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Abstract

Little is known on the phonetics and the phonotactic constraints of
Maltese. This dissertation sheds light on aspects of syllable structure and
geminates in Maltese in order to contribute to understanding how the sound
system of the language is structured. The study begins by describing the possible
syllable structures in Maltese, carefully defining the onsets, nuclei and codas
attested in its syllables. Furthermore, the syllabification processes employed in
Maltese are discussed.

The dissertation then moves on to its primary focus: geminates in
Maltese. In relation to syllable structure, geminates in word-medial position are
considered to be ambisyllabic, however, the syllable affiliation of word-initial
and word-final geminates is under scrutiny. In addition to word-medial
geminates, Maltese also has word-initial and word-final geminates. Previous
descriptions of Maltese word-initial geminates (e.g, Azzopardi 1981) have
claimed that such geminates are preceded by the epenthetic vowel [1]. Based on a
series of production studies, I provide acoustic evidence to examine the
articulation of word-initial geminates, and show that this epenthesis occurs
almost always when the preceding word ends in a consonant. However, when
the preceding word ends in a vowel, there are a number of strategies which
speakers employ. Subsequently, in a perception experiment, I show that native
speakers of Maltese are insensitive to true word-initial geminates (#ss); results
indicate that native speaking Maltese listeners could not discriminate between
true word-initial geminates (#ss) and word-initial singletons (#s). However, they
were able to discriminate between word-initial geminates that were preceded by
the epenthetic vowel (#1ss) and word-initial singletons (#s). Therefore, I argue
that this vowel is part of the phonological representation of word-initial
geminates, and I discuss implication of these results for lexical access.

In addition, I compare word-initial and word-medial geminates and word-
final and word-medial geminates. As expected, the most robust correlate is
constriction duration as geminates are always longer than singletons. Other
correlates, such as voice onset time, does not serve as a correlate to gemination

in Maltese. However, the duration of the vowel before word-medial geminates is
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shorter than the vowel before word-medial singletons and this can serve as a
correlate to gemination in production.

Finally, I address the consequences that these results have for
phonological representation. Following the current literature on gemination, |
propose a moraic representation for geminates in Maltese, regardless of their

position in the word.
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To Doris,
For weathering the storms (and the hurricanes),
[wara d-dlam, tohrog ix-xemx]|

Well done, you.
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Chapter 1: Introduction

The aims of this dissertation are twofold. Firstly, it illustrates syllable structure
in Maltese by answering the following questions: How is the syllable organized in
Maltese? What restrictions are there with respect to onsets and codas? What is
the process of syllabification in Maltese? Secondly, it establishes the correlates of
gemination and discusses the phonological representation for gemination in
Maltese. This is guided by the following research questions: What are the
phonetic correlates of geminates in word-initial, word-medial and word-final
positions? How do these correlates influence the phonological representation of
geminates? How does this fit within a cross-linguistic overview of the phonetics

and phonology of geminates?

1.1 Aims of the dissertation

The first aim of this dissertation is to provide a much-needed description and
analysis of syllable structure in Maltese. In order to answer the research
questions on syllable structure above, the analysis of syllable structure is
couched in Onset-Rhyme theory and the possible syllable constituents are
described in relation to Sonority (cf. Jesperson 1904; Clements 1990). The
analysis seeks to identify all possible syllable types in Maltese by extending
previous work by Borg and Azzopardi-Alexander (1997), and to incorporate
other syllable types which have not been discussed previously for Maltese. To
this end, the syllable constituents (onsets, nuclei and codas) for Maltese have to
be well defined. In order to describe the organization of the syllable in Maltese, I
adopt Parker’s (2011) sonority framework. However, the analysis shows that a
language like Maltese, poses a number of problems in relation to sonority. This is
because onset clusters in Maltese allow for sonority reversals (/ft/ in /fti:t/ ftit ‘a
little’, /zb/ in /zbe:ll/ Zball ‘mistake’) and sonority plateaus (/tk/ in /tku:n/ tkun
‘he was’, /bd/ in /bdi:l/ bdil ‘change’), which are not predicted by sonority-based
approaches. Given the potential syllable structures in Maltese and the possible

constituents within these structures, syllabification processes are analyzed.



The second and central aim of the dissertation is to investigate the phonetics and
phonology of gemination in Maltese by looking at both acoustic correlates (in
three production studies) and perceptual correlates (in an AX discrimination
study). This dissertation serves as the first full-length study on gemination in
Maltese. Gemination in Maltese occurs in word-initial, word-medial and word-

final positions as in (1).

(1) Gemination in Maltese
a) Word-initial: /tteme/ ‘he hoped’
b) Word-medial: /retteb/ ‘he softened’
c) Word-final: /?ett/ ‘never’

The production studies I carried out provide evidence for acoustic correlates for
gemination in Maltese: they investigate constriction duration, voice onset time
(VOT), the duration of the vowel after word-initial geminates/singletons, the
duration of the vowel before word-medial and word-final geminates/singletons
and the vowel after word-medial geminates/singletons. Of particular interest are
word-initial geminates in Maltese. In general word-initial geminates are quite
uncommon cross-linguistically (cf. Thurgood 1993; Muller 2001; Kraehenmann
2011). In addition, the representation of word-initial geminates is a highly
debated phenomenon within phonology (cf. Hume et al. 1997; Davis 1999;
Topintzi 2008). One particularly interesting property of word-initial geminates
in Maltese is that they are considered to trigger vowel epenthesis, which is
context-dependent (cf. Mifsud 1995; Aronoff and Hobermann 2003). As a result,
the first production study (in Chapter 5) investigates the production of different
word-initial geminates types and the presence or absence of the aforementioned
epenthesis. In a second production study (in Chapter 6), the production of word-
initial geminates is compared to the production of word-medial geminates across
different manners of articulation. In a third production study (in Chapter 7), the
production of word-final geminates is compared to the production of word-
medial geminates. A closely related research question deals with whether word-
initial geminates in Maltese can be perceived by listeners, and the role of

epenthesis in the lexical representation of such words; this research question is



addressed in a perception experiment (in Chapter 8). Finally, I propose that
geminates in different positions in the word lead to a unified phonological

representation.

1.2 Theoretical starting points

In §1.2.1, I outline the main principles of Onset-Rhyme theory and Sonority that |
have employed in the description of syllable structure in Maltese in Chapter 2. In
§1.2.2, I present the definition of geminates which [ have employed throughout
the dissertation. I also give an overview of different geminate types, such as
assimilated geminates and concatenated geminates. Furthermore, [ briefly touch
upon certain issues related to the phonetic correlates and the representation of
geminates, which serves as a preliminary to the overview of word-initial, word-

medial and word-final geminates in Chapter 3.

1.2.1 Syllable structure

The internal structure of the syllable has been widely discussed in the field of
phonology. The structure in Figure 1.1 is the one that is most commonly adopted
(Kiparsky 1979, Harris 1983, Nespor and Vogel 1986 and Goldsmith 2011).
Other syllable structures involving different constructs such as the mora! and
flat models, have also been postulated (Hayes 1995; Goldsmith 2011; van der
Hulst & Ritter 1999).2

A generally accepted view of the syllable is one involving an Onset-Rhyme model
consisting of two constituents: the onset and the rhyme,the rhyme being made
up in turn of the nucleus and the coda (cf. Figure 1.1). The nucleus, typically a
vowel, is considered to be the syllable’s obligatory element.? The onset and the
coda are optional constituents in some languages but not in others. For instance,

in English and Maltese, both the onset and the coda are arguably optional

1] provide an overview of moraic representations and its implications to syllable structure and,
more particularly, geminates in Chapter 3 §3.4.2.

2 For a recent thorough overview of different models of the syllable see Bosch (2011).

3 Tashlhiyt Berber is considered to be a language which allows syllables without vocalic nuclei
(Dell and Elmedlaoui 2002).



constituents. However, in Arabic the onset is an obligatory constituent of a well-
formed syllable (cf. Gadoua 2000 on Standard and Egyptian Arabic; and,
Wiltshire 1998 on Cairene Arabic).

Figure 1.1: Onset-Rhyme binary branching

o

Onset Rhyme

Nucleus Coda

The sequencing of segments within syllables is often seen to be a function of the
relative sonority of segments (Blevins 1995, Zec 2007, Parker 2011).
Nonetheless, the relevance of sonority to the organization of segments within the
syllable has been a bone of contention in the field of phonology (cf. Blevins 1995,
Bosch 2011, Goldsmith 2011). The nucleus, which can be filled by a vowel or a
syllabic consonant, is the most sonorous element in the syllable. The surrounding
segments are typically organized into rising sonority sequences up to the nucleus
(i.e., in the onset) and falling ones towards the right-hand margin of the syllable
(i.e., the coda). The relationship between sonority and syllable constituents is
captured by the Sonority Sequencing Principle (SSP). According to the SSP,
constituents in a syllable should have one peak of sonority in the nucleus (e.g.,
Selkirk 1984; Parker 2011 and references therein). Blevins (1995:210) employs
a different version of the SSP, namely one suggesting that “a sonority rise or
plateau” can occur between a syllable constituent and the syllable peak. In order
to capture what the SSP states, a number of sonority scales have been proposed
in the literature (cf. Jespersen 1904; Steriade 1982; Clements 1990; Parker 2008;
Parker 2011). The scales vary with regards to how different segmental/natural
classes are viewed with respect to their relative sonority. For instance, Zec
(1995, 2007) proposes a scale where vowels are the most sonorous elements

and obstruents are the least sonorous (> means more sonorous than):



vowel > laterals > nasals > obstruents

However, for the discussion of onsets and codas in Maltese, I show that this scale
does not give the necessary information to describe the possible margins in

Maltese. Therefore, I opt for a finer-grained scale presented in Chapter 2 §2.2.

1.2.2 Moraic theory and syllable weight

In moraic theory, syllables can be heavy or light, a distinction that is motivated
by the number of moras in each syllable. Following Hayes (1989), short vowels
bear one mora (Figure 1.2a) whereas long vowels or diphthongs bear two moras
(Figure 1.2b). Consonants do not typically bear underlyingly moras (Figure 1.2c).
Curtis (2003) comments that since consonants are usually in onset position, they
do not bear any moras since this position is not associated with weight.
However, Topintzi (2010; 2011) argues that in a number of languages onsets
contribute to weight and as a result participate in weight-related phenomena. In
particular Topintzi (2010) refers to Karo, Piraha and [CV] words in Bella Coola,
where in her analysis onsets in these languages are moraic. This is why word-
initial geminates are special as they belong to the syllable onset, a constituent
which is normally not associated with weight. On the other hand, the rhyme,
which is made up of the nucleus and the coda, is typically associated with syllable
weight and determines the position of stress in a word (cf. Halle and Vergnaud
1980; Clements and Keyser 1983; Hayes 1995). In some languages, coda
consonants can acquire weight through the principle of Weight by Position
(Hayes 1989). Gordon (2002) discussed Weight by Position and gives numerous
languages in which Weight by Position applies, some example language are
Finnish, English and Egyptian Arabic. Hayes (1989) and Davis (1999) posit that
geminates are assigned a mora underlyingly, whereas singletons are not (cf.
Figure 1.2c and d). By assigning a mora to geminates, it is assumed that such
segments, also contribute to weight. Since geminates are underlyingly moraic,

Weight by Position does not apply in such cases (c.f. Chapter 3 §3.4.2).



Figure 1.2: Moraic representation of vowels and consonants

a. short vowel b. long vowel c. singleton d. geminate
K H K H
a=/a/ a=/a:/ p=/p/ p=/p:/

1.2.3 On the phonetics and phonology of geminates

The next issue that this dissertation addresses is the production of geminates in
Maltese, as well as the perception of word-initial geminates in Maltese.
Geminates are defined as long consonants or doubled consonants that contrast
phonemically with their singleton counterparts (cf. Lehiste 1970; Ham 2001;
Davis 2011), as in (2):

(2a) Maltese
[pepe] papa ‘pope’
[peppe] pappa ‘food’
(2b) Italian
[se:te] sete ‘thirst’
[sette] sette ‘seven’
(2c) Japanese
[hato] hato ‘dove’
[hatto] hatto ‘hat’

Geminates are typically found flanked between two vowels, normally referred to
as word-medial or intervocalic geminates (cf. Thurgood 1993; Blevins 2004;

Pajak 2013).

Underlying lexical geminates make up minimal pairs with their singleton
counterparts, as in (2) above. ‘Fake’ or surface geminates may arise by the
concatenation of two identical sounds next to each other spanning a

word/morpheme boundary (as in 3a) or through assimilation (as in 3b).



(3a) concatenation (Maltese example)
[tom me:r jowm] Tom mar jghum ‘Tom went swimming’
(3b) assimilation of the definite article from Maltese:

[in-ne:s] ‘the sleep’

It has widely been reported that underlying lexical geminates have longer
durations than their singleton counterparts (Lahiri et al. 1988; Esposito and
DiBenedetto 1999; Kraehenmann 2001, refer to Chapter 3 §§3.1-3.3 for a cross
linguistic overview of empirical findings on gemination). Furthermore, empirical
studies have shown that, like underlying lexical geminates, surface geminates
have longer durations than singletons. Moreover, the duration of lexical and
surface geminates has been reported to be comparable, as in Tashlhiyt Berber
(Ridouane 2010) and Sardinian (Ladd and Scobbie 2003). The duration of
geminates in relation to singletons is usually reported in terms of a duration
ratio. The singleton-to-geminate duration ratio varies depending on the language
under investigation. For instance, Ladefoged and Maddieson (1996) suggested
that geminate stops are on average 1.5 to 3 times longer than their singleton
counterparts. The overview presented in Chapter 3 shows that in some
languages the singleton-to-geminate duration ratio fall below or above the ratios
suggested by Ladefoged and Maddieson (1996). Furthermore, the singleton-to-
geminate duration ratio is also affected by the manner of articulation, where
sonorants tend to have longer duration ratios than obstruents. In this study,
singleton-to-geminate duration ratios are considered for word-initial, word-

medial and word-final geminates in Chapter 5, 6 and 7 respectively.

The phonological representation of geminates is controversial in the literature
(cf. Davis 1999; 2011; Muller 2001; Hume et al. 1997; Curtis 2003; Ringen and
Vago 2011). Numerous models have been proposed for the representation of
geminates. Nonetheless, word-medial geminates are considered throughout as
being ambisyllabic, where they span across two syllables. In contrast, true word-
initial and word-final geminates are not considered to be ambisyllabic since they
occur within one syllable. Predominantly, geminates are explained either

through a syllable weight analysis (for a current overview see Davis 2011 and



references therein) or through a segmental length analysis (Leben 1985; Ringen
and Vago 2011). Both representations are discussed in Chapter 3 §3.4. Moreover,
hybrid models which incorporate elements from both analyses have also been
proposed; e.g., Hume et al. (1997), Muller (2001) and Ham (2001). In the
literature, contrasting representations are proposed for word-initial, word-
medial and word-final geminates (which are also discussed in Chapter 3 §3.4).
Furthermore, separate representations for underlying and surface geminates
have been proposed (e.g., Hayes 1989, in Chapter 3 §3.5). The starting point for
the representation of geminates in this dissertation is Onset-Rhyme theory,
where 1 show which constituent position geminates hold in the syllable.
However, this does not fully encompass the true nature of geminates, and,
consequently, I turn to a syllable weight analysis and moraic theory to provide a

holistic representation for geminates in Maltese.

1.3 Structure of the dissertation

In the following chapter, the issue of syllable structure in Maltese is taken up. In
Chapter 2, I provide a thorough list of the possible syllable structures in Maltese.
[ also discuss the possible syllable constituents in Maltese and how some of
them, such as stop-stop clusters and sibilant-initial clusters, pose a problem for

sonority-based models.

In Chapter 3, which serves as a literature review, [ give an overview of the
acoustic correlates for gemination and the representation of geminates. I start off
this overview by looking at empirical work on word-medial geminates, due to
the large number of studies on such geminates. This is followed by a discussion
of the correlates of word-initial and of word-final geminates, which are
typologically less common in languages in world (and as a result less studied).
The second step is to consider the phonological representation of geminates by
discussing two main analyses proposed in the literature (i.e, a segmental
analysis and a moraic analysis). The third step is to provide a description of
gemination in Maltese. In this description, I discuss which sounds can be

geminated in Maltese, and also discrepancies in relation to the position of the



geminate in the word. This is followed by a description of how gemination occurs
in Maltese, most of which is triggered by morphological or morpho-phonological

processes.

In Chapter 4, 1 establish the general methodology adopted in the three
production studies (i.e., in Chapter 5, 6, 7).

In Chapter 5, I present the first production study of this dissertation, in which I
compare lexical and surface word-initial geminates in Maltese. This is mainly
motivated by the controversy of the presence of an epenthetic vowel before
word-initial geminates. The study looks at two different contexts, which might
trigger this vocalic insertion. In addition, the voice onset time (VOT) of voiced

and voiceless stops; and the duration of the stressed vowel are measured.

In Chapter 6, I present the second production study, in which word-initial
geminates are compared to word-medial geminates. Segments from different
manners of articulation are compared, and, subsequently, their singleton-to-
geminate duration ratios are presented. VOT in stops in word-initial and word-

medial geminates is measured.

In Chapter 7, the third production study is analyzed, where word-final geminates
are also compared to word-medial geminates. The duration of the vowel before
geminates/singletons is investigated as a secondary correlate to word-medial
and word-final geminates/singletons. In addition, the implications of the rhyme,

which includes word-final geminates, on syllable structure are discussed.

In Chapter 8, the role of the epenthetic vowel before word-initial geminates in
perception is discussed. Accuracy rates in a discrimination task from a
perception task are analyzed. The ramifications of the results on the lexical
representation of the vowel before word-initial geminates is tackled. Before
considering the results of a perception experiment, a brief overview of the main
components on the perception of word-initial geminates in typologically diverse

languages is given.



Chapter 9 sums up the dissertation by addressing the main findings of the four
studies carried out in the dissertation. Furthermore, the results are discussed
with respect to the implications they have on phonological representation. As a

result, | propose a representation of geminates in Maltese.
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Chapter 2: On the phonetics and phonology of Maltese

Maltese is the language spoken in the islands of Malta and Gozo (located in
southern hemisphere of Europe). The population of Malta (and Gozo) is of
approximately 400,000 inhabitants. In addition, there are also numerous
speakers of Maltese outside Maltese, like Europe, Australia, Canada and the U.S.
Maltese and English are the official languages of the island. However, the island
is rich in dialectal varieties, which are at the heart of a number of villages in
Malta and Gozo. For these reasons, people in Malta and Gozo are considered to
be bilingual or multilingual. The idea of a language continuum has been proposed
by Borg (1988) and further discussed by Vella (2012) to discuss the rich Maltese

linguistic landscape.

Maltese can be described as a mixture of Semitic (mostly Arabic), Romance
(mostly Italian and Sicilian) and English. Maltese is a case of language mixing, as
it encompasses elements from languages belonging to three typologically diverse
families - Semitic, Romance and Germanic. As a result, Maltese is viewed as
consisting of three strata (Mifsud 1995, Brincat 2004, Spagnol 2011). First, the
Semitic stratum is the foundation of the language, as it forms the basis of the
phonology, morphology and basic lexicon. Second, the Romance stratum is
mainly represented by lexical and syntactic formations. Third is the English
stratum, which is represented by extensive lexical items. The language contact
between these three distinct linguistic influences has led to the growth of
Maltese. Comrie (2009) states that typologically Maltese is closer to Semitic than
to Romance, even though the Romance influence has moved Maltese closer to
Romance typology. This suggests that the Semitic characteristics in Maltese are
very salient, despite the Romance and, more currently, English influence on the

language.

This chapter aims to describe the syllable structure and phonotactic constraints
of onset and coda consonants in Maltese. Prior to a discussion of these
phonological elements, an outline of the sound inventory of Maltese is put

forward. The current work is based on the phonetic and phonological description
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of Maltese in Azzopardi (1981) and Borg and Azzopardi-Alexander (1997). The
phonological account provided here, however, is grounded in a perspective,
which involves discussing the syllable structure of Maltese in terms of an Onset-
Rhyme model. Furthermore, the phonotactics of Maltese are described in terms
of sonority. After establishing the nature of onset and coda consonants in
Maltese, the process of syllabification in Maltese is discussed. This discussion is
followed by an analysis of vowel epenthesis in Maltese. In discussing the
phonotactic constraints and syllabification in Maltese, I also address certain

issues related to geminates.

The structure of this chapter is as follows. §2.1 aims to familiarize the reader
with the sound system of Maltese by providing the vowels and consonants in
Maltese. §2.2 is an attempt to give a detailed description of syllable structure in
Maltese, also by applying sonority principles to the possible onsets and codas in
Maltese. This is the first description of this kind. A small digression is done in
§2.3, where epenthesis in Maltese in relation to onset clusters is discussed.
Finally, syllabification in Maltese is discussed in §2.4. A summary of the chapter

is given in §2.5

Conventions used

Here I list the conventions that are used throughout the dissertation. Following
Davis (2011), geminates are transcribed as a sequence of two identical
consonants. Long vowels are always transcribed as a vowel with the IPA length
mark. The dash (‘-’), which is used in Maltese between the definite article and the
following noun or adjective, is maintained in the transcriptions of such words. C
and V refer to Consonants and Vowels respectively. When referring to syllable
structure, the symbol G is used to refer to geminates and CC is used to refer to
consonant clusters. C; and C; refer to the first and second consonant in a

consonant cluster respectively.
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2.1 The Sound System of Maltese

The sound inventory presented in this dissertation is of Standard Maltese. I do
not discuss dialectal forms; readers are referred to Camilleri and Vanhove
(1994), Chetcuti (2005), Azzopardi-Alexander (2011) and references therein
with respect to the vowel systems of (some) dialects of Maltese. Neither do I
discuss any historical phonological changes, as they are beyond the scope of this
dissertation; readers are referred to Borg (1978), Borg (1997), Brincat (2014)

and references therein.

2.1.1 The Vowel System of Maltese

Azzopardi (1981) and Azzopardi-Alexander (2002) present a set of eleven
vowels for Maltese, which are both qualitatively and quantitatively distinct from
each other. In Maltese, vowel length is phonemic and the inventory of Maltese
vowels consists of 5 short vowels and 6 long vowels. The vowel chart for Maltese

is presented in Figure 2.1.

Figure 2.1: The vowel chart for Maltese (cf. Azzopardi 1981:147)

u:e

Jle
De
%2 e
*8:

Table 2.1 lists the minimal pairs for all the vowels in Maltese. There is a three-

way distinction between /1/, /1:/ and /i:/, where /1/ and /i/ are qualitatively
different from each other, whereas the distinction between /1/ and /1:/ is based

mainly on length.
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Table 2.1: Monothongs in Maltese: examples from minimal pairs

/1/-/i:/ - /i:/ | [mitt] mitt [mi:t] mit [mi:t] miet
‘hundred’ ‘myth’ ‘he died’
/e/ - /€] [temm] temm [te:m] teghem
‘he ended’ ‘he tasted’
/e/-/e/ [rett] radd [re:t] rat
‘he gave back’ ‘she saw’
/o/ - /2:/ [bott] bott [bo:t] boghod
‘bottle’ ‘far away’
Ju/-/u:/ [koll] kull [ku:l] kul
‘every’ ‘eat’

In Azzopardi’s (1981) analysis, the auditory quality of diphthongs is described as
consisting one of the vowel elements, i.e. /1 € e 5/ and a transition to one of the

glides (i.e., /j/ or /w/). The possible diphthongs in Maltese are listed in Table 2.2.

Table 2.2: List of diphthongs and examples

Diphthongs* Example

[e1] or [€j] [fein] or [fejn] fejn ‘where’

[eu] or [ew] [seu] or [sew] sew ‘right’

[e1] or [ej] [zeir] or [zejr] zghir ‘small’>

[ev] or [ew] [teu] or [tew] taw ‘they gave’

[01] or [0j] [vort] or [vojt] vojt ‘empty’

[00] or [ow] [(?)oum] or [(?)owm] ghomt ‘swim’

2.1.2 The Consonant System of Maltese

The consonant inventory of Maltese is presented in Figure 2.2. A brief
description of the phonetic realization of the consonants in Maltese is given

below. This is mainly based on Azzopardi 1981 and Borg & Azzopardi-Alexander

4 Borg and Azzopardi-Alexander (1997) and Mifsud (2008) give the diphthong [10] or [1w] as one
of the possible diphthongs in Maltese. However, Mifsud (2008:149) claims that [1v] is ‘very rare’.
Prof. Marie Alexander (p.c. November 2015) provided me with the example: [liwje] liwja ‘a bend’.
5 These forms can also alternate with [ze1r] or [z€jr].
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1997. Arguably, /3/ and /d3/ do not have full phonemic status (cf. Borg and
Azzopardi-Alexander 1997 and Mifsud (2008).

Figure 2.2: Consonant inventory of Maltese (c.f. Borg and Azzopardi-Alexander

1997 and Mifsud 2008)

Bilabial | Labiodental Dental‘AlveolarlPostalveolar Palatal | Velar | Uvular | Pharyngeal | Glottal
Plosive p b t d k g
Nasal m n
Fricative f v s z ) 3
Affricate ts dz tf dz
Approximant w 1 j

Maltese has word-final devoicing, where voiced obstruents are realized as
voiceless obstruents in word-final position. For instance, /le:b/ surfaces as [le:p]
laghab ‘he played’, /dzi:d/ surfaces as [d3i:t] gid ‘wealth’. Furthermore, voicing
assimilation restricts the realization of consonants in consonants clusters, which
is dealt with separately in §2.3.4. All consonants in the inventory, except for /3/,
can be geminated, however, since gemination is at the core of this dissertation,
the phonetics and phonology of gemination in Maltese is discussed separately in

Chapter 3.

Voiceless oral stops as singletons tend to be aspirated in Maltese. According to
Azzopardi (1981), /p/ is the least aspirated stop and /k/ is the most aspirated
stop, with /t/ being slightly more aspirated than /p/ but less aspirated than /k/.
The voiceless stops /p t k/ and the glottal stop /?/ are always audibly released.
Unlike their voiceless counterparts, voiced stops are never aspirated.
Furthermore, /p t k/ are aspirated when they are part of consonant clusters,
unless they are preceded by /s/ or /[/. In addition, two voiceless stops in a
consonant cluster are usually realized as aspirated: /kti:p/ > [kbhthi:ph] ktieb
‘book’, /ptele/ - [phthe:le] btala ‘holiday’. The place of articulation of the glottal
stop can vary in a number of dialects in Malta and Gozo (Borg and Azzopardi-

Alexander 1997).

Borg and Azzopardi-Alexander (1997) claim that the place of articulation of the

voiceless glottal fricative /h/ varies across speakers and can be realized also as a
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voiceless pharyngeal fricative, i.e. /h/. Furthermore, the duration of fricatives is
longer compared to that other consonants, expect for affricates. Nasals go
through a process of assimilation as they are realized homorganically with the
following stop e.g. the nasal /n/ can be realized as [m] before stops: e.g.
/ten.piz.ne/ = [fem.pr.ne] gampiena ‘bell’. In Standard Maltese, /r/ is always
realized as an approximant [1] or a tap [r] and not as a trill (Azzopardi-Alexander
p.c. March 2015). The glides /j/ and /w/ are seem to be always realized as
voiced (Azzopardi 1981).

2.2 Maltese Syllable Structure

Before describing the possible syllable structures in Maltese, it is important to
highlight that Maltese monosyllables are restricted by complimentary quantity.
This means that in monosyllabic words (c.f. Table 2.3), short vowels are either
followed by a geminate (G) or by a consonant cluster (CC); and long vowels are
followed by a single consonant, but never by a geminate (Azzopardi-Alexander
2002). This does not mean that open syllables in Maltese do not occur; open

syllables are possible and examples are listed in Table 2.4.

Table 2.3: Complimentary quantity in Maltese

CVG [hepp] habb ‘he loved’
CvCC [telp] talb ‘prayer’
CV:C [ke:p] kap ‘boss’

Therefore, in Maltese the following syllable types: V:G and V:CC do not occur due
to this complimentary quantity restriction, and, as a result, are not found in

syllable structures with added onsets or codas.
Azzopardi (1981) and Borg and Azzopardi-Alexander (1997) present the

possible syllable types in Maltese. They argue that the minimal syllable

requirement is a vowel. The maximum number of onset consonants is three and
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the maximum number of coda consonants is two®. Thus, a maximal Maltese

syllable could have this shape: (C)(C)(C)V(C)(C).
y pe: (C)(C)(C)V(C)(C)

A clearer picture of the possible syllable structure of Maltese is presented in
Camilleri (2014), where she discusses syllable structures that occur as
monosyllables and within word forms. | extend Camilleri’s (2014) list of possible
syllable structures, where [ add other structures to that list, in order to come up
with an exhaustive list (in Table 2.4) of the possible syllable structure (both as
monosyllables and within word forms). Therefore, the possible syllable
structures listed in Table 2.4 is built on Azzopardi (1981), Borg and Azzopardi-
Alexander (1997) and Camilleri (2014). What is presented in this chapter is a
first attempt at fully capturing the possible syllabic structures in Maltese. The
description in Table 2.4 is split into four: 1) vowel initial syllable structures: V-
initial, 2) one consonant onset syllable structure: C-initial, 3) two consonant
onset syllable structure: CC-initial and 4) three consonant onset syllable
structure: CCC-initial. The <-> in Table 2.4 refers to forms that do not occur as

either monosyllables or within-word forms.

6 Three consonant coda clusters such as /-Itf/ are possible in Maltese, and are discussed in
Section 2.3.7.
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Table 2.4: Possible syllable structures in Maltese

Initial | Syllable Type Monosyllable Within-word forms

\% \Y [U] hu ‘he’ [0.hut] uhud ‘some’
VG [omm)] omm ‘mother’ -
VCC [€lf] elf ‘thousand’ -
VCCC [intf] intx ‘aren’t you’ -
V:C [e:f] af ‘know’ [e:f.se] ghafsa ‘a squeeze’
V: (e.g. V:CV(C) - [€:.mes] ghemes ‘he winked’
VC (e.g. VC.CVC) | - [or.bot] orbot ‘tie (imp.)’

C Cv [l€] le ‘no’ [le.fe?] lefaq ‘he sobbed’
CV: [d31:] gie ‘he came’ [d3r:.li] gieli ‘sometimes’
CVW [rew] raw ‘they saw’ [rew.kom] rawkom ‘they saw

you’
CvC - [hez.bet] hasbet ‘she thought’
CV:C [te:f] taf ‘she knows’ [te:f.ne] tafna ‘she knows us’
CVG [hepp] habb ‘he loved’ [tm.hepp] tinhabb ‘to be loved’
CVGC [zemm[] Zammx ‘he didn’t | [In.zemmf] inZzammx ‘it wasn’t
hold’ held’

CvCC [bert] bard ‘cold’ [kez.bert] kasbart ‘1 disgraced’
Cvccc [mort(] mortx ‘didn’t go’ -
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CC CCv [ble] bla ‘without’ [ste.he] staha ‘he was shy’
CCV: [kju:] kju ‘queue’ [kpr:.pel] kpiepel ‘hats’
CCVW [tfew] tfew ‘they switched | [tfew.kom] tfewkom ‘they over-
sth off’ shone you’
CCvC - [fteh.tu] ftahtu T opened it’
CCV:C [fre:Kk] frak ‘crumbs’ [kni:s.je] knisja ‘church’
CCVG [frott] frott ‘fruit’ [v.zu:frott]  uzufrutt ‘usufruct’
CCVGC [tTbettf]  gbatx ‘didn’t catch’ | [In.Tbett/] ingbattx ‘1 didn’t get
caught’
CCvccC [frisk] frisk ‘fresh’ -
Ccvcce [hsiltf] hsiltx ‘didn’t wash’ | [in.hsiltf] inhsiltx ‘I
shower’
CCC CCCV: [stro:] straw ‘straw’ [zbre:.ne] zbrana ‘he exploded’
CCCVW [[trew] xtraw ‘they bought’ | [ftrew.ne] xtrawna
bought us’
CCCVC - [strem.be] stramba ‘odd (fem.)’
CCCV:C [spte:r]  sptar ‘hospital’ -
Ccccvce [stremp] stramb ‘odd (m)’ -
CCCVG [ftrekk]  ftrakk ‘in a truck’ -

Focusing on the structures: CVW, CCVW and CCCVW, Camilleri (2014) claims that
the vowel before syllable- or word-final glides (/w j/) is always a short vowel.
Therefore, following Camilleri’s (2014) description, this creates the possible
syllable structures: CVC, CCVC, CCCVC, where the coda consonant is always a
glide. I do not fully commit to Camilleri’s (2014) claim because, sequences such
as [ew], [ew], [ej] and so on, are what Azzopardi (1981) and Borg and Azzopardi-
Alexander (1997) consider as diphthongs. Therefore, the rhyme of the syllable is
a vowel plus a transition to another vowel or a glide (cf. Azzopardi 1981).
Bearing this in mind, it is not clear whether the vowel before is short or not.
Since, there are no empirical studies that show the phonetic realizations of
diphthongs in Maltese, I consider these structures to be of the type: C(C)(C)VW,
where W stands for the glides /wj/.
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The list of possible syllable structures presented in Table 2.4 differ from those
proposed by Camilleri (2014). Camilleri (2014) lists the syllable structure CCV:
as occurring only as a within-word form but not as a monosyllable. Camilleri
(2014) illustrated this type through the word /kni:sja/ knisja ‘church’. I disagree
with this description as following the syllabification process in Maltese
(described in Azzopardi 1981 and in §2.6), the /s/ can be seen to serve as a coda
to the previous syllable (and not as an onset to the following syllable). The
syllable structure of the word /kni:sja/ knisja is not CCV:.CCV but CCV:C.CV. In the
list in Table 2.4, 1 provide the example /kju:/ kju ‘queue’ (another possible
example is /blu:/ blu ‘blue’), which show that that the structure CCV: can also

occur as monosyllables.”

Two structures are not reported by Camilleri (2014). Firstly, the structure CCCV:
in /stro:/ straw ‘straw’ occurs both as a monosyllable and within-words.
Secondly, a long vowel, V;, can occur as a syllable within words, e.g. /e:/ in
/€:.mes/ ghemes ‘he winked’ or /e:/ in /e:.fes/ ghafas ‘ he pressed’. In (C)CVGC,
the C following the geminate can only be the /f/ for negation as in the examples:
[In.zemm|] inZammx ‘it was not held’ and [in.?bett|] inqgbattx ‘1 didn’t get caught’
or /s, z/ for English-origin plurals e.g. /klepps/ clubs ‘clubs’. Furthermore, the
syllable type C(C)VCCC as in the examples (from Table 2.4) [mortf] mortx ‘1 didn’t
go’ and [hsiltf] Asiltx ‘1 didn’t wash’ (and other words which include these

syllables) are limited to the 1st person negative inflected form.

In the following subsections, I describe the phonotactic constraints of each
syllable structure group from Table 2.4 in detail. Specifically, I address both
phonetic and phonological issues of each syllable structures group. The
description of the permissible onset and coda consonants is achieved through
the principles of sonority. In this work, I adopt the sonority scale in Table 2.5,
based on Parker (2011). Furthermore, I also adopt Selkirk’s (1984) Sonority
Sequencing Principle, which accounts for a rise to occur between a left-margin

constituent and the syllable peak.

7 Nonetheless, these are open empirical questions, which should be measured in production
studies.
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Table 2.5: Sonority scale for Maltese (based on Parker 2011)

High sonority Low vowels /ee:/
Mid vowels /1ogeg:00:/
High vowels Jiizu:/
Glides Jiw/
Laterals /lr/
Nasals /mn/
Voiced fricatives /vz/
Voiced affricates /d3/
Voiced stops /bdg/
Voiceless fricatives /fsfh/
Voiceless affricates /tfts/

Low sonority Voiceless stops /ptkt/

2.2.1 The nucleus

All vowels in Maltese, both monophthongs and diphthongs, can serve as a
syllable nucleus. As a matter of fact, the language allows vowels on their own to
occur as a permissible syllable. Even though this is restricted to a few words,
which are typically function words and often unstressed, such as /1/ hi ‘she’, /u/
hu ‘he’ or u ‘and’, some exclamations such as /2:/ ‘oh’, but also, less frequently,
content words such as /e:/ ‘confusion’. However, it is argued that syllable-initial
vowels can be preceded by an epenthetic glottal stop (Borg and Azzopardi-

Alexander 1997). This is discussed in §2.2.2.

2.2.2 Vowel-initial syllable structures

It is debatable whether Maltese allows onsetless syllables. The phonetic
realization of onsetless syllables shows that vowels are variably preceded by an
epenthetic glottal stop, which might constitute a syllable onset, e.g. /u/ = [tu] hu
‘he’ (Azzopardi 1981). As a matter of fact, Borg and Azzopardi-Alexander (1997)
claim that this insertion is more likely to happen in utterance initial or in post-

pause position. This might suggest that the preferred syllable structure in
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Maltese requires onsets (i.e. CV), which is consistent with spoken Arabic dialects,
dialects of English and German. To illustrate, syllables in Arabic always require
an onset. If syllables lack an onset, a glottal stop is inserted (cf. Standard Arabic,
Egyptian Arabic: Gadoua 2000; Cairene Arabic: Wiltshire 1998; Youssef 2013).
The preceding context triggers the insertion of a glottal stop: Wiltshire (1998)
argued that when the definite article is in phrase-initial position an epenthetic
glottal stop is always inserted, as in [fil. mu.dar.ris] ‘the teacher’. This observation
is also put forward by Youssef (2013), who claimed that in Cairene Arabic, the
definite article /il/ is always preceded by an epenthetic glottal stop: [?il].
Furthermore, studies on American English (Dilley et al. 1996; Redi & Shattuck-
Huffnagel 2001) showed that word-initial vowels are glottalised at the beginning
of an intonational phrase. Moreover, Alber (2001) showed that glottal stop
insertion is common at the beginning of words and at the beginning of stressed

syllables in Standard High German.

Historically, Maltese had a voiced pharyngeal approximant [1], which is no longer
present in current Maltese. This is represented in the orthography by the
digraph <gh>. Borg (1997) and Brame (1972) argue that vowels adjacent to
orthorgraphic <gh> are lengthened, whereas Puech (1979) argues that this
vowel duration is context dependent. Hume et al. (2009) investigated this
observation by recording two native speakers of Maltese. They investigated
whether the vowels adjacent to <gh> are lengthened in a number of positions in
a word. Focusing on absolute phrase initial position, Hume et al. (2009) argued
that there is increased vowel duration in the <gh> context in monosyllabic
words; e.g., in a minimal pair such as [e:tt] ghadd ‘he counted’ and [ett] att ‘act’,
they show that the duration of the vowel /e/ is longer in the <gh> context.
Nonetheless, even though they had a number of vowel-initial syllables in their
corpus, Hume et al. (2009) did not report whether there were any glottal stop

insertions before the vowel.
To sum up, vowel-initial syllables in Maltese might actually be phonetically

realized as CV, where the C is an epenthetic glottal stop. In which case, if this is

true, there are no vowel-initial syllables. If this is the case, the claim that the
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minimum requirement for a syllable is a vowel (Borg and Azzopardi-Alexander
1997) needs to be reconsidered. This is because the epenthetic glottal stop
serves as an onset to a vowel-initial syllable. Words that have an <gh> or an
orthographic <h> in absolute initial position tend to have longer adjacent vowels.
However, only the durations of vowels adjacent to <gh> have been investigated

empirically (Hume et al. 2009).

2.2.3 Permissible onsets in Maltese

Almost all consonants in the inventory of Maltese (cf. Figure 2.3) constitute
permissible single onsets; examples are listed in Table 2.6 below. The status of
the phone /3/ in Maltese is unclear (cf. Borg and Azzopardi 1997). It occurs in
some loan words such as [televizin] televixin ‘television’, where the voiced post-
alveolar fricative constitutes an onset to the final syllable. Furthermore, it can
occur as part of onset clusters such as [3bi:e]8 xbiha ‘image’, however, there are
no words in which have [3] as a single onset consonant. In all of the examples
presented in (1), there are no sonority violations in the onset consonant. The
structure conforms to SSP, since a single consonant is always less sonorous than

a vowel as the nucleus.

8 This [3] is only voiced because it is C1 in a CC onset in which C; is voiced, thus triggering the
voicing harmony, which operates in Maltese onset clusters and is discussed later on this section.
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Table 2.6: Simple onsets in Maltese

Stops [pe:1] par ‘pair’

be:1] bar ‘bar’

te:1] tar ‘he flew’

de:a] dar/dahar ‘back/house’
ke:p] kap ‘head of an institution’
gost] gost ‘fun’

?e:m] gam ‘he woke up’

[
[
[
[
[
[

Fricatives [fe:a] far ‘it overflowed’

[ve:ae] vara ‘statue’

[se:a] sar ‘it became’

[ze:1] Zar ‘he visited’

[fe:1] xahar/xaghar ‘month /hair’

hell] hall ‘vinegar/ he undid (a knot)’

Affricates tfe:a] car ‘clear’
dze:a1] gar ‘neighbour’
tsokk] zokk ‘branch’

dzo:ne] Zona ‘zone’

ne:1] nar ‘fire’

Glides we?t] waqt ‘during’

ju:m] jum ‘day’

Laterals

[
[
[
[
[
Nasals [me:1] mar ‘he went’
[
[
[
[le:t] lat ‘point of view’
[

re:t] rat ‘she saw’

2.2.4 Permissible onset clusters in Maltese

It is generally claimed that the larger the distance in sonority between the first
consonant (C1) and the second consonant (Cz) in a consonant cluster, the more
well-formed the onset cluster is (Topintzi 2011). Nonetheless, clusters having

the same or similar sonority are allowed to occur in sequence in a number of

9 For some speakers this is pronounced as [zo:ne].
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languages such as Russian and Bulgarian, but not in others, such as Spanish. This
is referred to as the Minimum Sonority Distance principle (cf. Selkirk 1984, Levin
1985, Parker 2011). In languages such as Russian, Bulgarian and Leti, onset
clusters containing consonants which are very close on the sonority scale, e.g.
/kn/ in Russian /kniga/ ‘book’ are allowed. In contrast, in Spanish, only onset
clusters which are made up of an obstruent and liquid, e.g. /kr/ in /krus/ ‘cross’
(Baertsch 2002) are allowed. Therefore, in languages like Spanish, the occurring
onset clusters in such languages have a larger distance in sonority between C;
(e.g., /k/) and C: (e.g., /r/) and low distance sonority clusters are not allowed. In
addition, Parker (2011:1168) claims that “if a language permits clusters with a
lower sonority distance, it allows clusters of all higher distances as well” but not

the other way around.

Maltese, is one of these languages that, allows clusters with minimum sonority
distance. Clusters that have minimum sonority distance give rise to plateaus.
Sonority plateaus arise when there is no difference in sonority between the
members of a consonant cluster (such as in Maltese /tp/ in /tpejjep/ tpejjep ‘he
smoked’ or /sf/ in /sforts/ sforz ‘effort’). The SSP states that there must be one
peak from the onset to the syllable nucleus, thus, plateaus in the onset violate the
SSP (e.g., Selkirk 1984, Clements 1990, Zec 2007). A syllable with an onset
cluster such as /kl/ in /kli:m/ kliem ‘kliem’ or /pr/ in /pretsts/ prezz ‘price’ has a
higher sonority distance, and this leads to a rising peak from the onset to the
syllable nucleus. In comparison, consonant clusters such /kt/ in /kti:b/ ktieb
‘book’ or /dv/ in /dvelje/ dvalja ‘table cloth’ lead to a sonority plateau and, thus,

a possible violation.

In addition to allowing onset consonant clusters with very ‘flat sonority’ (Zec
2007), in Maltese, there is another constraint on word-initial tautosyllabic
consonant clusters. They are restricted by a voicing harmony rule which
operates regressively. Therefore, consonant clusters are both voiced or both

voiceless: e.g. [bdew] bdew ‘we started’; [pkr:t] bkiet ‘she cried’.
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To give an example of the range of possible clusters from low sonority distance

to high sonority distance, I show the spectrum of possible consonant clusters

beginning with /p/ in Table 2.7. The permissible clusters start from those that

have a minimum sonority distance (e.g. /pt/, /pk/), which lead to a sonority

plateau, which are followed by clusters that have a higher sonority distance (e.g.

/pr/ and /pj/).

Table 2.7: Permissible /p/-initial clusters

MSD Cluster Example Sonority
Low /pt/ [pte:.le] btala ‘holiday’
/pk/ [pkew] bkew ‘they cried’ Plateau
/pt/ [p?ejt] bgajt ‘1 stayed’
/ptf/ [ptfej.jet[] bcejjec ‘pieces’
/pts/ [ptsr..tsen] bziezen ‘bread rolls’
/ps/ [psert] bsart 1 guessed’
/pf/10 [pfor.me] b’forma ‘with a shape’
/pf/ [pfe:.re] bxara ‘announcement’
/ph/ [phe:1] bhal like’ Increase
/pn/ [pnr:.tsel] pnietzel ‘brushes’
/pl/ [plet:] platt ‘plate’
/pr/ [prets:] prezz ‘price’
/pw/ [pwr:.n1] pwieni ‘pains’
High /il [pje:n] pjan ‘plan’

(1) lists some examples of minimum distance sonority clusters of voiced

consonant clusters:

(1) Voiced consonant clusters

/bd/ = /bdi:l/ bdil ‘change’

/dg/ = /dgorr/ gorr ‘you complain’
/zb/ > /zbi:p/ Zbieb ‘raisins’

10 Cluster /pf/ appears only in the case of the preposition b’ before /f/.
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In the case of higher sonority distance onset clusters, Maltese allows: O+N, O+L

0+G, asin (2).

(2) Examples of higher sonority distance clusters:
O+ N: /tn/in /tnejn/ tnejn ‘two’

/zm/ in /zmi:n/ Zmien ‘time’

O+ L: /dl/ in /dle:m/ dlam ‘darkness’
/fr/ in /fre:r/ Frar ‘February’

0+ W: /tw/ in /?wrl/ qwil ‘idioms’
/vj/ in /vjet[t[/ vjagg ‘journey’

The voicing harmony rule is not strictly respected in clusters beginning with /?/
and /h/. When these consonants occur as C; in a CC consonant cluster, voicing
harmony is violated when C: is a voiced obstruent e.g. /tb/ in /tbi:l/ qbil
‘agreement’ and /hd/ in /hdu:t/ hdud ‘Sundays’. Even though the voicing
harmony is violated, sonority is not. Rather, this leads to a sonority plateau. In
the opposite case, when a voiced obstruent is in C; position and /?/or /h/ is in
Cz: e.g. /b?/ in /btejt/ bqajt ‘1 stayed’, and /dh/ in /dhu:l/ dhul ‘entrances’, such
clusters lead to a sonority reversal. Borg and Azzopardi-Alexander (1997) claim
that the frequency of consonant cluster onsets with /?/ and /h/ + voiced
obstruent (e.g. [hd]) is lower than that of CC onsets of /?/ and /h/ + voiceless
obstruent (e.g. [ht]). Furthermore, /?/ and /h/ also cluster with consonants

further up in the sonority scale as in (3):

(3) Consonant clusters with /?/ and /h/ as C4
/11/in /Mu:p/ ‘qlub’ hearts
/tr/ in /tre:r/ ‘qrar’ confession
/hm/ in /hme:r/ ‘hmar’ donkey
/hl/ in /hle:s/ ‘hlas’ payment
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2.2.5 Sibilant Onset Clusters

Maltese allows sibilant onset clusters. The voicing harmony rule still applies in

sibilant clusters as in (4).

