurs grammaticaux et non-grammaticaux. Je
teste I’Hypothese de la planification langagiere (HPL), une hypothese qui propose que le fait
d’avoir une fenétre limitée du codage phonologique peut bloquer I’application des proces-
sus de sandhi externe; lorsque le déclencheur du processus ne fait pas partie de la méme
fenétre de codage que la cible du processus, le processus n’aura pas lieu. La taille de la
fenétre de planification de la parole est variable et est sensible a plusieurs des facteurs as-
sociés a la variation phonologique. Je teste ce que la HPL prédit dans trois études de cas de
processus de sandhi externe distincts. Ces études contribuent également a une meilleure
compréhension de la relation entre la variabilité et des facteurs syntaxiques, prosodiques
et lexicaux.

La premiere étude dans cet ouvrage examine les effets des frontieres lexicales, de la
position prosodique et des pauses phonétiques sur la variation dans le dévoisement des
voyelles hautes (DVH) en japonais de Tokyo. Les résultats de modeles statistiques créés
a partir d'un corpus de parole spontanée suggerent que 1’on devrait considérer les ef-
fets de ces variables conjointement et que la position dans une phrase prosodique mod-
ule les effets du débit de la parole et de la fréquence lexicale sur le DVH. Ces résultats
menent également a la proposition qu’il existe deux processus de dévoisement distincts:
un premier qui est sensible au contenu segmental du mot suivant (DVH interconsonan-
tique) et un deuxieme qui est plutdt déclenché par la présence de frontieres prosodiques
fortes (DVH en fin de phrase). Grace a cette constatation que le phénomene de départ
est véritablement deux phénomeénes, une partie de la variation s’explique par les effets de
production de la parole (le DVH interconsonantique) que prédit la HPL.

Ensuite, deux facteurs liés a la variation chez les processus de sandhi externe sont
testés de facon directe: la structure syntaxique et la fréquence lexicale. L'effet de ces deux
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facteurs sur la planification de la parole a déja été démontré — et, selon la HPL, on s’attend
donc a ce que ces facteurs soient également liés au sandhi externe.

A T'aide d’une expérience de production, nous étudions l'effet de la présence d’une
frontiere de proposition sur la réalisation des plosives coronales en anglais nord-américain.
Les frontieres de proposition ont un effet inhibiteur gradient sur le battement de ces plo-
sives au-dela de l'allongement auquel on s’attend en fin de phrase. La HPL réussit a
expliquer cet effet: les frontieres de proposition induisent un délai pendant la planifica-
tion de haut niveau de la proposition qui suit, ce qui implique que les détails segmentaux
du mot suivant—qui pourrait déclencher le battement de la plosive en finale de mot—ne
seront que rarement planifiés. En contraste, un mot dans la méme proposition est bien
plus propice a étre planifié dans la méme fenétre.

La fréquence lexicale peut également avoir un effet sur la planification de la parole
en temps réelle. Les mots a fréquence lexicale élevée sont liées a une recherche lexicale
plus rapide, donc la HPL prédit que la réalisation d’une plosive coronale en finale de
mot sera liée a la fréquence lexicale du mot suivant. Si le mot suivant a une fréquence
lexicale élevée, la HPL prédit que la plosive sera réalisée comme battue plus souvent.
Cette association entre la fréquence lexicale du mot suivant et la réalisation des plosives
coronales est confirmée grace a une étude de corpus.

La troisieme étude de case vise tester les prédictions de la HPL dans un cas de sandhi
externe qui n’est pas un processus de réduction: la liaison en frangais. La disponibilité
d’un mot subséquent est estimée selon la fréquence lexicale et la prévisibilité lexicale. La
HPL prédit qu'il devrait y avoir une corrélation positive dans les deux cas tout comme
pour le battement étant donné que le battement des plosives et la liaison requierent tous
les deux savoir que le mot suivant commence par une voyelle.