(4) Sibilant onset clusters: voicing harmony
/sk/ in /sku:r/ skur ‘dark’
/sp/ in /spiss/ spiss ‘often’
/[t/in /[te:?/ xtaq ‘he wished’
/Jk/ in /Jki:l/ xkiel ‘obstacle’
/zb/ in /zbell/ Zball ‘mistake’

/zv/ in /zva:k/ zvog ‘vent’

The clusters in (4), just like in English and Italian, pose a challenge to sonority
since the sibilant is more sonorous than the stop (in first five examples in (4))

and leads to a sonority plateau in /zv/.

Furthermore, Maltese also permits sibilant clusters which have a high sonority

distance and do not violate sonority as in (5)

(5) Sibilant onset clusters: high sonority distance
/sr/ in /sri:p/ sriep ‘snakes’
/zr/ in /zre:r/ Zrar ‘coarse aggregate used in concrete’
/Jm/ in /[mu:n/ Xmun ‘Simon’
/[1/ in /[lokk/ Xlokk ‘south east’

/zm/ in /zmertf/ Zmer¢ ‘awry’

The representation of s-clusters in the literature has received a lot of attention.
This is because sibilant-stop (e.g. /st/, /Jk/) and sibilant-fricative (/sf/, /zv/)
initial clusters pose a challenge to syllabification since they violate the Sonority
Sequencing Principle because the sibilant is more sonorous than the
stop/fricative. Many proposals have been suggested to deal with the

syllabification of such sibilant clusters. For instance, the sibilant can be

28



represented as an appendix linked to a node higher than the syllable, i.e., the
prosodic word, henceforth PWd, as in Figure 2.3a (cf. Goldsmith 1990). On the
other hand, van der Hulst (1984) argues that the sibilant is directly linked to the
syllable node as in Figure 2.3b. In Government Phonology, word-initial and
word-internal sibilant clusters are heterosyllabic. This claim suggests that the
sibilant is part of the previous syllable and is linked to the coda of that previous
syllable, this coda consonant is preceded by an empty nucleus (as in Figure 2.3c)
which occurs through what has been referred to as magic licensing (cf. Kaye

1992, Goad 2011, 2012).

Figure 2.3: Representation of sClusters (adapted from Goad 2011)

a. Licensed by PWd b. Licensed by o c. Coda
(cf. Goldsmith 1990) (cf. van der Hulst 1984) (cf. Kaye 1992)
PWd c R (0]
J J |
(o)
(o) (o) N
s P S P s p

Another proposal for the syllabification of sibilant-obstruent clusters is to look at
the coordination of articulatory gestures (c.f. Browman and Goldstein 1992).
Empirical evidence has shown that in languages with branching onsets, such as
English, sibiliant-obstruent clusters behave quite similarly to other consonant
clusters (Browman and Goldstein 2000; Hall 2010), where a cluster like /sp/ is
both a word onset and a syllable onset cluster. On the other hand, in Italian,
obstruent-liquid clusters (such as /pr/) and sibilant-obstruent clusters (e.g.
/sp/) have different coordination patterns and, therefore, Hermes et al. (2013)
conclude that Italian employs two syllabification strategies, where obstruent-
liquid clusters are analyzed as tautosyllabic clusters, and sibilant-obstruent
clusters are analyzed as heterosyllabic clusters. In a preliminary study on
Maltese, Hermes et al. (2014) concluded that both sibilant-initial clusters such as

/sp/ and /sf/ and obstruent-initial clusters (such as /pr/) involve a simple onset
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coordination, which suggests that both cluster types are syllabified as
heterosyllabic. Results from Moroccan Arabic (Shaw et al. 2011) and Tashlhiyt
Berber (Hermes et al. 2011) also favour a simple onset coordination, which also
suggests that such clusters are syllabified as heterosyllabic. Even though this
requires more empirical evidence, the syllabification of onsets clusters in
Maltese, regardless of the manner of the first consonant in a consonant clusters,

may be syllabified as not belonging to the same syllable.

To sum up, it is possible that there is not a universal approach to syllabification:
in some languages, like English, sibilant clusters pattern like non-sibilant clusters
and are considered as tautosyllabic, but in Italian, sibilant-obstruent clusters,
unlike obstruent-liquid clusters, are heterosyllabic. In languages such as
Moroccan Arabic, Tashlhiyt Berber and possibly Maltese, sibilant-initial clusters

and obstruent-initial clusters are heterosyllabic.

2.2.6 Sonorant-initial clusters

Maltese has consonant clusters that have a sonorant (/1 m n r/) as Ci. Maltese
has combinations of sonorant + stop (e.g. /lp/, /md/, /nt/, /rk/), sonorant +
fricative (e.g. /Is/, /ms/, /nz/, /rv/), sonorant + glottal (e.g. /m?/ and /nh/).
However, these clusters violate sonority, as C1 is more sonorous than C». Also,
such clusters are optimal examples of sonority reversals, where Ci is more
sonorous than Cz. In order to avoid this violation one of two strategies can be
employed. First, Azzopardi (1981) proposes that the realization of sonorants as
C1in a consonant cluster could be syllabic. Thus, /m?e:r/ surfaces as [m.7e:r]
mqar ‘at least’. This realization does not violate sonority because a syllabic
consonant constitutes its own syllable nucleus. The other strategy is to insert a
vocalic element of [1]-like quality before the sonorant consonant: [1m.?e:r]. In this
case, the vowel [1] serves as a syllable nucleus, which is followed by the sonorant
[m], which serves as coda to the first syllable. In addition, it is possible for a
glottal stop to be inserted before the epenthetic vowel. If this epenthetic glottal
stop were represented in the phonological structure, then this would constitute a

syllable onset. More examples of sonorant-initial clusters are presented in (6).
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(6) Realization of sonorant-initial clusters
/1p/ = [l.pu:p] or [l.pu:p] Ipup ‘wolves’
/md/ = [1m.di:.ne] or [m. di:.ne] Mdina ‘Mdina (name of town)’
/nz/ > [m.zi:t] or [n.zi:t] nZied ‘1 add’
/rv/ => [ir.vell] or [r.vell] rvell ‘revolution’

/mh/ = [1m.he:r] or [m.he:r] mhar ‘clams’

Thus, sonorant-initial clusters in Maltese are never tautosyllabic, but rather are

always heterosyllabic.

2.2.7 CCC-initial clusters

As shown in Table 2.4, Maltese also allows for tri-consonantal word-initial
clusters (abbreviated to CCC-initial). Borg and Azzopardi-Alexander (1997) show
that the combinations of which consonants are allowed is very restricted. C; is
usually a fricative (/s, [, z/) or a bilabial stop (i.e., /p, b/). C2 can be either an oral
stop (i.e, /p, b, t, d, k, g/) or the fricative (/f/). C3 tends to be occupied by a
sonorant but can be filled by any other consonants. It's important to note that the
voicing harmony still applies in CCC-initial clusters. Furthermore, the
morphological prefixes /b/ ‘with’, /[/ ‘what’ and /f/ ‘in’ can contribute to create
CCC-initial onsets. In Table 2.4, I provide the example [ftrekk] ftrakk ‘in a truck’,
where the first consonant [f] is a morphological prefix, and its addition leads to a

tri-consonantal clusters [ftr]. Examples of tri-consonantal clusters in Maltese are

found in (7).

(7) CCC-initial
[stPerr] stqarr ‘he confessed’
[zbroffe] zbroffa ‘he exploded’

[[pru:n] xprun ‘a spur’

Little has been said about the syllabification of CCC-clusters in Maltese. However,

they are usually considered as a complex onset.
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2.2.8 The Coda

Before describing which consonants can occur in coda position, it is beneficial to

point out that syllables without codas can occur in Maltese, as in (8).

(8) (C)V syllables
/u/ hu ‘he’
/te:/ ta ‘he gave’
/blu:/ blu ‘blue’

Maltese allows for both simplex and complex codas. As simplex codas, all
consonants in the inventory are allowed, expect for voiced obstruents which are

realized as voiceless obstruents by word-final devoicing (cf. (9) below).

(9) Simplex Coda Consonants
/le:b/ = [le:p] laghab ‘he played’
/vo:t/ vot ‘vote’
/te:f/ taf ‘she knows’
/tru:f/ trux ‘deaf
/me:r/ mar ‘he went’

/fa:m/ fehem ‘he understood’

To exemplify word-final devoicing in Maltese, I will use the first verbal form of
the root /b-r-d/ is [biret] bired ‘to become cool’, where the final consonant in the
root is the underlying voiced alveolar plosive /d/ and this is realized as its
voiceless alveolar counterpart [t]. In other inflected or derived forms, where the
root consonant /d/ is not in final position, it surfaces as a voiced alveolar plosive:
[bir.det] birdet ‘she become cold’. In the latter example, the voiced alveolar
plosive serves as an onset to the following syllable and therefore is not devoiced.
In word-final clusters, devoicing still applies, the derived noun from [biret] bired

‘to become cool’ is [bert] bard ‘cold’.
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In terms of coda consonant clusters, Borg and Azzopardi (1997) argue that

maximally two consonants can occur in coda position, unless the negative suffix

/[/ or the perfect aspect suffix /t/ are added to verbs. In this case, CCC codas are
also possible. Borg and Azzopardi (1997: 310), following Azzopardi (1981),

provide the following list of “actually-occurring” obstruent-obstruent coda

clusters.

(10)

(11)

(12)

(13)

(14)

(15)

/pt/
/ps/
/pl/
/ph/

/kt/
/ks/
K[/

/st/
/sk/
/sI/
/st/

/ft/
/fs/
/517

/It/
/Jk/

/4t/

/tlipt/ qlibt ‘1 switched’

/heps/ habs ‘prison’

/(ma) lepf/ (ma) laghabx ‘he didn’t play’
/[eph/ xebh ‘resemblance’

/dlikt/ dlikt ‘1 spread’
/e:ks/ ghaks ‘oppression’
/(ma) tek(/ (ma) takx ‘he didn’t give you’

/hlist/ hlist ‘1 got rid of’
/bosk/ bosk ‘forest’

/(ma) t?isf/ (ma) tqisx ‘you don’t acknowledge’

/wis?/ wisq ‘too much’
/zift/ zift ‘tar’

/nifs/ nifs ‘breath’
/(ma) tef[/ (ma) tafx ‘you don’t know’

/e:ft/ ghext ‘1lived’
/brafk/ broxk ‘scrubbing brush’

/petfpatft/ pacpact ‘1 spoke/gossiped’
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(16) /1t/ /do?t/ doqt ‘1 tasted’

/1s/ /dets/ dags ‘size’

/1/ /ma [te?[/ (ma) xtaqtx ‘he didn’t wished’
(17) /ht/ teht/ taht ‘'under’

/hf/ /(ma) te(:)hf/ (ma) tahx ‘he didn’t give him’

/ht/ /deht/ dahq ‘laughter’

Therefore, consonant clusters in coda position, just like onset consonant clusters,
allow for a sonority plateau to occur. Maltese also allows clusters that classify

under sonority reversal clusters, these include stop + fricative combinations such

as /ps/and /pf/.

Moreover, coda consonant clusters, which do not lead to a plateau, are also
permissible in Maltese. The sonorants /l m n r w j/ can cluster with voiceless
obstruents, see (18) below. In the case of the glides /w j/, the can also cluster

with some of the sonorants (cf. (19) below).

(18) /mp/ /kemp/ kamp ‘camp’
/mt/ /hlomt/ hlomt ‘1 dreamt’
/mf/ /[em[/ xemx ‘sun’
/mh/ /temh/ gamh ‘wheat’
(19) /il/ /1€jl/ lejl ‘night’
/wn/ /ewn/ hawn ‘here’
/wl/ /tewl/ gawl ‘idiom’

2.3 Epenthesis in Maltese

One type of epenthetic vowel, prothetic vowels, can be found at the beginning of
words in Maltese. The phonological conditions for this vocalic insertion are
presented here. Note that prescriptive grammars identify a set of epenthetic

vowels which occur within the word, they are referred to as ‘euphonic vowels’.
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However, this set of epenthetic vowels is not discussed in any of the traditional

grammars, such as Sutcliffe 1936, Aquilina 1965, and Borg and Azzopardi 1997.11

The prothetic vowel in Maltese tends to be a vowel of [1]-like quality.1? This

vowel can occur in the following contexts:

1) before the definite article

a) [1l-kelp] il-kelb ‘the dog’ at the beginning of a phonological phrase or
after a word ending in a consonant, e.g. [hedet 1l-kelp] hadet il-kelb
‘she took the dog’

b) when it regressively assimilates in [+coronal] sounds!3 [1f-fem[] ix-
xemx ‘the sun’, [1t-tort] it-tort ‘the blame’, [1s-su:?] is-suq ‘the market’,

[1z-zrint[] iZ-Zring ‘the frog’.

The definite article before certain onset clusters can alternate from /1l-/ to /I-1/.
This is common before nouns beginning with a sibilant cluster. According to
Aquilina (1965), this occurs when the noun is a loan word, which begins with an
/s/. In non-Semitic nouns, such as [l-1sfide] l-isfida ‘the challenge’ or [l-1skole] I-
iskola ‘the school’, the article alternates to /1-1/. However, unlike Aquilina (1965),
I claim that the article alternation might also occur before Semitic words too

such as in (20)14:

(20) Article alternation before s-clusters
[1-1ski:ken] I-iskieken ‘the knives’,
[l-1sbuhije] l-isbuhija ‘the beauty’
[1-1s?e:?] I-isqaq ‘the pathways’.

11 Readers are referred to Grammatika Maltija (Bro. Henry Fenech, 1980) for a discussion on
euphonic vowels.

12 The epenthetic vowel can also be /¢/ e.g. as in [erd3ejt] ergajt ‘1 repeated’ and [erwi:h] erwieh
‘souls’.

13 Readers can read more about the definite article in Maltese in Chapter 3 §3.6.3.2.

14 [ would like to acknowledge that these observations might be subject to across speaker
variation.
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The article alternation does not, as Aquilina (1965) claims, only happen in /s/-
initial consonant clusters, but also with initial clusters, which have the sibilants
/[/ and /z/ in C1 position15, as in (21-23). I claim that the article alternation from
/11/ to [I-1] occurs before sibilant-initial clusters and not just /s/-initial clusters.
Even though it is not entirely clear what triggers this article alternation, it is
possible that the origin of the word plays a role. Almost all non-Semitic nouns
which start with a sibilant-initial clusters undergo this article alternation. Before
Semitic nouns, this alternation can happen before sibilant-initial clusters.
However, when this article alternation occurs before Semitic nouns needs to be
investigated further, nonetheless, it might be subject to across speaker variation.
Also, note that some of the examples (i.e. 21-23) can alternate with the
assimilated version of the article: for instance, [l-isbuhije] [-isbuhija and [1s-

sbuhije] is-sbuhija ‘the beauty’.

(21) Article alternation: /s/-clusters
/st/ > [l-1stetwe] l-istatwa ‘the statue’
/sp/ =2 [l-1sport] I-isport ‘the sports’
/sf/ = [l-1sfere] l-isfera ‘the sphere’

(22) Article alternation: /[/-clusters
/[k/ = [l-1fku:pe] I-ixkupa ‘the broom’
/fpr/ = [I-1fpru:n] l-ixprun ‘the spur’

/fm/ = [l-ifmejjer] I-ixmara ‘the river’

(23) Article alternation: /z/-clusters
/zb/ = [l-1zbell] l-izball ‘the mistake’
/zv/ = [l-1zvetsje] I-Izvezja ‘(the) Sweden’

/zm/ = [l-izmeget] l-izmagat ‘the not-so-right one’

However, compare [l-1zbell] I-izball ‘the mistake’ to [1z-zb1:p] iZ-Zbib ‘the raisins’.

The only difference between such clusters is the fact that the former is of non-

15 Clusters with the affricate /tf/ can also alternate the article, e.g. [1-1tffne] I-igfna ‘the ships’, but
note [1t/-tfpe:r] ic-cpar ‘the fog’. This example goes to show that a Semitic word [l-1tffne] I-igfna
undergoes article alternation, but a non-Semitic word [1t[-t[pe:r] i¢-¢par does not.
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Semitic (Italian) origin and the latter is of Semitic origin. There is a difference in
their syllable structure: CCVG and CCV:C, however, in 21-23, the article

alternation is not limited to a particular syllable structure.

More exceptions exist: [l-1bli:t] I-ibliet ‘the cities’, [I-ifren] I-ifran ‘the ovens’.
These forms co-exist with [1l-bli:t] il-bliet ‘the cities’ and [1l-fren] il-fran ‘the
ovens’. These can be compared with other forms: such as [il-bdi:we] il-bdiewa
‘the farmers’ and [1l-fdel] il-fdal ‘the leftovers’, which do not alternate to /I-1/.

Note all of these words come from Semitic.

2) before sonorant-initial consonant clusters

As discussed in §2.3.6, sonorant-initial clusters can be preceded by the
epenthetic vowel: the consonant cluster /rh/ in [ir.hem] irhiam ‘a slab of marble’
triggers an epenthetic vowel, but obstruent-initial clusters, such as /tl/ in [tlu:?]
tlug ‘departure’ do not. When sonorant-initial clusters appear in nouns, the
article is /1-i/ (as in (24) below). This rule applies to all nouns, regardless of their

origin.

(24) Definite article before sonorant-initial nouns
/rm/ in [l-irmi:t] I-irmiet ‘the ashes’

/mt/ in [l-imterfe] I-Imtarfa ‘Mtarfa (town name)’

It is not clear whether sonorant-initial clusters trigger the article alternation or
whether they are treated as vowel-initial words and therefore take the /1/-article
like vowel-initial words e.g. [l-omm] I-omm ‘the mother’, [l-e:n] I-ghan ‘the aim’,

[1-ulr:t] l-ulied ‘the children’.

3) before word-initial geminates at the beginning of a phonological phrase
(pp) or after a word ending in a consonant as in (25). Word-initial
geminates in Maltese are discussed in detail in Chapters 3 §3.6 and
empirical evidence for word-initial geminates in Maltese is given in

Chapters 5 and 6.
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(25) Word-initial geminates
ppltddu:r] iddur ‘you/she turn(s) round’
[merret iddu:r] marret iddur ‘she went around’

[rite ddu:r] Rita ddur ‘Rita turns’

2.4 Syllabification in Maltese

According to Borg and Azzopardi-Alexander (1997) polysyllabic words which
have one consonant in medial position, e.g. CVCVC are syllabified as CV.CVC,
where the medial consonant constitutes a syllable onset to the following syllable,
as in (26). This follows the Maximum Onset Principle (MOP) where a consonant
flanked between two vowels is more likely to syllabify as an onset rather than a

coda (c.f. Kahn 1976).

(26) Syllable division of one medial consonant
[ki.ser] kiser ‘he broke’
[m1:.tu] mietu ‘they died’
[le:.pes] lapes ‘pencil’
[trfel] tifel ‘a boy’

In polysyllabic words of structures like CVCCV or CVCCVC, medial consonant
sequences are not consonant clusters as they tend to be syllabified as the coda to
the preceding syllable and the onset of the following syllable (cf. Azzopardi
1981). Therefore, CVCCV is syllabified as two syllables: CVC.CV, see (27) for

examples.

(27) Syllable division of medial consonant sequences
[hol.me] holma ‘dream’
[teh.fer] tahfer ‘forgiveness’
[[or.te] xorta ‘sameness’

[to?.be] togba ‘hole’
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The same syllable division applies to word-medial geminates as shown in (28).

(28) Syllable division of word-medial geminates
[hef.fer] haffer ‘he dug’
[ret.tep] rattab ‘he softened’
[tel.lef] tellef ‘he disrupted’
[

tet[.tfet] gaccat ‘he removed’

Word-initial geminates occur due to morphophonological processes (as will be
described in Chapter 3 §3.6.3), however, they are disallowed phonologically. In
§2.5 above, I showed how word-initial geminates tend to be preceded by the
epenthetic vowel. Therefore, [ proses that word-initial geminates in Maltese, like
word-medial geminates, are ambisyllabic, where the first part of the geminate
serves as a coda to the previous syllable and the second part of the geminate
serves as an onset to the following syllable. Therefore, underlying word-initial
geminates surface as word-medial geminates and are syllabified in the same way

as word-medial geminates, see (29).

(29) Syllable division for word-initial geminates
/ppekkja/ = [1p.pek.kje] ippakkja ‘he packed’
/ddeffes/ > [1d.def.fes] iddeffes ‘he poked his nose in s.o. else’s affairs’
/ssebbeh/ - [1s.seb.beh] issebbah ‘he was beautified’

As it is made clearer in §2.6.2, I argue that vowel epenthesis before word-initial
geminates allows the syllabification of stray consonants (It6 1986; 1989).
Furthermore, in §2.6.1, I describe how word-initial geminates and sonorant-

initial clusters are syllabified.

On the other hand, word-final geminates are syllabified as coda consonants, as in

(30).
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(30) Syllable division for word-final geminates
[(?)m.do??] indoqq ‘1 play’
[u.koll] ukoll ‘as well’
[kep.ritftf] kapriécc ‘whim’

Azzopardi (1981) suggested that word-medial sequences can be syllabified as
either an onset sequence of the following syllable or as a coda sequence of the

preceding syllable, as in (31).

(31) Other ‘possible’ syllabification
CVCCV > CV.CCcV
CVCCV > CVCC.V

Examples are difficult to come up with, and indeed Azzopardi (1981) does not
provide any. However, word-medial consonants could conceivably be syllabified
as in (32), where the sequence could either serve as a onset clusters or as a coda

cluster.

(32) Other ‘possible’ syllabification®
/feste/ = [fe.ste] festa ‘feast’
/feste/ > [fest.e] festa feast’

Both syllabified forms in (32) constitute permissible syllables in Maltese: as
shown in §2.3, Maltese allows for CV syllables and words and also s-initial
syllables. In addition in the case of [fest.e] festa ‘feast’, CVCC syllables are also
allowed, and V only syllables are also allowed (but only in polysyllabic words cf.
Table 2.4). Therefore, the syllabification of /feste/ festa ‘feast’ in (32) does not

violate the phontactic constraints of Maltese. However, the preferred syllabified

16 [ claim that the syllabification of such word-medial clusters follow the alogrithm I proposed
earlier, where the first consonant serves as a coda to the previous sylalble and the second
consonant serves as an onset to the following syllable, i.e., /feste/is [fes.te] festa ‘feast’. Even
though the examples in (32) are theoretically possible, [ believe they are difficult to find in the
language.
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form is when the medial consonantal sequence serves as a coda to the previous

syllable and an onset to the following syllable, as in: [fes.te] festa ‘feast’.

In the case of three-consonant sequences in word-medial position, Azzopardi
(1981) proposes that the preferred syllabification of such sequences is of a
consonant as a coda to the preceding syllable and a consonant cluster to the

following syllable, as in (33).

(33) Syllabification of medial clusters (1)
[meh.fre] mahfra ‘forgiveness’

[mrL.nis.tru] ministru ‘minister’

It is also possible for such clusters to be syllabified in such a way that the first
two consonants constitute a consonant cluster in coda position, and the third

consonant constitutes a simple onset in coda position, as in (34).

(34) Syllabification of medial clusters (2)
[je?s.mu] jagsmu ‘they divide/share’

[hlist.kom] hlistkom ‘I freed you (pl.)’

There might be a correlation between syllable boundary and morpheme
boundary in examples like [hlist.kom] Alistkom ‘1 freed you (pl.)’, where the coda
consonant cluster [st] belongs to the verb and the initial [Kk] is part of the clitic.
Yet, this is not the case in [je?s.mu]!” jagsmu ‘they divide/share’, where the suffix
-u is not placed in a syllable of it own. It is possible that in cases where the
morpheme has a CVC structure (such as /kom/ ‘you (pl.)’), such morphemes
could constitute separate syllables. This suggests that morpheme boundaries are
respected more than syllable boundaries, and as a result, this would lead to a

division of a sequence of three consonants to CC.C.

17 A counter example of this is the third person feminine singular clitic [e], as in [je?.sem.e]
jagsamha ‘he breaks her’, the morpheme constitutes a syllable on its own.
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2.4.1. Syllabification of sonorant-initial clusters and word-initial geminates

As described in §2.4, sonorant-initial clusters and word-initial geminates in
Maltese trigger an epenthetic vowel in syllable-initial position (Azzopardi 1981;

Borg and Azzopardi-Alexander 1997), as in (35).

(35) Insertion before sonorant-initial clusters and word-initial geminates
/mhe:r/ = [1mhe:r] imhar ‘clams’

/lJ€jjer/ = [1fejjer] ixxejjer ‘you/she wave(s)’

Here, I discuss the role of the epenthetic vowel in the syllabification of sonorant-
initial clusters and word-initial geminates. There seems to be a cross-linguistic
consensus on the function of epenthetic vowels: they serve to repair input forms
which do not meet a language’s structural requirements (Hall 2011). Hall (2011)
describes three ways in which epenthetic vowels surface. First, following It6
(1986, 1989), epenthesis allows the syllabification of stray consonants. Second,
following Broselow (1982), epenthesis is triggered by a particular sequence of
consonants. Finally, following C6té (2000), epenthesis is triggered by the need to
make consonants perceptible. The case of epenthesis in word-initial position in
Maltese falls into all three categories. Here, I will describe how the epenthetic

vowel in Maltese syllabifies stray consonants.

First, the location of the epenthetic vowel before sonorant-initial and word-
initial geminates in Maltese is fixed: the epenthetic vowel always precedes a
sonorant-initial consonant cluster (e.g., /nt/, /lt/, /ms/)!8 or word-initial
geminate (e.g, /dd/, /vv/, /ss/). As the examples in Table 2.8 show, the
epenthetic vowel is fixed both in position and also in quality as it is of /1/-like

quality.

18 Unless such the sonorants are treated as syllabic.
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Table 2.8: Epenthetic vowel before sonorant-initial consonant clusters and word-

initial geminates

Sonorant initial consonant clusters Word-initial Geminates

/nfett/ 2> [m.fett] infaqt ‘1 spent’ /ddehhal/ - [id.deh.hal] iddahhal ‘to

be inserted’

/rbeht/ - [ir.beht] irbaht ‘1 won’ /vvote/ > [1v.vo:.ta] ivvota ‘to vote’

Word-initial geminates and sonorant-initial clusters only trigger epenthesis,
obstruent-initial cluster do not trigger epenthesis. Obstruent + obstruent (e.g.
/pt, bd, sf/) or obstruent + sonorant (e.g. /tl, km/) do not trigger epenthesis
before the first consonant or between the two consonants. This is in contrast to
other dialects of Arabic, which break up word-initial clusters by inserting an
epenthetic vowel between Ci1 and C; in the cluster (cf. Watson 2007; Kiparsky
2003).

Following the principle of Prosodic Licensing, which “requires all phonological
units [to] belong to higher prosodic structure” (It6 1986:3), epenthesis allows
the syllabification of stray consonants. Furthermore, the principle of Prosodic
Licensing ensures that each segment in the phonological string is syllabified.
Therefore, for syllabification to take place, segments must belong to higher
prosodic structures, e.g. syllables. Any segments that are not linked to syllables
are repaired in order to satisfy Prosodic Licensing. Epenthesis can be explained
through the syllabification of stray consonants as posited by It6 (1986, 1989).
Following, Ité’s (1986, 1989) directionality of syllabification, I postulate that
syllabification takes places from right-to-left. The process of syllabification in
Maltese allows for Stray Epenthesis (It6 1986), where stray consonants are
syllabified because a vowel is inserted. Maltese, unlike Korean or Attic Greek,
does not allow for Stray Erasure, where stray consonants are deleted from the

phonological string.
Therefore, the sonorant in sonorant-initial consonant clusters and the first part

of the geminates in word-initial geminate, trigger Stray Epenthesis. These

segments are not deleted but are epenthesized as all segments in a phonological
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string have to be syllabified. Following Stray Epenthesis, the sonorant in the
consonant clusters (e.g. /It/ in (36)) and the first part of the geminate (e.g. /vv/
in (37)) become the coda of a preceding syllable. The epenthetic vowel fills in the
nucleus of the preceding syllable (cf. (37) below).

(36) Right-to-left syllabification of sonorant-initial clusters
/lt:m/ Itiem ‘orphan’
Arm
*1.tm

il.t::m

(37) Right-to-left syllabification of word-initial geminates
[1ffirme] ffirma ‘to sign’
.me
firme
*f.firme

if fir.me

In addition, any of the morphological prefixes that can be added to the verb serve
as an onset to this added syllable (cf. Figure 2.4). For instance, the first person
imperfect prefix ‘n’ can only be added before the epenthetic vowel, thus a form
like *nffirma is banned (cf. 38). As a result, there is a syllable with an epenthetic

vowel as nucleus and a morphological prefix as an onset.

(38) Syllabification of imperfect prefix /n/ n’
[n-ffirme] niffirma ‘1 sign’
.me
firme

nif.fir.me
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Figure 2.4: Syllabification of the inflected verb form [niffirme] ‘I sign’1®

(o] (o) (o)
0 R (o] R (0] R
N C N C N
n I f I r m ]

[niffirme] niffirma ‘1 sign’

Following Nespor and Vogel (1986) I take this to be the domain of the prosodic
word as it consists of a stem (i.e. the verb) and a prefix which is added on as a
result of morphological inflection (as in the case of niffirma in (39)) or
derivation. This is also reinforced by Selkirk’s (1995) proposal that the left and
the right edges of words coincide with the left and right edges of the prosodic
word, which was subsequently adopted for Maltese by Kiparsky (2011) and Wolf
(2011). As a result, word-initial geminates, which result due to a morpho-

phonological process, constitute their own prosodic word (PWd), as in (39).

(39) Prosodic Word (PWd)
[1ffirme]pwa ffirma ‘to sign’

[niffirme]pwa niffrima ‘1 sign’

Furthermore, the application of Stray Epenthesis applies in phonological-initial

position and when the previous word ends in a consonant (as in (40).)

(40) Syllabification of word-initial geminate /vv/

[lu:k.v.vo:.te] Luke (i)vvota ‘Luke voted’

19 Throught the dissertation, in the representation of geminates, geminates are associated to the
coda and onset slots; and, it is assumed that these double associations represent the geminates.
Such a representation is widespread within the gemination literature, and I follow Davis (2011)
with respect to conventions for geminate representations.
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In cases where the word before sonorant-initial and word-initial geminates ends
in a vowel, a number of strategies can occur. Hoberman and Aronoff (2003)
claim that the prothetic vowel before word-initial geminates does not occur
when the preceding word ends in a vowel. I claim that in such cases, there are
cases of across morpheme and across word-boundary syllabification. When the
previous words ends in a vowel, the stray consonant serves as a coda to that

syllable: which results in across word syllabification, as in (41).

(41) Across word syllabification: word-initial geminates

[en.ded.deh.hel.] ghandha ddahhal ‘she has to enter’

Another strategy is for Stray Epenthesis to occur and result in an inserted vowel

before the word-initial geminate, as in (42).

(42) Across word syllabification: word-initial geminates

[en.de.rd.deh.hel.] ghanhda ddahhal ‘she has to enter’

On the other hand, unlike sonorant-initial clusters or word-initial geminates,
Stray Epenthesis does not operate with obstruent-initial consonant clusters.
Obstruent-initial consonant clusters are tautosyllabic and the first consonant is

not syllabified as the coda of a previous vowel-final word, as in (43).

(43) Onset clusters

[hef.ne.ptiz.hi] hafna btiehi ‘a lot of inner courtyards’

2.5 Summary

In this chapter, [ presented an overview of some of the key phenomena related to
the phonetics and phonology of Maltese. More concretely, [ outlined the possible
syllable structures that can occur as monosyllables and within-words in Maltese.
This was a much-needed description for the phonology of Maltese. As a matter of
fact, this can be fed into a comparison of the possible syllable structures of

Arabic, Italian and English. Therefore, I propose that a possible future study is a

46



comparative study of syllable structures in Maltese and of the languages Maltese

originates from.

This chapter also showed that the possibilities of onset clusters in Maltese are
not very restricted. Specifically, Maltese allows for both low sonority distance
(e.g. /pt/) and high sonority onset clusters (e.g. /tl/). Moreover, in the low
sonority distance onset clusters, Maltese permits sonority reversals and sonority
plateaus. Therefore, even though the sonority framework was used to describe

the possible clusters in Maltese - this is not without any problems..

In comparing word-initial clusters and word-initial geminates, [ have shown that
word-initial geminates (e.g., /pp/) behave similarly to sonorant-initial clusters
(e.g., /1t/), where they tend to be preceded by an epenthetic vowel. | argued that
sonorant-initial clusters and word-initial geminates in Maltese are banned in the
phonology and the presence of a preceding vocalic insertions leads to a process
of resyllabification. Thereefore, sonorant-initial clusters are not phonological
onsets. The presence (and absence) of a vocalic insertion before word-initial
geminates in Maltese is investigated in two production studies in this
dissertation. I investigated the context in which vocalic insertions appear and

their implications to the phonological representation of word-initial geminates.

In the discussions that follows I give a cross linguistic overview of gemination by
outlining key findings of empirical studies on word-medial, word-initial and
word-final geminates. Furthermore, I compare the phonological representations
of geminates in the different positions. This overview leads to a review of

gemination in Maltese, focusing primarily on how geminates in Maltese arise.

47



Chapter 3: Gemination in a cross-linguistic perspective

The aims of this chapter are twofold. First, in §§3.1-3.3, I give an overview of
gemination by looking at their acoustic correlates in word-medial, word-initial
and word-final position. Since geminates are more commonly found in word-
medial position and since there are numerous studies on such geminates, I start
off by sketching out the acoustic correlates in word-medial position. The
overview of the acoustic correlates of gemination in different word positions
leads to the discussion of the representation of gemination (in §3.4). The second
aim of this chapter is to discuss the main tenants of these representations. In
§3.5, I compare the acoustic correlates and the representation of lexical and
surface geminates. A general overview of gemination in cross-linguistic distinct
languages leads to a discussion of gemination in Maltese in §3.6. In this
discussion, [ illustrate which sounds can be geminated and how gemination

arises in Maltese.

3.1 The acoustic correlates of word-medial geminates

The literature shows that geminates flanked between two-vowels, in word-
medial position, are more commonly found than geminates in word-initial or

word-final position (cf. Thurgood 1993; Davis 2011; Pajak 2013).

3.1.1 Constriction duration

Constriction duration is the most robust correlate for gemination. Geminates, by
definition, are longer than singletons; however, the singleton-to-geminate
duration ratio depends on the manner of articulation and also the language
under investigation. A collection of singleton-to-geminate duration ratios from
seven typologically different languages, which are listed in (1), is presented in

Table 3.1.
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(1) Language Families20

- Indo-European (Cypriot Greek, Swedish, Bengali, Swiss German,
[talian)

- Afro-Asiatic (Lebanese Arabic, Libyan Arabic, Iraqi Arabic,
Tashlhiyt Berber)

- Altaic (Turkish)

- Austronesian (Buginese, Madurese, Toba Batak)

- Uralic (Estonian, Finnish, Hungarian)

- Japanese (Japanese)

- Indo-Aryan (Punjabi)

The constriction duration ratios are based on empirical studies of these
languages. The list is not exhaustive as some manners of articulation have either
not been investigated in that language, or else the language does not have

geminates in that manner of articulation.

One observation that can be made from Table 3.1 is that the duration ratios of
some manners of articulation are less robust than others. For instance, the
duration ratio of stops varies greatly from language to language: Madurese has
the lowest duration ratio 1:1.5 and Swiss German has the highest duration ratio
1:3. In both languages, voiceless stops were investigated, and, therefore, the
reason for the difference in the duration ratios in both languages cannot be due
to voicing.?! Fricatives, like stops, also show a lot of variation across languages:
the lowest duration ratio is 1:1.2 in Madurese, and the highest is Lebanese Arabic
at 1:1.85. In addition, lateral duration ratios also show variation i.e. 1:1.8-1:2.6,
but the range is less. However, unlike stops and fricatives, laterals have been

investigated less.

20 Language families are given according to WALS (Dryer and Haspelmath 2013)

21 Also the duration ratio for voiced and voiceless stops seems to be fairly similar, e.g. in
Tashlhiyt Berber the duration ratio is 1:2.5 for both voiced and voiceless stops (cf. Ridouane
2007).
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Table 3.1: Singleton-to-gemination duration ratios in word-medial position

across languages

Language

Stops

Fricatives

Laterals

Nasals

Rhotics

Approximants

Glides

Bengali
(Lahiri and
Hankamer 1988)

1:1.93

Buginese
(Cohn et al. 1999)

1:1.7

1:1.4

1:1.8

1:1.6

1:3.8

1:1.8

Cypriot Greek
(Arvaniti and

Tserdanelis
2000)

1:1.6

1:1.5

1:2

1:1.96

1:2.5

Finnish
(Ayoma 2002)

1:2.9

Hungarian
(Ham 2001)

1:2.6

Iraqi Arabic
(Hassan 2002)

1:1.8

1:2.3

1:2.4

[talian
(Payne 2005)

1:1.8

1:1.5

1:2.3

1:2.1

Japanese
(Kawahara 2015)

1:2.4

1:1.8

1:2.2

Lebanese

Arabic
(Khattab and Al-
Tamimi 2014)

1:2.44

1:1.85

1:2.6

1:2.60

1:5.04

1:1.96

Libyan Arabic
(Issa 2015)

1:2.2

1:2.36

Madurese
(Cohn et al. 1999)

1:1.5

1:1.2

1:1.8

1:1.6

1:5.7

1:1.5

Swedish
(Hassan 2002)

1:1.87

1:1.8

1:2

1:1.79

1:2

Swiss German

(Kraehenmann
2011)

1:3

Tashlhyt Berber
(Ridounae 2007)

1:2.5

1:1.6

Toba Batak
(Cohn et al. 1999)

1:2.4

1:1.7

1:2.0

1:2.0

Turkish
(Lahiri and
Hankamer 1988)

1:2.9
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3.1.2 Voice onset time (VOT) for word-medial stops

Kawahara (2015:48) suggests that VOT might be longer in word-medial
geminate stops than in word-medial singleton stops as “longer closure would
result in higher pressure build-up behind the stop occlusion.” This seems to be
the case for word-medial geminates in Cypriot Greek, where VOT is longer in
geminates than in singletons (Arvaniti and Tserdanelis 2000). Contrastively, in
Turkish, VOT is shorter in word-medial geminates than in word-medial
singletons (Lahiri and Hankamer 1988). Furthermore, in many languages, such
as Bengali (Lahiri and Hankamer 1988), Buginese, Madurese and Toba Batak
(Cohn et al. 1999); Swiss German (Kraehenmann 2001); Levantine Arabic (Ham
2001); Hungarian (Ham 2001), Tashlhiyt Berber (Ridouane 2007) and Japanese
(Kawahara 2015), the duration of VOT in word-medial geminate and singleton
stops is comparable (cf. Table 3.2). Doty et al. (2007) report that VOT is
statistically significantly shorter in geminate stops than in singletons in Finnish.
However, the difference in VOT is 3ms (i.e., VOT in geminates is 19ms and VOT in
singletons is 22ms). Despite the statistical significance, they argue that this
difference does not serve as a correlate and is not perceptually salient. For this

reason it is placed in the no difference column in Table 3.2.

Table 3.2: VOT for word-medial stops in different languages??

VOT longer in geminates Cypriot Greek
VOT shorter in geminates Turkish
No difference Bengali, Buginese, Finnish, Hungarian,

Japanese, Levantine Arabic, Madurese,
Swiss German, Tashlhiyt Berber, Toba
Batak

2z References for these studies are as follows: Cypriot Greek (Arvaniti and Tserdanelis 2000),
Turkish (Lahiri and Hankamer 1988), Bengali (Lahiri and Hankamer 1988), Buginese, Madurese
and Toba Batak (Cohn et al. 1999); Swiss German (Kraehenmann 2001); Levantine Arabic (Ham
2001); Hungarian (Ham 2001), Tashilhyt Berber (Ridouane 2007); Japanese (Kawahara 2015),
Finnish (Doty et al. 2007).
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3.1.3 The vowel preceding word-medial geminates/singletons

Another correlate for gemination, in some languages but not in others, is the
duration of the preceding vowel. Maddieson (1985:212) claimed that vowels
before geminates tend to be shorter than vowels before singletons, and claimed
that vowels before geminates are both phonologically and phonetically short.
However, it is not always the case that the vowel before geminates is shorter
than that before singletons. In addition, there are languages such as Lebanese
Arabic and Finnish that allow both phonologically short and long vowels before
both geminates and singletons. Vowel shortening before geminates is reported in
Bengali (Lahiri and Hankamer 1988), Buginese, Madurese, Toba Batak (Cohn et
al. 1999), Italian (Esposito and Di Benedetto 1999), Iraqi Arabic (Hassan 2002),
Tashilhyt Berber (Ridouane 2007) and Libyan Arabic (Issa 2015).

The empirical data show that the duration of the vowel before geminates seems
to be language-specific, as there are numerous exceptions to Maddieson’s (1985)
claim. No durational differences between the preceding vowel in singletons and
geminates are reported for Turkish (Lahiri and Hankamer 1988), Estonian
(Engstrand and Krull 1994)23, Hungarian (Ham 2001) and Punjabi (Hussain
2015).

The duration of the preceding vowel links to the role of production and
perception. This is because, just like VOT, small differences in the production of
the preceding vowel are found before geminates and singletons, but this small
difference might not serve as an important cue in perception. For instance, in
Cypriot Greek, Arvaniti and Tserdanelis (2000) reported that the duration of the
preceding vowel was not significantly different before geminates and singletons.
However, they report that in the case of /k/, /m/ and /r/, the vowel preceding
such geminates was on average 12ms shorter than before singletons.
Nonetheless, they claim that this is a small difference and, therefore, it might not

be a cue for gemination in terms of perception.

23 Note that Lehiste (1966) reports that the vowel before geminates in Estonian is shorter than
the vowel before singletons. Yet, Engstrand and Krull (1994) report that there is no vowel
shortening before geminates in Estonian.
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Swedish has a complementary quantity feature (Schaeffler 2005), where a
phonological long vowel precedes a short consonant, and a phonological short

vowel precedes a geminate as in (2).

(2) Complementary quantity in Swedish (e.g. from Hassan 2002)
CV:CV = [lo:sa] ‘lock’
CVGC -> [Iossa] ‘loose’

In an investigation of gemination and the preceding vowel in Swedish, Hassan
(2002) reports that the phonological contrast was maintained phonetically.
Therefore, the vowels before singletons were phonetically longer (X = 274 ms)

than before geminates (x=131 ms).

Lebanese Arabic and Finnish are two languages which allow short and long
vowels to occur before both singletons and geminates, as in (3) for Lebanese

Arabic.

(3) Lebanese Arabic (from Khattab and Al-Tamimi 2014:238)
Short vowel: /ha.kam/ ‘referee’; /hak.kam/ ‘he treated’
Long vowel: /haa.kam/ ‘he tried’/; /haak.ka/ ‘scratched-FEM-SG’

The duration of phonologically short vowels is comparable before geminates and
singletons in both Lebanese Arabic (Khattab and Al-Tamimi 2014) and Finnish
(Doty et al. 2007). Khattab and Al-Tamimi (2014) report that the average
duration of vowel before singletons was 78ms, whereas the vowel before
geminates was 77ms. Furthermore, Khattab and Al-Tamimi (2014) report that
the duration of the phonologically long vowels before geminates is, on average,
phonetically shorter (X=149ms) when compared to the duration of
phonologically long vowels before singletons (Xx=166ms). Nonetheless, they
argue that even though long vowels are shortened before geminates, this might
not act as a correlate to gemination in perception. In the case of Finnish, Doty et
al. (2007) also report that phonologically long vowels are shorter before

geminates (Xx=173ms) than when are followed by a singleton (x=201ms).
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3.1.4 The vowel after word-medial geminates/singletons

The vowel after word-medial geminates has been investigated much less than
the vowel preceding geminates. Just like the duration of the vowel preceding
geminates, there are cross-linguistic differences. The vowel after word-medial
geminates in Japanese is reported to be shorter than after singletons (Han 1994,
Idemaru and Guion 2008). [demaru and Guion (2008) report that in Japanese the
vowel after geminates is shorter (x=63ms) than the vowel following singletons
(x=76ms). Moreover, Idemaru and Guion (2010) report that in a perception
experiment listeners did not rely heavily on the duration of the vowel after
singletons/geminates to identify the singleton/geminate contrast. Another
language that reportedly has a short vowel durations after word-medial
geminates is Punjabi (Hussain 2015). The vowel after geminates (Xx=131ms) in
Punjabi is 68ms shorter than the vowel after singletons (x=199ms).2# A different
pattern than that of Japanese and Punjabi, has been reported for Finnish. Doty et
al. (2007:2740) reported that “the duration of the following vowel showed an
inverse relationship with the length of the pre-consonantal vowel”. Therefore,
when the preceding vowel was long, the vowel following was short and vice-

versa.

3.1.5 Primary and secondary correlates to gemination?25

The discussion of the acoustic correlates of gemination is driven by the fact that
the primary correlate, namely constriction duration, has been measured and has
been found as a correlate to gemination (in different positions in the word as ia
shown in §3.2 and §3.3) in all of the studies. Geminates are phonetically
characterized by longer durations than their singleton counterparts. The

duration of geminates depends on the language and also the manner of

24 Note the duration is pooled across all speakers and places of articulation reported in the study.
25 A number of studies looked at non-durational correlates for gemination such as the amplitude
of the vowel before/after geminates (e..g, Arvaniti and Tserdanelis 2000; Doty et al. 2007) and
the amplitude of the release of geminate stops (e.g., Doty et al. 2007; Ridouane 2007, 2010) to
mention a few. These non-durational correlates are not discussed in this dissertation since I do
not report any of these for Maltese. These non-durational correlates can serve as secondary
correlates and it would be worth investigating in further work.
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articulation under-investigation. Affricate word-medial geminates have the
lowest duration ratio (e.g. Hungarian 1:1.2), whereas rhotics have the highest
duration ratios (e.g. Lebanese Arabic 1:5). This shows that the phonetic
realization of geminates varies. Nonetheless, the fact that geminates are always
longer than singletons, entails that constriction duration is the primary cue for

gemination.

However, the effect of gemination on secondary correlates (e.g. VOT or the
duration of the vowel before geminates/singletons) is language dependent,
where it may be used as correlate in one language but not in another. There are
cross-linguistic differences to whether VOT serves as a correlate to gemination.
For instance, VOT is longer in geminates (e.g., Cypriot Greek), it is shorter in
geminates (e.g.,, Turkish) and VOT is comparable in singletons and geminates
(e.g., Japanese, Swiss German). Another correlate that has been investigated in a
number of studies is the duration of the vowel before geminates. Maddieson
(1985) claims that the vowel before geminates should have shorter duration
compared to the vowel before singletons. However, the empirical evidence
shows that there is in fact a three-way distinction. First, the vowel before
geminates shortens as in Italian and Bengali; second, the vowel lengthens before
geminates as in Japanese; third, the duration of the vowel before geminates and
singletons is comparable as in Turkish and Punjabi. These facts suggest that the
secondary correlates such as VOT, the duration of the preceding vowel (to name a
few) to gemination are less consistent and robust across typologically different

languages.

3.2 The acoustic correlates of word-initial geminates

Geminates in word-initial position are typologically uncommon. There are only a
few attested languages that have a consonantal quantity contrast in word-initial
position. Kraehenmann (2011) describes some cross-linguistic tendencies for
word-initial geminates based on Muller’s (2001) language appendix. However,
Kraehenmann (2011) notes that Muller’s (2001) appendix is not conclusive and

some languages have been left out, which in turn are also left out in
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Kraehenmann (2011). Maltese is one of the languages that was not included in
Muller’s (2001) original database. Kraehenmann (2011) presents a database of
29 languages coming from 11 different language families that have word-initial
geminates. By establishing this database, she draws a number of conclusions on
the phonetic features of word-initial geminates in these languages. By referring
to frequency, Kraehenmann (2001) illustrates that the nasals /nn mm/ and the
voiceless stops /tt kk pp/ are the most frequent phonemes in Muller’s database,
which are then followed by the fricatives /ss ff/, the voiced stops /dd bb/ and
the liquids /Il rr/. Moreover, stops and fricatives together make up almost two-
thirds of the phonemes in the database, whereas nasals make up majority of the
last one-third. On the other hand, geminate glides and affricates are the least
frequent. Kraehenmann (2011) also points out that if a language has word-initial
geminates, the language also has medial geminates (cf. Thurgood 1993; Pajak

2013).

Empirical studies on word-initial geminates are scarce and restricted to a few
languages. As a result, the phonetics of word-initial geminates has been studied
thoroughly for only five languages or language varieties: Kelantan Malay
(Hamzah 2010; Hamzah et al. 2011, 2012), Pattani Malay (Abramson 1986,
1987), Swiss German (Kraehenmann 2001), Cypriot Greek (Muller 2001; 2003)
and Tashlhiyt Berber (Ridouane 2007, 2010). One of the pressing issues in
defining the acoustic correlates of word-initial geminates is the realisation of
voiceless stops. As it is made clearer in the studies presented below, word- or
phrase-initial voiceless stops have no acoustic impact during the consonantal
constriction compared to nasals or fricatives; and arguably this causes issues in
production and perception. Specifically, on the acoustic surface there is no direct
signal of relative duration in singletons and geminates. It can be argued that due
to this lack of acoustic excitation, the singleton-geminate contrast in voiceless

stops might be difficult to perceive (cf. Muller 2001).
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3.2.1 Kelantan Malay

Kelantan Malay is a dialect of the Malay languages spoken in the Malaysian state
of Kelantan, which is located in the north-eastern part of the Malay peninsula in
Malaysia (Hamzah 2013). In a number of studies, Hamzah (2010) and Hamzah et
al. (2011, 2012) investigate the primary and secondary correlates of word-initial
geminates in Kelantan Malay. Hamzah (2010) addresses the question of whether
native speakers of Kelantan Malay are able to produce the singleton-geminate
duration contrast in word-initial position. This was investigated through a
production experiment with 6 native speakers, who read target words
embedded in carrier phrases. Target words were categorized according to the
manner of articulation: voiceless stops (/p t k/), voiced stops (/b d g/) and

sonorants (/m nln/), see Table 3.3 for examples.

Table 3.3: Kelantan Malay: example target words from Hamzah (2010)

Segment Singleton Geminate

/p/ /pitu/ ‘door’ /ppitu/ ‘at the door’

/b/ /bini/ ‘wife’ /bbini/ ‘married’

/n/ /mnikoh/ ‘marriage/ /nnikoh/ ‘getting married’

All chosen tokens were disyllabic words of the type C(C)VCV or C(C)VCVC. The
vowel after the initial singleton/geminate was either the low back vowel /a/ or
the high front vowel /i/. In this study, Hamzah (2010:18) presents consonant
duration measurements, which were measured ‘from the beginning of the
consonant closure to the onset of voicing- VOT was included’. Hamzah (2010)
reports that a statistically significant effect of manner of articulation, where
sonorants had the largest singleton-to-geminate duration ratio (1:2.59),
voiceless stops had the lowest singleton-to-geminate duration ratio (1:2.12) and
voiced stops had a duration ratio larger than voiceless stops but smaller than
sonorants (1:2.37). This suggests that the singleton-to-geminate duration ratio

varies according to the manner of articulation.
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In a follow-up study, Hamzah et al. (2011) concentrated on the geminate-
singleton contrast in voiceless stops and investigated the constriction duration
and VOT separately. In this study, the same design as Hamzah (2010) was
adopted; however, target words were presented in two contexts, namely, in
isolation and intervocalically. The singleton-geminate ratio was more than
double for all the voiceless stops (/p t k/). The bilabial stop had the longest
duration ratio: the singleton-to-geminate duration ratio for /p/was 1:2.51; for
/t/ was 1:2.93 and for /k/ was 1:2.84 (Hamzah et al. 2011). VOT was
investigated as a secondary correlate to gemination. In this production study,
when target words were produced in isolation, singletons had longer VOT
durations than geminates for all three voiceless stops. When target words were
produced sentence-medially, a similar result was found, i.e. VOT was longer for
singletons than for geminates. However, in sentence-medial position, the VOT
duration was significant longer for singleton stops for /p/ and /t/ but not for
/k/. However, it seems that some speakers have longer VOT in velar stops than
others. Hamzah et al. (2011) concludes that for Kelantan Malay the strongest
correlate for word-initial gemination is closure duration, while VOT is a
secondary correlate. Furthermore, Hamzah et al. (2012) report shortening of the
vowel following word-initial geminates, when compared to singletons. They
argue that even though the difference is present in production, it is lower than
the Just Noticeable Difference (JND) (cf. Lehiste 1970) and this might not serve

as a direct perceptual cue.

3.2.2 Pattani Malay

Pattani Malay is also a dialect of the Malay languages, but Pattani Malay is
spoken in southeastern Thailand (Abramson 1986). It is reported that all the
sounds in the Pattani Malay inventory can occur as word-initial geminates.
Abramson (1987) provides evidence from one speaker in a production study.
Target words, which were disyllabic, had geminates in word-initial and word-
medial position. Abramson (1987) gives examples of word-initial geminates only
and not of word-medial geminates, two examples of words containing word-

initial geminates in Pattani Malay are shown in (4).
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(4) Pattani Malay (Abramson 1987)
/labo/ ‘to make a profit’
/Nabo/ ‘spider’

Target words were elicited in isolation and in a carrier phrase. The constriction
durations were measured for all word-initial geminates, excluding voiceless
stops because of their silent period in true word-/utterance-initial, which makes
them immeasurable. Geminates were longer than singletons in both target
positions: i.e., initial and medial. Abramson (1987) argues that constriction
duration might not be a sufficient cue for voiceless geminate stops. Therefore,
there might be other cues, which are manifested in order to maintain a contrast
between singletons and geminates. Abramson (1987), for voiceless plosives,
investigated the root-mean-square (RMS) amplitude of each syllable in the
aforementioned disyllabic words. For voiceless plosives, Abramson (1987)
reports that for geminates, the RMS average in the first syllable is higher than
that in the second syllable. This suggests that since, in the case of voiceless
plosives, there is no audible excitation in word-/utterance-initial position,
another correlate, such as amplitude, is being used to convey the distinction
between singletons and geminates. Ideally, more speakers should be

investigated.

3.2.3 Cypriot Greek

Muller (2001) investigated the production and perception of word-initial
geminates in Cypriot Greek. In her study, the target words consisted of the
voiceless stops /p t k/ and the fricative /[/. In the production experiment, 6
speakers (3 males, 3 females) produced target words in isolation and in a carrier
phrase. Muller (2001, 2003) stated that the absolute duration of word-initial
stops cannot be measured because voiceless stops are silent during their
constriction duration, especially when they are in absolute initial position; i.e., at
the beginning of a phonological phrase. Thus, only VOT was measured for stops,

whereas for fricatives constriction duration was measured. VOT was longer in
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geminates than in singletons, with an average duration of 114ms for geminates
and 43.3ms for singletons. This result follows what had been previously found
for word-medial geminates in Cypriot Greek, where word-medial geminates had
longer VOT values than singletons (Tserdanelis and Arvaniti 2001). As expected,
fricatives in word-initial position followed the pattern found in word-medial
position, i.e., geminates were longer than singletons. Muller (2001) concludes
that with respect to the secondary correlates of gemination, there are language
specific differences. In the case of Cypriot Greek voiceless stops, Muller (2001)
argues that VOT is a crucial correlate as it “must be crucially relied upon when
duration is difficult or impossible to discern” such as in word-initial position

(Muller, 2001:36).

Muller (2001) argues that since Cypriot Greek does not have a voicing contrast,
the language can use VOT as a cue to contrast another phonological distinctions.
Therefore, VOT is used to distinguish singletons and geminates, because it is not
used to distinguish voiced and voiceless stops in the language. It is possible that
in a language such as Pattani Malay, which has voiced and voiceless stops, VOT

does not function as a cue to distinguish singletons and geminates.

3.2.4 Tashlhiyt Berber

Berber is an Afro-Asiatic language spoken in large parts of Northern Africa.
Tashlhiyt Berber is spoken in the southern part of Morocco. The data presented
by Ridouane (2007, 2010) is based on Tashlhiyt Berber spoken in Agadir and its
suburbs. Tashlhiyt Berber has geminates in word-initial, word-medial and word-
final positions, and also allows for gemination to occur across word and

morpheme boundaries (Ridouane 2007, 2010).

In two production experiments, Ridouane (2007) investigated the
singleton/geminate contrast by looking at a number of temporal and non-
temporal parameters. Since the acoustic signal is not a suitable measure to
distinguish voiceless stops in utterance-initial position, Ridouane (2007)

addressed this issue of voiceless stops (both singleton and geminate) in phrase-
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initial position by means of electropalatography. This study looked at the
phonological contrast in word-initial, word-medial and word-final positions. The
results for word-initial geminates are presented here.?¢ In this study, target
words consisted only of the dental stops /t d/ in word-initial position, which is
the optimal place for the coverage area of the artificial palate and consonant
contact. In the acoustic study the voiceless stops /t, k, t'/, voiced stops /d, g, d'/;
the voiceless fricatives /s, [/, voiced fricatives /z, 3/ and were used, see examples

in Table 3.4 below.

Table 3.4: Tashlhiyt Berber word-initial examples from Ridouane (2007)

Singleton Geminate
/t/ [tid] ‘those (fem.)’ [ttid] ‘soap’
/d/ [dis] ‘with him’ [ddis] ‘I went’
/s/ [sin] ‘two’ [ssir] ‘lace’
/3/ [3ijf] ‘throw’ [33i8] I recovered’

Each target word was presented in a carrier phrase, where the segment before
the word-initial geminate was a vowel and each target was additionally
presented in absolute phrase-initial position. The acoustic data showed that
geminates in word-initial position were significantly longer than singletons in
the same position. The duration ratios calculated on the means of word-initial
geminates presented in Ridouane (2007) were as follows: voiced stops 1:2.5;
voiceless fricatives 1:1.7 and voiced fricatives 1:1.9. Furthermore, the
electropalatographic results showed that voiceless stop geminates were
produced with significantly longer closure duration than singletons. Thus, even
though the contrast in voiceless stops was not perceptually salient, it was still
implemented. In addition, the contrast was maintained when geminate voiceless
stops were in phrase-initial position and when they were preceded by a pause.
Thus, constriction duration is considered to be the primary correlate of
gemination, even in sounds where the contrast may be less well perceived. The

VOT of voiceless stops was similar in singletons (X = 42 ms) and geminates (X =

26 Word-medial geminates in Tashlhiyt Berber are discussed in §3.1 and word-final geminates in
Tashlhiyt Berber are discussed in §3.3.
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43 ms). However, the VOT of voiced stops was significantly longer in geminates

(X = 29 ms) than in singletons (X = 16 ms).

With regards to non-temporal parameters, Ridouane (2007) suggested that there
are speaker-specific differences. For instance, Ridouane (2007) investigated the
presence or absence of bursts in geminate stops. First of all, geminate stops are
always produced with an identifiable burst in all word-positions and in all places
of articulation. However, Ridouane (2007) showed that some speakers tended to
produce the voiced dental and velar stops in word-final position with no bursts.
Ridouane (2007) also showed that geminate stops can be devoiced. The results
indicate that this varies across speakers, repetition and place of articulation. For
example, one speaker always produced geminate stops as devoiced, while
another produced geminates as devoiced 13% of the time. Ridouane (2007)
argued that the picture for the secondary correlates for gemination is less clear
than the primary correlate (constriction duration). Secondary correlates, which
can be temporal or non-temporal acoustic parameters, vary in a number of

factors and in speaker-specific behavior.

3.2.5 Swiss German

Kraehenmann (2001) investigated the production of geminate and singleton
stops in the Thurgovian dialect of Swiss German, also in word-initial, word-
medial and word-final position.2” The discussion here focuses on Krachenmann’s
(2001) results on word-initial singletons/geminates. Kraehenmann (2001)
presented data from 3 native speakers of Thurgovian. The target words
contained a voiceless stop (/p t k/) in word-initial position: as in /pohne/ ‘bean’
and /ppomfrit/ ‘French fries’. Target words were presented in initial position
and embedded in three carrier phrases: the target initial singleton/geminate
stop was preceded by either a vowel, or a sonorant, or an obstruent. Results for
both the constriction duration and the release of the stop (i.e. VOT) were

reported in the study. First, constriction duration was considerably longer for

27 The results for word-medial geminates are discussed in §3.1 and the results for word-final
geminates are discussed in §3.3.
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geminates (X = 80 ms) than singletons (X = 54 ms). Kraehenmann (2001) claimed
that the duration of geminate stops was around double the duration of singleton
stops, when pooling the data across all speakers and data points. However, on
closer inspection, the data for word-initial geminates did not show a duration
double that of singletons. As a matter of fact, Kraehenmann (2001) commented
that the contrast was weakest in word-initial position and had significantly
longer durations in word-medial and word-final positions. Second, the results for
the duration of VOT for singleton and geminate stops were very similar, both
around 24ms long. A similar result is also reported for word-medial geminates.
As a result, Kraehenmann (2001:124) concluded that VOT is not “an acoustic
property that distinguishes singleton and geminates” in Swiss German. The data
also suggested that the phonological context also affected the presence and
absence of the contrast in word-initial position. This is because when the
preceding context ended in a vowel or a sonorant, the contrast was maintained.
However, Kraehenmann (2001)’s data suggested that when the word-initial stop
was preceded by an obstruent the contrast was neutralized, as the constriction

durations of singleton and geminate stops were very similar.

3.2.6 Interim Summary

Table 3.5 summarizes the primary and secondary correlates discussed in
§§3.2.1-3.2.5. By definition, geminates are long consonants, so they are realized
with phonetically longer durations than their singletons counterparts. In fact,
just like for word-medial geminates, constriction duration is considered the
primary correlate to word-initial geminates. As already discussed for word-
medial geminates in §3.1.2-3.1.4, secondary correlates for gemination in word-

initial position depend on both the correlate and language under investigation.
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Table 3.5: Primary and secondary correlates of word-initial geminates across

languages
Language Primary Correlate Secondary Correlates
Kelatan Malay Constriction duration | - VOT in voiceless stops is shorter in

geminates than singletons
- Tonic vowel: shorter after word-

initial geminates

Pattani Malay

Constriction duration

- RMS: higher in the first syllable in
geminates

- Amplitude: higher in geminates

- Fundamental frequency: higher

in geminates

Cypriot Greek Constriction duration | - VOT in voiceless stops is longer in
(for fricatives only) geminates than singletons
Tashlhiyt Berber | Constriction duration |- VOT in voiced stops is longer in

geminates than in singletons (but
not in voiceless stops)

- Noise burst: higher in geminates
-Release amplitude: higher in

geminates

Swiss German?28

Closure duration (for

stops only)

3.3 The acoustic correlates of word-final geminates

In this section, I discuss a number of empirical studies on the acoustic realization

of word-final geminates in typologically different languages. By doing so, I

establish the primary and secondary correlates of word-final geminates in each

language. In (5), the language families and the language(s) used for this

description are listed.

28 Kraehenmann (2001) also measured VOT for stops, but this did not serve as a correlate to

gemination. Therefore, this is not listed in Table 3.5.
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(5) Language families
Indo-European: Swiss German
Afro-Asiatic: Jordanian Arabic, Levantine Arabic, Tashlhiyt Berber,
Maltese

Uralic: Hungarian

Moreover, it has been remarked that word-final geminates are less common than
word-medial geminates but more common than word-initial geminates (cf.

Thurgood 1993, Dmitrieva 2012, Pajak 2013).2°

3.3.1 Swiss German

Kraehenmann (2001) investigated the production of the word-final geminate
voiceless stops /pp tt kk/. The singleton-to-gemination duration ratio for word-
final geminates is 1:1.97. However, VOT, like in word-medial and word-initial
position, did not serve as a cue to gemination. Kraehenmann (2001) reported the

following durations for VOT in singletons: 34ms and geminates: 35ms.

Kraehenmann’s (2001) core finding for word-final geminates in Swiss German is
related to the position of word-final geminates within the phonological string. In
phrase-final position, i.e. at a phrase boundary, the contrast was maintained:
therefore, geminates were longer than singletons. Word-final geminates were
also placed in phrase-medial position, where a vowel, sonorant or an obstruent
followed the word-final geminate. The following context affected the duration of
geminates and singletons. When word-final geminates were followed by a vowel
or a sonorant, there were clear differences in consonant constriction duration:
geminates were significantly and consistently longer than singletons
(Kraehenmann 2001), despite having different duration ratios: in the vowel
context 1:1.6 and in the sonorant context 1:2.5. However, the contrast was

neutralized when an obstruent followed the word-final geminate/singleton. As a

29 ] would like to point out that the literature does not give any percentages (or any lists) where
one could quantify the direction of this difference.
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result, the constriction durations of singletons and geminates were comparable

(i.e. 69ms for singletons and 74ms for geminates).30

Table 3.6: Singleton-to-geminate duration ratios for word-medial and word-final

positions for Swiss German (Kraehenmann 2001)

Preceded by a: Word-medial Word-final
Sonorant 1:3 1:2.5
Vowel 1:3 1:1.6

The comparison of the singleton-to-geminate duration ratio in word-medial and
word-final position shows some differences. Firstly, when the geminate was
preceded by a sonorant (/m/), there is a slight decrease in the duration ratio
from word-medial to word-final. Furthermore, the duration ratio noticeably
decreased (almost by half) from word-medial to word-final when the geminate

was preceded by a vowel.

3.3.2 Tashlhiyt Berber

Ridouane (2007) investigated the duration of the constriction duration of final
geminate obstruents in Tashlhiyt Berber. Production data showed that in final
position, the contrast was maintained. Table 3.7 lists singleton-to-geminate
duration ratios for word-medial and word-final position. In addition, Ridouane
(2007), like Kraehenmann (2001), adopts a segmental analysis to gemination.
However, Ridouane (2007) does not explicitly comment on the representation of
word-final geminates, but proposes one representation for gemination in initial,

medial and final position.

30 These durations are averaged across the different preceding contexts and were taken from
Kraehenmann (2001).
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Table 3.7: Singleton-to-geminate duration ratios for word-medial and word-final

positions in Tashlhiyt Berber (Ridouane 2007)

Duration Ratio

Manner Word-medial Word-final
Voiceless stops 1:2.5 1:2.8
Voiced stops 1:2.5 1:2.6
Voiceless fricatives 1:1.4 1:1.8
Voiced fricatives 1:1.7 1:1.9

In Table 3.7, stops have longer duration ratios than fricatives in both word
positions. Furthermore, there’s an increase in the duration ratio from word-
medial to word-final. As a matter of fact, Ridouane (2007:128) reports that the
actual durational difference between word-medial and word-final
singletons/geminates reached statistical significance, where word-final
singletons/geminates were longer than word-medial singletons/geminates.
Moreover, this durational difference is attributed to final-domain lengthening (as
in Fougeron and Keating 1997). Note that these results are different from
Kraehenmann (2001), where she reports a decrease from word-medial to word-

final position.

3.3.3 Hungarian

Ham (2001) reported that constriction duration for word-final stops was larger
in geminates than in singletons. Furthermore, he reports that the duration ratio
of voiced stops was shorter than voiceless stops. Table 3.8 lists the duration

ratios of word-medial and word-final geminates in Hungarian.

Table 3.8: Singleton-to-geminate duration ratios for word-medial and word-final

positions in Hungarian (Ham 2001)

Manner Word-medial Word-final
Voiceless stops 1:2.3 1:1.9
Voiced stops 1:2.8 1:1.8
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The duration ratios are longer in word-medial position than in word-final
position. Therefore, there is a decrease in duration ratio from word-medial to
word-final position. This patterns with the findings for Swiss German by
Kraehenmann (2001) rather than those for Tashlhiyt Berber (Ridouane 2007),
where in the former the duration ratio was longer in word-medial position than
in word-final position. Moreover, it seems that in word-medial position, voiceless
stops have a shorter duration ratio than voiced stops. In word-final position, the
opposite pattern is found, even though to a very slight degree, voiceless stops

have a longer duration ratio than voiced stops.

Furthermore, Ham (2001) reports that the duration of the vowel before
geminates is not shorter than the duration of the vowel before singletons, so
much so that Ham (2001: 157) states: “closed syllable shortening effects are

absent in both short and long vowels” in Hungarian.

3.3.4 Jordanian Arabic

Al-Tamimi et al. (2010) investigated the duration of word-final geminates in
Jordanian Arabic. Word pairs, which had a VC or a VG structure, were used as
target words, therefore, a short vowel preceded both singletons and geminates.
The target consonants were the nasal /m, n/ and the stop /d/. Al-Tamimi et al.
(2010) reported that geminates are longer than their singleton counterparts, the
geminate voiced stop is 1.3 times longer than its singleton counterpart, whereas,
the nasals are around 1.5 times longer than singletons. Furthermore, Al-Tamimi
et al. (2010) argue that vowel before singletons is around 1.4 times longer than
that before geminates. Therefore, gemination in Jordanian Arabic manifests two
correlates: constriction duration and preceding vowel duration, in which the

vowel before geminates is shorter than before singletons.

3.3.5 Levantine Arabic

Ham (2001) investigated word-final singletons and geminates in Levantine

Arabic. The results show that the phonological contrast is present in word-final
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position. The target words, which included both voiced and voiceless stops, were
placed in a carrier phrase before a nasal-initial word. Ham (2001) reports an
average singleton-to-geminate duration ratio of 1:1.9 for voiced stops and a ratio
of 1:1.5 for voiceless stops. However, the duration of the previous short vowel

was similar before singletons and geminates.

3.3.6 Maltese

Hume et al. (2014) investigated word-final geminates and singletons in Maltese.
In a production study, Hume et al. (2014) investigated the following manners of
articulation: stops /t-tt, k-kk, ?-7?/, fricative /s-ss, [-[J/, affricate /d3-dzd3/,
nasals: /m-mm; n-nn/, liquids /I-ll, r-rr/. Target words included the target
consonants in world-final position, and the target words were embedded in a
carrier phrase. Hume et al. (2014) measured consonant duration, aspiration
duration and the duration of the preceding vowel. They expected that the vowel
before geminates would have shorter durations than the vowel before the
singleton. They argued that this is a difference between a superheavy and a
heavy syllable. However, this is also because of the phonological requirements
on monosyllabic words in Maltese (as outlined in Chapter 2 §2.3). Hume et al.
(2014) reported that constriction duration was a strong correlate for gemination
(cf. Table 3.9), but aspiration duration did not serve as a correlate to distinguish

singletons and geminates.

Table 3.9: Mean duration of word-final singletons and geminates in Maltese

(Hume et al. 2014)

Manner Singleton Geminate
Stops 130ms 185ms
Fricatives 180ms 240ms
Affricates 175ms 190ms
Nasals 85ms 160ms
Liquids 75ms 143ms
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As Hume et al. (2014) predicted, in monosyllables, the duration of the vowel
preceding singleton consonants was longer than the vowel preceding geminate
consonants. The vowel before singletons seems to be around 30ms longer than
before geminates. However, in disyllabic words the vowel before singletons was
only slightly longer than geminates (e.g. 155ms for singletons and 145ms for
geminates). Whether this difference is a salient cue in the perception of such

contrasts is still an unanswered question.

3.3.7 Summary: Correlates for word-final geminates

As expected, constriction duration is the primary correlate for word-final
geminates. It is interesting to note that in some languages, such as Swiss German
and Hungarian, the singleton-to-geminate duration ratio in word-final position is
smaller than in word-medial position. In contrast, Tashlhiyt Berber shows the
opposite pattern: longer singleton-to-geminate duration ratios in word-final
position than in word-medial position. Fewer secondary correlates have been
investigated, but the few that have, show that there language specific differences.
For instance, VOT is not a correlate for word-final geminates (neither is it for
word-initial and word-medial geminates). Moreover, the duration of the vowel
before word-final geminates is reported to be shorter than in singletons in

Jordanian Arabic but not in Hungarian.

3.4 The representation of geminates

“The issue of the representation of geminate consonants has been a controversial
matter and will most likely remain so in future investigations” (Davis 2011:892).
The literature on the representation of geminates is divided into two separate
approaches; namely, a segmental length approach in §3.4.1 (cf. Leben 1980;
Levin 1985 and Ringen and Vago 2011) and a syllable weight analysis based on
moraic theory in §3.4.2 (cf. Hayes 1989; Davis 1999, 2011).
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3.4.1 A segmental approach

Leben (1980) proposed an autosegmental approach to the representation of
geminates. In an autosegmental approach, as in Figure 3.1, singletons and short
vowels are associated to one slot on the timing tier (Figure 3.1b). Contrastively,
in the case of geminates, a single segment is associated to two slots on a timing

tier, as in Figure 3.1a.

Figure 3.1: Timing slot representation of geminates and singletons

a. geminate b. singleton
X X X
t t

The timing tier is referred to as a CV-tier (cf. McCarthy 1981; Clements and
Keyser 1983) or as a skeletal tier (cf. Levin 1985). Therefore, the difference
between short and long segments (either vowels or consonants) is a difference in
timing. The representation of a minimal pair of a word-medial singleton and a

word-medial geminate (from Maltese) is shown in Figure 3.2.

Figure 3.2: CV-tier representation (examples from Maltese)

a. singleton b. geminate

cC v cCcyv cC v C cC Vv

| \ |

p e p e p e p e
papa ‘pope’ pappa ‘food’

In some of the studies described in §§3.1-3.331, which looked at the phonetic
implementation of a phonological contrast, authors advocated a representation

which closely links phonological length to phonetic duration. Assuming that

31 Note that some empirical studies make no direct claims about the representation of geminates.
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geminates are represented as two timing slots on a skeletal tier captures this
link, so much so that geminate consonants have longer durations (regardless of
their manner of articulation) when compared to their singleton counterparts,

which are only linked to one timing slot (as in Figure 3.2 above).

For Tashlhiyt Berber, Ridouane (2007; 2010) claimed that geminates are best
represented as two timing units associated with one melodic slot, where the
timing measure relates to constriction duration. It is important to note that
Ridouane (2007; 2010) does not specifically argue for a special representation of
geminates in different positions of the word. However, his work suggests that the
representation of geminates (at least for Tashlhiyt Berber) is valid for all

positions and it should be applied regardless of where the geminate is.

Kraehenmann (2001) acknowledged that the phonological representation of
word-initial geminates is debatable. However, Kraehenmann (2001) argued that
a segmental approach is sufficient to capture the difference between singletons
and geminates in different positions of the word. Kraehenmann (2001)
suggested that the acoustic findings for word-initial geminates in Swiss German
are in line with phonological theory. This is because, when initial geminates are
within a phonological phrase, the contrast is neutralized and, therefore,
geminates are produced very similarly to singletons. This neutralization can be
explained through Stray Erasure (It6 1986): one of the two geminate timing slots
is deleted when the preceding context is an obstruent. Furthermore, when the
contrast occurs at the edge of a phonological phrase, neutralization does not
occur. Kraehenmann (2001) argued that neutralization does not occur since the
two geminate timing slots are licensed at the level of the phonology. However,
phonetically, in word-initial position the contrast is not realized. As a matter of
fact, Swiss German stops do not seem to rely on other secondary correlates to
enhance the contrast further. Therefore, at the edge of a phonological phrase in
absolute word-initial position, geminates are phonologically licensed as two
timing slots; however, phonetically voiceless geminates and singletons stops can
become indistinguishable. This is supported by the fact that all 6 native Swiss

German participants were not able to distinguish between absolute-initial
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singleton and geminates in a forced choice perception experiment. Kraehenmann
(2001:141) concluded that for absolute word-initial geminate stops “the nature

of the phonetic cue itself is at issue”.

For word-final geminates in Swiss German, the phonological contrast in
maintained in phrase-finally and phrase-medially. However, the contrast is
neutralized phrase-medially when an obstruent follows the geminate.
Kraehenmann (2001) argued that the second part of the geminate does not serve
as an onset to the following syllable, since the onset already contains an
obstruent. In this case, the unlinked timing slot for the geminate is deleted and

this results in shorter geminate durations (as in Figure 3.3b).

Figure 3.3: Representation of word-final geminates in Swiss German

(Kraehenmann 2001)

a. Word-final geminates: b. Word-final geminates:
before a sonorant-initial word ‘S’ before an obstruent-initial word ‘O’
(o} [¢) (¢ (o}
R (o] R [o]
A f

N C N C

X X X X X X X X X X

vV S G S v s C,8 S

3.4.2 Moraic analysis

On the basis of moraic theory, following Hayes (1989), geminates are
characterized in terms of their weight. By doing so, it is assumed that geminates
participate in weight-related processes such as stress assignment and

compensatory shortening (Curtis 2003).

Under moraic theory, geminates bear a mora, where the first part of the

geminate serves as a coda to the previous syllable and bears weight and the
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second part serves as an onset and does not bear weight (Figure 3.4)- this is
referred to as a flopped structure (Hayes 1989). The syllabification of
underlyingly moraic word-medial and word-initial geminates is given in Figure

3.4a and Figure 3.4b respectively.

Figure 3.4: Syllabification of moraic word-medial and word-initial geminates

a. Moraic word-medial geminates b. Moraic word-initial geminates
(0] (0] ()
3 3 1 3 3
a p a p a
[ap.pa] [ppa]

In assuming a flopped structure for the representation of word-final geminates,
Ham (2001:14) claimed that the following syllable would be a ‘defective syllable’
since the nucleus is empty (c.f. Figure 3.5a). Furthermore, according to Ham
(2001), this representation is not needed in languages where codas do not bear
weight, i.e. where Weight-by-Position does not apply. Therefore, word-final CVC
structures are light and word-final CVG structures are heavy. The distinction
between singletons and geminates is made through the bearing of a mora.
However, in languages where codas bear a mora and word-final geminates also
bear a mora, the distinction is less clear-cut. As a result, Ham (2001) proposes
that in Bernese, Levantine Arabic and Hungarian, word-final singletons are
extrametrical, therefore, weight-by-position does not apply in word-final CVC
syllables (even though, it may apply in other positions in the word). Ham (2001:
15) proposes that word-final geminates are not represented as in Figure 3.53,
with a flopped structure and a defective following syllable, but rather as “word-

final moraic consonants”, as in Figure 3.5b.
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Figure 3.5: Representation of word-final geminates (following Ham 2001)

a. Word-final geminates: b. Word-final geminates:
‘defective’ syllable Ham (2001)
g [+ o
A i
oK H o H
a pp _ a pp|wd

3.4.3 Arguments for/against a segmental analysis and/or a syllable weight

analysis

Three arguments are presented for and against a segmental analysis or a syllable
weight analysis and these are stress bearing syllables in §3.4.3.1, weight bearing
syllables in §3.4.3.2, and the patterning of consonant clusters and geminates in

§3.4.3.3.

3.4.3.1 Stress bearing syllables

Ringen and Vago (2011) argue in favour of a segmental representation of
geminates. One of the main counterarguments for a weight analysis is the
possibility for weightless geminates in coda position. According to Ringen and
Vago (2011:157), in Selkup, a west Siberian language, stress falls on the
rightmost heavy syllable, or else on the initial syllable. CVC syllables in Selkup
are considered to be light and they are not stressed. Therefore, if the first part of
the geminate serves as the coda to a CVC, under a syllable weight analysis, this
syllable is expected to be heavy, and thus attracts stress. However, in Selkup this
is not the case, when a geminate closes a CVC, it is considered to be light and

stress falls elsewhere.

Opposing arguments come from Latin, Italian and Japanese (among other

languages, cf. Curtis 2003). In these languages, geminates pattern like all other
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consonants with respect to syllable weight. To exemplify through Latin, CVV,
CVC, and CVG syllables are all heavy syllables, as in (6) (cf. Tranel 1991; Davis
and Topintzi 2014 <h.o>). Stress falls on the penultimate syllable if it is heavy;

otherwise it falls on the antepenultimate.

(6) Heavy syllables in Latin (c.f. Tranel 1991:293)32
/ma'ri:tus/ ‘married’ = CVV
/a'rista/ ‘awn’ = CVC
/a'mellus/ ‘little ring’ = CVG

3.4.3.2 Weight bearing syllables

The moraic nature of word-initial geminates becomes clearer when looking at
Trukese word-initial geminates (as discussed in Davis 1999). Word-initial
geminates in Trukese are moraic. Trukese has a bimoraic minimal word
requirement for lexical words. Nouns in Trukese are of CVV shape; e.g., [to3]
‘iselt’ and [maa] ‘behaviour’. Moreover, nouns can also be made up of initial
geminates and short vowels such as [tto] ‘clam’ and [sso] ‘thwart of a canoe’. The

latter is taken as evidence for the mora in word-initial geminates in Trukese.

In contrast, word-initial geminates in Leti provide a case where word-initial
geminates are not weight bearing. Leti is discussed in depth in Hume et al.
(1997) and Muller (2001). The main argument against the moraicity of word-
initial geminates in Leti arises from the fact that words containing such
geminates pattern with light syllables, and therefore, are non-moraic. In
addition, syllables with geminates do not attract stress. Moreover, Hume et al.
(1997) argue that in Leti lexical words must be minimally bimoraic. If word-
initial geminates in Leti were moriac, they argue that the language would have
sequences of word-initial geminate and short vowel e.g. *[t.te]. However, they
claim that these words are not present in the language. Thus, this is taken as
evidence that word-initial geminates are in fact not moraic. As a result, word-

initial geminates in Leti are represented as a single root node multiply linked to

32 Translation from: http://latin-dictionary.net/
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two timing positions (Hume et al. 1997; Muller 2001). Muller (2001) proposes
that word-initial geminates in Leti (and Cypriot Greek, which is discussed in
§3.4.3.3) are best accounted for through a Composite Model. The Composite
Model is a hybrid model comprising elements of prosodic timing and prosodic
weight models. According to Muller (2001), geminates (regardless of their
position in the word) consist of a single segmental root node that is linked to two
timing slots. Moreover, under the Composite Model, mora assignment is added in
the prosodic representation only in language-specific cases. For instance, as
described above, word-initial geminates in Trukese are moraic as there is a strict
prosodic minimal requirement. On the other hand, Muller (2001) argues that
languages such as Leti and Cypriot Greek are non-moraic and, therefore, moras

are not included in their prosodic representation.

3.4.3.3 Patterning of consonant clusters and geminates

Moreover, Ringen and Vago (2011) also discuss the patterning of consonant
clusters and geminates. In a segmental analysis, both consonant clusters and
geminates are represented by two slots on the timing tier. Ringen and Vago
(2011) show that Hungarian [+coronal] CC and geminates trigger epenthesis

after verbal stems, as in (7).

(7) Hungarian epenthesis (c.f. Ringen and Vago 2011:165)
(7a) no epenthesis after C- or V-final stems:
[kop-s] ‘you receive’
(7b) epenthesis after CC-final stems:
[a:ld-ps] ‘you bless’
(7c) Epenthesis after G-final stems:
[holl-pbs] ‘you hear’

They argue that epenthesis in (7b) and (7c) is triggered because consonant
clusters and geminates are represented as two slots on the timing tier.
Furthermore, they attribute this phenomenon to a segmental length

representation and not a syllable weight analysis.
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A similar comparison can be drawn between word-initial geminates and onset
clusters in Cypriot Greek. Muller (2001) provides evidence from Cypriot Greek to
strengthen her argument against a moraic universal representation of geminates.
Firstly, Muller (2001) compares geminates to singletons, where geminates, like
single segments undergo palatalization before the high vowel /i/ (e.g., (8)
below). Muller (2001) argues that this process is only possible if geminates and

singletons are similarly represented: as a single root node.

(8) Palatalization before the high vowel /i/ in Cypriot Greek
(8a) kakos ‘bad (masc. sg.)’ kafi ‘bad (fem. sg.)
(8b) sakkos ‘jacket (nom.sg.)” saffi ‘jacket (nom. pl.)’ *sakfi

Moreover, Muller (2001) compares word-initial geminates to onset clusters in
Cypriot Greek. Muller (2001) shows that word-initial geminates pattern with
minimal distance sonority onset clusters (such as /ps/), in that they trigger final
nasal deletion of the definite /tin/(fem.), /ton/(masc.): compare examples (9a)

and (9b).

(9) Final nasal deletion in Cypriot Greek
(9a) to pparan ‘the money’ *ton pparan

9b) to psafin ‘the poison’ *tin psafin
p p p

As a result, Muller (2001) argues that there is no supporting evidence for the
presence of the mora in Cypriot Greek and thus, she assumes that word-initial
geminates are non-moraic. Therefore, the above phonological phenomena show
that word-initial geminates in Cypriot Greek pattern together with consonant
clusters and singletons in different phonological processes. Thus, this patterning
is better explained through explicit timing relationships than moraic
constituents, as for instance, word-initial geminates and onset consonant

clusters are represented differently under moraic theory.
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Contrastively, in Arabic, unlike Hungarian and Cypriot Greek, consonant clusters
and geminates do not pattern similarly. Davis (2011) and Davis and Ragheb
(2014) illustrate that in Hadhrami Arabic word-final consonant clusters trigger
epenthesis e.g. /bint/ 2 [binit] ‘girl’, but word-final geminates do not, e.g. [rabb]
‘Lord’. Davis and Ragheb (2014) clearly state that in word-medial position, it is
very difficult to distinguish the two representations apart. However, in word-
final position, there are some asymmetries between consonant clusters and
geminates. Due to these asymmetries, Davis and Ragheb (2014) argue that a
syllable weight analysis does not advocate for a patterning of consonant clusters
and geminates. Therefore, a syllable weight analysis captures this difference

best.

3.4.3.4 Summary: The representation of geminates

The literature proposes numerous models for the representation of geminates.
The representation of geminates is a controversial issue in phonology (cf. Davis
2011). In §3.4, I outlined the two main representations for geminates in the
literature. First, | discussed a segmental length analysis for geminates, which
states that geminates are two slots on a timing tier. Secondly, I presented a
moraic analysis of geminates, which states that geminates are underlying moraic
(unlike singleton that do not bear a mora). Even though, most of current
research seems to favour a moraic analysis (cf. Davis 2011), Ringen and Vago

(2011) present arguments for a segmental length analysis.

3.5 On Lexical and Surface Geminates

As described above, underlying geminates are considerably longer than their
singleton counterparts. An issue that the literature has not fully addressed in
detail is whether there are similarities or differences across different types of
geminates. This is driven by the fact that lexical and surface geminates are
assumed to have different phonological representations. Therefore, their
phonetic realization can be expected to differ. Lexical geminates, or underlying

geminates (Curtis 2003), are geminates that contrast with their short
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counterparts within the same morpheme; as in word-medial geminates in Italian

in (10) and in a segmental approach are represented as in Figure 3.6a.

(10) sete ‘thirst’ vs. sette ‘seven’

Geminates may also arise through a number of different morphological
processes. Surface geminates are defined as “heteromorphemic geminates that
may arise by concatenation of two identical consonants at a word boundary or
by total assimilation” (Ridouane 2010: 77; Curtis 2003). Ridouane (2010)
further distinguishes between concatenated geminates (i.e, two similar
segments next to each other; cf. Figure 3.6b) and assimilated geminates (the
assimilation of one segment into another; cf. Figure 3.6c below). It is argued that
these different geminate types have different representations, as shown in

Figure 3.6 (Hayes 1986; Curtis 2003; Ridouane 2010).

Figure 3.6: Representation of lexical and surface geminates (from Ridouane

2010)

a. underlying geminates b. concatenated geminates c. assimilated geminates

X X X X X X

Ridouane (2010) compares lexical geminates and surface geminates. Following
Hayes (1986), assimilated geminates (for example, arising from external sandhi)
are attributed to feature spreading and delinking (examples include Sardinan
postlexical geminates; cf. Ladd and Scobbie 2003). However, surface geminates
are represented very similarly to lexical geminates: as two timing slots
associated with a single melodic unit. On the other hand, concatenated geminates
are represented differently, as two timing slots each associated with a melodic
unit. Particular focus is given here to the difference between lexical and
assimilated geminates. Ridouane (2010) presents results from a production

study on Tashlhiyt Berber, including voiced and voiceless dental stops and
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fricatives (/tt dd ss zz/) and voiced and voiceless velar stops (/kk gg/). Five
native speakers were recorded, all target consonants were preceded by the
vowel /a/. Also, the position of the geminate was constant. Both temporal
measures: such as constriction duration (closure duration for stops and
consonant duration for fricative) and VOT and non-temporal measures: such as

burst amplitude were measured.

The results show that lexical geminates, assimilated geminates and concatenated
geminates have similar constriction durations. In addition, all stops had similar
VOT durations. However, two results were different among the geminate types:
first, the duration of the vowel preceding lexical and assimilated geminates was
significantly shorter than that before concatenated geminates. Second, lexical
and assimilated geminates had higher release energy than concatenated
geminates. Ridouane (2010) argued that phonologically derived geminates (i.e.,
assimilated geminates) have the same temporal values as lexical geminates,
which in turn, favours the representation of such geminates having two timing
slots. The major contribution of these results is that “assimilated geminates are
acoustically identical to lexical geminates”: they both involve the same primary
and secondary correlates (Ridouane 2010: 80). On the other hand, concatenated
geminates do not manifest the phonetic correlates of lexical and assimilated
geminates. Ladd and Scobbie (2003) also show that the duration ratio of word-
medial singletons to word-medial geminates was comparable to that of word-
initial singletons and word-initial assimilated geminates in Sardinian. To
conclude, Ridouane (2010) suggested that all geminate types are manifested
with longer constriction durations when compared to singletons which favours
the representation of geminates with two timing slots. Therefore, there might a
similar phonological representation for different geminate types, but it seems
that secondary correlates are only enhanced in lexical and assimilated

geminates.
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3.6 Gemination in Maltese

Having discussed gemination in a broad cross-linguistic perspective, I will now
discuss gemination in Maltese against this background, bearing in mind both the
phonetic correlates that have been established for geminates, and the issues

arising from their phonological representation.

Geminates in Maltese can occur underlyingly in word-initial (e.g., /ssolve/ ssolva
‘to be solved’), word-medial (e.g., /heffer/ haffer ‘to dig’) and word-final (e.g.,
/omm/ omm ‘mother’) position. However, as shown in Chapter 2 §2.5, the
phonetic realization of word-initial geminates involves the insertion of an
epenthetic vowel before the word-initial geminate, i.e., /ssolve/ = [issolve]

ssolva ‘to be solved’.

Surface geminates in Maltese occur through total assimilation and the
concatenation of identical sounds. For example, the regressive assimilation of the
definite article /l/ before coronal sounds results in assimilated geminates
(discussed in this chapter §3.6.3.2), e.g., [s-su:?] s-suq ‘the market’. Moreover, the
concatenation of two identical sounds across a word boundary can result in

gemination e.g. [[tie:t ti:ne] xtrat tina ‘she bought a fig’.

Gemination in Maltese is at the core of this dissertation. This chapter gives an
overview of how gemination arises in Maltese. First, in §3.6.1, I present which
phonemes can be geminated in Maltese. After that, I illustrate word-medial
(§3.6.2), word-initial (§3.6.3) and word-final gemination (§3.6.4) in Maltese by
referring particularly to the root-and-pattern morphology but also to other

lexical categories in the language.

3.6.1 Distribution of geminate consonants in Maltese

All consonants in the sound inventory of Maltese can be geminated. However, the

distribution of geminate consonants is conditioned by their place in the word.

Voiceless obstruents, namely, the stops /p t k/, the fricatives /fs [/, the affricates
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/t ts/, as well as the sonorants /1 m n r/ can be geminated in initial, medial and

final positions in the word. Table 3.10 provides some examples.

Table 3.10: Gemination of voiceless obstruents and sonorants in Maltese

Segment | Initial Medial Final
/p/ /ppeakje/ pparkja /meppe/ mappa /tepp/ tapp
‘to park’ ‘map’ ‘plug’
/t/ /ttelleb/ ttallab /fettes/ fattar /[ett/ xatt
‘to beg’ ‘to crush’ ‘shore’
/f/ /ffume/ ffirma /seffea/ saffar /eoft/ goff
‘to sign’ ‘to whistle’ ‘bulky’
/f/ /ffehhem/ xxahham /keffe/ kaxxa /be[f/ bexx
‘to be fattened’ ‘box’ ‘to spray’
/tf/ /tftfecret/ ccarrat /botftfe/ bocca /pepotftf/ papocc
‘to be torn’ ‘amarble’ ‘bed slippers’
/m/ /mmeake/ /semmel/ sammar | /()emm/ hemm
‘to mark’ ‘to nail’ ‘there’
/r/ /rre:bje/ /ferre?/ ferraq /dzerr/ garr
‘to be angry’ ‘to separate’ ‘to carry’

Note that there is a change in quality in the case of /r/, at least for speakers of
Standard Maltese: in singleton cases it is produced as an alveolar approximant
[1], whereas in geminate forms it is realized as the alveolar tap [r]. However,
some speakers produce an alveolar tap [r] instead of an alveolar approximant [.1]
in singletons, and when it occurs in geminates it is produced as two-tap trill

(Azzopardi-Alexander p.c. 2015).

Voiced obstruents (/b d g v z d3/) and glides (/j w/) can be geminated in word-
initial and word-medial position. Table 3.11 lists some examples. The fact that
there are no geminate voiced obstruents in word-final position is due to the fact
that voiced obstruents are devoiced word-finally (as discussed in Chapter 2

§2.3.7).

83




Table 3.11: Gemination of voiced obstruents and glides in Maltese

Segment | Initial Medial

/b/ /bbe:za/ bbaza /kebbeua/ kabbar
‘to bases’ ‘to make s.t grow’

/d3/ /dzdzeccep/ ggarrab /vledzdze/ vlegga
‘to be experienced’ ‘arrow’

/v/ /vvo:te/ vvota /(?)evvrs/ avviz
‘to vote’ ‘ad’

/w/ /wweldje/ wweldja /dewwel/ dawwal
‘to weld’ ‘to illuminate’

Furthermore, the glottal stop /?/ and the glottal fricative /h/ are geminated only
word-medially and finally, see Table 3.12.

Table 3.12: Gemination of /?/ and /h/ in Maltese

Segments | Medially Finally

/2/ /fettes/ faqqas /detl/ daqq
‘to hatch’ ‘to play’

/h/ /[ehhem] xahham /sehh/ sehh
‘to fatten’ ‘to occur’

3.6.2 Word-medial geminates in Maltese

Maltese Semitic verbs33 follow root-and-pattern morphology similar to other
varieties of Arabic. Word-medial gemination in Maltese is a morphophonological
process arising from its root-and-pattern morphology, which applies across the
board to verbs of Semitic origin. This morphophonological process, which is
similar in numerous Arabic dialects, operates on verbal forms. The
morphological structure of a root in root-and-pattern morphology is non-linear
(also referred to as discontinuous or non-concatenative). The root (), which can

be seen as the most salient meaningful element in a Semitic word, is made up of

33 The difference between Maltese Semitic and non-Semitic verbs is addressed in §3.6.3.1 and
§3.6.3.3 of this chapter respectively.
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2 to 4 consonants. These consonants occur in a fixed sequence. The root
establishes the basic semantic area and words derived from such a root are

semantically related; consider the root ‘k-t-b’ in Figure 3.7 below.