Notre étude des deux contextes syntaxiques suggere qu'une augmentation de la prévis-
ibilité lexicale—que ce soit de fagon locale (la probabilité conditionnelle) ou de fagon glob-
ale (la fréquence lexicale)—est liée a une augmentation de la probabilité de liaison. Le fait
de trouver le méme effet pour des phénomenes aussi différents que le battement et la
liaison appuie la proposition de la HPL que la capacité de planifier le mot ayant le dé-
clencheur d"un processus contraint ’application du processus.

La HPL offre une explication unifiée de la variation que I’on trouve chez les processus
de sandhi externe pour ce qui est des facteurs grammaticaux et non-grammaticaux. De
plus, la HPL offre de nouvelles prédictions testables: tout facteur qui affecte la vitesse du
codage phonologique des mots contenant un déclencheur et des mots contenant une cible
sera lié a la variation de la réalisation des phénomenes de sandhi.
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Chapter 1

Introduction

What do speakers learn about the sound patterns of their language, and how do they use
that knowledge to produce sounds in context? The assumption of generative phonology
is that speakers learn generalizations that abstract away from non-phonological informa-
tion. But when sound patterns are variable, their application is systematically shaped by
many factors other than phonological context. Speech rate, syntactic structure, lexical fre-
quency, morphological information, speech style, and social situation can all modulate
phonological patterns (Anttila, 2007, Coetzee and Pater, 2011; Guy, 2011). Should the
structure of this variation be accounted for within phonological grammar, and if so how?

This thesis focuses on patterns of variation in external sandhi, a type of phonological
alternation in which the target and the trigger can be in separate words. An example
is the well known coronal flapping alternation in North American English: the coronal
stops /t,d/ are pronounced as a flap [r] when they appear between two vowels and are
not in the onset of a stressed syllable (Kahn, [1976). This alternation can be seen in derived
words, like write ~ wri[c]er, but can also apply when the following vowel is in another

word, as in wri[r]a poem, making flapping an external sandhi processl] The phonological

1 Some authors like Kaisse (1985) reserve the term ‘external sandhi’ for cross-word processes that are
(or appear to be) sensitive to morpho-syntactic information. Throughout this thesis, the term is used more
broadly to refer to any process that can apply across word boundaries.



2 Chapter 1. Introduction

environment for flapping could be described with the following rule, where # represents

a word boundary, and parenthesis indicate optionality.
1.1) /t,d/ — ¢ /V_#V

However, flapping is considered variable or ‘optional,” since the rule does not always
apply (Randolph, 1989; Patterson and Connine, 2001; Fukaya and Byrd, 2005). Whether
flapping applies is affected by the type of boundary following the coronal stop: When
the target and trigger are within the same morpheme, flapping is almost categorical (Ran-
dolph, 1989), but flapping is less consistent across morpheme and compound boundaries
(Patterson and Connine, 2001). Across word boundaries, flapping is even more variable
(Gregory et al.,1999), and is affected by the constituency relation between the two words.
Flapping is more likely to apply when both words are within a single clause as in (I.2a)
than in (L.2b) where they are separated by a clause boundary (Scott and Cutler, [1984).

(1.2)  a. The last time we met Anne was horrible.

b. The last time we met, Anne was horrible.

This pattern is common to most external sandhi phenomena: the ‘further apart’ the
target and trigger of the alternation are, the less likely the process is to apply. This is
the puzzle of locality of external sandhi, which has been framed in terms of how directly
or indirectly syntactic information can affect phonological processes (Cooper and Paccia-
Cooper, 1980; Kaisse, (1985; Nespor and Vogel, 1986).

Many external sandhi processes are also variable beyond what can be explained by
grammatically-defined locality constraints. For example, flapping is sensitive to speech
rate (Kaisse, 1985) and predictability between the target and trigger words (Gregory et
al., [1999). Speech rate and lexical frequency are generally considered non-grammatical

information, yet they influence variation in many external sandhi processes (Gregory et
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al.,[1999; Bybee, 2001} Jurafsky et al., 2001; Coté, 2013). What are the mechanisms by which
grammatical and non-grammatical variables influence external sandhi variation?

This thesis investigates the hypothesis that online speech production planning con-
strains external sandhi application, and mediates the effect of both grammatical and non-
grammatical factors on variability. Three case studies are presented that test and develop
the recently proposed Production Planning Hypothesis (PPH; Wagner, 2012} Tanner, Son-
deregger, and Wagner, [2017).

The PPH rests on the idea that the size of planning ‘chunks’ for phonological encod-
ing, being relatively small (Levelt, Roelofs, and Meyer, [1999; Wheeldon and Lahiri, [2002;
Wheeldon, 2012), may not always encompass two adjacent words. Hence some words
may be phonologically encoded in the absence of information about segments in an up-
coming word, preventing interaction between the two words, and therefore blocking ex-
ternal sandhi processes from applying. The details of this hypothesis will be elaborated
in Section after a summary of previous work on grammatical constraints on external

sandhi in Section [1.1/and on quantitative approaches to phonological variation in Section

L2

1.1 Locality constraints in grammar

External sandhi processes are often constrained by the locality between the target and
trigger containing words. For example, the words met Anne are intuitively closer in (I.2a)
than in (I.2b), where they are separated by a clause boundary. The question of what counts
as ‘local enough’ for external sandhi to apply has been investigated since early work in
generative phonology. Chomsky and Halle (1968) captured these effects by translating
syntactic structure into boundary symbols inserted into the phonological string, which

could be referred to directly by phonological rules.
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The influential framework of Lexical Phonology (Kiparsky, [1982; Mohanan, [1986)
posited that cross-word processes happen at a separate, later stage of computation than
word-internal processes: the post-lexical level. This architecture marks cross-word pro-
cesses as exceptional in being influenced by pauses and speech rate. Kaisse (1985) fur-
ther categorizes cross-word processes according to whether they are sensitive to syntactic
categories and structure, dividing them into two classes, P1 and P2. P1 are syntactically-
sensitive processes, under Kaisse’s model, are restricted by syntax but not pauses, while

syntactically insensitive P2 processes apply across the board but are sensitive to pauses.

Direct reference One approach to capturing locality conditions on external sandhi has
been to reference syntactic structure directly. Kaisse (1985) proposes that external sandhi
processes may be sensitive to syntactic c-command relations between the two words that
are potentially interacting phonologically.

More recent proposals by Seidl (2001), Pak (2008), Newell (2008), and Newell and
Piggott (2014) tie the possibility of phonological interaction to syntactic cycles: external
sandhi only applies between morphemes which are spelled out within the same syntactic
phase. These proposals all have in common that there should be a one-to-one correspon-
dence between syntactic structure and external sandhi realization, and variability beyond
these restrictions is not accounted for. This leaves open the question, what is the place of

syntactic effects that are gradient rather than categorically blocking or licensing?

Prosodic Phonology Another influential theory which addresses locality effects is
Prosodic Phonology (Selkirk, (1974; Nespor and Vogel, [1986; Inkelas and Zec, 1990; Inke-
las and Zec, (1995} Selkirk, 2011). In this theory, utterances are organized into hierarchical
constituents which are derived from syntactic structure, but not isomorphic to it. Locality
conditions are captured by restricting the application of a phonological process to words

which are within a particular prosodic domain. For example, Nespor and Vogel (1986)
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assign the flapping rule to apply within the phonological utterance domain, since flapping
is possible between any two words in an utterance. On the other hand, a rule like liaison
in French applies only within the smaller domain of phonological phrase.