Figure 3.7: VRoot and pattern derivations in Maltese

I kiteb ‘he wrote’ (V) I

I Vk-t-b ‘write’ I g

I kittieb ‘writer’ (N) I

I kitba ‘writing’ (N) I

The root is mapped onto a pattern (also referred to as a theme) to derive both
nominal and verbal forms. The pattern includes both the vocalic sequence for
that root and also the CV-skeleton; i.e., the placeholder for the consonants in the
root. Table 3.13 shows the distribution of the root k-s-r into verbal patterns. The
different verbal patterns keep (to some extent) the same semantic meaning of
the root but have a different aspectual meaning; e.g., reflexive, passive, intensive.
In Maltese root-and-pattern morphology there are 10 verbal patterns in which
roots can be realized. However, in Maltese root-and-pattern morphology, not all
roots are realized in all the patterns. Mifsud (1995) proposes that on average
each root is realized in 3 or 4 of the patterns in the system. On the other hand,
Spagnol (2011) shows that on average each root is realized in two verbal

patterns.

Table 3.13: Root and verbal patterns: k-s-r34

Root Verbal Pattern | Number | Example Aspect
Vk-s-r | C1iC2eC3 | kiser ‘he broke’
C1iC2C2eC3 I1 kisser ‘he smashed’ intensive
t-C1iC2C2eC3 \Y tkisser ‘it was smashed’ passive
n-C1iCzeCs VII nkiser ‘it was broken’ passive

34 Root k-s-r does not derive any patterns from Pattern III or VI for instance.
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The base form for verbal forms is verbal pattern I, which is of a CVCVC shape, the
shape of strong verbal forms. Other verbal forms in the pattern are derived from
pattern I (as can be seen in Table 3.4 above). Pattern II, which is built on Pattern

[, doubles the second radical consonant (in (11) below).

(11) Doubling of the second radical
Pattern [ 2 C1vCzvCs
Pattern II - C1vC2C2vC3

In Table 3.13, pattern II of the base form kiser is kisser - resulting in a geminated
medial consonant. The gemination of the medial consonant in Pattern II applies

to all phonemes in Maltese.

Furthermore, Maltese has word-medial geminates which do not arise through
this morphophonological process. However, unlike the word forms created via
pattern II, which create minimal pairs3>, there are only few minimal pairs in non-

morphological forms. Some examples are listed in (12).

(12) Word-medial geminates

[pe:pe] papa ‘pope’; [pep.pe] pappa ‘food’
[se.pun] sapun ‘soap’; [dzep.pun] Gappun ‘Japan’

3.6.3 Word-initial Geminates in Maltese

The aim of this section is twofold. First, I give an overview of the literature on
word-initial geminates in Maltese and second, I discuss relevant phenomena
related to word-initial gemination. Word-initial gemination in Maltese is present
in Semitic verbs (§3.6.3.1), in lexemes with the definite article (§3.6.3.2) and
non-Semitic verbs (§3.6.3.3).

35 Minimal pairs are created between Patterns [ and II. It is worth noting that this is only the case
where roots have both patterns (as there are some roots which do not have both patterns).
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3.6.3.1 Semitic Verbs

In the introduction above, I listed some examples of word-initial gemination, in
the following sections | present more detail on word-initial gemination in
Semitic verbs, the definite article and non-Semitic verbs. First, in this sub-

section, | address word-initial gemination in Semitic verbs.

First, word-initial geminates in Semitic verbs only arise when the first consonant
of the root is [+coronal -sonorant]. Second, word-initial geminates only arise
through [+coronal -sonorant] word-initial consonants in Pattern V. To illustrate,
in Table 3.14, Pattern Il of the root Vlbs is libbes ‘to be worn’, which has a word-
medial geminate. This is imposed by root-and-pattern morphology, where
Pattern II verbs are derived from Pattern [ by geminating the medial consonant.
Pattern V is built on the CV-structure of Pattern II but in Pattern V, the prefix t- is
added to the verbal pattern II, as is shown by tlibbes ‘to be dressed’ in Table 3.14.
However, if the first radical consonant in the root is [+coronal -sonorant], this
consonant regressively assimilates. In terms of its aspectual meaning, Pattern V
has a passive/reflexive meaning. Table 3.14 shows examples of roots (and their
derivations) beginning with /1/ and /r/ which are [+coronal +sonorant] and /d3/

and /[/ which are [+coronal -sonorant].
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Table 3.14: Root and pattern derivations

Root36¢ | Pattern I Pattern II Pattern V Feature
Vlbs [libes] libes [libbes] libbes [tlibbes] tlibbes | [+coronal
‘to wear’ ‘to dress’ ‘to be dressed’ +sonorant]
Vrs? [rese?] resaq [resse?] ressaq [trerre?] tressaq | [+coronal
‘to approach’ ‘to bring sth|‘to be brought | +sonorant]
closer’ forward’
Vdzbd3” | [d3Lbet] gibed [dzeb.bet] gebbed | /d3.d%eb.bed/ [+coronal
‘to pull’ ‘to pull’ ggebbed -sonorant]
‘to be stretched’
V[rb38 [Jo.rop] xorob [fer.rep] xarrab /[.Jer.reb/ [+coronal
‘to drink’ ‘to make s.th wet’ | xxarrab -sonorant]
‘to get wet’

The [+coronal -sonorant] pattern V verbal forms have geminates in word-initial
position. This is the only case where a word-initial lexical geminate originates in
Maltese Semitic verbal morphology. Table 3.15 lists the [+coronal -sonorant]
sounds in Maltese which undergo word-initial gemination in Pattern V verbal

forms.

Table 3.15: [+coronals -sonorant] sounds in Maltese

Alveolar Postalveolar
t d

S/ )

ts tf dz

The coronal sounds in Maltese, also known as the sun letters in Maltese and other
varieties of Arabic, regressively assimilate in the case of the definite article (this
is discussed below in §3.6.3.2). However, there is a difference in which sounds

can be assimilated before the definite article and in Pattern V verbal forms. /nr

36 The root consonants in the column root are given in phonemic transcription and not in
standard orthography.

37 Readers are reminded that voiced obstruents are finally devoiced in Maltese.

38 Same as above.
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1/ which are [+coronal +sonorant] do not assimilate the first root consonant in

Pattern V3°. Compare (13) and (14) below.

(13) [+coronal +sonorant]: no assimilation
[tlibbes] tlibbes ‘to be worn’

[tresse?] tressaq ‘to be approached’

(14) [+coronal -sonorant]: assimilation
[[ferrep] xxarrab ‘to get wet’

[zzewwet[] ZZewweg ‘to get married’

Roots can also be made up of four radicals, which are called quadriliterals (cf.
Ellul 2010 for a current analysis of quadriliteral verbs in Maltese). There are two
types of quadriliterals: simple, which have four distinct radical consonants:
C1VC2C3VCs and reduplicative, where the first syllable is repeated: C1VC2C1VCa.

These are exemplified in (15).

(15) Quadriliterals
Simple: Vhrbt [her.bet] harbat ‘to mix up’
Reduplicative: Vfrfr [fer.fer] farfar ‘to dust’

Quadriliteral forms, unlike triliteral forms, undergo only one derivational
process, which is the addition of the prefix [t] to create passive forms. Word-
initial geminates also arise, when the prefix [t] is added before roots whose first

consonant is [+coronal -sonorant], as in (16).

39 However, they regressively assimilate in the definite article (see §3.6.3.2).
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(16) Quadriliteral

Vhrbt [+coronal +sonorant]: no assimilation
[her.bet] harbat ‘to mix up’,
[ther.bet] tharbat ‘to be mixed up’

Vxqlb [+coronal -sonorant]: assimilation
[fe?.lep] xaqleb ‘to move s.th in a direction’,

[[Jep.lep] xxaqleb ‘to be moved in a direction’

In addition, I would like to point out that any inflected forms that arise from the
Pattern Il and Pattern V retain the gemination, whether it is in initial or medial
position. Table 3.16 shows 3 examples of derived and inflected forms from
Pattern I, Il and V. In Pattern I, there is no gemination in the derived form and by
consequence inflected forms do not have it. On the other hand, in Patterns II and
V, there is gemination in the derived forms and they surface also in the inflected

forms.

Table 3.16: Gemination across derived and inflected forms

Root Pattern Derived Example Inflected Example Gemination
Vdhl |Patternl | [dehel] dahal [dhelt] dhalt NO
‘to enter’ ‘I entered’
Pattern Il | [dehhel] dahhal [dehhelt] dahhalt YES: medial
‘to insert’ ‘I inserted’
Pattern V | [ddehhel] ddahhal | [ddehhelt] ddahhalt | YES: initial
‘to be instered’ ‘[ was entered’ and medial

Furthermore, non-Semitic stems maintain their word-initial geminate also in

morphologically related words (17).
(17) non-Semitic morphologically related words

Verbal form: /m.mer.ke/ ‘to mark’

Derived passive particle: /m.mer.ket/ ‘it was marked’
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To sum up, word-initial geminates arise before Semitic roots, where the first
consonant in the root is [+coronal -sonorant]. Gemination arises in Pattern V of
the root-and-pattern verbal morphology. Typically, verbal forms derived from
tri-consonantal roots, have word-initial geminates tend to have word-medial
geminates too. In the following section, I describe how word-initial geminates

arise in nouns, in particular nouns with an initial [+coronal] sound.

3.6.3.2 The Definite Article

Word-initial geminates can also surface from the assimilation of the definite
article. The definite article in Maltese, which originates from Arabic, is (i)l-.
Before vowels, the article is realized as [l-], e.g., [l-ett] ‘the act’. Before
consonants, the article can take the prothetic vowel /1/, thus realized as [1l] (e.g.,
[il-kelb] ‘the dog’), after a word ending in a consonant or at the beginning of the
phonological phrase (Comrie 1980). Just like Arabic (Watson 2007), the [1] of the
definite article in Maltese regressively assimilates in terms of place of

articulation to following [+coronal] sounds.

In the previous section, the assimilation caused by the feature [+coronal] was
discussed in light of the morphology of Pattern V (c.f. Table 3.6). Sounds which
are [+coronal +sonorant] do not assimilate before the verbal prefix /t/, as in for
example (13) above. However, in the case of the definite article, [+coronal
+sonorant] sounds assimilate the definite article; as in /r/ in ras ‘head’ and /n/
in nar ‘fire’ and nokkli ‘curls’ in Table 3.17. On the other hand, in verbal forms /n
r 1/ do not assimilate. Therefore, the assimilation of the definite article occurs

before [+coronal] Semitic and non-Semitic sounds.
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Table 3.17: The definite article in Maltese

Semitic nouns non-Semitic nouns
ARTICLE DOES NOT [1l.Kelp] il-kelb [1L.mek] il-mug

ASSIMILATE ‘the dog’ ‘the mug’
[1L.2elp] il-qalb [1LKun.tfert] il-kuncert
‘the heart’ ‘the concert’

ARTICLE ASSIMILATES [1s.sejf] is-sajf [1ts.ts1je] iz-zija

‘the summer’ ‘the aunt’
[ir.re:s] ir-ras [1t.tets.tse] it-tazza
‘the head’ ‘the cup’
[in.ne:r] in-nar [in.nok.Kkl1] in-nokkli
‘the fire’ ‘the curls’

A second observation is that the affricate /d3/ does not assimilate in the case of
the definite article e.g., gelat /dze:let/ ‘ice-creamy’, il-gelat [1l.d3e:.let] ‘the ice-
cream’ but it does in the case of the derived verbal forms. Borg (1997) claims
that the non-assimilation of the definite article before /d3/ is present in Classical
Arabic and other varieties of Arabic. One possible explanation of this is the fact
that /d3/ historically derives from the velar /g/, which does not assimilate (cf.
Kambuziya 2007 for a description of this change). Comrie (1980) argues that the
non-assimilation of /d3/ in Maltese is an exception in the phonological rule for

/1/-assimilation.

The assimilation processes for Semitic verbs in §3.6.3.1 and the definite article in
§3.6.3.2 are very similar, however, a distinction in the assimilation of [+coronal -
sonorant]| initial sounds for word-initial geminate and the assimilation of
[+coronal] initial sounds for the definite article is made respectively. This
phonological restriction on word-initial gemination is not present in non-Semitic

verbs.
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3.6.3.3 Non-Semitic Verbs: Romance and English Verbs

Verbs have been integrated into Maltese from Italian and English. The syllabic
structure of such verbs varies widely, ranging from two to five syllables, and

deviates from the rigid prosodic structure of Semitic verbs.

Mifsud (1995) claims that initial gemination is a distinctive feature of non-
Semitic verbs. He also adds that even though non-Semitic stems undergo
gemination, their phonetic surface realization requires a prothetic vowel.
However, this prothetic vowel is dropped when the preceding words ends in a

vowel.

For verbs originating in both Italian and English, Mifsud (1995) describes in
detail the phonological conditions in which initial gemination is and is not
carried out. In his description, Mifsud (1995) separates verbs of Italian and
English origin and classifies them as ‘Type C’ and ‘Type D’ verbs, respectively.
However, for the present purposes, it will suffice to treat both as non-Semitic
verbs. Mifsud (1995) sets the scene by identifying the different syllable
structures in the stem verb, mainly focusing on the vocalic and consonantal
sequences of the leftmost edge. By doing so, three stems are identified in both
[talian and English verbs:

1) V-stems

2) CV-stems

3) CC-stems

Vowel initial stems, v-stems, do not undergo word-initial gemination, see (18) for

examples.
(18) V-stems

[talian [esperimentare] - Maltese [esperimente] ‘to experiment’

English [af2:d] > Maltese [effordje] ‘to afford’
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Maltese has integrated a number of non-Semitic verbs that are vowel-initial in
their language origin, but the initial vowel has been deleted in their integration.
This mainly affected verbs coming from Italian such as abbastare, which was
integrated as bbasta ‘to suffice’. It is possible that the stem in Romance
underwent a process of apheresis.?0 If this is the case, the initial gemination is
not a result of the same morphological process underlying word-initial
gemination for non-Semitic verbs, but it might be word-initial because of the

process of apheresis (cf. Mifsud 1995).

Furthermore, both Italian and English stems with a vowel-nasal-consonant

sequence, as in (19), do not undergo gemination.

(19) Vowel-nasal-consonant sequences

Italian [Interessa] - Maltese [Interesse] ‘to interest’

Mifsud (1995) argued that some Italian stems of a vowel + nasal went through a
process of regressive assimilation instead of a process of initial gemination, as in

(20).

(20) Vowel +nasal consonant

Italian [intende] - Maltese [ttende] ‘to intend’

[talian stems beginning with a vowel-sibilant-consonant sequence go through a
process of apheresis in their integration. Therefore, in its integration into
Maltese, the initial vowel is deleted and the sibilant does not undergo
gemination. This process is limited to Italian stems as English does not have such
structures. Mifsud (1995) attributed this process to an analogy to similar
(Semitic) Maltese forms: e.g. stahba ‘to hide oneself. Thus vowel sibilant
consonant stems result in a sibilant-cluster onset in Maltese: sklama ‘to

exclaim’.4!

40 Apheresis can be defined as the process of deleting or losing one or more sounds at the
beginning of the word in an unstressed syllable..

41 Note that in some varieties of Maltese, some speakers might have an alternation of the verb
beginning with a vowel e.g. sklama ~ e/isklama ‘to exclaim’.
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Mifsud (1995) claimed that in cases such as abbasta - bbasta it is very difficult
to say whether such forms underwent a process of apheresis or a process of
initial gemination (especially as there is also the verb bastare). Mifsud (1995)
claimed that initial gemination is a morphological process that integrated
borrowed verbs from Italian and English into Maltese. Diachronically, it is
possible that certain verbs went through a phonological process. However,
synchronically, these verbs have an initial geminate and they should be treated

just as any other initial geminated verb.

In CV-stems, any word-initial consonant can be geminated. Table 3.18 lists some

examples from Italian and English.

Table 3.18: Non-Semitic verbs: CV-stems

Language of origin Example Translation
Italian ‘firmare’ ffirma ‘to sign’
[talian ‘solidificare’ Maltese | ssoda ‘to solidify’
English ‘book’ bbukkja ‘to book’
English ‘chance’ ccansja ‘to change’

[talian stems with a sonorant as a first consonant lost the pretonic vowel in
Maltese and resulted in a CC-onset. As a result, initial gemination is blocked in
such cases, where the first consonant is a resonant, and this results in a
sonorant-initial cluster (e.g., /lm/): Italian lamenta -> Maltese Imenta ‘to
complain’. Mifsud (1995:150) reminded his readers that ‘a euphonic vowel is
required in surface realisations’. However, this is not the case for English stems.
On the other hand, CV.C-sequences, which do not begin with a resonant, delete
the pretonic vowel and undergo gemination: Italian comanda -> Maltese

kkmanda ‘to order’. This results in a geminate + consonant sequence.

The first consonant of a CC-onset in both Italian and English stems can be

geminates as shown in Table 3.19.
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Table 3.19: Non-Semitic verbs: CC-stems

Language of origin Example Example Meaning
Italian ‘brilla’ bbrilla ‘to excel’
Italian ‘tratta’ Maltese | ttratta ‘to treat’
English ‘print’ pprintja ‘to print’
English ‘freak’ ffreakja ‘to freak’

In the case of sibilant initial clusters, initial gemination is blocked. Also, sibilant
initial clusters are not preceded by a prothetic vowel. However, there are some
exceptions for sibilant cluster coming from English stems. According to Mifsud
(1995), sibilant-sonorant clusters (including the glide /w/) can undergo
gemination in Maltese. For instance: slide > /sslejdje/; shred = /[fredje/;
swerve > [sswervje/. However, Mifsud (1995) lists snob and switch as
exceptions, since they are not geminated in the perfective form (e.g. snobbja ‘to

snob’) but are geminated in the imperfective forms (e.g. jissnobbja ‘he snobbed’).

This subsection has shown that word-initial gemination in non-Semitic verbs is

widespread and most borrowed verbs have a word-initial status.

3.6.3.4 The status of word-initial geminates

In Chapter 2 §2.4 and §2.5, I argued that word-initial geminates are disallowed in
the phonology of Maltese and tend to require a vocalic insertion. This insertion
was triggered by the need to syllabify all segments in a phonology string.
Therefore, it goes without saying that the status of word-initial geminates in

Maltese is very controversial.

Azzopardi (1981: 50, emphasis added) states:
“No geminate consonant can occur word initially or syllable initially
because in Maltese, the geminated consonant in this position is always
pronounced with a very short vowel /i1/ the epenthetic vowel... But

geminated consonants never occur word-initially.”
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Mifsud (1995:143) claimed “the phonetic surface realization of such verbs
requires a prothetic vowel unless the preceding word ends in a vowel”.
Hoberman and Aronoff (2003:73) stated that “In Maltese there is always a
prothetic vowel before initial geminates unless the preceding word in the same
phonological phrase ends in a vowel.” With reference to the definite article,
Comrie (1980:25) commented that ‘before consonants, the article takes prothetic

‘', to give il-, at the beginning of a phonological phrase or after a consonant’.

Maltese does not seem to be the only language, in which word-initial geminates
are preceded by a vocalic insertion. Marshallese, a language spoken by 58,000
speakers in the Republic of the Marshall Islands, also has a similar process
(Harrison 1995, Wilson 2003). Harrison (1995) argues that the difference
between Ralik and Ratak dialects of Marshallese are mainly lexical. However, she
adds that the non-lexical difference is the placement of an inserted vowel with
respect to word-initial geminates. In Ralik, the Marshallese dialect spoken on the
western islands, word-initial geminates are preceded by an epenthetic vowel

(which are shown in bold) in (21) below.

(21) Ralik word-initial geminates (from Harrison 1995)

/ppin/ = [ippip] ‘skilled in jumping’
/llor/ = [ellor] ‘shade, shadow’

On the other hand, in Ratak, the Marshallese dialect spoken on the eastern

islands, an epenthetic vowel is inserted between the geminates as in (22) below.
(22) Ratak word-initial geminates (from Harrison 1995)

/ppin/ = [pipip] ‘skilled in jumping’
/llor/ > [lelor] ‘shade, shadow’
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Furthermore, Bolognesi (1998:153) reports that some speakers may insert a
vocalic insertion before word-initial geminates (and also sC clusters) in

Campidanian Sardinian*? (in 23).

(23) Campidanian Sardinian (from Bolognesi 1998)

[i]tstsuyu neck

[i]ffimpru fool

3.6.3.5 Geminate Integrity in Maltese

Geminate integrity refers to the fact that geminates cannot be split by vocalic
insertions (Hayes 1986; Kenstowicz 1994; Curtis 2003). Therefore, vocalic
insertions cannot be inserted between the halves of geminates. The word-initial
geminates in Ratak in (8) do not show geminate integrity as an epenthetic vowel
is inserted between the geminates. In contrast, Hayes (1986) provided evidence
from Palestine Arabic, where word-final geminates obey geminate integrity (and
are not split by epenthesis), but word final consonant clusters are split by

epenthesis, as in (24).

(24) Palestine Arabic (Hayes 1986)
/tamm/ - [famm] ‘mother’
/takl/ = [?akil] ‘food’

Moreover, Hayes (1986) proposed that heteromorphemic geminates, unlike
concatenated geminates, also resist epenthesis. Therefore, in the case of
Palestine Arabic, heteromorphemic geminates arise through total assimilation;

geminates are not split up by epenthesis (as in 25).

(25) Palestine Arabic (Hayes 1986)
Concatenated geminates: /fut + t/ = [futit] ‘] entered’

Heteromorphemic geminates: /1+ zyir/ = [zzyir] ‘the small’

42 See Lai (2015) for a discussion of word-initial geminates in Sardinian.
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In Maltese, geminates in word-medial and word-final position show geminate

integrity and are never split up by epenthesis (as in 26).43

(26) Word-medial and word-final geminates
[fehhea] ‘to compliment’

[(?)omm] ‘mother’

As their medial and final counterparts, word-initial geminates in Maltese also
show geminate integrity, following Hayes’s (1986) definition, that the vocalic
insertion is right before the geminate and not in between. Therefore, the
geminate is not split, as in (27). As shown in Chapter 2 §2.2.3, obstruent-initial

onsets in Maltese are never split up epenthesis.

(27) Maltese word-initial geminates
[1ddehhel] iddahhal ‘to be entered’

[1sserref] issarraf ‘to be exchanged’

This supports the argument that word-initial geminates in Maltese are genuine
geminates. However, word-initial geminates are not really word-initial, but
pattern similarly to word-medial geminates. This is because word-initial
geminates in Maltese are assumed to be ambisyllabic, like word-medial

geminates, and require a vowel before the first part of the geminate.

3.6.3.6 Interim summary: word-initial geminates in Maltese

The aim of the above subsection was to show that word-initial geminates in
Maltese are conditioned by a number of morphological and morphophonological
restrictions. Furthermore, word-initial geminates tend to be preceded by an
epenthetic vowel, which in turn, makes them more similar, structurally, to word-

medial geminates. This is investigated further in Chapter 5 and Chapter 6.

43 It is interesting to compare Maltese to other dialects of Arabic with respect to the realization of
word-final consonant clusters. This is because, in Maltese, such clusters are never split but by
epenthesis, but can be split up in other dialects as in Levantine Arabic.

99



3.6.4 Word-final geminates in Maltese

In this final section, I discuss word-final gemination in Maltese. Root-and-pattern
morphology also plays an important part in word-final gemination. In §3.6.2, |
showed how roots are typically made up of 2 to 4 consonants and different
verbal and nominal patterns can be derived. Of particular interest for word-final
gemination in Maltese (and other Arabic dialects) are “biconsonantal roots”
(McCarthy 1981:396). Biconsonantal roots, also known as doubled or geminate
roots in the literature, are realized with the gemination of the second consonant
in the root (i.e. Cz). Table 3.20 shows examples of triconsonantal roots and

biconsonantal roots and their respective first pattern.

Table 3.20: Root types: strong and biconsonantal*+

(Strong) Triconsonantal Roots: C1C2C3 Biconsonantal Roots: C1G
Root Example Root Example
/f-t-h/ /feteh/ /d-1-2/ /det?/

fetah ‘to open’ daqq ‘to play’
/e1-t/ /tilef/ /o-J-f/ /beff/

tilef ‘to lose’ bexx ‘to spray’
/m-r-d/ /meret/ /[-m-m/ /[emm/

marad ‘to become sick’ xamm ‘to smell’

The final geminate of these verbs is an integral part of the inflected and derived
forms of the verbs. Therefore, when morphological prefixes and suffixed are
added- the geminate is part of the surface form and is not deleted or reduced.

However, it might shift to medial position as in the examples in (28).

(28) Inflection verbal forms
/dettejt/ daqqejt ‘1 played’ (compared to /de??/ daqq ‘he played’)
/mdo??u/ indoqqu ‘we play’ (compared to /de??/ daqq ‘he played’)

44 Examples of roots taken from gabra (Camilleri 2013).
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Word-final gemination is not limited to verbal patterns and to words of Semitic
origin, but it is also found in other lexical categories, such as nouns and
adjectives, and in words of non-Semitic origin in the Maltese lexicon as shown in

(29).

(29) Examples of word-final geminates
Semitic: /(?)omm/ omm ‘mother’ (Noun)
Non-Semitic (Italian): /zipp/ Zipp ‘zipper’ (Noun)
Non-Semitic (Italian): /Iiff/ lixx ‘smooth’ (Adjective)

3.6.5 Geminates in Maltese and syllable types

Geminates are assumed to be ambisyllabic, “typically span the syllable break”
(Kenstowicz 1994:45), where the first half of the geminate is syllabified as a coda
to the previous syllable and the second half of the geminate is syllabified as an
onset to the following syllable. At least, this is true for word-medial geminates
cross-linguistically. Yet, this is not the case for word-initial and word-final

geminates.

In Maltese, word-medial and word-initial geminates have a similar structure, in
that the geminate is preceded by a vowel. In the case of word-initial geminates,
this is considered to be an epenthetic vowel, whereas, in the case of word-medial
geminates it is a lexical vowel. Nevertheless, I also assume that word-initial and
word-medial geminates in Maltese span the syllable boundary and are
ambisyllabic. It is also important to mention that word-initial and word-medial

geminates can be also followed by other consonants as in (30).

(30a) Word-initial: /pprogremme/ pprogramma ‘to programme’

(30b) Word-medial: /eppretstse/ apprezza ‘to appreciate’

Word-finally geminates are not considered to be ambisyllabic and are restricted

to one syllable. Other consonants do not seem to precede word-final geminates.
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However, verbs containing word-final geminates can have the negative suffix -[

following, as in (31).

(31a) /hebb/ habb ‘to love’
(31b) /me hebb// ma habbx ‘he didn’t love’

3.7 Summary

The main objective of this chapter was to present a cross-linguistic perspective
on gemination. In §3.1-3.3, I outlined the acoustic correlates, which can be
manifested in word-medial, word-initial and word-final positions. The discussion
illustrated that there is a primary correlate for gemination, i.e. constriction
duration, which is present in all languages that have geminates regardless of
their position in the word. In contrast, secondary correlates (such as VOT, the
duration of the vowel before geminates) can serve as correlates in some
languages but not in others. The primary and secondary cues of geminates in
Maltese will be investigated in production studies 1-3 in Chapters 5, 6, 7

respectively.

In §3.4, I discussed the two representations of gemination that dominate the
literature; namely a segmental approach and a moraic analysis. Moreover, |
presented arguments in favour and against these representations. In addition, a
hybrid representation, which links the role of acoustic timing into a phonological
model (Hume et al. 1997; Muller 2001), was also discussed. In Chapter 9, |
discuss the representation of geminates in Maltese by adopting a moraic
analysis. In §3.5, the difference between lexical and surface geminates was
presented and their representation was outlined. The acoustic correlates of
lexical and surface geminates in Maltese are studied in Production Study 1 in

Chapter 5.
Having discussed the phonetics and phonology of geminates in a cross-linguistic

perspective, | home in on gemination in Maltese in §3.6. Primarily, gemination in

Maltese arises through a morphological process in the root-and-pattern system,
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which seems to be a special phenomenon for Semitic languages (cf. Curtis 2003).
Gemination is also used as a morphophonological element to incorporate loan
verbs in Maltese. In root-and-pattern morphology, word-medial gemination in
Maltese arises through the gemination of the medial consonant (e.g. [rese?] resaq
‘to approach’ and [resse?] ressaq ‘to bring s.th closer’). In addition, word-medial
gemination is also found in words of non-Semitic origin (such as [meppe] mappa
‘map’, [tetstse] tazza ‘cup’). However, unlike the Semitic verbal forms, minimal
pairs for the non-Semitic words do not always exist. Word-initial gemination in
Maltese is limited to Semitic and non-Semitic verbs and the definite article. There
is a distinction to which sounds can be geminated depending on these three
categories. For instance, for Semitic verbs only [+coronal -sonorant] segments
can be geminated word-initially. The definite article before both Semitic and
non-Semitic sounds regressively assimilated to [+coronal] sounds. On the other
hand, there are not such phonological restrictions4> on non-Semitic verbs,
particularly verbs from English, which are continuously entering the language.
Finally, the status of word-initial geminates is controversial as it has been argued
that they are preceded by an epenthetic vowel (cf. Azzopardi 1981, Mifsud 1995,
Hoberman and Aronoff 2003). In addition, Maltese is not the only language that
inserts a vowel before word-initial geminates. This is also found in dialects of
Marshallese and Campidanian Sicilian. Maltese also has word-final geminates:
some of which arise because of the nature of the root in the root-and-pattern

morphology, and in other words that happen to have word-final geminates.

In the subsequent chapter, I outline the general methodology with respect to the
the segmentation process employed in the production studies in this

dissertation.

45 §3.6.3.3 described how and when gemination occurs in Italian originating verbs. However,
nowadays, almost all loan verbs are from English.
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Chapter 4: Methodology

In this chapter [ describe the methodology used for the collection of data in
production studies 1, 2 and 3. In §4.1, I give a general description of the method
used (more specific information on the method is provided in the respective
chapters). This leads to information on the language requirements to recruit
participants for the studies in §4.2. In §4.3, I list the measurements used in each
production study. In §4.4, I outline the general procedures of how the data was

annotated. In §4.5, | summarize this chapter.

4.1 Method

The target words were presented to the participants in a carrier phrase. The
speech material used in the different production studies is described in the
relevant chapters of this thesis (i.e., Chapter 6 for Production Study 1: Comparing
lexical and surface word-initial geminates, Chapter 8 for Production Study 2:
Comparing word-initial and word-medial geminates and Chapter 9 for Production

Study 3: Comparing word-final and word-medial geminates).

The target words were chosen from gabra#¢, an open lexicon for Maltese
(Camilleri 2013), the MLRS corpus*’ (Gatt and Ceplo 2013) and Aquilina’s
(2001) Maltese English Dictionary.

A number of fillers were added to each list to serve as distractor items for the
participants. For Production Study 1, filler items consisted of minimal pairs such
as rima /rime/ ‘rhyme’ and prima /prime/ ‘first. For Production Study 2
(comparing word-initial to word-medial geminates) and Production Study 3
(comparing word-final to word-medial geminates), a number of filler items had
words with segments which were not under investigation in the production
study, such as /b, d/ (e.g. /'bidel/ bidel ‘to change’ vs /'biddel/ biddel ‘to be

changed’). Another set of filler items consisted of pairs of words, which either

46 Gabra website: http://mlrs.research.um.edu.mt/resources/gabra/
47 MLRS website: http://mlrs.research.um.edu.mt/
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have a glottal stop or a vowel in word-initial position such as (e.g. /ett/ att ‘act’

and /?ett/ qatt ‘never’).

All recordings for the production studies were carried out in a sound-attenuated
room. A Rode NT1-A microphone was used for recordings. Recordings were

carried out at a sample rate of 44.1 kHz at 16 bits per sample.

4.2 The language of participants

Due to the linguistic variety that dominates the Maltese islands (see Vella 2012
for a review), dominant speakers of Maltese were only considered for the
production studies. Malta, despite being geographically small, presents itself
with an interesting linguistic landscape. This is because Maltese and English are
the two official languages in Malta, and besides those languages, there are
numerous dialects. It is argued (e.g, Borg 1988, Vella 2012 and references
therein) that Maltese speakers vary along a continuum with respect to their
language dominance. Selecting dominant speakers of Standard Maltese was
crucial in order to capture how geminates are produced in that variety of
Maltese. Dominance in dialectal varieties and in English has shown to influence a
speaker’s choice of segmental material (e.g. comparisons of vowel quality in
Standard Maltese and dialects of Maltese: Aquilina and Isserlin 1981; Chetcuti
2005; Said 2007; and Grech 2015 for Maltese English). Therefore, the main idea
was to collect data from speakers with similar linguistic backgrounds: i.e., where
Standard Maltese was used much more than any of their other languages, if they

had any other languages.

The participants’ dominance in Maltese was determined in the first instance by
the experimenter who is a native speaker of Maltese. Furthermore, before doing
the recordings all participants filled in a linguistic background questionnaire
(based on Twist 200648). The questionnaire data included information on the
participants’ choice of language to use at home and with their friends, a choice

for Maltese in these domains being more likely to indicate dominance in Maltese.

48 The linguistic background questionnaire can be found in Appendix 1.
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4.3 Measurements

In Production Study 1 (lexical and surface word-initial geminates), the following

acoustic parameters were measured:

* C(Closure duration for stops

* Constriction duration for fricatives
* Inserted vowel duration

* Glottal stop insertion

* Interconsonantal interval

e VOT for stops

e Tonic vowel

In Production Study 2 (comparing word-initial and word-medial geminates), the

following acoustic parameters were measured:

* C(Closure duration for stops

* Constriction duration for fricatives and sonorants

* C(Closure duration for the stop portion and constriction duration for the
frication portion for affricates

* Inserted vowel duration (only for word-initial geminates)

* (lottal stop insertion (only for word-initial geminates)

e VOT for stops

In Production Study 3 (comparing word-final and word-medial geminates), the

following acoustic parameters were measured:

* Full consonant duration for stops

e Constriction duration for fricatives, affricates and sonorants

* Tonic vowel

* Rhyme duration (i.e., duration of tonic vowel + duration of following
consonant)

* The duration of the vowel after word-medial singletons/geminates.
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4.4 Annotation

Acoustic segmentation was carried out manually using Praat (Boersma & Weenik
2015). The criteria for the annotation carried out in the three production studies
are divided into three parts. In subsections §§4.4.1-4.4.7, 1 provide the criteria
employed for the annotation of closure duration in oral and nasal stops, frication
duration in the fricatives /s [ f/, the duration of the affricate /t[/, the duration of
the liquid /1/ and the duration of /r/. Since geminates are defined by longer
durations, it was important to identify how the different segments were

annotated.

In §4.4.8 and §4.4.9, | provide the criteria for the annotation of the vowel before
and the vowel after geminates and singletons respectively. In §4.4.10 and
§4.4.11, I provide the criteria for the annotation of the vocalic insertion and
glottal stop insertion before word-initial geminates respectively. Furthermore, in
§4.4.12, 1 provide the criteria for the annotation of an acoustic portion measuring
these two insertions. The latter will be discussed in more detail in Chapter 5

§5.5.2.

4.4.1 Stops in word-initial and word-medial position

In the case of the voiced (/d/) and voiceless (/p t k/) stops, the constriction
duration and voice onset time (VOT) were measured in word-initial and word-
medial position. The constriction duration for the stops, singletons as well as
geminates, was measured from the start of the closure to the release. VOT in
both voiceless and voiced segments was measured as the interval between the
release of the stop and the onset of the following vowel. Figure 4.1a shows the
segmentation of closure duration and VOT for the singleton consonant /t/ and
Figure 4.1b shows the segmentation closure duration and VOT for the geminate

consonant /tt/.
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Figure 4.1a: Segmentation of closure duration and VOT in the singleton /t/ in

tallab ‘hyp.'*°
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Figure 4.1b: Segmentation of closure duration and VOT in the geminate /tt/ in
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In the case of the voiced stop /d/, the voice bar is usually present for most (as in
the singleton in Figure 4.2a) or part (as in the geminate in Figure 4.2b) of the

duration of the constriction. Nonetheless, the presence of a voice bar was not

49 A faint dashed line in the ‘word’ tier in the following figures indicates a word boundary marker,
this might precede or follow the target measurements.
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taken to be a reliable indicator of the exact end of the stop. Figure 4.2a shows the
segmentation of closure duration and VOT for the voiced singleton stop /d/ and
Figure 4.2b shows the segmentation of closure duration and VOT for the voiced

geminate stop /dd/.

Figure 4.2a: Segmentation of closure duration and VOT in the singleton /d/ in

dahhal ‘to insert’
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Figure 4.2b: Segmentation of closure duration and VOT in the geminate /dd/ in

ddahhal ‘to be entered’
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4.4.2 Stops in word-final position

In word-final position, there was a lot of across- and within-speaker variation.
This is because speakers sometimes released the stops in word-final position
fully, whereas they did not do this at other times. For instance, Figure 4.3 below
shows a fully released word-final singleton /k/. Due to this high variability, for

word-final stops, [ report the full consonant duration including the VOT when

present.

Figure 4.3: Word-final singleton /k/: fully released in lok ‘place’
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4.4.3 Fricatives

The fricatives (/f, s, [, z/) were measured from the start of the aperiodic noise to
the start of the following vowel (as in Figure 4.4a for singleton /s/ and Figure

4.4b for geminate /ss/).
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Figure 4.4a: Segmentation for singleton /s/ in sabbar ‘to comfort’
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Figure 4.4b: Segmentation for geminate /ss/ in ssabbar ‘to be consoled’
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4.4.4 Affricates

The consonant duration of the affricate /tf/ was measured from the start of the
closure of the stop element in the affricate to the start of the following vowel as
shown in Figure 4.5a for singletons and Figure 4.5b for geminates. The
consonant duration of the affricate included the closure duration for the stop

element as well as the aperiodic noise for the fricative element.
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Figure 4.5a: Segmentation for singleton /tf/ in ¢ucata ‘a stupidity’
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Figure 4.5b: Segmentation of geminate /tft[/ in kecci ‘you (sing.) send someone

away (imp.)’
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In Production Study 2, the stop portion and the fricative portion of the affricate

were investigated separately. These were segmented as shown in Figure 4.5c.

The stop portion consisted of the closure duration and the frication portion

consisted of the aperiodic noise for fricatives.
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Figure 4.5c: Segmentation of the stop and fricative portions in the geminate

affricate /tf/
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4.4.5 Liquid /1/

Left boundaries for the liquid /1/ were placed when a drop in intensity in the
waveform, as well as in formant frequency in the spectrogram, was visible
following the preceding vowel, as in Figure 4.6. Right boundaries were placed

when intensity and formant frequency increased again to signal the following

vowel.

Figure 4.6a: Segmentation of singleton /1/ in haleb ‘he milked’
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Figure 4.6b: Segmentation of geminate /11/ in halleb ‘he milked the cow’
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4.4.6 /r/

It is important to point out that the realization of /r/ in Maltese is variable. Borg

and Azzopardi-Alexander (1997:302) argue that /r/ can be realized as either an

approximant [1] or as a tap [r]. However, what determines this choice is unclear.

For this reason, I transcribed all tokens including the segment /r/ as /r/. The

segment /r/ was identified by a lowering of the first formant and a ‘gap’ between

the first and second formants, as in Figure 4.7.

Figure 4.7a: Segmentation of singleton /r/ in harab ‘to run away’
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Figure 4.7b: Segmentation of geminate /rr/ in harrab ‘to make s.o. run away’

“————Wm Wmmwrnwwmmm»—ml- ;
5000 ; .
N Y ‘ ‘
) | “‘ ! W ‘
g "l
2500 :
g L
g, W
n !
0 !
harrab word
r CV
600 800 1000 1200
Time (ms)
4.4.7 Nasals

Left boundaries for nasals were placed where there was a marked drop in
intensity relative to adjacent segments, with right boundaries being placed at the

point where of a renewed increase in formant intensity (as in Figure 4.8).

Figure 4.8a: Segmentation for singleton /m/ in lemah ‘to perceive’
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Figure 4.8b: Segmentation for geminate /mm/ in lemmah ‘to make s.o. aware of
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One shortcoming in the design of Production Study 3 was that target words
ending in word-final /m, n/ were followed by an initial /m/ in the word ‘mitt’, as
in (5). In such cases, it was impossible to identify the end of the final /m, n/ and

the start of the following /m/. As a result, these tokens were discarded.

(1) Qallek omm mitt darba

He told you mother a hundred times

4.4.8 The tonic vowel

The tonic vowel is defined as the vowel in the stressed syllable after the target
consonant in word-initial position or the vowel in the stressed syllable before
the target consonant in word-medial position (c.f. Zimmerman & Sapan 1958).
Figure 4.9a shows the tonic vowel, /e/, after a word-initial geminate and Figure

4.9b shows the tonic vowel, /e/, before a word-medial geminate.
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Figure 4.9a: Segmentation of the tonic vowel /e/ after the word-initial geminate

/ss/ in ssabbar ‘to be consoled’
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Figure 4.9b: Segmentation of the tonic vowel /e/ before the word-medial

geminate /ss/ in nassab ‘to trap’
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4.4.9 The vowel after word-medial geminates/singletons

word

(O\Y

The (unstressed) vowel after word-medial geminates was measured after the

constriction duration of the target consonant until the start of the following

consonant as in Figure 4.10a after singletons and Figure 4.10b after geminates.
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Figure 4.10a: Segmentation of the vowel /e/ after the word-medial singleton /t/

in batan ‘to conceive an idea’
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Figure 4.10b: Segmentation of the vowel /e/ after the word-medial geminate /tt/

in battan ‘to be conceived’
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4.4.10 Vocalic insertion

The vocalic insertion, [1], which was expected to occur before word-initial

geminates (cf. Chapter 3 §3.6.3.4), was measured between the onset and offset of

vowel related formants (Figure 4.11).
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Figure 4.11: Segmentation of the vocalic insertion [1] before word-initial

geminate /dd/
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4.4.11 Glottal stop insertion

When glottal stop insertions, i.e. [?], were present, it was measured from the start
of the glottal pulse, which was followed by a closure phase and another glottal
pulse until the start of inserted vowel as in Figure 4.12. Note that a glottal stop
insertion was always followed by the vocalic insertion [1] and happened only
before word-initial geminates (c.f. Chapter 5 and 6 for these results). The
segment preceding the glottal stop insertion can either be: the nasal /m/ in the
preceding word ‘Qalilhom’; the vowel /e/ in the preceding word ‘Qalilha’; the
voiceless velar stop /k/ in the preceding word ‘Qallek’; or the latter’s substitute,

the voiceless alveolar stop /t/ in the preceding word ‘Qalet’.
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Figure 4.12: Glottal stop insertion [?] before the vowel [1] before the word-initial

geminate /dd/
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4.4.12 Inter-consonantal interval

The inter-consonantal interval captures any adjustments between the final
vowel [e] in ‘Qalilha’ and the start of the word-initial geminates. These
adjustments span across a word-boundary. The discussion related to the inter-
consonantal interval is in §5.5.2. In terms of annotation, the inter-consonantal
interval was measured from the offset of the liquid /1/ in ‘Qalilha’ until the start
of the geminate consonant in the target word. The segments, which made up the
inter-consonantal interval varied among speakers. For some speakers, the inter-
consonantal interval was made up of vowel material, i.e. the final vowel [e] of
‘Qalilha’ (c.f. Figure 4.13a); or else a sequence of two vowel segments, i.e. the
final vowel [e] of ‘Qalilha’ and the vocalic insertion ([1]) before word-initial

geminates (c.f. Figure 4.13b)
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Figure 4.13a: Segmentation of the inter-consonantal interval (1): the final vowel

[e] of ‘Qalilha’
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Figure 4.13b: Segmentation of the inter-consonantal interval (2): the final vowel

[e] of ‘Qalilha’ and the vocalic insertion ([1]) before word-initial geminates
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For some other speakers, the inter-consonantal interval was made up of the final

vowel [e] of ‘Qalilha’, a glottal stop insertion [?] and the vocalic insertion before

word-initial geminates. In Figure 4.13c, the inter-consonantal interval includes

the glottal stop insertion and the vocalic insertion, which occur between the /1/

of ‘qalilha’ and before the start of the geminate consonant (in this case /dd/).
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Figure 4.13c: Segmentation of the inter-consonantal interval (3): the final vowel

[e] of ‘Qalilha’, a glottal stop insertion [?] and the vocalic insertion before word-

initial geminates
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4.5 Summary

In this chapter, I highlighted the measurements carried out in the following

production studies in Chapter 5, 6, and 7. In the following chapter, lexical and

surface word-initial geminates are compared. As a result of their comparison, the

primary and secondary correlates of word-initial gemination in Maltese will be

identified.
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Chapter 5: Production Study 1- Lexical and surface word-initial geminates

in Maltese

5.1 Introduction

In Chapter 3 §3.1, empirical studies on word-initial geminates in Kelantan Malay,
Pattani Malay, Tashlhiyt Berber, Swiss German and Cypriot Greek were
described. This overview has shed light on the fact that the primary correlate of
word-initial geminates is constriction duration. However, in word-initial
position, this correlate might not be available on the acoustic surface in the case
of voiceless stops. In such a case, as Muller (2001) clearly illustrated, secondary
cues are used in order to maintain the quantity contrast. Specifically, in Cypriot
Greek, there were significant differences in voice onset time (VOT) between
geminates and singletons. On the other hand, Swiss German, which like Cypriot
Greek has geminate voiceless stops, does not use the secondary correlate of VOT
to distinguish geminates from singletons. This suggests that across languages
secondary correlates are less homogenous and are specific to the language under

investigation.

The aim of Production Study 1 is to investigate the production of lexical and
surface word-initial geminates in Maltese in morphological different contexts. As
shown in Table 5.1 below, three geminate types were considered (all of which
were discussed in Chapter 3 §3.6.3). Three morphological geminates types arise
in Maltese which are described as follows: lexical geminates of Semitic origin
(LGS), lexical geminates of non-Semitic origin (LGnS), and assimilated geminates
(AG). These three geminate types were compared to a singleton counterpart. In
this production study, durational correlates of gemination were considered.
Based on the literature, presented in Chapter 3, constriction duration (for
fricatives and closure duration for stops) was taken as the primary correlate and
it was measured for both geminates and singletons. As secondary correlates, the
duration of the tonic vowel was measured and, for stops, voice onset time (VOT)

was also measured.
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Table 5.1: Consonant Types for Production Study 1

Type Example

GEMINATES | Lexical geminate of Semitic | /ddehhel/ ddahhal ‘to be
origin (LGS) entered’

Lexical geminate of non- | /ddejlje/ ddajlja ‘to dial’
Semitic origin (LGnS)

Assimilated geminate (AG) /d-dehle/ id-dahla ‘the
entrance’
SINGLETON | Singleton (S) /dehhel/ dahhal ‘to insert’

This chapter is structured as follows. In §5.2 I address specific issues of the
methodology related to Production Study 1. In §5.3 I give the results for
constriction duration from the production study, where I discuss constriction
duration for stops and closure duration for fricatives separately. In this section |
also compare lexical geminates to assimilated geminates (in §5.3.5). In §5.4 |
present count data and durational data for the vocalic insertion before word-
initial geminates. In §5.5 I outline what happens after the final vowel /e/ in the
preceding word ‘qalilha’. In §5.6 I discuss the two secondary correlates under
investigation, namely, VOT and the duration of the tonic vowel. The results are

discussed and summarized in §5.7 and the chapter concludes in §5.8.

5.2 Methodology

In this section, I describe the methodology related this production study,
comparing lexical and surface word-initial geminates. In particular, I present the
speech material (§5.2.1), information about the participants (§5.2.2) and the
hypotheses in (§5.2.3).
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5.2.1 Speech material

The speech material analysed in Production Study 1 is listed in Table 5.2. Target
words were selected to allow for comparisons between word-initial singletons
and geminates. Singletons were selected using items with CVGVC structure. The
same root consonant sequence was used for singletons (S), lexical geminates of
Semitic origin (LGS) and surface geminates (AG). To give one example, for the
target segment /d/, the root Vdhl50 was used to create target words for
singletons (e.g. /dehhel/ dahhal ‘to insert’), LGS (e.g., /ddehhel/ ddahhal ‘to be
entered’) and AG (e.g., /1d-dehle/ id-dahla ‘the entrance’).

All target words contained a coronal obstruent (/t, d, s, J, z/) in word-initial
position. Coronal obstruents were chosen as lexical geminates of Semitic origin
(LGS) and assimilated geminates (AG) only allow for word-initial gemination in
this manner of articulation (cf. Chapter 3 §3.6.3). Furthermore, all target words

were controlled for stress, such that the penultimate syllable was stressed.

Two carrier phrases were used, where the word preceding the target differed
with regards to its last segment. The frame of the carrier consisted of the
preceding word, followed by the target word and the rest of the phrase, as in (1)
and (2).

(1) Qalilhom erba’ darbiet.
PRECEDING WORD TARGET WORD REST OF THE PHRASE
‘he told them four times’

(2) Qalilha erba’ darbiet.
PRECEDING WORD TARGET WORD REST OF THE PHRASE
‘he told her four times’

The carrier phrase either consisted of a consonant-final (e.g. [felilom] galilhom

‘he told them’) preceding word, where the consonant-final segment in the

50 The root Vdhl is realised as [dhl].
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preceding word is /m/; or a vowel-final (e.g. [?elile] galilha’? ‘he told her’)
preceding word, where the vowel-final segment in the preceding word is /e/.
Two carrier phrases with differing final segments were chosen was to
investigate the presence or absence of a vocalic insertion before word-initial
geminates as cited in the literature (cf. Chapter 3 §3.6.3.4; and more on this in

Chapter 5 §5.4).

Table 5.2: Production Study 1: Speech Material

Target Geminates
Segment Singleton
Lexical Non- | Lexical Semitic | Assimilated
Semitic
/d/ /'dehhel/ /d'dejlje/ /d'dehhel/ /1d'dehle/
dahhal ddajlja ddahhal id-dahla
‘to insert’ ‘to dial’ ‘to be entered’ | ‘the entrance’
/t/ /'telleb/ /t'tejpje/ /t'telleb/ /1t'telbe/
tallab ttajpja ttallab it-talba
hyp. ‘to type’ ‘to be begged’ ‘the prayer’
/s/ /'sebber/ /s'sejn.je/ /s'sebber/ /1s'seber/
sabbar ssajnja ssabbar is-sabar
‘to comfort’ | ‘to sign’ ‘to be consoled’ | ‘the patience’
yivi /'fehhem/ /[femple/ /[ fehhem/ /1f fehem/
xahham xxampla xxahham ix-xaham
‘to fatten’ ‘to relax’ ‘to be fattened’ | ‘the fat’
/z/ /'zerret/ /z'zomja/ /z'zerret/ /1z'zerde/
zarrat zzumja zzarrat iz-zarda
‘to fray’ ‘to zoom’ ‘to be frayed’ ‘the loose
threads’

In the study 20 target words were used (cf. Table 5.2), which were repeated 7

times in each of the 2 preceding contexts (i.e., ‘qalilhom’ or ‘qalilha’) (n = 280 per

51 Note that the orthographic ‘h’ in galilha ‘he told her’ is a silent letter.
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speaker). Fillers, which were unrelated to the target words, were placed in the
same carrier phrases as the target words. The order of carrier phrases was
pseudo-randomized once and this order was presented to all participants. The
number of tokens per environmental condition (either following /m/ in
‘galilhom’ or /e/ in ‘qalilha’) was 1400; therefore, the overall total number of
tokens was 2800. In the analysis of the results three fixed effects were
considered: Consonant Type (i.e. singleton, lexical geminates of Semitic origin,
lexical geminates of non-Semitic and assimilated geminates), Segment (i.e., /td s
[ z/) and Environment (i.e., the nasal /m/ in ‘qalilhom’ and the vowel /e/ in

‘galilha”).

5.2.2 Participants

Ten native speakers of Maltese (6 males, 4 females) took part in this study. The
participants were between 18 and 29 years old (mean age = 23, median = 24).
Most participants were following a post-graduate course at the University of
Malta at the time of recording (except for the 18-year old participant, who was
following a post-secondary course at another college). All participants took part
voluntarily and were recruited via social media platforms. Dominant speakers of

Standard Maltese speakers were recruited for the experiment.

5.2.3 Hypotheses

Geminates are expected to be longer than singletons and this is expected to be
reflected in their consonant duration (closure duration for stops), which is
considered as the primary correlate for gemination. Following the literature on
the phonetic manifestation of lexical and surface geminates (i.e. Ridouane 2010
and Ladd and Scobbie 2003), no difference in consonant (or closure) duration is

expected to be found between lexical and surface geminates in Maltese.
A vocalic insertion is expected to occur after the nasal consonant /m/ of the

preceding word ‘qalilhom’ and before the word-initial geminate, following the

claims of Azzopardi (1981), Mifsud (1995) Hoberman and Aronoff (2003). On
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the other hand, the literature does not predict a vocalic insertion between a
preceding word ending in a vowel (such as the /e/ in ‘qalilha’) and a target word
with initial geminates. However, this is important for this study as it is
investigated whether a vocalic insertion is also inserted when the preceding

word ends in a vowel.

In terms of the secondary correlates to gemination, the literature has shown that
these vary across languages. For instance, for word-initial geminates, VOT was
considered as secondary correlate in Cypriot Greek (Muller 2001), Kelatan Malay
(Hamzah et al. 2011), but not in Swiss German (Kraehenmann 2001).
Furthermore, the results for VOT in medial geminates from Italian and
(Lebanese) Arabic show that VOT does not serve as a correlate to gemination in
either language (cf. Esposito and Di Benedetto 1999; Ham 2001, respectively).

The duration of the tonic vowel was also measured as a secondary correlate.

5.3 Results: Constriction Duration

The constriction duration for fricatives and closure duration for stops are
presented here. The results for constriction duration after ‘qalilhom’ and ‘qalilha’
are discussed separately. In §5.3.1, [ present the constriction duration after the
preceding word ‘qalilhom’ and in §5.3.2, I present the constriction duration after
the preceding word ‘qalilha’. A summary of these results is given in §5.3.3. In
§5.3.4, a statistical analysis in order to identify which fixed effects affect
constriction duration is provided. This is followed by an examination of the
constriction duration of lexical and surface geminates in §5.3.5. In §§5.3.6-5.3.8, 1
explore the singleton-to-geminate duration ratios in the two different conditions

and then [ look at the pooled results.
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5.3.1 Constriction duration after the preceding word ‘qalilhom’

In this section, I present the constriction duration®? for the target segments after
the preceding word qalilhom ‘he told them’. As expected, all geminate types are
longer than their singleton counterpart (cf. Table 5.3). In the case of geminate
voiceless and voiced stops, lexical geminates of Semitic origin (LGS) have the
longest closure duration out of the three geminate types. For fricatives, lexical
geminates of non-Semitic origin (LGnS) had the longest constriction durations

out of the three geminate types.

Table 5.3: Mean constriction duration and standard deviation of singletons and

geminates (after the preceding word ‘qalilhom”)

Segment S LGS LGnS AG

/t/ 57 (25) 128 (24) 114 (21) 115 (21)
/d/ 40 (16) 125 (21) 111 (14) 116 (16)
/s/ 121 (20) 171 (22) 172 (20) 161 (18)
/] 121 (22) 163 (18) 166 (22) 151 (21)
/z/ 100 (22) 149 (18) 155 (20) 147 (23)
Pooled 88 (39) 147 (28) 143 (32) 138 (27)
5.3.1.1 Stops

For the voiceless stop /t/ (cf. Figure 5.1), lexical geminates of Semitic origin
(LGS) are 71ms longer than singletons (LGS: x=128, sd=24; S: Xx=57, sd=25),
lexical geminates of non-Semitic origin (LGnS) are 57ms longer than singletons
(LGnS: x=114, sd=21; S: x=57, sd=25) and assimilated geminates (AG) are 58ms
longer than singletons (AG: Xx=115, sd=21; S: X=57, sd=25). The durational
difference among the three geminate types was noticeably smaller than that
between singletons and geminates. LGS were 14ms longer than LGnS (LGS:

x=128, sd=24; LGnS: x=114, sd=21) and 13ms longer than AG (LGS: x=128,

52 Throughout all the four studies constriction duration was always measured in milliseconds.
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sd=24; AG: x=115, sd=21), whereas AG were 1ms longer than LGnS (AG: Xx=115,
sd=21; LGnS: X=114, sd=21).

Figure 5.1: Mean closure duration and error bars represent mean +/- 1 standard

deviation for /t/ (after ‘qalilhom’)
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For the voiced stop /d/ (cf. Figure 5.2), lexical Semitic geminates (LGS) were
85ms longer than singletons (LGS: x=125, sd=21; S: x=40, sd=16); lexical non-
Semitic geminates (LGnS) were 71ms longer than singletons (LGnS: x=111,
sd=14; S: x=40, sd=16) and assimilated geminates (AG) were 76ms longer than
singletons (AG: x=116, sd=16; S: x=40, sd=16). The duration difference between
the geminate types was noticeably smaller than that between singletons and
geminates: lexical Semitic geminates (LGS) were 14ms longer than lexical non-
Semitic geminates (LGnS) (LGS: x=125, sd=21; LGnS: x=111, sd=14) and 9ms
longer than assimilated geminates (AG) (LGS: x=125, sd=21; AG: X=116, sd=16);
assimilated geminates (AG) were 5ms longer than lexical non-Semitic geminates

(LGnS) (AG: k=116, sd=16; LGnS: k=111, sd=14).

There was a discernable difference between voiceless and voiced singleton stops.
The duration of the voiceless stop in singletons was 17ms longer than the
duration of the voiced stops in singletons (Singleton /t/: S: x=57, sd=25;
Singleton /d/: x=40, sd=16).

130



Figure 5.2: Mean closure duration and error bars represent mean +/- 1 standard

deviation for /d/ (after ‘qalilhom’)
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5.3.1.2 Fricatives

In the voiceless fricatives /s, [/ and the voiced fricative /z/ (cf. Table 5.3), lexical
geminates of non-Semitic origin (LGnS) had the longest duration, compared to

the lexical geminates of Semitic origin (LGS) and assimilated geminates (AG).

For the voiceless fricative /s/ (cf. Figure 5.3), lexical geminates of Semitic origin
(LGS) were 50ms longer than singletons (LGS: x=171, sd=22; S: x=121, sd=20),
lexical geminates of non-Semitic origin (LGnS) were 51ms longer than singletons
(LGnS: x=172, sd=20; S: x=121, sd=20) and assimilated geminates (AG) were
40ms longer than singletons (AG: x=161, sd=18; S: x=121, sd=20). The difference
among the three geminate types was much smaller than that between singletons
and geminates (as just reported for voiceless and voiced stops): lexical
geminates of non-Semitic origin (LGnS) were 1ms longer than lexical geminates
of Semitic origin (LGS) (LGnS: x=172, sd=20; LGS: x=171, sd=22), and 11ms
longer than assimilated geminates (AG) (LGnS: X=172, sd=20; AG: Xx=161, sd=18).
Lexical geminates of Semitic origin (LGS) were 10ms longer than assimilated

geminates (AG) (LGS: x=171, sd=22; AG: x=161, sd=18).
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Figure 5.3: Mean constriction duration and error bars represent mean +/- 1

standard deviation for /s/ (after ‘galilhom’)
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Figure 5.4 below shows the mean durations and standard deviations for
singletons and the three geminate types for the voiceless fricative /[/. Lexical
geminates of non-Semitic origin (LGnS) had the longest mean duration (LGnS:
x=166, sd=22). LGnS were 45ms longer than singletons (LGnS: Xx=166, sd=22; S:
x=121, sd=22). Lexical geminates of Semitic origin (LGS) were 42ms longer than
singletons (LGS: x=163, sd=18; S: x=121, sd=22). Assimilated geminates were
30ms longer than singletons (AG: x=151, sd=21; S: x=121, sd=22). The difference
among the different geminate types was noticeably smaller than that between
singleton and geminates. Lexical geminates of non-Semitic origin (LGnS) were
3ms longer than lexical geminates of Semitic origin (LGnS: x=166, sd=22; LGS:
x=163, sd=18) and 15ms longer than assimilated geminates (LGnS: X=166,
sd=22; AG: x=151, sd=21). Lexical geminates of Semitic origin were 12ms longer

than assimilated geminates (LGS: x=163, sd=18; AG: x=151, sd=21).
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Figure 5.4: Mean constriction duration and error bars represent mean +/- 1

standard deviation for /[/ (after ‘qalilhom’)
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Figure 5.5 below shows the mean durations and standard deviations for
singletons and the three geminate types for the voiceless fricative /z/. Lexical
geminates of non-Semitic origin (LGnS) had the longest mean duration (LGnS:
x=155, sd=20). LGnS were 55ms longer than singletons (LGnS: x=155, sd=20; S:
x=100, sd=22). Lexical geminates of Semitic origin (LGS) were 49ms longer than
singletons (LGS: x=149, sd=18; S: x=100, sd=22). Assimilated geminates were
47ms longer than singletons (AG: x=147, sd=23; S: x=100, sd=22). The difference
among the different geminate types was noticeably smaller than that between
singleton and geminates. Lexical geminates of non-Semitic origin (LGnS) were
6ms longer than lexical geminates of Semitic origin (LGnS: x=155, sd=20; LGS:
x=149, sd=18) and 8ms longer than assimilated geminates (LGnS: Xx=155, sd=20;
AG: x=147, sd=23). Lexical geminates of Semitic origin were 2ms longer than

assimilated geminates (LGS: Xx=149, sd=18; AG: x=147, sd=23).
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Figure 5.5: Mean constriction duration and error bars represent mean +/- 1

standard deviation for /z/ (after ‘qalilhom’)
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Furthermore, just as in the stops, voiceless fricative singletons were longer than
voiced fricative singletons: voiceless fricative singletons were 21ms longer than

voiced fricatives (/s/: x=121, sd=20; /[/: x=121, sd=22; /z/: X=100, sd=22).

5.3.1.3 Interim summary: constriction duration after the preceding word

‘qalilhom’

The descriptive analysis of the results shows that, unsurprisingly, geminates are
longer than singletons. There is also a slight tendency for assimilated geminates
to be shorter than lexical geminates of Semitic origin and lexical geminates of

non-Semitic origin.

5.3.2 Constriction duration after the preceding word ‘qalilha’

In the previous section, I reported the results of the duration of the target
consonants when the preceding word ended in a consonant (i.e. the nasal /m/ in
‘gqalilhom’). In this section, I report the results for the duration of the target
consonants in the context of when the preceding word ended in a vowel (i.e. the

vowel /e/ in ‘qalilha’ ‘he told her’).
Similarly to the previous results, all geminate types had longer durations than

their singleton counterparts (cf. Table 5.4). Therefore, this shows the

phonological contrast was maintained in different contexts.
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Table 5.4: Mean constriction duration and standard deviation of singletons and

geminates (after the preceding ‘qalilha’)

Segment S LGS LGnS AG

/t/ 60 (26) 129 (28) 112 (25) 121 (31)
/d/ 59 (14) 119 (25) 115 (16) 115 (32)
/s/ 107 (20) 180 (27) 175 (25) 171 (29)
/] 114 (22) 166 (24) 166 (24) 159 (21)
/z/ 88 (16) 146 (25) 148 (27) 145 (27)
Pooled 85 (30) 148 (33) 143 (34) 142 (34)
5.3.2.1 Stops

For voiced and voiceless stops, lexical geminates of Semitic origin (LGS) had the
longest durations. Figure 5.6 shows the mean durations and standard deviations
of the segment /t/ in all four consonant conditions. In the case of the voiceless
stop /t/, lexical geminates of Semitic origin (LGS) were 69ms longer than their
singleton counterpart (LGS: X=129, sd=28; S: x=60, sd=26). Lexical geminates of
non-Semitic origin (LGnS) were 52ms longer than their singleton counterpart
(LGnS: x=112, sd=25; S: x=60, sd=26); and assimilated geminates (AG) were
61ms longer (AG: x=121, sd=31; S: x=60, sd=26). As reported previously, the
durational difference among the different geminate types was smaller than that
between singleton and geminates. Lexical geminates of Semitic origin (LGS) were
17ms longer than lexical geminates of non-Semitic origin (LGnS) (LGS: x=129,
sd=28; LGnS: Xx=112, sd=25) and 8ms longer than assimilated geminates (AG)
(LGS: x=129, sd=28; AG: X=121, sd=31). Assimilated geminates (AG) were 9ms
longer than lexical geminates of non-Semitic origin (LGnS) (AG: x=121, sd=31;

LGnS: =112, sd=25).
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Figure 5.6: Mean closure duration and error bars representing mean +/- 1

standard deviation for /t/ (after ‘galilha’)
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For the voiced stop /d/, similar differences to the voiceless stop /t/ were found
(cf. Figure 5.7). Lexical geminates of Semitic origin (LGS) are 60ms longer than
singletons (LGS: x=119, sd=25; S: X=59, sd=14); lexical geminates of non-Semitic
origin (LGnS) and assimilated geminated (AG) are 56ms longer than their
singleton counterparts (LGnS: x=115, sd=16; S: X=59, sd=14; AG: x=115, sd=32).
In terms of the durational differences among the geminate types: lexical
geminates of Semitic origin (LGS) are 4ms longer than both lexical geminates of
non-Semitic origin (LGnS) and assimilated geminates (AG): (LGS: x=119, sd=25;
LGnS: x=115, sd=16; AG: x=115, sd=32). The duration of lexical geminates of
non-Semitic origin (LGnS) and assimilated geminates (AG) are comparable

(LGnS: x=115, sd=16; AG: =115, sd=32).

Figure 5.7: Mean closure duration and error bars representing mean +/- 1

standard deviation for /d/ (after ‘qalilha’)
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5.3.2.2 Fricatives

For the voiceless fricative /s, [/, lexical geminates of Semitic origin (LGS) had the
longest durations out of all the three geminate types. Figure 5.8 shows the mean
durations and standard deviations for the voiceless fricative /s/. Lexical
geminates of Semitic origin (LGS) were 73ms longer than their singleton
counterparts (LGS: x=180, sd=27; S: x=107, sd=20); lexical geminates of non-
Semitic origin were 68ms longer than singletons (LGnS: X=175, sd=25; S: x=107,
sd=20); assimilated geminates were 64ms longer than singletons (AG: x=171,
sd=29; S: x=107, sd=20) The difference among the different geminate types was
small: lexical geminates of Semitic origin (LGS) were 5ms longer than lexical
geminates of non-Semitic origin (LGnS) (LGS: x=180, sd=27; LGnS: Xx=175, sd=25)
and 9ms longer than assimilated geminates (AG) (LGS: x=180, sd=27; AG: x=171,
sd=29). Lexical geminates of non-Semitic origin (LGnS) were 4ms longer than

assimilated geminates (LGnS: x=175, sd=25; AG: x=171, sd=29).

Figure 5.8: Mean constriction duration and error bars represent mean +/- 1

standard deviation for /s/ (after ‘qalilha’)
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The differences in duration for /[/ (cf. Figure 5.9) were smaller than that of /s/:
lexical geminates of Semitic origin (LGS) and lexical geminates of non-Semitic
origin were 52ms longer than singletons (LGS: Xx=166, sd=24; LGnS: X=166,
sd=24; S: x=114, sd=22); and assimilated geminates (AG) were 45ms longer than
singletons (AG: x=159, sd=21; S: x=114, sd=22). The difference among the

different geminate types was much smaller than that between singletons and
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geminates. Furthermore, the duration of lexical geminates of Semitic origin (LGS)
and lexical geminates of non-Semitic origin (LGnS) are comparable (LGS: X=166,
sd=24; LGnS: X=166, sd=24). However, both lexical geminate types were 7ms
longer than assimilated geminates LGS: X=166, sd=24; LGnS: x=166, sd=24; AG:
=159, sd=21).

Figure 5.9: Mean constriction duration and error bars represent mean +/- 1

standard deviation for /[/ (after ‘qalilha’)
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For the voiced fricative /z/, lexical geminates of non-Semitic origin (LGnS) had
the longest constriction duration compared to the other geminate types (cf.
Figure 5.10). Lexical geminates of non-Semitic origin (LGnS) were 60ms longer
than singletons (LGnS: x=148, sd=27; S: x=88, sd=16), lexical geminates of
Semitic origin were 58ms longer than singletons (LGS: X=146, sd=27; S: Xx=88,
sd=16) and assimilated geminates (AG) were 57ms longer than singletons (AG:
x=145, sd=27; S: x=88, sd=16). The difference among the different geminate
types was small: lexical geminates of non-Semitic origin (LGS) were 2ms longer
than lexical geminates of Semitic origin (LGnS) (LGnS: Xx=148, sd=27; LGS: x=146,
sd=27), lexical geminates of non-Semitic origin were 3ms longer than
assimilated geminates (AG) (LGnS: X=148, sd=27; AG: X=145, sd=27) and
assimilated geminates were 1ms longer than lexical geminates of Semitic origin

(LGS) (LGS: k=146, sd=27; AG: k=145, sd=27).
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Figure 5.10: Mean constriction duration and error bars represent mean +/- 1

standard deviation for /z/ (after ‘qalilha’)
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5.3.3 Overall summary: Constriction duration

So far, I have shown that all three word-initial geminate types are longer than
their singleton counterpart. This contrast was present when the preceding word
ended in a consonant (i.e. ‘qalilhom’) and also when the preceding word ended in

a vowel (i.e. ‘galilha’).

Overall, the difference among the three geminate types is discernably smaller
than that between the geminates and the singletons. Also, as expected, there is a
difference in the duration between voiceless and voiced segments. Voiceless
stops and fricatives seem to have a longer duration than voiced stops and

fricatives.

Therefore, the next step is to statistically infer whether and to what extent
Consonant Type (S, LGS, LGnS and AG), Manner (stops or fricatives) and
Environment (whether the preceding word ended in a consonant or a vowel)

affect constriction duration.
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5.3.4 What really effects constriction duration: Consonant Type, Manner or

Environment?

This section seeks to determine the role of Consonant Type (i.e., singleton (S),
lexical geminates of Semitic origin (LGS), lexical geminates of non-Semitic origin
(LGnS), assimilated geminates (AG)), Manner (i.e., stops or fricatives) and/or
Environment (i.e. the preceding context: consonantal ‘qalilhom’; vocalic ‘qalilha’)
in determining constriction duration, by submitting the results discussed above

to statistical modeling.

All data were analysed in R (R Core Team 2015) using linear mixed-effect
models, using the package Ime4 (Bates et al. 2015), and were evaluated using
ImerTest (Kuznetsova et al. 2015).53 Following Barr et al. (2013), models were
built with a maximal random effects structure, this included random intercepts
and random slopes for the three fixed effects and their interaction. However, this
led to problems of convergence. As a result, the models were built by omitting
covariances from the variance-covariance. The fixed effects of Consonant Type
(S, LGS, LGnS, AG), Manner (i.e. stops /t, d/; fricatives /s, [, z/) and Environment
(consonantal: ‘qalilhom’ or vocalic: ‘gqalilha’) were centered to reduce
collinearity. [ adopted a model-comparison approach, testing the goodness-of-fit
of different models to determine the impact of the two independent variables;
for this purpose, I report each model’s Bayesian Information Criterion (BIC)
together with the model chi-square (x?) obtained on the basis of its log-

likelihood estimate.

In order to investigate whether all three fixed effects contribute to explain the
difference between singletons and geminates, a model comparison was carried
out (cf. Table 5.7). A baseline (model 1) which was made up of only the intercept
and the random effects was built. The fixed effects- Consonant Type, Manner and
Environment were investigated separately (i.e. model 2, model 3 and model 4).

These models were compared to the baseline. A model including Consonant Type

53 The same statistical analysis is carried out in this dissertation (unless stated otherwise). A
model comparison approach is adopted throughout.
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and Manner as fixed effects terms (model 5) was built. Model 5 was compared to

model 2 and model 3 (cf. Table 5.5). Model 6 included the interaction of

Consonant Type and Manner, which was compared to Model 5. Model 5 was

compared to model 7, which included the three fixed effect terms: Consonant

Type, Manner and Environment. Model 8 included the fixed effect terms of

Consonant Type and Manner and the interaction of Environment and was

compared to model 7. Finally, model 9 included the interaction of the three fixed

effect terms. This was compared to model 8.

Table 5.5: Model goodness of fit: Constriction Duration- pooled data (*** = p < 0;

*=p <0.01, n.s. = not significant)

Model

Fixed Effects

BIC

XZ

1

Intercept

23702

2

Consonant Type

23706

4124 *
(relative

model 1)

to

Manner

23694

16.411 ***
(relative
model 1)

to

Environment

23710

0.0331 n.s.
(relative
model 1)

to

Consonant Type + Manner

23700

18.045 ***
(relative
model 1)

to

Consonant Type * Manner

23708

0.1706 n.s.
(relative
model 5)

to

Consonant Type + Manner +Environment

23708

0.01 n.s.
(relative
model 5)

to

Consonant Type + Manner * Environment

23716

0.1086 n.s.
(relative
model 7)

to

Consonant Type * Manner * Environment

23737

2.2869 n.s.
(relative
model 8)

to
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The models including Consonant Type (model 2) and Manner (model 3) as fixed
effects had a better fit to the data than the baseline, suggesting that duration of
constriction depends on both whether the consonant was a singleton or a
geminate and manner. However, the model including Environment (model 4) did
not explain the data any better than a model consisting only of the intercept.
Model 5, which includes Consonant Type and Manner, has a better fit to the data
than model 1. This suggests that the constriction duration is affected by both
fixed effect terms. Therefore, model 2 and model 3, which include the fixed
effects Consonant Type and Manner separately, were compared to model 5,
which includes both fixed effects. The comparison in Table 5.6 shows that the
comparison of model including manner (model 3) is not statistically better than

the model including Consonant Type and Manner (model 5) as fixed effects.

Table 5.6: Model Comparison: Consonant Type, Manner (*** = p < 0; n.s. = not

significant)

Comparison %2

Model 2, Model 5 13.927 ***
Model 3, Model 5 1.6337 n.s.

The same procedure was carried out with Model 7. Model 2, model 3 and model
4, which include the fixed effects Consonant Type, Manner and Environment
separately, where each compared to Model 7. The model comparison is
presented in Table 5.7 (below). Including Manner as a fixed effect does not lead

to a better goodness of fit.

Table 5.7: Model Comparison: Consonant Type, Manner, Environment (*** = p <

0; n.s. = not significant)

Comparison %2
Model 2, Model 7 13.931 ***
Model 3, Model 7 1.6347 ns
Model 4, Model 7 18.022 ***
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Only Consonant Type and Manner contribute in explaining the data better.
Furthermore, comparing model 5 to model 7 suggests that the latter does not
explain the data any better. However, model 8 and model 9 did not explain the
data better than model 6, which suggests there is no role for Environment on
constriction duration. This suggests that constriction duration is affected by
Consonant Type and Manner, but the presence of a final consonant or a vowel in
the preceding word might not affect the duration of the target consonant. The

model that explains the data best is model 5.

Table 5.8: Summary of Model 5: Consonant Type + Manner

Fixed Effects Estimate Std. Error | tvalue Pr(>|t])
(Intercept) 142.187 5.734 24.795 <2e-16 ****
Consonant Type |-7.594 5.770 -1.316 0.202 n.s.
Manner -21.459 3.727 -5.759 1.06e-05 ***

Model 5 includes both Consonant Type and Manner, which were separately
found (Model 2 and 3) to provide better goodness of fit than the baseline. On the
other hand, the combined Model 5, while better than Model 2 with only
Consonant Type, is not better than Model 3, which only has Manner. It is
excluded that this is due to an interaction, since the results show that an
interaction term does not improve fit over just main effects. At the same time,
the results for Model 5 also show that consonant fails to reach significance.
Therefore, some caution is required in interpreting the results where the role of
Consonant Type is concerned: As the comparison of Model 2 versus baseline
makes clear, the difference between consonant types does play a role, with
different constriction durations for each type, but ultimately it is Manner that is

the most important factor.

5.3.5 Lexical vs. surface geminates

The overall means indicate that the different geminate types did not differ from

each other in terms of their duration (cf. §5.3). In order to investigate whether
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the three geminate types (i.e. LGS, LGnS and AG) are significantly different from
each other, each geminate type was compared to every other. In order to achieve
this, a linear mixed effects model was constructed with Consonant type as fixed
effect. The Consonant Type fixed effect was dummy-coded, so that each level was
compared to a fixed reference level. Assimilated geminates (AG) was chosen as
the reference level since there was a tendency for assimilated geminates to have
a shorter mean duration than the other geminate types. The mean duration of
the lexical geminates of Semitic origin (LGS), lexical geminates of non-Semitic
origin (LGnS) and singletons (S) were compared to the reference level (i.e.

assimilated geminates (AG)).

As expected, the means of assimilated geminates (AG) are statistically
significantly different from the means of singletons (AG: Xx=138, sd=27; S: Xx=88,
sd=39; p< 0.001). However, the means of assimilated geminates (AG) and lexical
geminates of non-Semitic origin (LGS) were not significantly different (AG:
%¥=138, sd=27; LGS: Xx=137, sd=28; p=0.8). Furthermore, the means of assimilated
geminates (AG) and lexical geminates of Semitic origin (LGS) were also not
significantly different (AG: x=138, sd=27; LGnS: x=143, sd=32; p=0.6). Therefore,
lexical geminates and assimilated geminates did not any exhibit differences in

their phonetic durations.

5.3.6 Duration ratio after the preceding word ‘qalilhom’

The literature suggests that different manners of articulation exhibit different
singleton-to-geminate duration ratios. For instance, following Aoyama and Reid
(2006) stops would be expected to have a longer singleton-to-gemination
duration ratio than fricatives. As a matter of fact, the singleton-to-geminate
duration ratio for stops was much larger than that of fricatives. The duration of
geminated stops (pooled across the three geminate types) was more than double
that of singleton stops (1:2.4). On the other hand, the fricative singleton-to-
geminate duration ratio was 1:1.4 (pooled across the three geminate types). For
a breakdown of the singleton-to-geminate duration ratio per geminate type refer

to Table 5.9.
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5.3.7 Duration ratio after the preceding word ‘qalilha’

After the preceding word ‘qalilha’, the singleton-to-geminate duration for stops
(pooled across all geminate types) was 1:2.1, which decreased from 1:2.4 from
the consonantal preceding word context. However, in the case of the fricatives,
the singleton-to-geminate duration ratio was 1:1.6 (pooled across all geminate
types), which shows an increase from 1:1.4 in the consonantal preceding context.
Note that despite these small differences, Environment was not found to have a
statistically significant effect on constriction duration (cf. §5.3.4). Table 5.9
shows the singleton-to-geminate duration ratios for each geminate type and

manner in both environment contexts.

Table 5.9: Singleton-to-geminate durations for singletons (S), lexical geminates
of Semitic origin (LGS), lexical geminates of non-Semitic origin (LGnS) and

assimilated geminates (AG) after ‘qalilhom’ and ‘qalilha’

Manner S:LGS S:LGnS S:AG
‘Qalilhom’ Stops 1:2.6 1:2.3 1:2.3

Fricatives 1:1.4 1:1.4 1:1.3
‘Qalilha’ Stops 1:2 1:1.9 1:2

Fricatives 1:1.6 1:1.58 1:1.5

5.3.8 Pooled duration ratios

Below, I present the overall mean durations for the closure duration of stops and
the constriction duration of fricatives. Table 5.10 shows the duration ratios
pooled across all speakers and the two preceding word conditions
(environment). Overall, the singleton-to-geminate duration ratio for stops is
1:2.3, which was comparable to the duration ratio of the consonantal condition
(i.e. after the preceding word ‘qalilhom’: 1:2.4) and to the vowel condition (i.e.
after the preceding word ‘qalilha’: 1:2.1). In addition, the singleton-to-geminate
duration ratio for fricatives is 1:1.5, which is also comparable to the duration
ratio found in consonantal condition (i.e. 1:1.4) and the vowel condition (i.e.

1:1.6).

145




Table 5.10: Singleton-to-geminate durations (pooled across environment
conditions) for singletons (S), lexical geminates of Semitic origin (LGS), lexical

geminates of non-Semitic origin (LGnS) and assimilated geminates (AG)

Manner S:LGS S:LGnS S:AG
Stops 1:2.3 1:2 1:2.1
Fricatives 1:1.5 1:1.5 1:1.4

5.4 Insertions between the preceding word ‘qalilhom’ and word-initial

geminates

Descriptions of word-initial geminates in Maltese claim that word-initial
geminates are preceded by an epenthetic vowel (Azzopardi 1981, Misfud 1995,
as discussed in Chapter 2 §2.3 and Chapter 3 §3.6.3.4). In this section, | show the
number of insertions across the ten speakers in §5.4.1. I investigate the duration
of the vocalic insertion in §5.4.2. In §5.4.3 I report that the vocalic insertion was

some times preceded by an epenthetic glottal stop.

5.4.1 Number of vocalic insertions>4 before word-initial geminates

A vocalic insertion is always expected to be inserted when word-initial
geminates are preceded by a consonant (cf. Hoberman and Aronoff 2003).
Therefore, in this production study, a vocalic element of [i]-like quality was
expected to be inserted between the final nasal of ‘qalilhom’ and the following
word-initial geminate. However, vocalic insertions are not expected before
singletons, as a matter of fact, there are no vocalic insertions before singletons in
the data. Figure 5.11 is a typical case in point, showing that between the final
nasal /m/ of the preceding word ‘qalilhom’ and the following word-initial

singleton, /s/ of sabbar ‘to comfort’, there were no vocalic insertions.

54 In Production Study 1 (this chapter) and Production Study 2 (Chapter 6), I use the term vocalic
insertion (or vocalic element) to refer to the vowel before word-initial geminates in Maltese. By
doing so, I adopt what I believe is a term which has no direct implications in terms of phonetic or
phonological interpretations.
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Figure 5.11: No vocalic insertions between the preceding word ‘qalilhom’ and the

following singleton /s/ in sabbar ‘to comfort’
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On the other hand, in 96% of the geminate cases there were clear vowel
formants between the nasal /m/ in the preceding word ‘qalilhom’ and the
following geminate consonant, a typical case in point is shown in Figure 5.12.
Table 5.11 shows a breakdown of the number of vocalic insertions before each

geminate type across all tokens.

Figure 5.12: Vocalic insertion between the preceding word ‘qalilhom’ and the

word-initial geminate /dd/ in ddahhal ‘to be inserted’
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Table 5.11: Number of vocalic insertions after the preceding word ‘qalilhom’ per

geminate type pooled across all speakers and manners of articulation

Geminate Type Frequency Percentage
Lexical Geminates non-Semitic (LGnS) 338/350 97%
Lexical Geminates Semitic (LGS) 325/350 93%
Assimilated Geminates (AG) 344/350 98%
TOTAL 1007 /1050 96%

In addition, the count data of the vocalic insertion was further investigated for

each speaker. This was carried out in order to see if there is variation within- and

across- speakers. It could be the case that some speakers have a high tendency to

insert vocalic elements, while others might not. Across the board, most speakers

behaved similarly (cf. Table 5.12), in such a way that they often have a vocalic

insertion before both lexical and assimilated geminates. Note that, speaker 6 had

the lowest number of vocalic insertions.

Table 5.12: Vocalic insertions per speaker (percentages shown in parentheses)

Geminate Type

Speaker | Lexical Semitic | Lexical non- | Assimilated | TOTAL
(LGS) Semitic (LGns) | (AG)

1 35(100%) 35 (100%) 35 (100%) 105 (100%)
2 29 (83%) 31 (89%) 35 (100%) 95 (90%)

3 35(100%) 35 (100%) 35 (100%) 105 (100%)
4 31 (89%) 34 (97%) 34 (97%) 99 (94%)

5 31 (89%) 32 (91%) 35 (100%) 98 (93%)

6 24 (69%) 31 (89%) 30 (86%) 88 (84%)

7 35(100%) 35 (100%) 35 (100%) 105 (100%)
8 35(100%) 35 (100%) 35 (100%) 105 (100%)
9 35(100%) 35 (100%) 35 (100%) 105 (100%)
10 35(100%) 35 (100%) 35 (100%) 105 (100%)
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Therefore, corroborating the claims in the literature, [ provide acoustic evidence
for the vocalic insertion and conclude that it is a strategy that is used by all
speakers, whereby; speakers have a tendency to insert a vowel of [1]-like quality

before both lexical and surface word-initial geminates.

5.4.2 Duration of the vocalic insertion

The count data presented in the previous section corroborates the claims
described earlier (in Chapter 3 §3.6.3.4) by Azzopardi (1981) and Hoberman and
Aronoff (2003). In this production study there was a vocalic insertion after the
nasal /m/ in the preceding word ‘qalilhom’ and before the start of the lexical or
surface word-initial geminates. The literature (cf. Hall 2006, Hall 2013 and Ali et
al. 2008) suggests that that the production of epenthetic vowels varies across
speakers, words and position in words, unlike lexical vowels. At least for some
dialects of Arabic, namely, Moroccan and Levantine, there are no durational
differences between epenthetic and lexical vowels. Ali et al. (2008) investigated
the insertion of epenthetic vowels between word-initial consonants in Moroccan
Arabic. They argued that a vowel of schwa-like quality is inserted between C1
and C: to break up a word-initial cluster. Their results suggested that there are
no durational differences between epenthetic and lexical vowels. Even though
they say that there’s variation across words, they do not say whether there is
variation across speakers. The insertion of an epenthetic vowel within clusters
can depend on the clusters itself: for instance, Ali et al. (2008) show that in
word-initial s-clusters, such as /sk/, there are no vocalic insertions. However, in

clusters such as /fh/, /bk/ and /br/, a schwa was inserted.

Furthermore, in an acoustic study of epenthetic and lexical vowels in Lebanese
Arabic, Hall (2013) reported that the phonetic realization of such vowels
resulted in cross-speaker variation: some speakers significantly differentiated
between the two vowels and other speakers did not. Hall (2013) investigated the
insertion of an epenthetic vowel between consonant clusters in coda position.
The duration of this vowel was compared to that of a lexical vowel and the

durations of both vowels were comparable. Hall (2013) reported that the
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duration of the epenthetic vowel was 60ms, whereas the duration of the lexical
vowel was about 61ms.>> Moreover, Hall (2013) reported that epenthetic vowels
had higher F1 and lower F2 values when compared to lexical vowels, albeit with
a lot of variability. Statistical analyses showed that F2 values were significantly
different between lexical and epenthetic vowels, where the latter were

characterized with lower F2 values.

Given these results, the duration of the vocalic insertions were investigated in
order to identify whether the duration of the vocalic insertion was comparable
before the three geminate types. The mean durations in Figure 5.13, pooled
across all 10 speakers and manners of articulation, show that the durations of
the vocalic insertion before each geminate type is comparable. The acoustic
duration of the vocalic insertion was longest before assimilated geminates (AG:
X=49ms, sd=12), whereas the mean duration of the vocalic insertion before
lexical geminates of Semitic origin (LGS) and lexical geminates of non-Semitic
origin (LGnS) was similar (X=48ms, sd=12 for both LGS and LGnS). The overall
average difference between the geminates types in production is of 1ms, which is

taken to reflect that there is no difference between the three geminate types.

Figure 5.13: Mean acoustic duration and error bars represent mean +/- 1
standard deviation of the vocalic insertion after ‘qalilhom’ pooled across all

speakers and manners of articulation
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55 This contradicts Gouskova and Hall’s (2009) paper, which states that epenthetic vowels are
shorter than lexical vowels in Lebanese Arabic. Hall (2013) explains that this difference could be
due whether speakers are asked to read in a colloquial speaking style or a slower rate.
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The duration of the vocalic insertion was also investigated separately for stops
and fricatives (cf. Table 5.13). This was carried out to explore whether the
durations of the vocalic insertion were similar or different before stops and
fricatives. A descriptive analysis of the means confirms that the duration of the

vocalic insertion was similar before stops and fricatives.

Table 5.13: Mean acoustic duration and standard deviation of vocalic insertion

per manner pooled across all speakers

LGS LGnS AG
Stops 47 (11) 47 (8) 49 (10)
Fricatives 49 (13) 48 (13) 50 (14)

In Table 5.14, I show a breakdown of the duration of the vocalic insertion before
each geminate type per speaker. The range of durations is from 40-59ms for
lexical geminates of Semitic origin (LGS), 38-59ms for lexical geminates of non-
Semitic origin (LGnS) and 40-60ms for assimilated geminates (AG). All in all, this
observation suggests that there might be a lower and an upper limit of how short
or long this specific vocalic insertion can be, i.e. the inserted vowel cannot be

shorter than 38ms and not longer than 60ms.

Table 5.14: Mean acoustic duration and standard deviations of vocalic insertion

per speaker

Speaker LGS LGnS AG

1 51 (9) 49 (10) 52 (13)
2 40 (7) 40 (7) 45 (10)
3 59 (10) 59 (9) 61 (11)
4 43 (8) 45 (9) 49 (9)
5 42 (7) 42 (5) 46 (11)
6 40 (9) 47 (10) 46 (11)
7 55 (12) 57 (11) 60 (11)
8 44 (9) 46 (9) 43 (8)
9 56 (12) 53 (14) 54 (9)
10 42 (14) 38 (10) 40 (10)
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In order to investigate whether the three geminate types (i.e. LGS, LGnS and AG)
had similar durations, a model comparison was carried out (i.e. Table 5.15).
Following Barr et al. (2013), models were built with a maximal random effects
structure, this included random intercepts and random slopes for the fixed effect.
The fixed effect of Consonant Type (LGS, LGnS, AG) was centered to reduce
collinearity. A baseline (model 1 in Table 5.15) that was made up of only the
intercept and the random effects was built. The contribution of the fixed effect,
Consonant Type, was investigated separately (i.e. model 2 in Table 5.15). Model

2 was compared to the baseline.

Table 5.15: Model comparison: duration of vocalic insertion

Model | Fixed Effects BIC X2
1 Intercept 7287.8 -
2 Consonant Type 7294.5 0.2737 not significant

The comparison of model 2 to model 1 shows that the addition of the fixed effect
Consonant does not explain the data better than the baseline. Therefore, this
confirms that duration of the vocalic insertion is not greatly affected by the three

different geminate types that follow such vowel.

5.4.3 Glottal Stop Insertion

In Chapter 2, I reported that in Maltese vowel-initial syllables and/or words can
be realized with a preceding epenthetic glottal stop. In the data from Production
Study 1, there were cases were the vocalic insertion (i.e., [1]) before lexical and
assimilated word-initial geminates was preceded by a glottal stop insertion (i.e.,
[]). In this section, [ present the number of glottal stop insertions following the

two preceding words (i.e. ‘qalilhom’ and ‘qalilha’ respectively).
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5.4.3.1 Number of glottal stop insertions after the preceding word

‘qalilhom’

The insertion of a glottal stop was subject to within- and across- speaker
variation. As a matter of fact, in this production study, the vocalic element, [1],
was preceded by a glottal stop insertion, [?], by 4 out of the 10 speakers; this was
also subject to within-speaker variation. Glottal stop insertions were present
before the vocalic insertions in all three geminate types (i.e. lexical geminates of
Semitic origin (LGS), lexical geminates of non-Semitic origin (LGnS) and
assimilated geminates (AG)). 3 out of the 4 speakers were female speakers (i.e.
Speaker 8, 9 and 10 in Table 5.16). Table 5.16 lists the 4 speakers (out of the 10
speakers recorded in Production Study 1) and the number of occurrence of

glottal stop insertions before lexical and assimilated geminates.

Table 5.16: Number of glottal stop insertions for speakers 6, 8, 9, 10. Percentage

(%) out of the total within a category (35) are shown in parenthesis

Speaker, Gender | # before LGS | # before LGnS | # before AG | TOTAL
6 (M) 6 (17%) 7 (20%) 15 (43%) 28 (27%)
8 (F) 16 (47%) 14 (40%) 12 (34%) 42 (40%)
9 (F) 3 (9%) 1 (3%) 1 (3%) 5 (14%)
10 (F) 31 (89%) 33 (94%) 34 (97%) 98 (93%)
TOTAL 56/140 55/140 62/140 -

(40%) (39%) (44%)

Speakers 6 and 10, had the highest glottal stop insertions before assimilated
geminates (AG), while speakers 8 and 9 had the highest glottal stop insertions
before lexical geminates of Semitic origin (LGS). Across the four speakers,
speaker 10 had the most instances of glottal stops insertions, and, thus, the
highest percentage rates. In addition, for speaker 10 glottalisation was
comparable across the different geminate types. It is interesting to note that
speaker 6 has six insertions before lexical geminates of Semitic origin (LGS) and

seven insertions before lexical geminates of non-Semitic origin (LGnS), whereas

153




the number of insertions before assimilated geminates is 15 (i.e., double than

that before LGS and LGnS).

Overall, pooling over the four speakers, assimilated geminates (AG) had the
highest percentage rate of glottal stops insertions (i.e. 44%; count=62/140). The
number of glottal stop insertions before lexical geminates of Semitic origin (LGS)
was 40% (count=56/140). Lexical geminates of non-Semitic origin (LGnS) had
the least number of glottal stop insertions (i.e., 39%; count=55/140).

5.4.3.2 Number of glottal stop insertions after the preceding word ‘qalilha’

Glottal stop insertions were also found between the final vowel /e/ of the
preceding word ‘qalilha’ and the inserted vowel before word-initial geminates.
The glottal stop insertion after the preceding word ‘qalilha’, similar to the glottal
stop insertion after the preceding word ‘qalilhom’, was subject to within- and
across- speaker variation. 6 speakers out of the 10 speakers inserted a glottal
stop between the final vowel /e/ of the preceding word ‘qalilha’ and the inserted

vowel before the word-initial geminate (cf. Figure 5.14).

Figure 5.14: Glottal stop insertion after the preceding word ‘qalilha’ and the

vocalic insertion before word-initial geminate /dd/ in ddahhal ‘to be inserted’
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In light of the data in Table 5.17, speaker 10 had the higher number of glottal
stop insertions out of the six speakers. The other five speakers (i.e. 1, 6, 7, 8, and
9) had a fairly smaller number of glottal stop insertions, compared to Speaker
10. There is some overlap in the speakers that inserted a glottal stop after
preceding word ‘qalilhom’ and ‘qalilha’: namely, Speakers 6, 8, 9, 10 had glottal
stop insertions after both preceding words. On the other hand, Speakers 1 and 7
inserted a glottal stop after the preceding word ‘qalilha’ but not after the

preceding word ‘qalilhom’.

Table 5.17: Frequency of glottal stop insertions per speaker and geminate type

after the preceding word ‘qalilha’

Speaker LGS LGnS AG

1 18/35 (51%) 2/35 (6%) 8/35 (23%)
6 3/35(9%) 2/35 (6%) 1/35 (3%)

7 - 2/35 (6%) -

8 2/35 (6%) 1/35 (3%) 8/35 (23%)
9 1/35 (3%) 7/35 (20%) -

10 33/35 (94%) 26/35 (74%) 31/35 (86%)

As shown in Table 5.18, after the preceding word ‘qalilhom’ there were more
glottal stop insertions (49.4%) than after the preceding word ‘qalilha’ (41.4%).
The number of glottal stop insertions before assimilated geminates (AG) was
highest for the preceding word ‘qalilhom’, whereas for the preceding word
‘qalilha’, there were the most glottal stop insertions before lexical geminates of
Semitic origin (LGS). Nonetheless, the number of glottal stop insertions before
lexical geminates of Semitic origin (LGS) were comparable across the two

preceding word conditions.
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Table 5.18: Glottal stop insertions after the preceding words ‘qalilhom’ and

‘galilha’

Geminate type Counts after ‘qalilhom’ | Counts after ‘qalilha’
LGS 56 (16%) 57 (16.3%)

LGnS 55 (15.7%) 40 (11.4%)

AG 62 (17.7%) 48 (13.7%)

TOTAL 173 (49.4%) 145 (41.4%)

5.5 What happens after the /e/ in ‘qalilha’?

The literature, in particular Hobermann and Aronoff (2003) and Mifsud (1995),
did not predict a vocalic insertion before word-initial geminates when they are
preceded by a word ending in a vowel. The data presented here indicates that for
some speakers, there are some durational adjustments of the final vowel /e/ in
the preceding word ‘qalilha’. Note that these adjustments span across a word
boundary. For other speakers, such adjustments are not present. In §5.5.1, I
investigate the duration of the final vowel /e/ and in §5.5.2, I define the inter-

consonantal interval and show its adjustments before geminates and singletons.