Translating locality restrictions from syntactic to prosodic terms can explain certain
mismatches between syntactic domains and sandhi application. But assigning domains
to phonological rules only restricts the upper bound at which an alternation could apply,
and does not address patterns of variability within the domain of application. Processes
like flapping and high vowel devoicing, categorized as P2 by Kaisse (1985) for their ‘in-
sensitivity’ to syntax, are able in principle to apply across any type of syntactic boundary.
However, boundaries do influence the likelihood of their application: Scott and Cutler
(1984) and Fukaya and Byrd (2005) found that clause boundaries block flapping, for ex-
ample.

Nespor and Vogel (1986) suggest a possible mechanism for explaining certain kinds of
variability within Prosodic Phonology: restructuring. Once prosodic constituents are built
in accordance to syntactic structure, the constituents may be merged or split depending
on factors like speech rate. Hence, realization of sandhi between two words may vary
even when their syntactic relationship is held constant—if the prosodic constituents are
later restructured. This way of accounting for variability implies a tight correspondence
between surface prosodic structure and external sandhi application. To support this type
of account, it would be ideal to find independent evidence of surface prosodic phrasing,
and verify whether it consistently matches up with the application of liaison. Pak and
Friesner (2006) investigate this issue in French by comparing phrasal accent assignment
and liaison realization. They find that the domains signaled by phrasal accents are mis-
matched and incompatible with those suggested by the realization of liaison. Post (2000)
similarly finds that the phrasal domains implied by clash resolution in French do not line

up with those of liaison application.
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These accounts of external sandhi locality do not address the variation that remains
even when locality conditions are met. The following section turns to a different class

of theories which addresses variability more broadly, and how they relate to the external

sandhi.

1.2 Optionality, variation, and usage

External sandhi processes are associated with variation beyond what can be accounted for
by locality constraints. For example, flapping can apply between the words cat attack, but
it is optional. The realization of flapping is also modulated by speech rate, speech style,
or lexical frequency (Gregory et al., 1999; Fukaya and Byrd, 2005). As early as Kiparsky
(1982) and Mohanan (1982), in the development of Lexical Phonology, there was recog-
nition of an association between variation/optionality and processes that apply across
word boundaries: ‘lexical” processes only apply within words and are obligatory, while
processes that apply across words must be “post-lexical’ and post-lexical processes “are
subject to variation” (Kaisse and Shaw, (1985, p. 6).

As variation has come to the forefront of phonological research programmes in recent
years (Coetzee and Pater, 2011; Guy, 2011), there has been substantial development of
formal models that incorporate quantitative generalizations about variation. We turn to a
brief survey of this work and how it relates to the variability of external sandhi processes

in particular.

Variation in sociolinguistics Research in the sociolinguistic tradition has produced
decades of work on how linguistic and social factors influence phonological variation
(Guy, 2011). The formal framework associated with this research is the Variable Rule
model (Labov, 1969; Cedergren and Sankoff, 1974), which allows generalizations about
particular pronunciations to be modulated by social and linguistic factors. For example, a

rule for the process of t/d deletion in English would have a base probability of application
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for each speaker, with this likelihood modulated by contextual factors like surrounding
segments, presence of pauses, and morphological class (Guy, 1991). Analyses also can
include between-speaker variables like age and gender, which reveal patterns across a
speech community rather than within individuals.

A Variable Rule analysis can capture quantitative generalizations about different types
of conditioning factors. But this approach doesn’t offer an explanation for the directional-

ity of the effects.

Constraint-based probabilistic models Variation has also been formally modeled in
constraint-based frameworks, mainly based on Optimality Theory (OT). Variable OT
(Reynolds, 1994; Anttila, 1997) derives free variation between forms by allowing com-
peting constraints to be unranked with respect to each other, creating parallel possible
rankings with different optimal outputs. Since these rankings are all equally probable,
this type of model has difficulty predicting patterns where one variant is highly favoured.