5.5.1 Duration of the vowel /e/

In a preliminary study, Galea et al. (2014) report vowel lengthening across a
word boundary in some speakers. In order to see whether vowel lengthening
occurred before geminates across all speakers, the duration of the final /e/ in
‘gqalilha’ was measured (cf. Table 5.19). 12% of the tokens (n=167) were
removed as the vowel /e/ was followed by a pause or a glottal stop, which does

not enable a one-to-one comparison across all geminate types.
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Table 5.19: Mean durations of /e/ per speaker across all words

Speaker S LGS LGnS AG

1 79 (11) 87 (12) 85 (13) 83 (11)
2 76 (10) 74 (9) 73 (9) 77 (11)
3 93 (9) 98 (14) 106 (20) 101 (13)
4 86 (20) 93 (18) 93 (16) 99 (16)
5 86 (14) 92 (16) 87 (15) 92 (14)
6 100 (24) 90 (17) 88 (16) 94 (17)
7 110 (17) 131 (33) 132 (23) 149 (23)
8 94 (21) 100 (19) 101 (20) 103 (20)
9 105 (17) 132 (28) 129 (28) 134 (29)
10 109 (31) 156 (3) 141 (27) 155 (40)

Taking S (singletons) as the baseline, the mean durations of the final vowel /e/ in
‘galilha’ show that this vowel is susceptible to adjustments (either an increase or
a decrease in duration). For almost all speakers, except for Speakers 2 and 6 in
Table 5.19, there is an increase in the duration of the final vowel /e/ in ‘qalilha’
before word-initial geminates. On the other hand, for Speakers 2 and 6, there is a
decrease in the duration of the final vowel /e/ in ‘galilha’ before word-initial
geminates. The degree of increase varies within and across speakers. For 5 out of
the 10 speakers (i.e., Speakers 1, 3, 4, 5 and 8), there is an increase in the
duration of the final vowel before word-initial geminates which ranges from 1ms
to 13ms. For instance, for Speaker 1, there is an increase of 8ms before lexical
geminates of Semitic origin (S: X=79, sd=11; LGS: Xx=87, sd=12); an increase of
6ms before lexical geminates of non-Semitic origin (S: X=79, sd=11; LGnS: x=85,
sd=13) and an increase of 4ms before assimilated geminates (S: x=79, sd=11; AG:
x=83, sd=11). For Speakers 7 and 9, there was a greater increase of the duration
of the final vowel /e/ in the preceding word ‘qalilha’ than that of the previous
mentioned 5 speakers. This is because the range of increase was between 21-
39ms. To illustrate, for speaker 7, the duration of the final vowel /e/ before
lexical geminates of Semitic origin was 21ms longer than that before singletons
(S: k=110, sd=17; LGS: Xx=131, sd=33); the duration of the final vowel before

lexical geminates of non-Semitic origin was 22ms longer than that before
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singletons (S: x=110, sd=17; LGnS: x=132, sd=33); and the duration of the final
vowel before assimilated geminates was 39ms, i.e. the greatest adjustment for
Speaker 7 was before assimilated geminates (S: Xx=110, sd=17; AG: x=149,
sd=23). Furthermore, Speaker 10, had the greatest range of increase durations:
there was an increase of 47ms of the duration of the final vowel /e/ before
lexical geminates of Semitic origin when compared to the duration of the final
vowel /e/ before singletons (S: x=109, sd=31; LGS: X=156, sd=3); there was an
increase of 32ms before lexical geminates of non-Semitic origin when compared
to singletons (S: x=109, sd=31; LGS: X=141, sd=27); and there was an increase of
46ms before assimilated geminates when compared to singletons (S: x=109,

sd=31; AG: x=155, sd=40).

Eight of the ten speakers have to different degrees increased the duration of the
final vowel /e/ in the preceding word ‘qalilha’ before word-initial geminates. In
contrast, two speakers (i.e. Speaker 2 and 6) had a decrease in duration of the
final /e/ before word-initial geminates. To take speaker 6 as an example, there
was a decrease of 10ms before lexical geminates of Semitic origin, compared to
their singleton counterpart (S: x=100, sd=24; LGS: =90, sd=17); before lexical
geminates of non-Semitic origin there was a decrease of 12ms (S: Xx=100, sd=24;
LGnS: x=88, sd=16); and before assimilated geminates there was a decrease of
6ms (S: x=100, sd=24; AG: X=94, sd=17). This variability leads me to ask what
role this vowel has in perception, and whether an increase or a decrease of its
durations helps to perceive geminates better or faster, yet, this still needs to be
empirically tested. Furthermore, whether these adjustments have any direct
implications on the rhythmical structure of Maltese could also be empirically

tested.

5.5.2 Inter-consonantal interval

The duration of final vowel /e/ in the preceding word ‘qalilha’ was adjusted to
various degrees before word-initial geminates. The inter-consonantal interval

was measured from the offset of the liquid /l/ in the preceding word ‘qalilha’

until the start of the target consonant (i.e. either a singleton/geminate) in the
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target word (refer to Chapter 4 for details on segmentation). The interval
spanned across a word boundary. The inter-consonantal interval was measured
in order to investigate the adjustments which take place between the last
consonant in the preceding word and the start of the following

singleton/geminate.

It was expected for the inter-consonantal interval to be shortest before
singletons and longest before geminates. The results confirm the prediction
made (cf. Figure 5.15): the inter-consonantal interval was shortest before
singletons and longest before geminates. Specifically, the inter-consonantal
interval was longest before assimilated geminates (AG). The duration of the
inter-consonantal interval before singletons was 93ms (sd=23). There was an
increase of 26ms from singletons to lexical geminates of Semitic origin (LGS:
x=119, sd=56), an increase of 21ms from singletons to lexical geminates of non-
Semitic origin (LGnS: X=114, sd=51), and an increase of 28ms from singletons to
assimilated geminates (AG: x=121, sd=53). The increased durations of the inter-
consonantal interval before geminates suggests that speakers seem to make

adjustments before word-initial geminates.

Figure 5.15: Mean durations and error bars represent mean +/- 1 standard

deviation of inter-consonantal interval
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In order to investigate whether the duration of the inter-consonantal interval is

discernably different before singletons and geminates, each Consonant Type was
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compared to each other. As previously outline in §5.3.4, a linear mixed effects
model was constructed with Consonant Type (singleton, lexical geminates of
Semitic origin, lexical geminates of non-Semitic origin and assimilated
geminates) as fixed effect. The Consonant Type fixed effect was dummy-coded,
so that each level was compared to a fixed reference level. In this case, since the
duration of the inter-consonantal interval was shortest before singletons,
Singletons (S) was chosen as the reference level. Therefore, the mean duration of
the inter-consonantal interval before lexical geminates of Semitic origin (LGS),
lexical geminates of non-Semitic origin (LGnS) and assimilates geminates (AG)
was compared to the reference level (i.e. Singletons (S)). As expected, the mean
duration of the inter-consonantal interval before all geminate types was
statistically significantly longer than the duration of the interval before

geminates (as in Table 5.20).

Table 5.20: Comparing the mean duration of the inter-consonantal interval

before singletons (S) to the three geminate types (**=p < 0.001,* =p < 0.01)

Reference Level Compared Level P

S (¥=93, sd=23) LGS (x=119, sd=56) <0.01 **
S (¥=93, sd=23) LGnS (k=114, sd=51) <0.05*
S (¥=93, sd=23) AG (x=121, sd=53) <0.01 **

The results for the inter-consonantal interval are discussed in §5.7 below.

5.6 Secondary Correlates

Two secondary correlates were investigated in this study, namely, voice onset
time (VOT) and the duration of the tonic vowel. In §5.6.1, | investigate VOT in the

voiceless stop /t/ and the voiced stop /d/ as correlates for gemination. In §5.6.2,

[ investigate the duration of the tonic vowel as a correlate to gemination.
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5.6.1 VOT in stops

VOT was measured as the interval between the onset of the release and the onset
of the following vowel for both the voiceless stop /t/ and the voiced stop /d/.
The mean VOT durations (and standard deviations) of the voiceless and voiced
stop, which were pooled across all speakers and preceding word conditions, are

presented in Table 5.21.

Table 5.21: Mean VOT duration and standard deviations, pooled across speakers

and preceding contexts

S LGS LGnS AG
Voiceless stop /t/ | 34 (8) 28 (8) 31 (8) 29 (8)
Voiced stop /d/ 17 (4) 18 (5) 20 (5) 20 (16)

The mean duration of VOT is longer for the voiceless stop /t/ than for the voiced
stop /d/. This can be compared to results found for Tashlhiyt Berber (Ridouane
2007), where a similar result was reported. For voiceless stops, there is a
decrease in VOT from singletons to geminates. The VOT in lexical geminates of
Semitic origin was 6ms shorter than singletons (S: Xx=34, sd=8; LGS: X=28, sd=8);
the VOT in lexical geminates of non-Semitic origin was 3ms shorter than
singletons (S: x=34, sd=8; LGnS: X=31, sd=8); and the VOT in assimilated
geminates was 5ms shorter than singletons (S: x=34, sd=8; AG: x=29, sd=8). For

the voiceless stop, singletons have the longest VOT.

On the other hand, singletons had the shortest VOT in the voiced stop /d/. VOT
increases slightly in the three geminate types. The VOT in lexical geminates of
Semitic origin (LGS) was 1ms longer than singletons (S: x=17, sd=5; LGS: x=18,
sd=5); the VOT in lexical geminates of non-Semitic origin (LGnS) was 3ms longer
than singletons (S: x=17, sd=5; LGnS: X=20, sd=5); and the VOT in assimilated
geminates (AG) was 3ms shorter than singletons (S: x=17, sd=5; AG: x=20,
sd=16).
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In order to investigate whether the two fixed effects, i.e. Consonant Type and
Voicing>¢ (voiceless for /t/ and voiced for /d/), contribute to explain the
difference in VOT, a model comparison was carried out (cf. Table 5.22).
Following Barr et al. (2013), models were built with a maximal random effects
structure, this included random intercepts and random slopes for the two fixed
effects and their addition. The fixed effects of Consonant Type and Voicing were
centered to reduce collinearity. A baseline (model 1) that was made up of only
the intercept and the random effects was built. The contribution of the fixed
effects: Consonant Type and Voicing were investigated separately (model 2, and
model 3). These models were compared to the baseline. A model including
Consonant Type and Voicing as fixed effects terms (model 4) was built. Model 4
was compared to model 2 and model 3. Finally, model 4 was compared to a

model with the two fixed effects and their interaction (model 5).

Table 5.22: Model goodness of fit: VOT- pooled data (***=p<0,*p=0.01, n.s. =

not significant)

Model | Fixed Effects BIC %2
1 Intercept 7745.4 -
2 Consonant Type 7749.6 2.87 n.s.

(relative to model 1)

3 Voicing 7739.9 12.563 ***

(relative to model 1)

4 Consonant Type + Voicing 7746.7 12.756 ***

(relative to model 1)

5 Consonant Type * Voicing 7748.3 5.4292 *

(relative to model 4)

The model including Consonant Type (model 2) as a fixed effect does not have a
better fit than the baseline. On the other hand, the model including Voicing as a
fixed effect (model 3) had a better fit to the data than the baseline, suggesting

that VOT depends on whether the stop is voiced or voiceless. The model

56 Voicing was added as a fixed effect due to the discernable difference in the mean durations of
VOT in voiceless and voiced stops.
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including both fixed effects (model 4) explains the data better than the intercept,
even though it has a higher BIC. Comparisons of model 2 to model 4, show that
model 4 has a better goodness-of-fit than model 2, but model 4 does not explain

the data any batter than model 3 (Table 5.23).

Table 5.23: Mean VOT duration: further model comparisons (** p = 0.001, n.s. =

not significant)

Model %2
Model 2, Model 4 9.886 **
Model 3, Model 4 0.1933 n.s.

The model that describes the data is model 5, even though it has minutely higher
BIC. Therefore, the interaction term seems to work better. As it is shown in Table
5.24, Voicing seems to be the best predictor and it seems to interact with
Consonant Type, but Consonant Type alone is not significant. I interpret this to
mean that the duration of VOT is comparable in singletons and geminates, but

there is an effect of whether the sound is voiced or voiceless.

Table 5.24: Summary of model 5: Consonant Type * Voicing (***=p<0,*p =

0.01, n.s. = not significant)

Fixed Effects Estimate | Std. Error | tvalue | Pr(>|t|)
(Intercept) 24.5271 1.29609 18.924 | 4.20e-10 ***
Consonant Type -0.06386 | 0.53547 -0.119 0.9072 n.s.
Voicing 5.71481 0.86482 6.608 1.76e-05 ***
Consonant Type * Voicing | 1.22957 0.42121 2.919 0.0249 *

5.6.2 Duration of the Tonic Vowel
The duration of the tonic vowel in singletons and geminates (e.g., ['sebber]

sabbar ‘to console’ and [is'sebber] ssabbar ‘to be consoled’) was measured in

order to investigate whether its duration serves as a correlate to gemination.
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In this production study, the target words in singletons, lexical geminates of
Semitic origin and assimilated geminates were controlled to have the vowel /e/
as the tonic vowel. In the case of lexical geminates of non-Semitic origin, for most
target words the tonic vowel was /e/ but was followed by the glide /j/, which
can potentially form the diphthong /ej/. Since singletons and lexical geminates of
Semitic origin provided minimal pairs, such as sabbar ‘to console’ and ssabbar ‘to
be consoled’, the duration of the tonic vowel in these two conditions were
compared. Comparing the duration of the tonic vowel after singletons and lexical
geminates (pooled across speakers and preceding word conditions), there was
no discernible difference in its duration: (singleton: X=91, sd=21, lexical
geminates of Semitic origin: X=90, sd=21), i.e. the durations were comparable.
This was statistically tested, where a model including just the intercept was
compared to a model including Consonant Type (singleton, geminate) as a fixed
effect. The results, in Table 5.25, show that the model including Consonant Type
as a fixed effect term does not explain the data any better than model 1, which
includes just the intercept. Therefore, this confirms the descriptive analysis, that
there is no difference in the duration of the tonic vowel after singletons and

word-initial lexical geminates of Semitic origin.

Table 5.25: Model goodness of fit- Tonic vowel duration

Model | Fixed Effects BIC X2
1 Intercept 10660 -
2 Consonant 10668 0.0088 not significant

5.7 Discussion of Production Study 1 (Lexical vs. Surface geminates)

5.7.1 Duration of lexical and surface word-initial geminates

Lexical and surface word-initial geminates in Maltese are significantly longer
than singletons. Furthermore, there was no difference in terms of constriction
duration between Semitic and non-Semitic originating geminates. This result
falls in line with previous research, albeit on other languages (e.g. Tashlhiyt

Berber as shown by Ridouane 2010 and Sardinian Italian as shown by Ladd and
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Scobbie 2003), which also show that there are no durational differences between

lexical and surface geminates.

Overall, there was a difference in constriction duration between the two
manners of articulation investigated in this production study: both in terms of
actual constriction duration and singleton-to-geminate duration ratio. The
duration ratio was longer in stops than in fricatives. This result is not surprising,
especially when the results of this experiment are compared to that of other
languages (cf. for word-medial geminates see Chapter 3 §3.1 and for word-initial
geminates see Chapter 3 §3.2). It is possible that voiceless stops have longer
closure durations than voiced stops as it is difficult to maintain voicing over time
(Ohala 1983). Furthermore, with respect to voicing and fricatives, it is reported
that in some languages voiceless fricatives are longer than voiced fricatives. For
instance, Greek voiceless fricatives are longer than voiced fricatives (Nirgianaki

et al. 2009).

In light of the results of Production Study 1, Maltese geminate stops were, on
average, 2.2 times longer than singletons, whereas, Maltese geminate fricatives
were 1.5 times longer than singletons. Voicing also played a role in the difference
in duration ratios: voiced stops (/d/ = 1:2.46) and voiced fricatives (/z/ = 1:1.6)
had a greater duration ratio than voiceless stops (/t/ = 1:2.18) and voiceless

fricatives (/s/ = 1:1.5; /[/ = 1:1.4) respectively.

5.7.2 Insertions before word-initial geminates

Word-initial geminates in Maltese were almost always preceded by a vocalic
insertion, when the preceding word ended in a consonant, as in (3). This
confirms the claims made in the literature (e.g., Mifsud 1995; Hobermann and

Aronoff 2003).
(3) [?elilo:m 1ddehhel]

Qalilhom iddahhal
‘he told them to be entered’
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When word-initial geminates were preceded by a word ending in a vowel, as in
(4), the inter-consonantal interval was measured. This is because durational
adjustments were possible between the final /1/ in the preceding word ‘qalilha’

and just before the start of the consonant (either singleton or geminate).

(4) [?elile [Jehhem]
Qalilha xxahham
‘he told her to be fattened’

Furthermore, there were instances for some speakers (but not all) where the
vocalic insertion was itself preceded by a glottal stop (cf. 5). Note that when the
glottal stop insertion occurred, it was only present before the vocalic insertion

which itself preceded the word-initial geminates.

(5) [?elilo:m ?1ddehhel]
Qalilhom iddahhal
‘he told them to be entered’

The glottal stop insertion before the vocalic insertion before word-initial
geminates was not expected to occur. In addition, there is a difference in the
number of the speakers that inserted a glottal stop before the vocalic insertion
depending on the end of the preceding word. When the preceding word ended in
a vowel, i.e. ‘qalilha’, the number of speakers that inserted a glottal stop before
the vocalic insertion increased. This result shows that a vowel hiatus at a word-
boundary is repaired by an epenthetic glottal stop (see Davidson and Erker
(2014) for a similar result for American English). It is crucial to remember that
the result from this production study was subject to within- and across- speaker
variation. Other studies have shown that within words and across word-
boundaries, vowel hiatus is resolved by the insertion of a glide, such as [j] or [w]
(see McCarthy (1993) for English; Kawahara (2003) for Japanese). Furhtermore,
glottal stop insertion (and glottalisation) before vowel-initial words is common

in American English when such words are at the beginning of a new intonational
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phrase (cf. Pierrehumbert and Talkin 1992; Dilley et al. 1996). Given the carrier
phrases used in this production study (i.e. galilhom ‘he told them’ and galilha ‘he
told her’), which are reporting verbs, it is possible that target words were
preceded by a glottal stop insertion to mark a new intonational phrase. However,
a thorough analysis of this still needs to be carried out. The implications of these
insertions before word-initial geminates on the phonological representation of

geminates in Maltese are discussed in Chapter 6 §6.5.

5.7.3 Secondary correlates

Two secondary correlates for gemination were investigated for lexical word-
initial geminates, namely, VOT and the duration of the tonic vowel. VOT does not
serve as a correlate to gemination for lexical and surface word-initial geminates
for either voiced or voiceless stops. This is because the duration of VOT for
singletons was comparable to that of geminates. As expected, the duration of
VOT for voiceless stops was significantly longer than that of voiced stops. |
conclude that VOT in Maltese does not serve as a correlate for gemination, just as
it does not in Swiss German for word-initial geminates (Kraehenmann 2001);
and for word-medial geminates in Levantine Arabic (Ham 2001) or Italian

(Esposito and DiBenedetto 1999).

The duration of the tonic vowel for singletons and geminates was also
comparable and therefore, in this case, it does not serve as a cue to gemination.
In this production study, pairs such as /'dehhel/ ‘to insert’ and /d'dehhel/ ‘to be
entered’ were investigated. It is possible that the duration of the tonic vowel is
comparable in such pairs, since there is a medial geminate and vowel shortening
might be expected to occur in pairs such as /dehel/ ‘to enter’ and /dehhel/ ‘to
insert’, where the former has a word-medial singleton and the latter has a word-

medial geminate (this is investigated in Chapter 7 §7.4).
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5.8 Conclusion

The most distinguishable feature of word-initial geminates in Maltese is the
insertion of the epenthetic vowel, [1]. Despite the fact that this feature was
consistent when the preceding word ended in a consonant, and less so when the
preceding word ended in a vowel, the inter-consonantal interval, in the case of a
preceding word ending in a vowel, shows that there is an increase in duration of
the segmental material before geminates and singletons. Therefore, phonetic
adjustments are taking place before word-initial geminates, even when the

previous word ends in a vowel.

In Chapter 6, [ compare the production word-initial geminates/singletons to

word-medial geminates/singletons across different manners of articulation.
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Chapter 6: Production Study 2 - Comparing word-initial and word-medial

geminates in Maltese

The results from Production Study 1, in Chapter 5, show that in Maltese, word-
initial geminates have a similar syllable structure as word-medial geminates. In
Production Study 2, this chapter, word-initial geminates were compared to
word-medial geminates. In this production study, the corpus consisted of target
consonants from different manners of articulation, unlike Production Study 1,
where manner was restricted to stops and fricatives. This was done in order to
make: 1) a cross manner of articulation comparison of the durations of
gemination and 2) cross-linguistic comparisons with other languages that have
geminates. The duration ratios for singleton-geminate pairs in word-initial and
word-medial position were compared. Moreover, in the case of word-initial
geminates the occurrence of insertions before geminates of different manners of

articulation are reported.

The chapter is structured as follows: while the overall methodology is described
in Chapter 4, in §6.1, aspects specific to the present study are described. In §6.2,
the results for constriction duration are discussed. This is followed by an
analysis of insertions before word-initial geminates in §6.3. Moreover, VOT in
stops as a secondary correlate to gemination is presented in §6.4. Finally, the

chapter concludes, in §6.5, with an overall discussion of the results.

6.1 Methodology

6.1.1 Goals of the experiment

In Production Study 2, word-initial geminates were compared to word-medial
geminates. The results from Production Study 1 (Chapter 5) confirmed claims in
the literature, in such a way that a vocalic insertion was almost always present
before a word-initial geminate. Due to this, word-initial and word-medial
geminates are considered to have similar representations. This is because word-

medial geminates, by definition, are flanked between two vowels (as in 1a) and
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the results from Production Study 1 show that word-initial geminates also

require a vowel before them and have a vowel following them (c.f. 1b).

(1) Geminates in Maltese
(a) [fejje?] fejjaq ‘he cured’

(b) [1ssebber] ssabbar ‘he consoled’

Production Study 2 compares the duration ratios of geminates in the two
different positions, in order to investigate whether the same phonological
phenomenon leads to different phonetic realizations in different positions in a

word.

6.1.2 Speech Material

In Production Study 1 target consonants were restricted to stops and fricatives.
In this experiment, target consonants included stops and fricatives, but also
other manners of articulation. The target consonants (singletons and geminates)
in word-initial and word-medial position included voiceless stops, voiceless

fricatives, voiceless affricates, liquids, and nasals, as shown in Table 6.1.

Table 6.1: Manners and segments for Production Study 2

Manner Segment
Stops /ptk/
Fricatives /fs]/
Affricate /t[/
Liquid /1/
- /r/
Nasal /mn/

Target words were presented in a carrier phrase. The word preceding the target
words was either gallek ‘he told you’ or galet ‘she said’, as in (2) and (3). The
interchange of the preceding words occurred in order to avoid homorganic

sequences beginning with the same segment.
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(2) Qallek mitt darba

PRECEDING WORD TARGET WORD REST OF THE PHRASE

‘he told you a hundred times’

(3) Qalet mitt darba

PRECEDING WORD TARGET WORD REST OF THE PHRASE

‘she said a hundred times’

For all of the items in this production study, in the case of word-initial singletons:
the target consonant was in both word-initial and syllable-initial position.
However, in the case of word-medial singletons, the target consonant was in

word-medial position but in syllable-iniital position.

For both the word-initial and word-medial condition and for each segment, 3
singleton and geminate pairs were chosen. Table 6.2 shows one target word
example pair for all the manners of articulation investigated in this study in
word-initial and word-medial position.5” This yielded 33 word-initial singleton-
geminate pairs and 33 word-medial singleton-geminate pairs. Therefore, a total
of 132 target words per speaker. This led to 792 tokens for word-initial target
words and 792 for word-medial target words, a total of 1584 tokens.
Participants were presented with 132 target words and 132 filler items. 30% of
the filler items were singleton and geminate pairs, while the other 70% were

singleton and onset cluster pairs, vowel initial and glottal stop initial pairs.

57 A full list of examples is shown in Appendix 2.
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Table 6.2: Target items examples from one manner of articulation

Word-initial

Word-medial

Manner Segment | Singleton | Geminate Singleton | Geminate
Stop /p/ /'petpet/ | /p.'pekja/ | /se.'pun/ /dzep.'pun/
patpat ppakja sapun Gappun
‘to tap’ ‘to pack’ ‘soap’ ‘Japan’
Fricative | /f/ /'fir.me/ /f. firme/ /ne.'fetlv/ | /nef'fetluv/
firma ffirma nefaqlu neffaqlu
‘signature’ | ‘to sign’ ‘he  spent | ‘he made s.o.
on him’ spend on
him’
Affricate /t/ /'tfehhed/ | /tftfehhed/ | /tfu'tfete/ | /iutftfete/
c¢ahhad ¢cahhad cucata quccata
‘to deprive | ‘to deprive | ‘s.th stupid’ | ‘peak’
s.o.of s.th’ | oneself
Liquid /1/ /'liberu:/ /I'libere/ /te'letlu/ /tel'letlu/
liberu llibera telaqlu tellaqlu
‘free’ ‘to set free’ | ‘he left | ‘he raced
him’ him’
- /r/ /'rebje/ /r'rebje/ /fe'rehlv/ | /fer'rehlu/
rabja rrabja ferahlu ferrahlu
‘anger’ ‘to get | ‘he was ‘he made
angry’ happy for | him happy’
him’
Nasal /m/ /'merke/ /m'merke/ | /e'mizlu/ | /em'mizlu/
marka mmarka hemizlu hemmizlu
‘mark’ ‘to mark’ ‘he winked | ‘he winked
at him’ at him’
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6.1.3 Participants

Twelve (6 males, 6 females) native speakers of Standard Maltese were recruited
for this production study, none of whom had participated in Production Study 1.
All participants in Production Study 2 were Maltese-dominant speakers. Eleven
out of the twelve participants were students at the University of Malta at the
time of recording. The participants were between 19 and 29 years of age (mean

age = 22, median = 25).

6.1.4 Hypotheses

The duration of geminates in word-initial and word-medial position is expected
to be longer than that of singletons in their respective positions. Due to the
results of Production Study 1, I expect word-initial geminates to be
predominantly preceded by a vocalic insertion. As | argue in the discussion of the
results of Production Study 1, the vocalic insertion before word-initial geminates
leads to a structure which is similar to word-medial geminates: namely a syllabic
structure of VGV, where both word-initial and word-medial geminates are
preceded and followed by a vowel. I predict that, since there is similarity in
syllable structure, the duration of word-initial and word-medial geminates to be

comparable.

In this production study, I extend the manners of articulation under
investigation. It is expected for /r/ to have the longest singleton-to-geminate
ratio, and this is followed by the nasals /m n/, the liquid /1/, the stops /p t k/, the
fricatives /f s [/ and the affricate /t[/. This prediction is based on the overview of
duration ratio presented in Chapter 3 §3.1 for word-medial geminates. [ expect

word-initial singleton-to-geminate ratio to follow a similar pattern.

Voice onset time (VOT) is measured as a secondary correlate for gemination. In
Production Study 1, the VOT of the voiced stop /d/ and the voiceless stop /t/
was measured. The result showed that the duration of VOT for stops does not

serve as a correlate to gemination. In this study, I predict that VOT is not a
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correlate for gemination, but I expect to find differences in the duration of VOT in

the three different places of articulation (i.e. bilabial, alveolar and velar).

6.2 Results: Constriction Duration

The results regarding the constriction duration of geminates and singletons from
Production Study 2 are presented in this section. In §6.2.1, | present the overall
constriction duration, which is pooled across all speakers and manner of
articulation. In §§6.2.2, 1 explore the duration of the different manners of
articulation and I statistically test which fixed effects affect constriction duration.
In §6.2.3, I show whether there is a difference in terms of constriction duration
between geminates/singletons in initial and in medial position. In §6.2.4, 1
provide the singleton-to-geminate duration ratios across all manners of
articulation under investigation. In §6.2.5, I explore the constriction duration of

affricates. In §6.2.6, | summarize the key findings.

6.2.1 Overall Constriction Duration

As expected, word-initial and word-medial geminates were longer than their
respective singleton counterparts. Table 6.3 shows the mean durations of

singletons and geminates in initial and medial position.

Table 6.3: Mean duration and standard deviations of singletons and geminates in

word-initial and word-medial position, pooled across all speakers and manners

of articulation

Position Singleton Geminate
Initial 98 (53) 158 (37)
Medial 79 (30) 146 (33)

Overall, initial geminates are 60ms longer than initial singletons, whereas initial
geminates are 67ms longer than medial geminates. Furthermore, initial
singletons are 19ms longer than medial singletons, whereas initial geminates are

12ms longer than medial geminates. The pooled means across all speakers and
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manners of articulation show that initial singletons and geminates are longer

than medial singletons and geminates.

6.2.2 Constriction duration: Comparing different manners of articulation

In a number of studies on word-medial geminates, as discussed in Chapter 3
§3.1, a common pattern across many languages is for sonorants (such as liquids,
nasals and approximants) and for stops to have longer geminate durations. The
durations of fricatives varies in a number of these languages. In Production
Study 1, stops were longer than fricatives. Table 6.4 provides the means and
standard deviation of the constriction duration for fricatives, liquids,
approximant and nasals and closure duration for stops. As the overall means
have shown (cf. Table 6.3), initial singletons and geminates are longer than
medial singletons and geminates (except for word-initial affricate geminates

which are shorter than word-medial affricate geminates).

Table 6.4: Mean constriction duration and standard deviation by manner and

position
Manner Initial Medial
Singleton Geminate Singleton Geminate
Affricate 165 (57) 183 (31) 127 (24) 194 (26)
Fricative 116 (36) 185 (28) 104 (17) 174 (18)
Liquid 69 (28) 134 (22) 56 (15) 118 (20)
/r/ 80 (31) 125 (26) 48 (18) 111 (20)
Nasal 94 (79) 148 (29) 69 (17) 135 (21)
Stops 77 (31) 143 (33) 62 (17) 135 (22)

The difference in constriction duration between geminates and singletons was
overall greater in medial position than in initial position. Affricate geminates in
initial position were 18ms longer than singletons, whereas affricate geminates
were 67ms longer in medial position than singletons. The duration of geminate
/r/ in initial position was 45ms longer than singletons, whereas the duration of

geminate/r/ in medial position were 63ms than singletons. Nasal geminates in
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initial position were 54ms longer than singletons, whereas in medial position,
nasal geminates were 66ms longer than singletons. Stop geminates in initial
position were 66ms longer than singletons, whereas, in medial position, stop
geminates were 73ms longer than singletons. The difference between fricative
geminates and singletons in initial and medial position was comparable: 65ms in
initial position and 67ms in medial position. Furthermore, the difference
between liquid geminates and singletons was slightly greater in initial position

(A=65ms) than in medial position (A=62ms).

Figure 6.1: Mean constriction duration and error bars mean of +/-1 standard

deviation of singletons across all manners of articulation

200 -

il

I|qU|d stop nasal frlcatlve affrlcate

-

a

o
1

initial

—_

o

o
1

medial

durations (ms)

a
o
1

Figure 6.2: Mean constriction duration and error bars mean of +/-1 standard

deviation of geminates across all manners of articulation
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In order to investigate the contribution of the singleton/geminate, manner and
word position fixed effects towards explaining the variation in the data, a model

using these three variables as fixed effects was built.

As previously reported in Chapter 5 §5.2.4, all data were analysed using linear
mixed-effect models and a model comparison approach was adopted. All models
included random intercepts for speakers and items. Due to problems of model
convergence, the models were constructed by omitting covariance from the
variance-covariance matrix. Since this did not fully resolve the problem, random
slopes were only included for speakers. The fixed effects of Consonant Type (S,
G), Manner (i.e. plosives /p, t, k/; fricatives /f, s, [/, affricate /t[/, liquid /1/; /r/
and nasals /m, n/) and Position (initial or medial) were centered to reduce

collinearity.

A baseline (model 1), which was made up of only the intercept and the random
effect was built. The contribution of the fixed effects of Consonant Type, Manner
and Position were investigated separately and were compared to the baseline
(i.e. models 2, 3 and 4 respectively). Given the results in Production Study 1, it is
already known that a model including Consonant Type and Manner explains the
data better than that with just an intercept, therefore, this model (5) was
compared to a model with the three fixed effects: Consonant Type, Manner and
Position (model 6). Finally, model 6 was compared to a model with the fixed

effects and their interaction (model 7).

The models including the individual fixed effects (i.e. models 2, 3, 4 in Table 6.5)
had a better fit to the data than the baseline, suggesting that the duration of
constriction depends on all three main effects: Consonant Type, Manner and
Position. The model that fit the data best was model 6, where all fixed effect
terms were included in the model. A model which includes the main effects with
their interactions did not improve the model fit, as shown by the comparison of
model 7 to model 6. Therefore, this shows that consonant type, manner and

word position play a role in explaining the differences in constriction duration.
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Table 6.5: Model Comparison: Production Study 2 (***=p < 0; **=p < 0.001, n.s.

= not significant)

Model

Fixed Effects

BIC

XZ

1

Intercept

15049

2

Consonant Type

15008

48.248 ***
(relative

model 1)

to

Manner

15024

32.72 *xx
(relative

model 1)

to

Position

15050

6.9576 **
(relative

model 1)

to

Consonant Type + Manner

14983

81.028 ***
(relative

model 1)

to

Consonant Type + Manner + Position

14983

6.9008 **
(relative

model 5)

to

Consonant Type * Manner * Position

15009

3.5807 n.s.
(relative

model 6)

to

In Table 6.6, the full model with all main effects is compared to each of the

models with only one main effect. This shows that the incorporation of all three

fixed effects together makes for a better goodness-of-fit than any one alone.

Table 6.6: Model Comparisons: Consonant, Manner, Position (***=p < 0)

Model Comparisons %2
Model 2, Model 6 39.681 ***
Model 3, Model 6 55.209 ***
Model 4, Model 6 81.045 ***

178




Model 6 (a summary of which can be found in Table 6.7) explains the data best.
The summary in Table 6.7 shows that constriction duration is effected by the
three fixed effects. The results for Constant Type confirms the findings of
Production Study 1, Consonant Type also effected constriction duration. This
confirms that singletons are shorter than geminates. In addition, Manner in
Production Study 1, also played a role in describing the differences in

constriction duration. This result is also present here.

Table 6.7: Summary of Model 6: Consonant + Manner + Position (***=p < 0; ** =

p <0.001)

Fixed Effects Estimate Std. Error t value Pr(>|t])

(Intercept) 120.114 4.328 27.750 4.44e-16
kkesksk

Consonant Type -31.767 2.221 -14.300 <2e-16
kkok

Manner -14.906 2.124 -7.017 2.78e-10
kkok

Position -7.473 2.702 -2.765 0.00855
k3k

6.2.3 Word-position: Initial vs. medial

The overall mean durations in Table 6.3 indicate that initial singletons and
geminates are longer than medial singletons and geminates, respectively. In
order to investigate this further, the mean durations of singletons and geminates
in initial and medial position were compared. In this case, statistics were run
separately for singletons and geminates. The models included random intercepts
for speakers and items. Random slopes were used only for speakers and not for

items due to issues of convergence. The fixed effect was Position (initial, medial).
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Table 6.8: Model summary for Singletons (*** = p < 0)

Fixed Effects | Estimate Std. Error t value Pr(>|t])
(Intercept) 88.123 5.141 17.140 <2e-16 ****
Position -9968 4.269 -2.335 0.0237 **x*

Table 6.9: Model summary for Geminates (*** = p < 0, n.s. = not significant)

Fixed Effects | Estimate Std. Error t value Pr(>|t])
(Intercept) 152.057 5.272 28.841 <2e-16 ***
Position -5.470 3.511 -1.558 0.124 n.s.

The results (in Table 6.8) show that initial singletons were significantly longer
than medial singletons (p<0.001; Initial Singletons: Xx=98ms, sd=52; Medial
Singletons: X=79ms, sd=30; A=19ms). However, the durations of initial and
medial geminates (in Table 6.9) were not statistically significantly different from
each other as the durations did not reach significance: (p=0.1; Initial Geminates:
x=158ms, sd=37; Medial Geminates: X=146ms, sd=33; A=12ms). This suggests
that there is an interaction of Consonant Type and Position for singletons but not
for geminates. Therefore, in production, initial singletons are longer than medial
singletons; however, the duration of geminates in the two positions are

comparable- whether this difference has a role in perception is yet to be found.

6.2.4 Duration Ratios

Following Aoyama and Reid (2006), it was expected that nasals would have the
longest duration ratio, followed by stops, fricatives and liquids and
approximants. Furthermore, affricates were expected to have the shortest
duration ratio (cf. Aoyama and Reid 2006; Pycha 2007). In Production Study 1,
duration ratios for stops were larger than for fricatives (1:2.4 for stops and 1:1.4
for fricatives). When comparing word-initial to word-medial singletons and
geminates, duration ratios were larger in word-medial position (Table 6.10). On
comparing the different manners of articulation, word-initial liquids had the

longest duration ratio, followed by stops, approximants, fricatives, and nasals. As

180



predicted, affricates had the shortest duration ratio. In word-medial position,
approximants had the longest duration ratio, followed by liquids, stops, nasals,
fricatives and affricates. Across the two word-positions, affricates had the
shortest duration ratio, whereas, liquids had the longest duration ratio in word-

initial position and approximants in word-medial position.

Table 6.10: Singleton-to-geminate duration ratios in initial and medial position

Manner Initial Medial
Affricate 1:1.1 1:1.5
Fricative 1:1.6 1:1.7
Liquid /1/ 1:1.9 1:2.1
Approximant /r/ 1:1.6 1:2.3
Nasal 1:1.6 1:1.9
Stops 1:1.8 1:2

6.2.5 Focus on the duration of affricate singletons and geminates

Geminate affricates are reported to have shorter durations (and in turn also
duration ratios) than geminates with other manners of articulation (cf. Aoyama
and Reid 2006; Pycha 2007; 2008). Few studies have investigated the affect of
gemination on the stop portion of the affricate, which corresponds to the closure
duration; and the frication portion, which corresponds to the aperiodic fricative
noise. For instance, in Hungarian, which has geminates in medial position,
gemination affects only the stop portion of affricate geminates. Pycha (2007;
2009) shows that while there is a large increase in the duration of the stop
portion in geminates, there is only a small increase in the duration of the
frication portion. Unlike the results presented by Pycha (2007; 2009), Faluschi &
Di Benedetto (2000)’s study on affricates in word-medial geminates in Italian
illustrates that both the stop and the frication portions are affected by

gemination.

The principle aim of this analysis is to investigate how phonological length

affects the duration of the stop and frication portions of the affricate in word-
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initial and word-medial geminates in Maltese. As shown above in Table 6.10, like
all other manners of articulation, affricate geminates are longer than singletons
(even though the degree to which affricate geminates are longer is less than
other manners of articulation, especially in word-initial position). However, |
wanted to further explore how the stop and frication portions of the affricate
adjust (i.e. either increase or decrease in duration) because of gemination. To do
so, the stop portion of the affricative was segmented from the release of the
previous stop consonant until the start of the release burst. The fricative portion
of the affricate was segmented from the onset of the aperiodic noise until the

start of the vowel formants (c.f. Chapter 4).

Table 6.11: Mean duration and standard deviations for stop and frication portion

in affricates

Singleton Geminate
Position Stop Frication Stop Frication
Initial 94 (50) 70 (14) 108 (30) 74 (14)
Medial 51 (12) 75 (19) 98 (21) 96 (18)

The duration of the stop portion was longer in initial position for singleton and
geminates than in medial position (cf. Figure 6.3). Furthermore, the duration of
the stop portion was longer in geminates than in singletons in both word-initial
and word-medial position (cf. Table 6.11). There was a slight increase in the
duration of the stop portion in geminates, from singletons, in initial position
(A=14ms; duration ratio 1:1.1). However, the duration of the stop portion in
geminates in medial position noticeably increased (A=47ms; duration ratio

1:1.9).
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Figure 6.3: Mean duration and error bars mean of +/-1 standard deviation of
stop portion in affricates in singletons and geminates
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Gemination did not affect the frication portion in word-initial position (c.f. Figure
6.4); this is because the durations of the frication portion in singletons and
geminates were comparable (frication portion in initial singletons: X=70, sd=14;
frication portion in initial geminates: k=74, sd=14). However, there was a
noticeable difference in the frication portion between singletons and geminates
in word-medial position. There was an increase of 21ms in the frication portion

from singletons to geminates.

Figure 6.4: Mean duration and error bars mean of +/-1 standard deviation of

frication portion in affricates in singletons and geminates

©
o
1

durations (ms)
[}
o

w
o
1

1 1
initial medial

In order to investigate whether the two fixed effects, i.e. Consonant Type and
Position (i.e. initial or medial) contribute to explain the difference between the
stop and frication portions in affricates in singletons and geminates, two

separate analyses were carried out, one on the stop portion, the other on the
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frication portion, both involving a model comparison approach. Table 6.12
includes the model comparison for the stop portion and Table 6.14 includes the
model comparison for the friction portion. The baseline model, model 1, was
compared to the contribution of the fixed effects separately, model 2 and model
3, respectively. A model including Consonant Type and Position as fixed effects
terms (model 4) was built. This was compared to the baseline. Model 4 was also

compared to model 5 that included an interaction term.

Table 6.12: Model goodness of fit: Stop portion (***=p < 0; **=p < 0.001)

Model | Fixed Effects BIC %2
1 Intercept 1294.9 -
2 Consonant Type 1287.0 12.792 ***

(relative to model 1)

3 Position 1292.5 7.286 **

(relative to model 1)

4 Consonant Type + Position | 1284.6 20.09 ***

(relative to model 1)

5 Consonant Type * Position | 1281.4 8.1814**

(relative to model 4)

Both fixed effects contribute in explaining the data better. The model that
explains the data best is model 5 (cf. Table 6.13), when Consonant Type is in an
interaction with Position. This suggests that stop portion is not only affected by
whether it is a singleton or a geminate, but also whether the stop portion is in
word-initial or word-medial position. This suggests that there is an impact of
Position on duration, but this depends on whether there is a singleton or a

geminate consonant.
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Table 6.13: Summary of Model 5: Consonant Type * Position (***=p < 0; * =p <
0.001)

Fixed Effects Estimate | Std. Error |tvalue |Pr(>|t|)
(Intercept) 88.587 5.483 16.155 1.61e-09 ***
Consonant Type -14.737 3.104 -4.749 0.000433 ***
Position -14.046 4.188 -3.354 0.005649 **
Consonant Type * Position | -8.848 2.589 -3.417 0.005032 **

In the case of the friction portion, the contribution of Consonant Type and
Position separately do not explain the data any better than the baseline. The
addition of an interaction term does not explain the data better. Model 4, which
includes both fixed effect terms, explains the data better than the baseline,
despite the slightly higher BIC value. This suggests that friction duration is
affected by whether the affricate is a singleton or a geminate and its position
within the word. Word-medial affricate geminates have a longer friction portion

when compared to word-initial geminates (cf. Figure 6.4).

Table 6.14: Model goodness of fit: Friction portion (n.s. = not significant, * = p <

0.01)

Model | Fixed Effects BIC %2
1 Intercept 1118.8 -
2 Consonant Type 1120.9 2.7585 n.s.

(relative to model 1)

3 Position 1119.9 3.707 n.s.

(relative to model 1)

4 Consonant Type + Position 1121.0 7.5925 *

(relative to model 1)

5 Consonant Type * Position 1123.1 2.7293 n.s.

(relative to model 4)
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6.2.6 Interim Summary: Constriction duration

Geminates in word-initial and word-medial positions are longer than singleton
counterparts. Constriction duration for singletons and geminates depend on both
their manner of articulation and their position in the word. The singleton-to-
geminate duration ratios show that in word-initial position, liquid /1/ has the
longest duration ratio. This is followed by stops, /r/, nasals and fricatives. In
word-medial position, a different sequence is found, /r/ has the longest
singleton-to-geminate ratio, and this was followed by the liquid /1/, the stops,
nasals and fricatives. In both word positions, affricates have the shortest
singleton-to-geminate ratio. In terms of position, the duration of geminates in
word-initial and word-medial position are comparable. This result lines up with
the prediction that since word-initial and word-medial geminates in Maltese
have a similar structure (where they are both preceded by a vowel), their
acoustic manifestation is similar, thus, resulting in comparable durations. This
contrasts with the results for singletons in word-initial position, which are
discernably longer than singletons in word-medial position. These two points are

picked up in the discussion (§6.5).

6.3 Insertions preceding word-initial geminates

Following the results in Production Study 1, where lexical and assimilated word-
initial geminates were compared, a vocalic insertion was almost always present
before all word-initial geminate tokens (96%). Therefore, it was expected that
word-initial geminates in Production Study 2 would be preceded by a vocalic
insertion. The results are presented as follows: in §6.3.1, I show the number of
insertions before all speakers; in §6.3.2, I investigate the duration of the vocalic
insertion and compare it to the results in Production Study 1; in §6.3.3, I count

the number of glottal stop insertions before the vocalic insertion.
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6.3.1 Number of vocalic insertions preceding word-initial geminates

Singletons were never preceded by a vocalic insertion. There were no formant
structures between the final consonant in the previous word (i.e., /t/ in ‘Qalet))
and the initial consonant in the following target word, in this case /k/ in kariga

‘charge’. Figure 6.5 shows a typical example of this.

Figure 6.5: No vocalic insertions before singleton /k/ in kariga ‘charge’
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In the case of word-initial geminates, clear vowel formants between the release
of the final consonant in the previous word (i.e., /k/ in ‘Qallek’) and the geminate
consonant could be identified (cf. Figure 6.6). Word-initial geminates in this
production study, like word-initial geminates in Production Study 1, were almost
always preceded by a vocalic insertion (cf. Table 6.18), unlike singletons. Table
6.18 below shows the number of vocalic insertions per speaker; the maximum

number of insertions per speaker was 33.
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Figure 6.6: Segmentation of vocalic element before geminate /k/ in kkariga ‘to be

charged’
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Overall, speakers often inserted a vocalic element before word-initial geminates
in this production study (cf. Table 6.15). The insertion of a vowel before word-
initial geminates was subject to across- and within-speaker variation. Variability

in the number of insertions was also found in Production Study 1.

Table 6.15: Vocalic insertions per speaker in Production Study 2

Speaker Number of vocalic insertions
1 31 (94%)
2 17 (52%)
3 24 (73%)
4 25 (76%)
5 32 (97%)
6 33 (100%)
7 29 (88%)
8 31 (94%)
9 26 (79%)
10 29 (88%)
11 33 (100%)
12 32 (97%)
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The number of insertions before each segment was investigated. This was done
in order to see if any of the segments have higher numbers of vocalic insertions
than others. Table 6.16 below shows the frequency of vocalic insertions by
manner and segment. The maximum number of insertions was 36 per segment

as these were the total number of cases where insertions could appear.