Stochastic OT (Boersma, 1997) adds a numerical component to this notion of different
potential rankings, which allows more fine-grained modeling of quantitative patterns.
Constraints are assigned numerical values which represent their ranking, so the distance
between two constraints can be quantified, unlike in classic OT. During evaluation, ‘noise’
is added to the value of each constraint. Consequently, constraints which are numerically
close may end up having a flipped ranking in a given evaluation. Modulating the values
of constraints therefore allows many different distributions of variants to be modeled.
Weighted constraint systems have become an important part of phonological research,
with more recent variants like Noisy Harmonic Grammar (Smolensky and Legendre, 2006;
Potts et al., 2010) and Maximum Entropy OT (Goldwater and Johnson, |2003; Jager, 2007)
being actively developed.

What these probabilistic implementations of OT do not capture are patterns which

are conditioned by non-grammatical factors. Coetzee and Kawahara (2013), for example,
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point out that there is no way to model the difference between high and low frequency
words in likelihood of undergoing a variable process. They propose an extension to noisy
Harmonic Grammar in which the weight of faithfulness constraints can be scaled by lex-
ical frequency, with higher frequency words being less faithful and therefore less marked
than low frequency words. However, this account remains at the level of the individ-
ual word, and leaves open the question of how the frequencies of different words in an

utterance may influence phonological interactions between them.

Exemplar Theory Exemplar Theory (Bybee, 2001; Pierrehumbert, 2001; Pierrehumbert,
2006) is another strand of quantitative theories of phonology, focusing on the role of usage
in shaping phonological patterns. In exemplar-based theories, detailed phonetic repre-
sentations are stored for each lexical item, recording phonetic detail for all tokens encoun-
tered by a speaker. Lexical items that have variable pronunciations will therefore include
in their representations ‘exemplars’ for both alternants in a contextually-conditioned al-
ternation. Variation is captured by directly representing the distributions of possible pro-
nunciations.

For example, a word like cat would be associated with exemplars where the final seg-
ment is pronounced [t] and where it is pronounced [r], since it will appear in different
contexts. On the other hand, the representation for a word like catapult will consist of
mostly of [r] pronunciations since the /t/ is always intervocalic. Although this approach
can model the observed difference in variability between word-internal and cross-word
processes, it does not provide any underlying explanation as to why. In principle, an
exemplar-based approach could equally easily model a distribution where the realization
of a flap is more variable within a word than when the trigger of flapping is across a word
boundary, given the right input distribution. This leaves open the question of why no such
distributions are observed across languages. It is proposed in this thesis that considering

how the PPH shapes language data is a step towards answering that question.
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Gestural overlap Phonological processes are traditionally discussed as alternations be-
tween two (or more) discrete phonetic forms. Some external sandhi processes are clearly
categorical changes, like liaison in French (Post, 2000), but cross-word assimilatory and re-
ductive processes may involve a range of phonetic outcomes. The Articulatory Phonology
(AP) framework proposes that both gradient and categorical processes can be modeled by
taking gestures to be the primitives of phonological representation (Browman and Gold-
stein, 1992). The gestures are invariant, abstract representations of physical events in the
vocal tract.

Contextual variation arises due to the fact that actual articulatory trajectories for each
gesture must be interpolated with those of surrounding gestures, and acoustic realizations
can differ significantly with small changes in timing, overlap, or magnitude of gestures.
For example, the flap [c] realization of /t/ between vowels can be understood as a conse-
quence of the vowel gestures encroaching on /t/ gestures, resulting in acoustic shortening
and loss of voicelessness. Hence, flapping and other overlap-based alternations should be
subject to influence from factors which affect timing. Speech rate is a clear candidate, with
higher speech rates forcing more gestures to be compressed into less time. Indeed, many
cross-word processes including flapping are more likely to apply at faster speech rates.
Browman and Goldstein (1992) suggest that prosodic boundaries can also affect gestu-
ral overlap by modulating gestural timing and magnitude (see also Byrd and Saltzman,
2003). Under this view of contextual variation, the effects of speech rate and boundaries
are qualitatively the same: they do not affect any aspect of the phonological representa-
tion, but rather the compilation of these representations into a concrete articulatory motor
plan. Gestural overlap as a source of variation is not incompatible with the PPH. How-
ever, the PPH assumes that at least some contextual variation (i.e. external sandhi) is
explicitly planned, and therefore constrained by the scope of the speech planning win-
dow. Hence, the PPH predicts variation due to planning effects that is above and beyond

the overlap-induced variation predicted by AP.
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1.3 Locality of Production Planning Hypothesis