Table 6.16: Vocalic insertions per segment in Production Study 2

Manner Segment Number of vocalic insertions
Affricate /t/ 30 (83%)
/t/ 28 (78%)
Fricative /s/ 31 (86%)
N/ 33 (92%)
/p/ 34 (94%)
Stop /t/ 32 (89%)
/K/ 31 (86%)
Nasal /m/ 32 (89%)
/n/ 31 (86%)
Liquid /1/ 29 (81%)
- /r/ 31 (81%)

The number of vocalic insertions before sonorants and obstruents was
comparable. Therefore, the vocalic insertion was not conditioned by whether the
geminate consonant is an obstruent or a sonorant. In Maltese, the sonorants /1 m
n r/ can either be syllabic in word-initial position in an onset consonant
sequence (e.g. [mhe:r] mhar ‘clams’) or else they can be preceded by a vowel of
[1]-like quality (e.g. [Imhe:r] mhar ‘clams’). However, the literature on Maltese
does not discuss whether word-initial sonorant geminates are syllabic or not.
Since there are no discrepancies in the frequency of occurrence between
obstruents and sonorants (cf. Table 6.19), I argue that sonorants, just like
obstruents, need a vowel to repair the structure. If sonorant geminates were
truly syllabic, fewer insertions would be expected. This can possibly also be
extended to word-initial sonorant consonant sequences, which might be

preceded by the vowel [1]. This would weaken the claim that the sonorants
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(either as singletons in an onset initial consonant sequences such as /It, ms/ or

as word-initial geminates such as /I, mm/) in Maltese are syllabic.

6.3.2 Duration of vocalic insertion preceding word-initial geminates

In this production study, the mean duration for the vocalic insertion before
word-initial geminates was 51ms (pooled in across all speakers and manners of
articulation). This duration of the vocalic insertion in this production study is
comparable to vocalic insertion in Production Study 1 (duration in Production
Study 1 X=48ms, sd=12; duration in Production Study 2 X=51; sd=15). The
duration of the vocalic insertion was subject to across- and within-speaker
variation (cf. Table 6.17). The range of the mean duration of the vocalic insertion

was between 43ms and 56ms.

Table 6.17: Duration of vocalic insertion by speaker in Production Study 2

Speaker Duration of vocalic insertion
1 54 (11)
2 46 (8)
3 55 (15)
4 43 (14)
5 44 (15)
6 45 (8)
7 55(13)
8 55 (14)
9 51 (9)
10 54 (15)
11 56 (11)
12 55 (25)
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6.3.3 Glottal Stop Insertion before vocalic insertions before word-initial

geminates

As in Production Study 1, there were a number of cases where the vocalic
insertion was preceded by a glottal stop insertion. This was susceptible to both
within- and across- speaker variation. In Production Study 2, there were six
speakers that glottalised before the vocalic insertion that preceded word-initial
geminates. However, only three were frequent glottalisers (Speakers 1, 4 and 9).
Table 6.18 shows the number of glottalisation before vocalic insertion per

speaker- the possible number of cases for such insertion was 33 per token.

Table 6.18: Glottalisation preceding vocalic insertion in Production Study 2

Speaker Count of glottalisation
1 11/33 (33%)
2 3/33 (9%)
4 15/33 (45%)
5 1/33 (3%)
8 2/33 (6%)
9 9/33 (27%)

6.4 Secondary correlate: VOT in voiceless stops

VOT for the voiceless stops /p t k/ was measured for both singletons and
geminates in word-initial and word-medial position. A difference in VOT in
singletons and geminates was not expected, following the results in Production
Study 1. However, VOT differences among the three places of articulation (i.e.
bilabial, alveolar and velar) were expected. The VOT for the velar stop /k/ was
expected to have the longest duration and the VOT for the bilabial stop /p/ was
expected to have the shorter VOT duration (cf. Lisker and Abramson 1964; Cho
and Ladefoged 1999). The data from this production study (cf. Table 6.19) shows
this expected pattern: VOT was longest in the velar stop /k/, shortest in /p/ and

intermediate for /t/ (this results corroborates Azzopardi's 1981 findings).
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Figure 6.7 and Figure 6.8 show the mean durations of VOT in singletons and
geminates respectively. The VOT of singleton /p/ in initial and medial position
are only slightly longer than that of geminate /p/, a difference of 3ms. Across
positions, initial singleton /p/ is 6ms shorter than medial singleton /p/ and
initial geminate /p/ is 6ms shorter than medial geminate /p/. A similar result is
found for /t/, where there a 2ms difference in VOT between singleton and
geminate /t/ in initial position. The difference in VOT between singleton and
geminate /t/ is greater in medial position, there’s a difference of 10ms. Across
position, the VOT of singletons in /t/ are comparable (there’s only 1ms
difference between initial and medial position), whereas, the VOT of geminate
/t/ there’s a 10ms difference between initial and medial position. In the velar
stop /k/, the mean VOT duration in initial position is the same for singletons and
geminates. In medial position, the mean VOT duration for singletons and
geminates was also comparable, there is a difference of 1ms. Across positions,
initial singletons are 5ms shorter than medial singletons; and initial geminates

are 6ms shorter than medial geminates.

Table 6.19: Mean VOT and standard deviation by place of articulation

Initial Medial
Place Singleton Geminate Singleton Geminate
Bilabial (/p/) | 25(10) 22(7) 31 (11) 28 (9)
Alveolar (/t/) | 34 (8) 32 (10) 33(8) 23 (5)
Velar (/k/) 38(7) 38 (9) 43 (9) 42 (10)
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Figure 6.7: Mean VOT and error bars mean of +/-1 standard deviation for

singletons by segment
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Barr et al. (2013), models were built with a maximal random effects structure.
However, this led to problems of convergence. As a result, the models were built
by omitting covariances from the variance-covariance. The fixed effects of
Consonant Type (singleton, geminate), Place (bilabial for /p/, alveolar for /t/

and velar for /k/) and Position (initial or medial) were centered to reduce

collinearity.
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A baseline (model 1) which was made up of only the intercept and the random
effects was built. The contribution of the fixed effects: Consonant Type, Place and
Position were investigated separately (i.e. model 2, model 3 and model 4). These
models were compared to the baseline (cf. Table 6.20). A model including
Consonant Type, Place and Position as fixed effects terms (model 5) was built.
Model 5 was compared to a model with a model including the interaction of the

three fixed effects terms (model 6).

Table 6.20: Model goodness of fit: VOT duration (n.s. = not significant, ** =p <
0.01)

Model | Fixed Effects BIC %2

1 Intercept 2964.6 -

2 Consonant Type 2969.1 1.5254 n.s.
(relative to model
1)

3 Place 2960.6 10.055 **

(relative to model

1)

4 Position 2970.1 0.5299 n.s.

(relative to model

1)

5 Consonant Type + Place + Position 2969.9 12.776 **
(relative to model
1)

6 Consonant Type * Place * Position 2989.7 4.5187 ns

(relative to model

5)

The model including Consonant Type (model 2) and Position (model 4) as
separate fixed effects did not have a better fit than the baseline. On the other
hand, the model including Place (model 3) as a fixed effect had a better fit to the
data than the baseline. The model including the three fixed effect terms (model

5) also has a better fit to the data than the baseline.
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Table 6.21: Further model comparisons: VOT (n.s. = not significant, ** = p < 0.01)

Model %2

Model 2, Model 5 11.251 **
Model 3, Model 5 2.7209 n.s.
Model 4, Model 5 12.246 **

A comparison of model 2 to model 5 and model 4 to model 5 in Table 6.21 shows
that model 5 has a better fit to the data than models 2 and 4 respectively.
However, the comparison of model 3 to model 5 shows that the latter model is
not any better than model 3. Therefore, this suggests that place of articulation

has the biggest role in explaining the differences in VOT durations.

Model 3 (cf. Table 6.22 for a summary) suggests that the duration of VOT is
significantly affected by the place of articulation, where the velar stop /k/ has
the longest VOT durations, the bilabial stop /p/ has the shortest VOT durations

and the alveolar stop /t/ has intermediate durations.

Table 6.22: Summary of model 5: Place (***=p <0, **=p <0.001)

Fixed Effects | Estimate Std. Error t value Pr(>|t])
(Intercept) 32.221 1.713 18.804 <2e-16 ***
Place -4.028 1.189 -3.387 0.00163 **

6.5 Discussion of Production Study 1 and 2

General discussion

So far the two production studies presented in this dissertation have dealt with
the production of lexical and surface word-initial geminates on the one hand, and
the comparison of word-initial and word-medial geminates on the other.
Constriction duration is taken to be the primary correlate of gemination in

Maltese.
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In Production Study 1, the production of lexical and surface word-initial
geminates was compared. This comparison has shown that lexical geminates of
Semitic origin (such as [1ddehhel] ddahhal ‘to be entered’) and lexical geminates
of non-Semitic origin (such as [iddejlje] ddajlja ‘to dial’), had comparable
durations. Furthermore, when both these geminate types were compared to
assimilated geminates (such as [1d-dehle] id-dahla ‘the entrance’), the durational
differences were also comparable. In the case of lexical geminates of Semitic
origin and assimilated geminates, a similar morpho-phonological process, i.e.,
regressive assimilation to the place of articulation of the stem-initial consonant,
results in phonetically comparable durations. Lexical non-Semitic geminates are
not derived through regressive assimilation, but the initial consonant is
geminated (regardless of its place or manner of articulation). Therefore, the
phonetic realization of the duration of the different types of word-initial
geminates is not affected by the origin of the word. This corroborates my claim
that Maltese has a single phonetic system operating on principles that apply
across the board. Specifically in this case, that geminates display the same

phonetic manifestations, regardless of their origin.>8

Word- and syllable-initial singleton consonants (eg. /p/ in 'ponta ‘to point’) were
significantly longer than word-medial but syllable-initial consonants (e.g. /p/ in
ka'paci ‘ability’). One possible interpretation is that segments are longer in word-
and syllable-initial position due to domain-initial strengthening (Fougeron and
Keating, 1997; Keating et al. 2003), where domain refers to ‘prosodic domain’
not lexical domain. Speakers make a distinction, at least in terms of duration,
between segments, which are word-initial and word-internal. By contrast, in the
case of geminates the durations of morpho-phonological initial and word-medial
geminates were similar and did not vary significantly. This can be taken as
further evidence that word-initial geminates in Maltese are neither word-initial
nor syllable-initial geminates; and they are not initial within the prosodic
domain. It is possible that if word-initial geminates in Maltese were true

word/syllable-initial geminates, longer durations would be expected (compared

58 This can also apply to other linguistic domains of Maltese. For instance, Camilleri (2014) also
argues that the morphology of Maltese should be viewed as one holistic system and should not be
discussed in terms of word-origin.
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to word-medial geminates, as shown for Tashlhiyt Berber by Ridouane 2007),

following the principles of domain-initial strengthening.

Moving from the actual mean durations of segments to the singleton-to-geminate
duration ratios, in word-medial position the duration ratio is greater than in
morpho-phonological word-initial position. Pooling across all speakers and
manners (in Production Study 2) word-initial geminates are about 1.6 times
longer than singletons, while word-medial geminates are 1.8 times longer than
singletons. Comparing these ratios to other languages, the pattern in Maltese
seems to be similar to the pattern in Swiss German. Kraehenmann (2011)
reports that the singleton-to-geminate duration ratio is smaller in word-initial
position (1:2) than in word-medial position (1:3). On the other hand, in Tashlhiyt
Berber, duration ratios increase from medial position (1:2.5) to initial (1:3).
Kraehenmann (2011) argues that according to the principles of domain initial

strengthening, the pattern found in Tashlhiyt Berber should be expected.

Duration ratios may vary depending on the manner of articulation. However, this
issue is not specifically addressed in previous studies. First, in the literature
there are a number of opposing views; for instance, Kawahara (2007) and
Kawahara et al. (2011) argued that the more sonorant-like a geminate is, the
more marked it is. Furthermore, Kawahara argued that sonorant geminates are
dispreferred cross-linguistically. The basis of this argument stems from the
relative perceptibility of such sounds. In fact, a number of phonetic studies, such
as Cohn et al. (1999), Aoyama and Reid (2006), Tserdanelis and Arvaniti (2001),
showed that the duration ratios for sonorants are much greater than those of
obstruents. For instance, Aoyama and Reid (2006), on comparing duration ratios
in a number of languages, postulated that the duration ratios for fricatives and

affricates are shorter while in stops and nasals it is longer.
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Table 6.23: Durations ratios for geminates®°

Language Manner of Articulation
Stops Fricatives Nasals Liquids
Japanese 1:2 1:1.8 1:2/3 -
(Kawahara 2015)
Italian 1:2 - 1:2.4 -

(Esposito and Di Benedetto
1999)

Cypriot Greek 1:1.8 1:1.3 1:2.2 1:2
(Arvaniti and Tserdanelis
2000; Tserdanelis and
Arvaniti 2001)

Guinanng Bontok 1:2 1:1.6 1:2 1:1.19
(Aoyama and Reid 2006)

Toba Batak 1:2 1:1.7 1:2 1:2
(Cohn et al. 1999)

Kelantan Malay 1:2 - 1:2.4 1:2.8
(Hamzah et al. 2010)

Maltese 1:2 1:1.7 1:1.9 1:2.1
(Production Study 2)

Table 6.23 presents singleton-to-geminate duration ratios from typologically
different languages from four manners of articulation: stops, fricatives, nasal and
liquids. In a number of languages such as the ones listed in Table 6.23, sonorants
and stops have high duration ratios and fricatives have lower duration ratios.
Across the different languages, the duration ratios for fricatives vary from 1:1.3-
1.8. However, the duration ratio for the constriction duration®® in stops seems to
be fairly consistent (i.e., varying slightly from 1:1.8-1:2). There are counter-

arguments to the data presented in this table. For instance, in Buginese and

59 Word-initial for Kelantan Malay (Hamzah et al. 2010).

60 A variety of terms have been used in the studies in relation to what was measured for stops.
Cohn et al. 1999, Arvaniti and Tserdanelis 2000 and Esposito and Di Benedetoo (1999) measured
closure duration for stops in Toba Batak, Cypriot Greek and Italian respectively. Kawahara
measured constriction duration for stops in Japanese. Furthermore, Hamzah et al. (2010) and
Aoyoma and Reid (2006) measured duration in Kelatan Malay and Guinaang Bontok respectively.
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Madurese nasals and liquids have a duration ratio of 1:1.6 and 1:1.8 respectively
(Cohn et al. 1999). However, voiceless fricatives in both languages have a
duration ratio of 1:1.4 (Cohn et al. 1999). These results seem to suggest that
there is a tendency for duration ratio to be more stable across nasals and stops,
where geminates are (almost) twice as long as singletons. Moreover, the
duration ratios of fricatives are less stable across a number of different
languages. Therefore, the same phonological contrast of gemination is
phonetically manifested in different degrees of duration, which are both

language dependent and also dependent on manner effects.

On the status of the inserted vowel

The results presented here indicate that what are traditionally described as
“word-initial geminates” in Maltese are not really word-initial. As a matter of
fact, such geminates are almost always preceded by a vocalic element. This was
shown in both Production Study 1 and Production Study 2, where in Production
Study 1 96% of word-initial geminates were preceded by a vocalic insertion and
in Production Study 2 84% of word-initial geminates were preceded by a vocalic
insertion. In turn, some speakers inserted a glottal stop before the vocalic
insertion: 4 (out of 10) in Production Study 1 and 6 (out of 12) in Production
Study 2. Therefore, I claim that “word-initial geminates” in Maltese require a
whole syllable to be built up before the first part of the geminate, to which this
first part of the geminate serves as a coda. In this syllable the vocalic insertion
serves as a syllable nucleus and, for some speakers, the glottal stop can function
as a syllable onset. Furthermore, morphological prefixes can also serve as

syllable onsets to the vocalic element preceding word-initial geminates.

In view of these observations, | state that word-initial geminates in Maltese
never occur syllable-initial geminates. As a result, [ propose that “word-initial
geminates” in Maltese should be referred to as morpho-phonological word-initial
geminates. The phonetic realization of such geminates, as shown in Production
Study 2, is very similar to word-medial geminates. There is one difference

between true word-medial geminates and morpho-phonological word-initial
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geminates. In the case of word-medial geminates (e.g., [tellef] tellef ‘to make
someone lose’), the first syllable (in bold) is a lexical syllable, which makes up a
single phonological word/lexical entry. However, the first syllable (in bold) in
morpho-phonlogical word-initial geminates (e.g., [1ttellef] ttellef ‘to be made to
lose’) is post-lexical and it arises through the syllabification of stray consonants.
A right-to-left syllabification process operates such that the vocalic insertion [1]
is inserted before word-initial geminates. Furthermore, the empirical data in the
production studies supports the claims in the literature (cf. Azzopardi 1981,
Mifsud 1995 and Hoberman and Aronoff 2003), that word-initial geminates
require a preceding vowel. In addition, as predicted in Chapter 3 §3.6.3.5, the
vowel insertion does not split the geminates up (since the vocalic insertion
always happens before the geminates and never in between), and show that
morpho-phonological word-initial geminates, even though are banned by the

phonology, show geminate integrity.61

The results with respect to the vocalic element before word-initial geminates
lead to a discussion on the status of this element. To do so, | will address whether
this vowel, in light of the results from production studies 1 and 2 and the

phonology of Maltese, is an ‘intrusive’ vowel or an ‘epenthetic’ vowel.

[ will take Hall’'s (2006:387) definition of inserted vowels here. Hall (2006)
defines ‘epenthetic’ vowels as ‘phonological segments inserted in order to repair
illicit structures’ and ‘intrusive’ vowels as ‘phonetic transitions between
consonants’. I argue that the inserted vowel in Maltese falls more under the
characterization of epenthetic vowels than intrusive vowels (followings Hall’s
(2006:391) descriptions). First of all, the quality of the inserted vowel before
word-initial geminates (and also sonorant-initial clusters) in Maltese is always
[1], i.e. the quality is fixed (c.f. Azzopardi 1981). Second, and most importantly,
‘the [inserted] vowel repairs a structure that is marked, in the sense of being

cross-linguistically rare’. This is the case for word-initial geminates.

61 The phonetic realization (i.e. in Production Study 1 and 2) provides further evidence for
geminate integrity. There were no cases when the vocalic element was inserted between the
geminates. When present, it always preceded the geminates.
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The inserted vowel before word-initial geminates in Maltese is neither an
intrusive vowel because it never occurs as a schwa nor does it not change
according to neighbouring vowels. It is always [1]. Furthermore, in comparison,
there are no vocalic insertions between heterorganic clusters in Maltese. The
duration of the vocalic insertion before word-initial geminates has comparable
duration across speakers. Hall (2006) reports that intrusive vowels have
variable duration. Finally, intrusive vowels do not repair illicit structures; rather

they occur for articulatory reasons.

Therefore, according to Hall's (2006) descriptors, I claim that the inserted vowel
in Maltese is an epenthetic vowel. The primary function of this vowel is to repair
an illicit structure in the language, i.e. word-initial geminate. The issue of the role
of the epenthetic vowel in phonological processes and even to lexical
representation will be discussed in Chapter 9 §9.3, after the results of the
perception experiment are presented. This is because, the perception

experiment in Chapter 8, specifically addresses this question.

Moreover, in 10 out of 22 speakers (across both experiments) the epenthetic
vowel was itself preceded by a glottal stop; this was also subject to within-
speaker variation. The glottal stop is part of the phoneme inventory of Maltese
and is found in words such as gal ‘he said’ [?e:1]. However, minimal pairs such as
[?e:1] and [e:l] ghal ‘for’ are being lost, as onsetless words are increasingly being
preceded by a glottal stop.®2 As a matter of fact, Azzopardi (1981) commented
that words beginning with a vowel, both underlyingly and in the orthography,
are gradually being preceded by a glottal stop in the production of some

speakers.

62 Dr. Albert Gatt (November 2015) has brought to my attention, that words which underlying
have a glottal stop are being produced without one e.g. /?e:l/ = [e:l] 'he said’. It is argued that
this might be a speaker strategy to mark his/her words as less Maltese and more English-like.
Furthermore, the glottal stop is orthographically encoded in Malta by the grapheme ‘q’. However,
spelling mistakes are occurring in such a way that glottal-initial words are being spelt as vowel-
initial, e.g. ged > ed ‘still’. The evidence for this is still anecdotal and this is a topic that is subject
to systematic empirical work in future.
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On other correlates for gemination

In this section, I discuss a number of correlates that act (or do not act) as
acoustic correlates to gemination in Maltese. I discuss the results for VOT, the

duration of the tonic vowel and the inserted vowel.

Vot

The production data shows that VOT in voiceless and voiced stops does not serve
as a primary or secondary correlate for gemination in Maltese in either word-
initial or word-medial position. This is because there was no difference in the
duration of VOT in singletons and geminates. As expected, in Production Study 1,
[ have shown that voiced stops (either singleton or geminate) have shorter VOT
than voiceless stops. Furthermore, the results from Production Study 2 also
show that VOT in singletons and geminates is comparable, but I show that VOT is
longer for the velar stop /k/, less so for /t/ and shortest for the bilabial /p/.63
This finding corroborates the pattern found in other languages (Cho and

Ladefoged 1999).

Therefore, VOT in geminates in Maltese is like VOT in Japanese (Kawahara
2015), Levantine Arabic (Ham 2001), Buginese, Madurese and Toba Batak (Cohn
et al. 1999) and Swiss German (Kraehenmann 2001), where it does not serve as

a correlate.

The duration of the vowel after word-initial geminates/singletons

The duration of the tonic vowel does not serve as a correlate for gemination in
Maltese. Few studies have measured the duration of the vowel following
geminates/singletons (e.g., [demaru and Guion 2008; Doty et al. 2007); yet again,
in those studies that did, language-specific differences were found. In Japanese

word-medial geminates the vowel after geminates is shorter than after

63 VOT in word-medial geminates was longest for /k/, but shortest for /t/ and intermediate for

/p/.
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singletons (Kawahara 2015). By contrast, in Finnish word-medial geminates, the
vowel after geminates and after singletons have similar durations (Doty et al.
2007). In Kelatan Malay word-initial geminates, the vowel after word-initial
geminates is shorter than after singletons (Hamzah et al. 2012). In Production
Study 1, the duration of the tonic vowel was measured and compared in
singletons (such as [[ehhem] ‘to fatten’) and lexical geminates of Semitic origin
(such as [iffehhem] ‘to be fattened’). The duration of the stressed vowel after
word-initial singletons and geminates was not statistically significant, and
therefore, I conclude that in these cases the tonic vowel does not serve as a

correlate to gemination.

In Production Study 3 (Chapter 7 §7.5), I compare the vowel before word-medial
singletons (e.g., in [Peter] gatar ‘to drip’) and geminates (e.g., in [Petter] qattar ‘to
dribble’; and word-final singletons (e.g., in [be:t] baghat ‘to send’) and geminates
(e.g., in [Pett] qatt mever). I predict that vowel shortening to occur before
geminates in both positions in a word. In addition, note that the effect of vowel
shortening might be different, since, in word-final position, the vowel before
singletons is a phonological vowel and the vowel before geminates is a

phonological short vowel.

Word-initial gemination and resyllabification

In Chapter 2 §2.5.1, [ showed that there is a process of resyllabification before
morpho-phonological word-initial geminates in Maltese. Here I incorporate the
phonetic evidence into the phonological representation. Mainly, I argue that the
vocalic insertion serves as a syllable nucleus to a preceding syllable. The coda to
this syllable is the first part of the geminate, and the onset of the second syllable
is the second part of the geminate (as can be seen in Figure 6.9). Some speakers
insert a glottal stop before the vocalic insertion, in principle, this can serve as an
onset of the first syllable (cf. Figure 6.10). This glottal stop insertion is analogous
to a process found in a number of Arabic varieties, such as Classical Arabic and
Quranic Arabic, where a glottal stop is inserted before words beginning with a

vowel to avoid onsetless word-initial syllables (McCarthy 2005, Gadoua 2000,

203



Haddad 2006). This could also suggest that some speakers might have lexicalized
the epenthetic vowel and it is part of the mental representation of such words
and as a result the epenthetic vowel is being treated as a lexical vowel, and since
word/syllable initial vowels tend to be preceded by a glottal stop (c.f. Azzopardi
1981), such words are also preceded by a glottal stop. In terms of the principles
of Prosodic Licensing, the insertion of a glottal stop before an epenthetic vowel
does not violate this principle. The epenthetic vowel syllabifies stray consonants,
i.e. the first part of the geminate. The glottal stop can serve as a simple onset to

this newly created syllable.

Figure 6.9: Syllabification of vocalic insertion before word-initial geminates

(4] () (4]
| ‘
R 0 R 0 R
N C N C N C
I d e h e 1

ddahhal ‘to be inserted’

Figure 6.10: Syllabification of initial epenthetic glottal stop

g (4] g

A i( |

|

0 R 0 R 0 R
N C N C N C
? 1 d e h e 1

ddahhal ‘to be inserted’
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6.6 Conclusion

To conclude, the phonetic realization of Maltese ‘word-initial geminates’ shows
that such geminates do not occur syllable-initially or utterance-initially.
Gemination in word-initial position is licensed by a morpho-phonological
process that regressively assimilates coronal sounds in Semitic verbs and nouns.
The strategy for incorporating loan verbs in Maltese is through the gemination of
the first consonant in the stem. As a result, this creates a word-initial geminate,
which, unlike Semitic verbs and nouns, is not restricted to coronal sounds but
applies to any manner of articulation in the language. I conclude that these
different types of word-initial geminates should be referred to as morpho-
phonological word-initial geminates, mainly because in the domain of
morphology they are word-initial and are realized (phonetically) as word-medial
geminates. On the phonetic surface, morpho-phonological word-initial geminates
are realized with a preceding vocalic insertion. [ argue that it is possible that for
young ¢ Standard speakers of Maltese the inserted vowel is part of the
phonological representation of these words in the mental lexicon and is
represented as vowel-initial. Therefore, word-initial geminates are word-initial
in the morphology but are phonologically and phonetically word-medial. This
analysis is reflected in the fact that the durations of geminates in morphological

word-initial and word-medial positions are comparable.

In the following chapter, word-final geminates in Maltese are compared to word-

medial geminates.

64 [t would be extremely interesting to compare the productions of such words and vowel initial
words of different population groups: for instance, dialect speakers and older speakers in
dialectal and Standard Maltese.
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Chapter 7: Production Study 3 - Comparing word-final to word-medial

geminates in Maltese

In this chapter, [ present the third production study in this dissertation. In this
production study, I compared the duration of word-final geminates to word-

medial geminates across different manners of articulation.

The few studies that investigated the duration of word-final geminates have
shown that a singleton/geminate contrast is maintained in such a position.
However, in Swiss German (Kraehenmann 2001) and Hungarian (Ham 2001),
the singleton-to-geminate duration ratio significantly decreased in word-final
position (when compared to word-medial position). Ridouane (2007) reports
the opposite pattern, i.e. an increase in duration ratios from word-medial to

word-final position in Tashlhiyt Berber.

This chapters is structured as follows: in §7.1, I outline the methodology of this
production study. In §7.2, I present the results of the production study by looking
at constriction duration and duration ratios. In §7.3, a digression is made, in
which word-medial geminates from Production Study 2 (Chapter 6) and this
production study are compared. In §7.4, a possible secondary correlate, namely
the duration of the vowel before singletons/geminates is investigated. In §7.5, a
second digression is carried out, where the duration of the vowel after word-
medial singletons/geminates is investigated. In §7.6, preliminary ideas on final
lengthening in Maltese in monosyllables are discussed. Finally, in §7.7, the

results are discussed and the chapter is concluded.

7.1 Methodology

In this section, [ outline the goals for this production study in §7.1.1, this is

followed by a discussion of the speech material in §7.1.2, information about the

recruited participants in §7.1.3 and the hypotheses for this study in §7.1.4.
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7.1.1 Goals of the experiment

In the current production study (i.e., Production Study 3), word-final geminates
were compared to word-medial geminates. The results of Production Study 1
and Production Study 2 showed that the phonological contrast is phonetically
manifested in word-initial and word-medial position. In addition, the durations
of word-initial and word-medial geminates were comparable. On the other hand,
word-initial singletons were significantly longer than word-medial singletons,
which has been taken as evidence for domain-initial lengthening. Furthermore,
in Production Study 2, different manners of articulation were investigated,
showing that sonorants and stops have the highest duration ratios and fricatives

and affricates have the lowest.

In the Production Study 3, I extend the results found in the previous two
production studies by examining constriction duration in word-final position,

which were also compared to word-medial geminates.

7.1.2 Speech Material

As in Production Study 2, target consonants were selected from different
manners of articulation. The target consonants (singletons and geminates) in
word-medial and word-final position included voiceless stops, voiceless

fricatives, voiceless affricates, and liquids, as shown in Table 7.1.

Table 7.1: Manners and segments for Production Study 3

Manner Segment
Stops /ptk/
Fricatives /fs]/
Affricate /t[/
Liquid /Y
- /r/
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As in the previous production studies, the target words were presented in a
carrier phrase. The carrier phrase® for Production Study 3 was: Qallek ______
mitt darba ‘he told you a hundred times’. For both the word-medial
and word-final condition and for each segment, 3 singleton and geminate pairs
were chosen. Table 7.2 shows one target word example pair from each manner
of articulation in word-medial and word-final position.¢¢ This yielded 33 word-
medial singleton-geminate pairs and 33 word-final singleton-geminate pairs, for
a total of 108 target words per speaker. This led to 648 tokens for word-medial

target words and 648 for word-final target words, a total of 1296 tokens.

7.1.3 Participants

The participants of Production Study 3 were the same group of participants as
Production Study 2. Information about the participants is found in Chapter 6

§6.1.3.

7.1.4 Hypotheses

Geminates are expected to be longer than singletons. However, given the results
by Hume et al. (2014) on word-final geminates (cf. Chapter 3 §3.3.6), it is
expected that the duration of word-final geminates is smaller than that of word-
medial geminates. In addition, smaller duration ratios are expected. Therefore, it
is expected for Maltese geminates to follow a pattern like Swiss German and
Hungarian, where the singleton-to-geminate duration ratios for word-medial

position are longer than word-final position.

Since Maltese has strict requirements on the structure of the rhyme in
monosyllables, where the rhyme is either made up of a long vowel and a short
consonant (i.e. CV:C) or of a short vowel and a geminate (CVG), it is expected that

the duration of the vowel before geminates is shorter than that before singletons.

65 Nasals were also recorded for Production Study 3, however, these were not included in the
analysis. This is because, there were problems with segmentation in word-final position, since
the following word in the carrier phrase also started with the nasal /m/.

66 A full list of examples is shown in Appendix 3
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Table 7.2: Target item examples from one manner of articulation

Word-medial Word-final
Manner Segment | Singleton | Geminate Singleton Geminate
Stops /t/ /'teter/ /'tetter/ /be:t/ /Tett/
qatar qattar baghat qatt
‘to drip’ ‘to dribble’ ‘to send’ ‘never’
Fricatives | /[/ /'ifef/ /' niffef/ e/ /beff/
nixef nixxef ghax baxx
‘todryup’ | ‘todry’ ‘because’ ‘shallow’
Affricate /tf/ /'vuitfi:/ /' nitftfe/ /ver'nr:tf/ /kep'ritftf/
vuci nicca vernic kapricc
‘voice’ ‘niche’ ‘varnish’ ‘caprice’
Liquid /Y /"telep/ /"tellep/ /be:l/ /hell/
galeb qalleb baghal hall
‘to turn’ ‘to turn sth | ‘mule’ ‘vinegar’
over’
- /r/ /tered/ /terred/ /de:r/ /derr/
gered qerred dar darr
‘to destroy’ | ‘to whimper’ | ‘house’ ‘cause
harm’

7.2 Production Study 3: Results

In this section, I discuss the results related to constriction duration. First, in

§7.2.1, I look at the overall constriction duration. Next, in §7.2.2, I compare the

durations of word-medial and word-final singletons and geminates across all

manners of articulation under investigation and investigate which fixed effects

aid in explaining the data best. In §7.2.3, the constriction duration of singletons

and geminates in the two different positions are compared. Finally, in §7.2.4, |

provide the singleton-to-geminate duration ratio for word-medial and word-final

position based on the results of this production study.
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7.2.1 Overall Constriction Duration

As expected, geminates were longer than singletons in both word-final and
word-medial positions. Table 7.3 shows the mean durations of singleton and
geminates in medial and final position. The duration of singletons and geminates
was longer in final position than in medial position. Singletons in word-final
position were 54ms longer than singletons in word-medial position.
Furthermore, geminates in word-final position were 14ms longer than
geminates in word-medial position. Across all speakers and manners of
articulation, geminates in word-medial position are 1.8 times longer than
singletons in word-medial position, whereas geminates in word-final position

are 1.22 times longer than singletons in the same position.

Table 7.3: Overall mean durations (ms) and SD of singletons and geminates

Position Singleton Geminate
Medial 96 (32) 169 (34)
Final 150 (51) 183 (60)

7.2.2 Comparing constriction duration across different manners of

articulation

The duration of singletons and geminates in different manners of articulation
were investigated and are shown in Table 7.4. The comparison of the mean
durations of singletons (Figure 7.1) in word-medial and word-final positions
shows that singletons are longer in word-final position than word-medial
position. This also seems to be the case for word-final geminates (Figure 7.2),
however, the duration of the geminate liquid /1/ in word-final position is shorter

than the duration of the geminate liquid /1/ in word-medial position.
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Table 7.4: Mean durations and standard deviations by manner and position

Manner Medial Final
Singleton Geminate Singleton Geminate
Affricate 146 (28) 189 (34) 193(53) 207 (54)
Fricative 103 (18) 184 (23) 161(43) 202 (48)
Liquid 62 (11) 137 (22) 101 (40) 131 (69)
/r/ 53 (24) 119 (22) 102 (48) 134 (65)
Stops 99 (18) 175 (26) 158 (40) 189 (48)

In word-final position, geminate affricates are 18ms longer than geminate
affricates in word-medial position. Singleton affricates in word-final position are
47ms longer than singleton affricates in word-medial position. Geminate
fricatives in word-final position were 18ms longer than geminate fricatives in
word-medial position. A larger difference was found between singleton fricatives
in word-final and word-medial position: singletons in word-final position are
58ms longer than singletons in word-medial position. Geminate liquids in word-
final position are 6ms shorter than geminate liquids in word-medial position.
However, singleton liquids in word-final position were 39ms longer than
singletons in word-medial position. In word-final position, the geminate /r/ was
15ms longer than in word-medial position. A larger difference is found in
singletons, the singleton /r/ in word-final position was 49ms longer than in
word-medial position. Finally, word-final geminate stops were 14ms longer than
word-medial geminate stops. On the other hand, word-final singleton stops were

59ms longer than word-medial singleton stops.
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Figure 7.1: Mean durations and error bars mean of +/-1 standard deviation of

singletons in final and medial position
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Figure 7.2: Mean durations and error bars mean of +/-1 standard deviation of

geminates in final and medial position
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In order to investigate the contribution of the singleton/geminate, manner and
word position as fixed effects towards explaining the variation in the data, a
model using these three variables as fixed effects was built. As in previous
analyses, all data were analysed using linear mixed-effect models. Following Barr
et al. (2013), models were initially fitted with a maximal random effects
structure including random intercepts and random slopes for three fixed effects
and their interaction. This led to problems of convergence, covariance from the

variance-covariance matrix was removed, however, this also led to problems of

212



convergence. The interaction term for slopes was removed and this also led to
problems of convergence. Therefore, in this model comparison random slopes
were not added. The fixed effects of Consonant Type (singleton, geminate),
Manner (i.e. plosives /p, t, k/; fricatives /f, s, [/, affricate /t[/, liquid /1/; and
approximant /r/) and Position (medial or final) were centered to reduce

collinearity.

A baseline (model 1), which was made up of only the intercept and the random
effect was built. The contribution of the fixed effects of Consonant Type, Manner
and Position were investigated separately and were compared to the baseline
(i.e. models 2, 3 and 4 respectively). Model (5) was compared to a model with the
three fixed effects: Consonant Type, Manner and Position (model 6). Finally,
model 6 was compared to a model with the fixed effects and their interaction

(model 7).

The models including the fixed effects (i.e. models 2, 3, 4 in Table 7.5) had a
better fit to the data than the baseline, suggesting that the duration of
constriction depends on all three main effects: consonant, manner and word
position. The inclusion of an interaction term improved the model fit, as shown
by the comparison of model 7 to model 6 (even though there is a higher BIC
value). Therefore, this shows that the interaction of consonant type, manner and

word position play a role in explaining the differences in constriction duration.
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Table 7.5: Model Comparison: Production Study 3 (***=p <0,*=p <0.01)

Model | Fixed Effects BIC %2

1 Intercept 12835 -

2 Consonant Type 12792 50.037 ***
(relative to

model 1)

3 Manner 12837 4.8422 *
(relative to

model 1)

4 Position 12824 17.778 ***
(relative to

model 1)

5 Consonant Type + Manner 12792 57.847 ***
(relative to

model 1)

6 Consonant Type + Manner + Position 12766 90.393 ***
(relative to

model 1)

7 Consonant Type * Manner * Position 12786 16.085 ***
(relative to

model 6)

Table 7.6: Production Study 3: Further model comparisons (*** = p < 0)

Model Comparisons %2

Model 2, Model 7 56.447 ***
Model 3, Model 7 101.64 ***
Model 4, Model 7 88.701 ***
Model 5, Model 7 48.632 ***

The comparisons in Table 7.6 show that the model including the interaction of
the three fixed effect terms explains the data much better than the other models.

A closer look at model 7 (Table 7.7) indicates that Consonant Type, Manner and
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Position contribute to explaining the differences in constriction duration.
However, the strongest interaction is between Consonant Type * Position, which
is explored in §7.2.3. Position effects were also previously reported in

Production Study 2.

Table 7.7: Summary of Model 6: Consonant + Manner + Position (*** = p< 0, n.s. =

not significant)

Fixed Effects Estimate Std. Error | tvalue | Pr(>|t|)
(Intercept) 149.7566 6.8391 21.896 | 3.85e-13 ***
Consonant Type -26.3973 2.6428 -9.988 2.2e-16 ***
Manner -9.0751 2.5602 -3.545 0.00584 ***
Position -16.8917 2.5608 -6.595 1.65e-09 ***
Consonant Type * -0.7783 2.5611 -0.304 0.761810 n.s.
Manner

Consonant Type * -10.0457 2.5618 -3.921 0.000156 ***
Position

Manner * Position -0.2900 2.5612 -0.113 0.910056 n.s.
Consonant Type * -0.7951 2.5621 -0.310 0.756920 n.s.
Manner * Position

7.2.3 Word position: Word-medial vs. Word-final

The overall mean durations in Table 7.3 (above) show that singletons and
geminates in word-final position are longer than their respective counterparts in
word-medial position. As mentioned earlier, word-final singletons are 54ms
longer than word-medial singletons and word-final geminates are 14ms longer

than word-medial geminates. In order to investigate this further, the mean
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durations of singletons and geminates in medial and final position were
compared. In this case, statistics were run separately for singletons and
geminates. Models were initially fitted with a maximal effect structure, including
random intercepts and random slopes for the fixed effect of Position (medial,
final). Since this led to problems of convergence, covariance in the variance-
covariance matrix was removed. The results for singletons are presented in

Table 7.8 and the results for geminates are presented in Table 7.9.

Table 7.8: Model for singletons (*** = p< 0)

Fixed Effects | Estimate Std. Error t value Pr(>|t])
(Intercept) 123.212 6.869 17.936 6.00e-15 ***
Position -26.947 4.760 -5.661 8.53e-07 ***
Table 7.9: Model for geminates (*** = p< 0, n.s. = not significant)

Fixed Effects | Estimate Std. Error t value Pr(>|t])
(Intercept) 176.149 8.038 21914 9.77e-15 ***
Position -6.841 4.794 -1.427 0.161 n.s.

Word-final singletons are statistically significantly longer than word-medial
singletons (c.f Table 7.8, p<0.001; final singletons: x=150, sd=51; medial
singletons: x=96, sd=32). However, word-final geminates are not statistically
significantly longer than word-medial geminates (cf. Table 7.9, p=0.161; final
geminates: x=183, sd=60; medial geminates: Xx=169, sd=34). Therefore, the
results show that the duration of singletons (Table 7.8) is affected by their
position in the word. Singletons in word-final position are much longer (54ms)
in singletons in word-medial-position. However, geminate consonants are
comparable in word-medial and word-final position. The difference between the
two is only of 14ms. This confirms the results reported in Table 7.7, where

Consonant Type and Position interact.
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7.2.4 Duration Ratio

In Production Study 2, where word-initial and word-medial singletons and
geminates were compared, it was found that in medial position affricates have
the shortest duration, and the approximant /r/ has the longest duration ratio. In
this study (Production Study 3), on comparing the different word positions, the
duration ratios were larger in word-medial position than in word-final position
(cf. Table 7.10). Therefore, the duration ratios for word-final geminates are
relatively shorter compared to those in word-medial position. Also, the duration
ratios for word-final geminates in this production study were much smaller than

those reported in Hume et al. (2014).

Table 7.10: Duration ratios by position

Manner Medial Final
Affricate 1:1.3 1:1.1
Fricative 1:1.8 1:1.3
Liquid /1/ 1:2.2 1:1.3
/r/ 1:2.2 1:1.3

Comparing the medial singleton/geminate data in this Production Study and in
Production Study 2, there are differences in terms of duration ratios. This leads
to a comparison of word-medial geminates in Production Study 2 and Production

Study 3.

7.3 The comparison of word-medial geminates

In order to allow for comparisons to be made between geminates in different
positions in the word different prosodic conditions had to be considered. In
Production Study 2 (Chapter 6), where word-initial geminates were compared to
word-medial geminates, stress was on the second syllable as in (1). In
Production Study 3 (this chapter), where word-final geminates were compared

to word-medial geminates, stress was on the first syllable as in (2).
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(1) Stress on the second syllable (Production Study 2)
/se.'pun/ sapun ‘soap’

/dzep.'pun/ Gappun ‘Japan’

(2) Stress on the first syllable (Production Study 3)
/'pe.pe/ papa ‘pope’
/'pe.ppe/ pappa ‘food’

The duration ratios from Production Studies 2 and 3 (in Table 7.11) show that
there are differences in word-medial geminates under different stress
conditions. This difference in the data could potentially be attributed to the fact

that the position of stress in the target items was different in the two studies.

Table 7.11: Singleton-to-geminate duration ratios for word-medial position in

production studies 2 and 3

Manner Stress on the second syllable | Stress on the first syllable
(Production Study 2) (Production Study 3)

Affricate 1:1.5 1:1.3

Fricative 1:1.7 1:1.8

Liquid /1/ 1:2.1 1:2.2

/r/ 1:2.3 1:2.2

Stops 1:2 1:1.8

When stress is on the first syllable, geminates are 73ms longer than singletons
(geminates: X = 169ms (34); singletons: X = 96ms (32)). When the stress is on the
second syllable, geminates are 68ms longer than singletons (geminates: X =
149ms (35); singletons: X = 81ms (32)). When stressed on the first syllable
geminates are 20ms longer than when they are stressed on the second syllable
(geminates: stress on the first syllable: X = 169ms (34); stress on the second: X =
149ms (35)). Singletons are also longer when stress is on the first syllable than
when it is on the second syllable (singletons: stress on the first syllable: X = 96ms

(32); stress on the second: X = 81ms (32).
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In order to investigate whether stress effects the duration of word-medial
singletons and geminates, a model comparison using Stress and Consonant as

fixed effects was carried out.

Following Barr et al. (2013), models were fitted a maximal random effects
structure including random intercepts and random slopes for the two fixed
effects and their interaction. The fixed effects of Stress (1st syllable, 2nd syllable)

and Consonant (singleton, geminate) were centered to reduce collinearity.

A baseline (model 1), which was made up of only the intercept and the random
effect was built. The contribution of the fixed effects of Stress and Consonant
were investigated separately and were compared to the baseline (i.e. models 2
and 3 respectively). A model with the two fixed effects: Stress and Consonant
Type was compared to the baseline (model 4). Finally, a model containing the

two fixed effects and their interaction (model 5) was compared to model 4.

Table 7.12: Model Comparison: Effect of Stress (*** = p< 0, n.s. = not significant)

Model Fixed Effects BIC %2
1 Intercept 11154 -
2 Stress 11161 0.0186 n.s.

(relative to model 1)

3 Consonant Type 11114 47.05 ***

(relative to model 1)

4 Stress + Consonant Type 11112 56.426 ***

(relative to model 1)

5 Stress * Consonant Type 11118 0.2058 n.s.

(relative to model 4)

The model including the fixed effect of Consonant Type (model 3 in Table 7.12)
had a better fit to the data than the baseline, however, the model including the
fixed effect of Stress (model 2) did not have a better fit to the data than the
baseline. The inclusion of an interaction term did not improve the model fit, as

shown by the comparison of model 5 to model 4. A comparison of model 2 to
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model 4; and model 3 to model 4 in Table 7.13 show that the model with Stress
and Consonant Type (i.e. model 4) has a better goodness-of-fit than the

individual fixed effects.

Table 7.13: Effects of Stress: Further model comparisons

Model Comparisons %2
Model 2, Model 4 56.408 ***
Model 3, Model 4 9.3768 **

The fact that model 4, which includes Stress and Consonant, has a better fit than
a model containing only the intercept shows that the position of stress in the
syllable and whether the consonant is a singleton or geminate play a role in
explaining the differences in constriction duration (cf. summary of model 4 in
Table 7.14). What is interesting to note is that Stress as a fixed effect on its own,
in model 3, is not significant, but when it is added to another fixed effect (in this
case Consonant Type) it is significant. This can only be investigated in future

work.

Table 7.14: Summary Model 4: Stress + Consonant

Fixed Effects | Estimate Std. Error t value Pr(>|t])

(Intercept) 123.369 4.255 28.991 <2e-16 ***
Stress -8.845 2.824 -3.132 0.00223 **
Consonant -35.282 2.746 -12.847 <2e-16 ***

Assuming that geminates are ambisyllabic, the results show that when the stress
falls on the first syllable (e.g. /'pe.pe/ papa ‘pope’; /'pe.ppe/ pappa ‘food for
kids’) the duration of singletons and geminates is longer than when stress falls
on the second syllable (e.g. /se.'pun/ sapun ‘soap’; /dzep.'pun/ Gappun ‘Japan’).
Payne (2005) reports similar results for Italian, where geminates in stressed
syllables were significantly longer than geminates in unstressed syllables. These

results also fall within the general findings for segments to be longer in stressed
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position than in unstressed positions (Fry 1955; Edwards et al. 1991; de Jong &
Zawaydeh 1999; Hajak & Stevens 2008).

7.4 The vowel before singletons/geminates

The duration of the preceding vowel could not be directly compared across all
target words, because the preceding vowel was not always of the same quality.
The preceding vowel was one of the vowels in Maltese: [i: 1(:) €(:) e(:) 2(:) v u:].
The occurrence of which vowel occurred before each segment was controlled
were possible, however, in some cases, there were not enough word types to
fully control for the vowel before the segment. Nonetheless, in the majority of the
target words, the preceding vowel was an /e(:)/ and this was followed by /1(:)/.
In order to compare the durations of the preceding vowel, one pair from each
manner of articulation was chosen which had the vowel /e/ (and are listed in
Table 7.15). One pair for each segment was selected, where the vowel was /e/.
All example pairs were monosyllabic words. Note that no affricate pairs were
chosen because the vowel in the pairs did not include the vowel /e/ and none of
them were monosyllabic words. Therefore, the following discussion is based on

8 pairs, i.e. 16 words across all 12 speakers, a total of 192 tokens.