What is it about word boundaries that causes external sandhi to apply more variably
than processes which apply within words? The locality of production planning hypothe-
sis (PPH) (Wagner, [2012; Tanner, Sonderegger, and Wagner, 2017)) proposes that the con-
straints on speech production planning shape variability in external sandhi. This dis-
sertation develops and tests the predictions of the PPH. The following sections present
evidence from the speech production planning literature that motivates this idea, which

will be explored and tested in Chapters 2} [3|and [4] of this thesis.

1.3.1 Speech production planning

According to influential models of speech production (Levelt, Roelofs, and Meyer, 1999;
Dell and O’Seaghdha, 1992), planning an utterance involves several distinct, ordered
stages. The planning process for an utterance begins with the formulation of the mes-
sage to be conveyed, and retrieval of the lexical information associated with the concepts
in the message. The next step is retrieval of the lemma of each lexical concept, which con-
tains the grammatical information necessary to build the syntactic frame for the utterance,
but not any phonological information.

Lemmas have diacritics which mark either inherent or contextual grammatical prop-
erties (e.g. gender, number, tense). Once a lemma’s grammatical information is fully
specified by construction of sufficient syntactic structure, the step of word-form encoding
can proceed. This involves retrieval of the metrical and segmental information associated
with the lemma so that it can be phonologically encoded, and later used to produce a
phonetic motor plan for eventual articulation.

Under this view of speech planning, any facilitation or difficulty at earlier stages of
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planning will affect the time course of later stages. Hence, the timing of phonologi-
cal encoding and subsequent articulation is dependent on lexical selection and morpho-
syntactic encoding. This precedence relation between the planning stages is the first cru-

cial assumption of the PPH.

1.3.2 Scope of phonological planning

The stage of word-form encoding is incremental: speakers do not encode all the details
of each word in an utterance before they start speaking (Levelt, 1989; Levelt, Roelofs,
and Meyer, 1999). If retrieval of segmental information is a sub-part of the word-form
encoding process, then ‘look-ahead’ to segments of upcoming words must be restricted to
within the word-form encoding window. The size of this window is therefore crucial to
external sandhi: cross-word phonological processes can only apply if the relevant words
(and their segmental material) are both active within the same planning window.

There is evidence that the window is quite narrow, potentially as small as a single
prosodic word (see Wheeldon, 2012, for an overview). The advance planning of segmental
details may be restricted to an even smaller window, and there is evidence that encoding
of segmental information must be preceded by planning of higher-level prosodic frames,
which may further inhibit ‘look-ahead’ to segmental content of upcoming words.

In the model of Levelt, Roelofs, and Meyer (1999), prosodic word frames must be built
tirst, then segmental content is associated with the word frame. There is evidence that
these word frames, independent of segmental content, can be planned relatively far in
advance. Sternberg et al. (1978) showed that the production latency for articulating a
previously prepared list of words increases as a function of the number of words in the
list. This suggests that the number of word-sized units is planned in advance of the start
of articulation, assuming each word incurs an additional processing cost.

Wheeldon and Lahiri (1997) and Wheeldon and Lahiri (2002) show that the time it

takes to initiate articulation of a prepared utterance depends on the number of prosodic
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(rather than lexical) words it constrains, arguing that the prosodic word is the minimal
unit of phonological encoding. Wheeldon and Lahiri (1997) showed that the produc-
tion latencies differed significantly between utterances with one, two, and three prosodic
words, and that these differe