Before discussing the data, recall that monosyllabic words in Maltese are
restricted by complimentary quantity (Chapter 2 §2.2). Monosyllabic words in
Maltese have either a CV:C structure or a CVG structure. Phonological long
vowels precede singletons and phonological short vowels precede geminates.
Therefore, following Ham’s (2001) representation, monosyllables of CVG
structure are maximally bimoriac, with one mora associated to the vowel and
one associated to the geminates. In the case of monosyllables of CV:C structure,
they are also maximally bimoriac, however, their representation is different than
CVG syllables, where the long vowels bear two moras (and the final code C does
not bear a mora). As a result, one of the hypotheses is whether this phonological

restriction presented in the acoustic surface.
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In Production Study 1, the tonic vowel following the initial singleton/geminate
was not considered to be a correlate of gemination. One possible reason for this
is because of the syllable structure, CVGVC and GVGVC syllables were compared
in Production Study 1. The tonic vowel was followed by a geminate in both cases.
The results in Production Study 1 show that this vowel does not undergo any
adjustments in relation to a preceding singleton/geminate initial contrast. In
Production Study 3, different syllable structures are investigated namely:

CVCV(C) and CVGV(C) for medial position and CV:C and CVG for final position.
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Table 7.15: Full token list for the investigation of the vowel before

singleton/geminates
Manner Segment | Singleton Geminate Singleton Geminate
Stops /p/ /pepa/ Papa | /peppa/ /ke:p/ /tepp/
‘pope’ pappa kap tapp
‘kid’s food’ ‘head’ ‘tap’
/t/ /Teter/ /Tetter/ /be:t/ /Tett/
qatar qattar baghat qatt
‘to drip’ ‘to dribble’ ‘to send’ ‘never’
/K/ - - /de:k/ dak /hekk/ hakk
‘that’ ‘itiching’
Fricatives | /f/ /tefel/ /teffel/ jexf/ /seff/
qafel qaffel ghaf saff
‘to lock’ ‘to lock | ‘know’ ‘layer’
securely’
/s/ /neseb/ /nesseb/ /ne:s/ /hess/
nasab nassab nghas hass
‘to trap | ‘to lay traps’ ‘sleep’ ‘lettuce’
(birds)’
I/ /nefer/ /neffer/ e/ /beff/
naxar naxxar ghax baxx
‘to hang the | hyp. ‘because’ ‘shallow’
clothes’
Liquid /1/ /e:ler/ /e:lle?/ /be:l/ baghal | /hell/ hall
ghalaq ghallaq ‘mule’ ‘vinegar’
‘to close’ ‘to hang (s.0.)’
- /r/ /hereb/ /herreb/ /tfer/ /dzerr/ garr
harab harrab car ‘to move’
‘to run away’ | ‘to make s.o. | ‘clear’
run away’
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The results in Table 7.16 indicate that the vowel before geminates in word-
medial and word-final position was shorter than that before singletons (c.f.
closed syllable shortening as predicted by Maddieson 1985, at least for word-
medial geminates). In the word-medial case, the vowel is 17ms shorter before
geminates. In word-final position, there is a restriction on the syllable structure
of monosyllables, one of complementary quantity. Therefore, since the vowel
before word-final singletons is phonologically long, it is expected to have a
longer duration. On the other hand, the vowel before geminates is expected to be

a phonologically short vowel and thus it is expected to have a shorter duration.

Table 7.16: Mean duration and standard deviations of the preceding vowel

Position Singleton Geminate
Medial 110 (47) 93 (29)
Final 174 (44) 135 (33)

These results were investigated further. A similar model-comparison approach
as described in previous sections was adopted, where the goodness-of-fit of
different models to determine the two independent variables. The fixed effects of
Consonant Type (singleton, geminate) and Position (medial, final) were centered

to reduce collinearity.

A baseline (model 1) which was made up of only the intercept and the random
effects was built. The contribution of the fixed effects: Consonant Type and
Position were investigated separately (i.e., model 2, model 3). These models
were compared to the baseline. A model including Consonant Type and Position
as fixed effects terms (model 4) was built. Model 4 was compared to model 2 and
model 3 (in Table 7.17). Model 5 included the interaction of Consonant Type and

Position, which was compared to model 4.
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Table 7.17: Model Comparison: Duration of the vowel before geminates

Model Fixed Effects BIC %2
1 Intercept 2306.3 -
2 Consonant Type 2309.1 2.687 n.s.

(relative to model 1)

3 Position 2294.4 17.381 ***

(relative to model 1)

4 Consonant Type + Position | 2293.9 23.346 ***

(relative to model 1)

5 Consonant Type * Position | 2298.9 0.53 n.s.

(relative to model 4)

The model that included Position (model 3 in Table 7.17) as a fixed effect had a
better fit to the data than the baseline, suggesting that the duration of the tonic
vowel depends on the position of the geminate/singleton in the word. However,
the model including Consonant Type (model 2 in Table 7.17) did not explain the

data any better than a model consisting only of the intercept.

Model 4, which includes Consonant Type and Position as two fixed effects terms,
has a better fit to the data than model 1. This suggests that the duration of the
tonic vowel is affected by whether the following consonant is a
singleton/geminate and also by the position of that consonant in the word. In
contrast, the interaction of Consonant Type and Position in model 5 did not

explain the data any better than model 4.

The comparison of model 2 and model 3 to model 4 (in Table 7.18) show that
model 4 has a better goodness-of-fit than the two models which include
Consonant Type and Position as individual fixed effect terms. Therefore, this
might suggest that Consonant and Position both effect the duration of the tonic

vowel.
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Table 7.18: Duration of the preceding vowel: Further model comparisons

Model Comparisons %2
Model 2, Model 4 20.659 ***
Model 3, Model 4 5.9658 *

[ conclude that the duration of the tonic vowel is affected by whether the
following consonant is a singleton/geminate and also the position of these
consonants in the word. The model that explains the data best is model 4 and it is

summarized in Table 7.19.

Table 7.19: Summary Model 4: Consonant + Position

Fixed Effects | Estimate Std. Error t value Pr(>|t])
(Intercept) 122.170 7.002 17.447 1.33e-15 ***
Consonant 13.462 5.184 2.597 0.0156 *
Position -30.113 5.328 -5.652 6.07e-06 ***

Therefore, these results show that the vowel before singletons is longer than the
vowel before geminates. This suggests that the requirements of the phonology
on the syllable structure are taken into account in the phonetic realizations. The
vowel before word-final geminates was 38ms shorter than before word-final
singletons. Moreover, the vowel before word-medial geminates was 17ms
shorter than before word-medial singletons. For the future, a perception study
can help to identify whether this shorter duration acts as a correlate to
gemination. In terms of correlates for geminates (in production) I take this vowel

shortening to be a secondary correlate for gemination.

7.5 The vowel after word-medial geminates

Cross-linguistically the duration of the vowel after word-medial geminates is less

studied than the vowel before geminates (Chapter 3 §3.1.4). Here, [ examine the

duration of the vowel after word-medial geminates. This was done for two
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reasons: first, to get a thorough understanding of the durational correlates for

gemination in Maltese; and second, to shed more light on this understudied area.

In order to do so, I created a subset from the target words in this study. These

target words are listed in Table 7.20. The reason why a subset from the whole

target word list was selected was to ensure a comparison of the duration of the

vowel after singletons and geminates. In these target words, the vowel after the

geminates was also /e/. /e/ was chosen, since it is the most frequent vowel in

this position in the corpus. This yielded 240 tokens; i.e., 20 words from 12

speakers. All target items in this corpus were stressed on the first syllable.

Table 7.20: Word list for the investigation for

singletons/geminates (vowel in bold)

the vowel after word-medial

Manner Segment | Singleton Geminate
Stop /t/ /'beten/ batan /'betten/ battan
‘to conceive an idea’ ‘to gird a horse’s belly’
/'fete?/ fetaq /'fette?/ fettaq
‘to rip apart’ ‘to stitch and unstitch again’
/'teter/ qatar /'tetter/ qattar
‘to drip’ ‘to dribble’
Fricative | /s/ /'rese?/ resaq /'resse?/ressaq
‘to approach’ ‘to bring s.th closer’
/'neseb/ nasab /'nesseb/ nassab
‘to trap birds’ ‘to lay traps’
/t/ /'lefer/ lefaq /'leffer/ leffaq
‘to sob’ ‘to sob continuously’
/I/ /'mefet/ maxat /'meffet/ maxxat
‘to comb’ ‘to comb frequently’
/'nefer/ naxar /'neffer/ naxxar
‘to hang’ ‘hyp.
- /r/ /'mered/ marad /'merred/ marad

‘to fall ill’

‘to cause s.o. to fall ill’
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The duration of the vowel after singletons (x = 102ms (27)) and geminates (X =
99ms (31)) are comparable. A linear mixed effects model with Consonant
(singleton, geminates) as a fixed effect showed that this difference between these
two vowels is not significant (BIC = 2362.7, x? = 0.2604, p = 0.6, compared to a
baseline: BIC = 2357.4).

7.6 Final lengthening

The results in §7.2.1 indicated that singletons in word-final position are
discernably longer than singletons in word-medial position (under the same
prosodic conditions). Furthermore, the duration of the vowel is also discernably
longer in final position than in medial position. I argue that the longer durations
of singletons in final position are due to domain final lengthening (cf. Cambier-
Langeveld 1997, Jun and Fougeron, 2000 and Turk & Shattuck-Hufnagel 2007).
Therefore, singleton consonants are phonetically longer in pre-boundary
position. Note that the duration of geminates was not significantly different in
the two positions (c.f. §7.2.4). This might suggest that there is some sort of limit

of how long geminates can be on the acoustic surface.

Cambier-Langeveld (1997) argued that final lengthening in Dutch is restricted to
the final syllable and the final rhyme of that syllable. Moreover, Turk & Shattuck-
Hufnagel (2007) reported that the effect of final-lengthening in American English
is strongest in the rhyme, in both monosyllabic words and polysyllabic words,
where the lengthening starts off in the nucleus. Therefore, I investigated the
duration of the nucleus and the following consonant. Note that Maltese provides
a very interesting case, unlike American English or Dutch, as it imposes
complimentary quantity in monosyllabic words. The addition of a long vowel and
a singleton was on average 320ms (72), and the addition of the short vowel and
the geminate was on average 316ms (73). Therefore, this suggests that the
duration of the rhyme in word-final position is comparable, despite the fact the

rhymes are made up of different syllable constituents.

228



Unfortunately a comparison of the rhyme in word-medial and word-final
position cannot be made here. This is because in word-medial position
singletons constitute an onset and not a coda, therefore a CVCV syllable is
syllabified as CV.CV. In addition, these constitute bisyllabic words and cannot be

used to compare to the monosyllabic word-final words.

The mean durations of the rhyme in word-final position, despite having different
subsyllabic constituents, are comparable. Therefore, an interesting question is
what is the exact location of final-lengthening in monosyllabic words. Does it
start off in the nucleus or in the coda consonant? In order to do this, a
comprehensive study using bisyllabic and monosyllabic words has to be carried
out. In addition, I propose two possible areas that could be investigated later on.
First, what are the implications of these results on rhythm in Maltese or in
languages that have complimentary quantity, what about in other languages?
Second, an interesting follow-up question is related to perception. Which
subsyllabic constituent do native speakers rely on? Does manipulating and
neutralizing the duration of the vowel and/or the consonant lead to a mismatch

in a word-identification task?

7.7 Discussion

Overall, word-final gemination in typologically different languages has been
investigated to a lesser degree compared to word-medial and/or word-initial
position. In the review of the empirical studies presented in Chapter 3 §3.3
word-final geminates, like word-medial and word-initial geminates, manifested
constriction duration as the primary correlate. In most cases, word-final
obstruents were investigated much more than word-final sonorants. Hume et al.

(2014) differs in this respect as they looked at both sonorants and obstruents.
In this study, gemination in word-final position has longer durations than

singletons, albeit to a lesser degree when compared to word-medial geminates

(under similar prosodic conditions). Some of the duration ratios reported in this
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study differ from those reported in Hume et al. (2014). Table 7.21 shows a

comparison of the duration ratios in both studies.

Table 7.21: Comparing duration ratios of word-final geminates in Maltese

Manner Hume et al. (2014) This Study
Fricatives 1:1.3 1:1.3
Affricates 1:1.1 1:1.1

Stops 1:1.4 1:1.2

Liquids 1:1.9 1:1.3

First, the duration ratios of fricatives and affricates are comparable in both
studies. However, the duration ratio of stops and liquids are different. In the
current study, stops are slightly shorter than in Hume et al. (2014). It is crucial to
mention that Hume et al. (2014) measured closure duration for stops, and in this

study the whole duration of the stop was measured.

On the other hand, there is a substantial difference between the duration ratios
of liquids in both experiments, where liquids are noticeably longer in Hume et al.
(2014). One possible explanation for this difference might be the method of
presentation used in the two studies. In this experiment, the word following the
target word started with the nasal /m/, whereas in Hume et al. (2014) the word
started with the vowel /eg/. It might be possible that liquids maintain their
acoustic realizations in word-final position when the following word starts with
a vowel, but its duration might be affected when the following word starts with a
consonant. This does not happen in word-medial position. Liquids in word-
medial position have longer duration ratios than in word-final position.
However, liquids in word-medial position are immediately followed by a vowel
and not a consonant - the syllabic structure for word-medial geminates was as
follows: CVGV(C)- (i.e. there is always a vowel after the liquid). In light of this
finding, a comparison can be made with Kraehnmann’s (2001) results.
Kraehenmann (2001) reported a decrease in duration for word-final geminate

stops in Swiss German. Furthermore, Kraechenmann (2001) reported that word-
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final geminate stops are neutralized when they were followed by another

obstruent, but not when they were followed by a sonorant.

In this production study, I examined whether the vowel before geminates
shortens as predicted by Maddieson (1985). In the case of medial geminates, the
vowel before geminates was 17ms shorter than that before singletons. The
extent to which this decrease in vowel duration serves as a cue in perception still
needs to be examined. The vowel before word-final geminates was shorter than
that before singletons. This was expected since the vowel before word-final
singletons are phonologically long vowels and the vowel before word-final
geminates are phonologically short vowels. Furthermore, the addition of the
rhyme (i.e. of the long vowel and the singleton; and the short vowel and the
geminate) shows that the durations are comparable. This was taken as evidence
for final-lengthening in Maltese, where possibly the rhyme is the domain of final-

lengthening.
This chapter marks the final production study in this dissertation. The following

chapter, Chapter 8, investigates the role of the epenthetic vowel in the

perception of word-initial geminates.
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Chapter 8: The perception of the vocalic insertion before word-initial

geminates

The perceptual role of the vocalic insertion before word-initial geminates in
Maltese, with respect to lexical representation is investigated in the following
study. To start with, an overview of a number of empirical studies that
investigated the perception of the geminate/singleton contrast in word-initial
position is presented in §8.1. This serves as a guide to the perception experiment
on morphological word-initial geminates and the role of the preceding vowel in
Maltese in §8.2, where I lay out the goals and the overall methodology of the
experiment. In §8.3, [ examine the results from this experiment by looking at

correctness rates. In §8.4, I sum up the results.

8.1 The perception of word-initial geminates

The critical issue for the perception of word-initial geminates is how can word-
initial voiceless stops be perceived when the durational cue is not there? In the
case of fricatives, frication is present in the acoustic signal, but in voiceless stops
closure duration might be mistaken for silence. The studies presented here
corroborate this fact; namely, that word-initial geminates are better perceived

when they are fricatives or voiced stops rather than voiceless stops.

8.1.1 Cypriot Greek

In a production study on word-initial geminates in Cypriot Greek, Muller (2001)
established that VOT was a significant correlate to word-initial geminate stops,
where VOT was longer for geminates than for singletons. In addition,
constriction duration in fricatives was longer for geminates than for singletons.
Subsequently, Muller (2001; 2003) investigated whether native speakers of
Cypriot Greek can discriminate between word-initial singletons and geminates.
The initial syllables of words were used as tokens in this perception experiment.
Listeners had to identify word-initial singletons and geminates in a forced choice

word identification task. For example, participants heard the syllable [t:el] and
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had to decide if this word was either telaron ‘cloth frame’ (i.e., containing a
singleton /t/ in word-initial position) or t:eliazo ‘fence in’ (i.e., containing a
geminate /t/ in word-initial position).6” Participants were able to correctly
identify whether the token had a singleton or a geminate in over 92% of the
tokens presented. Thus, Muller (2003) concluded that listeners are able to
distinguish initial geminates from singletons. Furthermore, it seems that
listeners identify stops in phrase-initial position much better than fricatives in
the same position. Stops in phrase-initial position were correctly identified in
98% of the tokens, whereas fricatives in the same position were correctly
identified in 67% of the tokens. The rate of correct identification in phrase-
medial position is similar for stops (around 97%) but it increased for fricatives
(82%). Therefore, listeners were able to identify the singleton/geminate
contrast. Voiceless stops were correctly identified in both phrase-initial and
phrase-medial positions. Also, stops are better perceived than fricatives. In light
of this result, looking at the production and the perception data, Muller
(2001:51) suggested that “constriction duration [for voiceless stop] is not the
most salient cue marking geminate status”. She argued that VOT is employed by

speakers and listeners to distinguish length of initial stops.

8.1.2 Arabic

Obrecht (1965) reported a similar result to Muller (2001) for word-initial
fricatives in Arabic. Obrecht (1965) tested whether native speakers of Arabic
(Jordanian and Lebanese) could identify word-initial singleton /s/or geminate
/ss/ in pairs of words such as /sabiy/ boy and /ssabiy/ the boy, where the latter
example turns out to have an assimilated geminate in word-initial position. The
stimuli for the perception experiment were created from an original token, and
closure durations were increased by 20ms from 80ms to 200ms. Obrecht (1965)
reported that the stimulus at 80ms was identified well by all speakers (i.e.
100%) and was identified as a singleton. However, the stimulus with the longest

duration (i.e. 200ms) was judged as a geminate consonant only 70.37%.

67 These two examples were taken from Muller 2001:42.
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8.1.3 Tashlhiyt Berber

Ridouane and Hallé (2011) investigated whether native speakers of Tashlhiyt
Berber can distinguish between words with initial geminates as in tut ‘she hit’
and ttut ‘forget him’.68 Ridouane and Hallé (2011) reported that the voiced stops
and fricatives were correctly identified at near ceiling level (97% and 95%
respectively). However, voiceless stops were identified only above chance level
with 62% correct identification. Furthermore, reaction times were slowest for
voiceless stops, compared to voiced stops and fricatives. In addition, Ridouane
and Hallé (2011) also indicated that the context in which target words were
present affected the performance of the participants, so much so that voiceless
stops were best identified in the focused condition (70%) and less so in the
carrier phrase condition (55%). When words were in isolation, they held an
intermediate between the focused condition and the carrier phrase condition. On
the other hand, in a similar experiment on similar stimuli but played to French
listeners, the opposite result was reported in Hallé and Ridouane (2011). French
listeners, who do not have the phonemic contrast of gemination in their
language, were able to identify Tashlhiyt Berber word-initial voiced stops and

fricatives geminates much better than word-final voiceless stop geminates.

8.1.4 Interim summary

In §8.1, I provided an overview of the results on a number of different perception
experiments. With respect to word-initial geminates, the main issue is whether
geminate voiceless stops can be distinguished from singleton counterparts in
phrase-initial position. The results from Cypriot Greek (Muller 2001) and
Tashlhiyt Berber (Ridouane and Hallé 2011) gave contradicting evidence. Muller
(2001) reported that native speakers of Cypriot Greek can identify voiceless
stops much better than fricatives in word-initial position. On the other hand,
Ridouane and Hallé (2011) reported that voiced stops and fricatives were better

perceived than voiceless stops by native speakers of Tashlhiyt Berber.

68 Examples were taken from Ridouane and Hallé 2011:1692.
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8.2 The perception of word-initial geminates in Maltese

In this section I discuss a perception study on the word-initial geminates in
Maltese. In this experiment, an AX discrimination task was used, where
participants listened to pairs of words and had to decide whether these words
sounded the same or different. This section is divided up as follows: in §8.2.1, |
identify the goals of the experiment. In §8.2.2, the experimental design is
outlined. In §8.2.3, the predictions are presented. In §8.2.4, I discuss the
procedure employed to collect the data. In §8.2.5, I give some information in

relation to the participants of the experiment.

8.2.1 Goals of the experiment

Given the results of Production Study 1 and also Production Study 2, word-initial
geminates (regardless if they are lexical or surface geminates) are almost always
preceded by a vocalic insertion of [1]-like quality. This is at least almost always
true when the preceding word ends in a consonant. It is also predicted
(Hobermann and Aronoff 2003) that the vowel before word-initial geminates is
always present at the start of a phonological phrase, however, this has not been
empirically tested. Yet, little is known on the role of the vowel before word-initial
geminates in Maltese in perception. In this experiment, the role of the vocalic

insertion before word-initial geminates is investigated.

8.2.2 Materials and design

In this experiment, three conditions were used. In the V (vowel before word-
initial geminates) condition, target words had the vocalic insertion before the
word-initial geminate. In the G (geminate) condition, nothing preceded the
word-initial geminate. Finally, in the S (singleton) condition, target words had a
word-initial singleton. These three conditions were matched and the identity and
test conditions in Table 8.1 were created. A Latin square design was used to have
an equal distribution of words in each condition. The identity conditions are

expected to be used as a baseline for comparison of the test conditions.
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Table 8.1: Conditions (and examples) of the perception experiment

Identity V-V (VV) G- G (GG) S-S (SS)
[1sseffer - 1sseffer] [sseffer - sseffer] [seffer - seffer]

Test V-S(VS) V-G (VG) G-S(GS)
[1sseffer - seffer] [1sseffer - sseffer] [sseffer - seffer]

Target words consisting the word-initial segments /t, d, s, [/ were selected. For
each segment 18 target words (expect for 17 target words for /t/) were selected.
This yielded 71 target words pairs. Target words were all verbal forms taken
from gabra (Camilleri 2013) and had a similar syllable structure for word-initial
singletons and geminates: GVGC/GVCCVC and CVGC/CVCCVC. 71 filler items,
which had a similar syllable structure to the target words, were also added to the
stimuli list. In order to record the target words and the filler items, a male
Maltese-dominant native speaker (age 25) read the words in the carrier phrase
in (1). Recordings were carried out in a sound-attenuated booth at the Institute

for Linguistics-Phonetics, University of Cologne.

(1) Qalilhom mitt darba

HE TOLD THEM A HUNDRED TIMES

The native speaker read only one version of the target words, which included the
inserted vowel and the word-initial geminate such as: [1ttellef] ‘to cause to lose’.
These words were segmented in Praat (Boersma & Weenink 2015) and were
extracted using a Praat script. The target word was spliced in order to come up
with the word-initial geminate forms without the inserted vowel (i.e., the G-
words in Table 8.1, e.g, [ttellef]) and the singleton form (i.e., the S-words in
Table 8.1, e.g., [tellef]). An example of one set of words for each segment is given
in Table 8.2.%% The criteria implemented for splicing was the same for all the
target words. In order to create word-initial geminate forms without the inserted
vowel (i.e., G), the vowel formants were used as a guide to splice off the vowel. If

the vowel formants continued into the closure (or constriction) duration, and the

69 The full list of the stimuli and their glosses is in Appendix 4
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vowel could still be heard, then the vowel was spliced off after the end of the

vowel formants trail in Figure 8.1 (as shown by the thick line after the vowel [1]).

Figure 8.1: Splicing off the vocalic insertion [1] from the target word [1ttellef] ‘to

cause to lose’

‘e0e@ 4. TextGrid ittellef

File | Edit = Query | View | Select Interval | Boundary | Tier | Spectrum | Pitch | Intensity | Formant | Pulses Help

0.5092]
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Ty llQ!((;‘ﬁ"”"'., 4 ¢

lsegmentation
ttellef 1/4)

0 Visible part 0.501383 seconds 0.501383

Total duration 0.501383 seconds

all in out sel bak Group

The duration ratios from Production Study 1 (cf. Chapter 5) were used in order
to establish the duration of the singleton segments. The singleton-to-geminate

duration ratios for the four segments are listed in (2) below.

(2) Duration ratios
/t/ =1:2.19
/d/=1:2.44
/s/=1:1.42
/f/=1:1.35

237



Table 8.2: An example of the stimuli for the perception study from each of the

segments
Condition /t/ /d/ /s/ /f/
V(owel) [1ttellef] ttellef | [1ddebber] [1ssebber] [1ffebbet]
‘to be made to | ddabbar ‘to be | ssabbar ‘to be | xxabbat ‘to
lose’ temporarily comforted’ climb’
patched up’
G(eminate)70 | [ttellef] [ddebber] [ssebber] [[febbet]
S(ingleton) [tellef]  tellef | [debber] [sebber] [febbet]
‘to cause s.o. | dabbar ‘to | sabbar ‘to | xabbat ‘to
to lose’ manage to | console’ cause s.th. to
acquire’ climb’

Given the six possible combinations from the three conditions (i.e., V-V; G-G; S-S;
V-G; G-S; V-S), six counterbalanced lists were created. Each list consisted of three
pairs of words for each segment and every list consisted all the words in the list.
Since a Latin square design was used, all words were presented to the
participants, in different conditions in each list. Note that participants were
presented with pairs of words, for instance in the V-G condition, one possibility

was [1ittemtem] - [ttemtem)].

8.2.3 Predictions

In this experiment, native speakers had to decide whether pairs of words (in the
conditions in Table 8.1) sounded the same or different. For the identity
conditions (i.e., where the word pairs were exactly the same: VV, GG, SS), it is
predicted that participants will respond to these words as being the same. For all
the test conditions (i.e., VG, VS, GS), it is predicted that participants will respond
to these pairs of words as sounding different. For each of the test conditions, the
following predictions were made. For the VS pairs (such as issaffar - saffar), the
initial segments in the word are phonetically different; also the tokens

correspond to two different lexical items. Therefore, I predict that these pairs

70 The words in the G (geminate) condition have the same meaning as the V (vowel) condition.

238




will be perceived as being different and they should be perceived as a word
having a geminate and another having a singleton. For the VG pairs (such as
issaffar - ssaffar), 1 predict that these two tokens will be perceived as being
different. Based on the outcomes of the production studies 1 (Chapter 5) and 2
(Chapter 6), I predict that participants will not be able to distinguish between GS

pairs (such as ssaffar - saffar).

With respect to the segments used in this experiment, the following predictions
were made. Since constriction duration is more readily available on the acoustic
surface for fricatives than for stops, I predict that fricatives should be better
perceived in word-initial geminates when the inserted vowel is not present.
During the voiced stop /d/, there is voicing during closure; however, this is less
audible than the frication in the fricative. Following the results presented by
Ridouane and Hallé (2011) for Berber, I predict that when the vocalic element is
missing, voiced stops will be perceived as accurately as fricatives. On the other
hand, during the voiceless stop /t/, closure duration will not be perceptually
available and therefore, this will be much more difficult to perceive when the
vocalic element is absent. Therefore, it is expected that the fricatives (/s [/) will
be perceived much better than the stops (/t d/), and within the stops
themselves, the voiced stop /d/ will be perceived much better than the voiceless
stop /t/. Notwithstanding any of these predictions, I claim that when present the
inserted vowel before word-initial geminates is the strongest cue for identifying
word-initial geminates. When absent, it is possible that the nature of the
fricatives will help the identification of word-initial geminates. This result is in
line with previous findings on the perception of word-initial geminates in
Tashlhiyt Berber (Ridouane and Hallé 2011). Note, however, that Muller (2003)
reported the opposite pattern: word-initial voiceless stops were better identified

than fricatives.
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8.2.4 Procedure

Participants were tested individually in a quiet room at the University of Malta.
Participants heard the speech stimuli through professional quality headphones.
This experiment was run in DMDX (Forster & Forster 2003). On each AX trial,
participants were presented with three sound files: a bell sound indicating that
the trial was going to start, followed by a 1000ms silence, followed by two
auditory stimuli in sequence. The first and second stimuli were separated by a
500ms silence. Participants had to decide whether the two stimuli sound the
same or different, by pressing keys on the keyboard. After the second stimulus,
the word Wiegeb ‘answer’ flashed on the screen and participants had 2000ms to
answer. Before running the actual experiment all participants were given a six-

item practice session.

8.2.5 Participants

Sixty (37 females, 23 males) native speakers of Maltese were recruited for this
experiment, none of which had participated in the Production Studies 1, 2 and 3.
Most participants used Maltese more than English, but there were participants
who reported the used of both languages. As in the production studies,
participants answered the same linguistic questionnaire (based on Twist (2006);
cf. Appendix 1) as the other participants in the production studies. Participants
were asked which languages they use at home and with friends; and also which
language they feel most comfortable in. 88% of the participants reported that
they use only Maltese at home, 3% English at home and 8% use both languages
at home. 75% of the participants reported that they use only Maltese with
friends, 10% reported that they use English with friends and 15% reported that
they use both languages with friends. Most participants (i.e. 78%) feel most
comfortable in Maltese, 12% feel most comfortable in English, whereas 10% feel
comfortable using both languages. The participants were between 19 and 47
years of age at the time of testing. The mean age was 25, and the median age was

24.
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8.3 Results

The results of the perception experiment are discussed here. In §8.3.1, I present
the correctness rates for the six conditions and in §§8.3.2-8.3.3 I investigate

whether the difference in the correctness rates is statistically significant.
8.3.1 Correctness rates

In the identity conditions (i.e. GG: ssaffar ‘to be whistled’ - ssaffar ‘to be
whistled’; SS: saffar ‘to whistle’ - saffar ‘to whistle’; VV: issaffar ‘to be whistled’ -
issaffar ‘to be whistled’), participants correctly identified the pairs of words as
being the same. The highest correctness rate was for VV, where VV pairs were
correctly identified in 97% of the tokens. GG and SS followed VV, where
participants correctly identified such pairs as being the same in 96% of the
tokens. This result confirms the predictions made above, where participants
perceived GG (e.g., ssaffar - ssaffar), SS (e.g., saffar - saffar) and VV (e.g., issaffar
- issaffar) pairs as being the same. Figure 8.2 shows the correctness rate for each

condition.

Figure 8.2: Percentage correctness rates, correct here is defined as the correctly

identified in the pairs as being the same or different
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In the test conditions, there is a clear split in the data as a function of whether

correct

incorrect

Percentage

there is vowel or not. In the VG (e.g., issaffar - ssaffar) and VS (e.g., issaffar -

saffar) conditions, participants perceived these pairs as being different.
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Participants identified VS pairs as being different in 93% of the data. This result
was much better than that for VG pairs, as participants perceived these pairs as
being different in 86% of the data. Even though this correctness rate is lower
than that for VS pairs, it is still a very good rate and it is above chance level. In
the other test condition, GS (e.g., ssaffar - saffar), in 87% of the data, participants
perceived the pairs as being the same, and in 13% they perceived the pairs as
being different. This suggests that native speakers of Maltese could not
distinguish between true word-initial geminates and word-initial singletons.
Before delving into the implications of these results, the role of Condition and

Segment (i.e. /td s [/) on the data is investigated.

All data were analysed using Logit Mixed Models, using R and the function gimer
in the package Ime4 (Bates et al. 2015) to test for a binominal dependent (i.e.
correct/incorrect). Random slopes for speakers and items were added, but the
model had problems with convergence. Covarience was removed and the models
still had issues of convergence. Therefore, random slopes were only added for
speaker. The fixed effects of Condition (GG, SS, VV, GS, VS, VG), and Segment (/td
s [/) were centered to reduce collinearity. A model-comparison approach was
adopted, where the goodness-of-fit of different models was tested to determine
the impact of the two independent variables; for this purpose, the model’s
Bayesian Information Criterion (BIC) together with the model chi-squared value

(x?) are reported.

A baseline (model 1), which was made up of only the intercept and the random
effect, was built. The contribution of the fixed effects of Condition and Segment
were investigated separately and were compared to the baseline (i.e.,, models 2
and 3 respectively). Model 4 including the two fixed effects Condition and
Segment was built and was compared to model 1. Model 5 included the

interaction of the two fixed effects and this was compared to model 4.

The model including Condition as a fixed effect (i.e. model 2 in Table 8.3) had a

better fit to the data than the baseline; however, the model including Segment as
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a fixed effect (i.e., model 3 in Table 8.3) did not. In model 4, the addition of the

two fixed effects explain the data much better than the just the intercept.

Table 8.3: Model Comparison: Correctness (*** = p < 0; n.s. = not significant)
Model | Fixed Effects BIC X2
1 Intercept 2484.0 -
2 Condition 2481.5 10.829 ***

(relative to model 1)
3 Segment 2492.3 0.8592 n.s.

(relative to model 1)
4 Condition + Segment 2489.8 10.874 **

(relative to model 1)
5 Condition * Segment 2498.2 0.0122 n.s.

(relative to model 4)

Table 8.4: Further model comparisons: Correctness

Models %2
Model 2, Model 4 0.0454 n.s.
Model 3, Model 4 10.843 ***

Model 4 has a better goodness-of-fit than model 3, but not better than model 2.

This suggests that the addition of Segment does not explain the data any better.

Therefore, this suggests that Condition is the strongest contributor to the results.

The inclusion of an interaction term did not improve the model fit, as shown by

the comparison of model 5 to model 4. In Table 8.5, I present a summary of

Model 2.

Table 8.5: Summary of Model 2: Condition (*** =p < 0)

Fixed Effects | Estimate Std. Error z value Pr(>|z|)
(Intercept) -2.1412 0.2395 -8.939 < 2e-16 ***
Condition -0.7615 0.2213 -3.441 0.000579 ***
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8.3.2 A closer look at the test conditions

The three test conditions had distinct accuracy rates. VS pairs (e.g. [1sseffer] ‘to
be whistled’ - [seffer] ‘to whistle’) were almost always identified as different
(93%) and VG pairs (e.g., [1sseffer] ‘to be whistled’ - [sseffer] ‘to be whistled")
were almost always identified as being different (86%). However, GS pairs (e.g.,
[sseffer] ‘to be whistled’ - [seffer] ‘to whistle’) had the lowest correctness rate as
GS pairs were only identified as being different 13% of the time. Here, I
investigate whether the difference among these three conditions are statistically
different or not. In order to assess this, each test condition was compared to
every other. In order to achieve this, a Logit Mixed Model was constructed (using
Ime4 Bates et al. 2015) with Test Condition as a fixed effect. The Test Condition
was dummy-coded, so that each level was compared to a fixed reference level. In
this case, VG (e.g., [1sseffer] ‘to be whistled’ - [sseffer] ‘to be whistled’) was
chosen as the reference level and the correctness percentages of VS (e.g.
[1sseffer] ‘to be whistled’ - [seffer] ‘to whistle’) and GS (e.g., [sseffer] ‘to be
whistled’ - [sseffer] ‘to whistle’) were compared to the reference level. The
correctness percentages for VG were statistically different from those for VS (VG:
86%, z = -13.356; VS: 93%, z = -5.121, p = 0.001). Also, the correctness
percentages for VG were statistically different from those for GS (VG: 86%, z = -
13.356; GS: 13%, z = 22.645, p = 0.001).

8.3.3 Segments play no role

Following the discussion in §8.1, it was expected that in the GS pairs, fricatives
would be better perceived than voiced stops. Voiceless stops would be perceived
the worst. However, in this experiment, the participants perceived true word-
initial geminates words as word-initial singletons words (i.e.,, they did not
distinguish between [ssaffar - saffar]). This also holds across all segment types.
Participants had low accuracy rates regardless of the segment type, as these two
words were perceived as being the same. Therefore, they did not do better in one

segment type over another type. This is confirmed by the fact that Segment as a
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fixed effect term did not contribute in explaining the data any better than a

model with just the intercept (cf. Table 8.3).

8.4 Discussion

The results of this perception study, pattern quite well with the results of
Production Studies 1 and 2, where it was shown that word-initial geminates in
Maltese almost always require a preceding vocalic insertion. This led to the
research questions for this perception experiment, namely, 1) what role does
this vocalic insertion have in perception? 2) Can word-initial geminates without
a preceding vowel be perceived as distinct from singletons? The results of this
perception study bear out my predictions, as do the production results
presented in the preceding chapters, as the vowel before word-initial geminates
has been shown to play a very important role in perception. The data show that
there is a split in the results of this perception experiment, where native
speakers of Maltese correctly discriminated between vowel-word-initial
geminates and singletons (VS pairs: issaffar - saffar), as well as between vowel-
word-initial geminates and non-vowel-word-initial geminates (VG pairs: issaffar
- ssaffar). However, in the other test condition, GS (e.g. ssaffar - saffar), native

speakers of Maltese identified these tokens as being the same and not different.

The fact that GS pairs were identified as being the same and not different is very
revealing. If word-initial gemination were present in the phonology of Maltese,
native speakers would have perceived the two words as being different. This is
the case for Tashlhiyt Berber (Ridouane and Hallé 2011) and Cypriot Greek
(Muller 2001). In fact, in those languages, native speakers produce word-initial
geminates (i.e., without preceding vocalic insertions) and even perceive them.
Additionally, the results show that word-initial gemination without the
preceding vocalic insertion in Maltese is perceived as being perceptually similar

to a word-initial singleton.

Based on these findings, I argue that word-initial gemination in Maltese does not

exist, and that this holds in both production and perception. In production, word-
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initial geminates are almost always preceded by a vocalic insertion and in
perception word-initial geminates (i.e, without preceding insertions) are
perceived as singletons. Note that it is very difficult to say how native speakers of
Maltese perceived the second item in the VS and VG pairs. Given the GS pair
results, I assume that the participants treated the S and G tokens in the pairs as
singletons. However, given the nature of the experiment this is not possible to
find this out. In addition, one can argue that pairs like issaffar and ssaffar (i.e., VG
pairs) are variants of the same lexical item, especially considering that a vocalic
insertion before word-initial geminates was not present in 4% of the data in
Production Study 1 and not present in 14% of the data in Production Study 2. If
this idea were to be pursued further, I would expect participants to decide that
such words are the same and not different. Nonetheless, I believe that this
hypothesis cannot be entertained as the results show that participants

overwhelmingly decided that these words are different.

Implications for processing models

According to these results (and also the results for word-initial geminates in
production studies 1 and 2), [ claim that the vowel before word-initial geminates
is phonological, and part of their lexical representation. Native speakers of
Maltese rely on this vowel as a cue to word recognition. Therefore, native
speakers have phonological knowledge of this vowel, since when it is present,
they are able to differentiate between word-initial geminate vs singleton
consonants, but when it is absent, a word-initial geminate is perceived as a
singleton consonant. These results fit with models of lexical representation such
as the Cohort Model (Marslen-Wilson & Tyler 1980; Marslen-Wilson 1984) and
the Shortlist A Model (Norris 1994). In the Cohort model, word identification is
based on activation of a number of possible candidates determined by word-
initial matching of the incoming speech signal based on the start of a spoken
word. To illustrate, hearing [1sseffer] ssaffar ‘to be whistled’ could potentially
activate [1ssehhen] ssahhan ‘to be warmed up’, [1ssebbet] ssabbat ‘to bang’, and
[1ssewwe] ssewwa ‘to be repaired’, all of which match the word onset [iss...]. As

the speech signal unfolds over time, mismatching activated candidates are
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rejected as potential target words, as they do not match the phonemes in the
target word. Word recognition occurs when the speech signal matches one
unique word from the cohort, at what is termed the lexical Uniqueness Point
(UP). The UP could in fact occur relatively early, when enough information has
been perceived in the speech signal to uniquely identify a single lexical
candidate. Furthermore, in the event that the phoneme is not perceived, then the
target word may not be activated since only candidates consistent with the input
would be considered as potential lexical representations. I claim that this is what
happens in GS pairs. A word-initial geminate (without the vowel) such as
[sseffer] ssaffar ‘to be whistled’ activates competitors such as [seffer] saffar ‘to
whistle’, [sehhen] sahhan ‘to warm up’, [sebbet] sabbat ‘to bang’, [sswwe] sewwa
‘to repair’. These competitors are activated since true word-initial geminates in
Maltese are not part of the sound system or the lexical representations of the
language. Therefore, a word-initial geminate not preceded by a perceivable
vowel is interpreted as a singleton, which activates singleton-initial words to the
exclusion of geminate-initial words. In a discrimination task, like the one
presented in this chapter, participants will respond by identifying these words as
the same. However, when the vowel before word-initial geminates is present, the
right set of candidate lexical representations is activated, and listeners have no
problems in discriminating the sequence of the vowel-word-initial geminates

from singletons.

In the Shortlist model of word recognition a similar process ensues. An initial
phoneme is taken as the input and according to this input a shortlist of
candidates is selected, and these candidates are in competition for selection and
recognition. As more phonemic information is made available, the shortlist is
updated and non-matching candidates are rejected until the correct candidate is
chosen. In relation to this experiment, both models make similar predictions
with respect to lexical competitors. [ argue that only through the vowel [1] can
word-initial geminates be activated. As a consequence, this vowel cannot be
added on the fly as the result of phonetic transitions from one consonant to
another. When this vowel is absent, words containing segments with longer

durations in word-initial position are judged as singletons by native speakers.
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Therefore, native speakers of Maltese are insensitive to word-initial constriction
duration and use their phonological knowledge and phonotactic information in

word recognition.

In the next chapter, | provide final remarks in light of outcomes of the
experimental work undertaken in this dissertation by considering the
implications of the results of the three production studies and this perception
experiment on the phonology of Maltese, and more specifically on the

representation of geminates in Maltese.
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Chapter 9: General discussion and conclusion

This chapter aims at bringing together the results from both the production
studies and the perception study. In §9.1, I recapitulate the discussion in relation
to the duration of geminates in different positions in the word by looking at the
manners of articulation and their duration ratios. In §9.2, the findings on
secondary correlates for gemination in Maltese are reviewed. In §9.3, [ provide
further evidence that the vowel before word-initial geminates is a phonological
vowel. In §9.4, | propose a moraic representation for word-initial, word-medial
and word-final geminates. In §9.5, I summarize the main points of the

dissertation and conclude.

9.1 The duration of geminates

In this dissertation, I set out to discover the acoustic and perceptual correlates
for geminates in Maltese. In the first production study (Chapter 5), I investigated
the duration of lexical and surface geminates in Maltese. This starting point was
driven by their reportedly controversial status, and I hypothesized that word-
initial geminates are, in fact, non-initial as they are preceded by a vowel of [1]
quality. The results confirm this hypothesis. Word-initial geminates are neither
phonetically or phonologically word-initial. I argued that it is possible that they
are word-initial in another linguistic domain such as in the morphology (in
Chapter 6). In addition, I reported that the duration of lexical Semitic and non-
Semitic geminates are not statistically significant different from each other. In
addition, there is also no statistical significant difference between the duration of
geminates derived from the assimilation of the definite article as well as both
lexical geminate types. Therefore, in the case of lexical geminates, the
etymological origin of the verb does not have an effect on the duration of the
geminate. Furthermore, evidence from a perception experiment (Chapter 8)
showed the importance native speakers give to the epenthetic vowel in order to

perceive word-initial geminates.
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The fact that word-initial geminates are preceded by a vocalic insertion led me to
look for differences between word-initial and word-medial geminates (in
Production Study 2, Chapter 6). In fact, the results show that in terms of duration
there is no difference between word-initial and word-medial geminates. In
Production Study 3 (Chapter 7), I considered the differences between word-final

and word-medial geminates.

As expected, the results showed that there are differences in the singleton-to-
geminate duration ratios across different manners of articulation. Following the
results from Production Study 2 (Chapter 6), I propose the hierarchy of the
duration of word-initial geminates in (1) and of word-medial geminates in

Maltese in (2).

(1) Word-initial geminate duration ratio hierarchy”!
Affricates > fricatives, /r/, nasals > stops > liquids
(2) Word-medial geminate duration ratio hierarchy

Affricates > fricatives > nasals > stops > liquids > /r/

Affricate geminates have the shortest duration ratio and this is stable across the
two positions. Except for /r/, there is a similar pattern in the rest of the manners,
where there is an increase in the duration of fricatives, nasals, stops and liquids.
The distinct duration ratios of /r/ in the two-word positions are quite surprising.
It is generally reported that for /r/ there is a change in quality from a singleton
as an approximant or tap to a geminate trill. This is a common alternation in a
number of languages such as Italian and Malayalam (cf. Banner-Inouye 1995;

Ladefoged and Maddieson 1996; and Cohn and Ham 1998).

Moreover, differences in the duration ratios are also present in the comparison
of word-final and word-medial geminates. In (3) and (4) I propose the
hierarchies for geminates in word-final and word-medial position respectively,

following the results in Production Study 3 (Chapter 7).

71 In the hierarchies (1) - (4), >’ means “greater duration than” and a ‘,’ refers to a similar
duration ratio.
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(3) Word-final geminate duration ratio hierarchy
Affricates > stops > fricatives, liquids, /r/
(4) Word-medial geminate duration ratio hierarchy

Affricates > fricatives, stops > liquids, /r/

A similar pattern is found across the two sets of findings (bearing in mind that
the target words were under different stress conditions). Affricates in (1) - (4)
had the shortest duration. The liquid /1/ and /r/ had the longest durations in (1)

- (4). Fricatives, stops and nasals had intermediate durations.

9.2 Secondary Correlates to gemination

In the three production studies, two secondary correlates were investigated.
These were VOT (in Production studies 1 and 2, Chapters 5 and 6, respectively)
and the duration of the tonic vowel (in Production studies 1 and 3, Chapters 5

and 7, respectively). In this section, [ summarize these findings.

9.2.1VOT

As discussed in Chapter 6 §6.5.3.1, VOT in voiced and voiceless stops was
investigated in word- initial and word-medial singletons/geminates. In both

production studies 1 and 2, it was found that VOT does not serve as a correlate to

gemination in word-medial and word-initial position. As expected, VOT was
shorter for voiced stops than for voiceless stops. Also, unsurprisingly, VOT was
longest in the velar stop /k/, shortest in the bilabial stop /p/ and intermediate in
the alveolar stop /t/.

9.2.2 The duration of the tonic vowel
Maddieson (1985) predicts that vowels before geminates should be shorter than
vowels before singletons. This has been referred to as closed syllable shortening

(e.g., Maddieson 1985; Cohn et al. 1999) or even compensatory shortening (e.g.,

Esposito and Di Benedetto 1999). The review on the duration of the vowel before
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word-medial geminates illustrates that different languages can, as predicted,
shorten the vowel (as in Italian), or lengthen the vowel (as in Japanese), or else
make no adjustments to the duration of the vowel (as in Turkish; cf. Chapter 3

§3.1.3 for a review).

In Production Study 3 (Chapter 7), I investigated the duration of the tonic vowel

(i.e. the stressed vowel) before word-final and word-medial geminates as in (5).

(5) Tonic vowels (in bold) in word-final and word-medial contexts
(a) Word-final
/ke:p/ kap ‘boss’
/tepp/ tapp ‘tap’
(b) Word-medial
/'pe.pe/ papa ‘pope’
/'pe.ppe/ pappa ‘food’

The results elucidate the fact that in word-medial geminates the duration of the
vowel before geminates is on average 17ms shorter than the vowel before
singletons. By contrast, the duration of the vowel before word-final geminates is
39ms shorter than the vowel before word-final singletons. In the latter case,
there is a phonological distinction as the vowel before word-final singletons is a
phonologically long vowel, whereas the vowel before word-final geminates is a
phonologically short vowel. Therefore, this result was expected. Whether these
compensations serve as a correlate to discriminate word-medial or word-final

geminates from singletons in perception still needs to be empirically tested.

Moreover, in Production Study 1 (Chapter 5), I compared the duration of the
tonic vowel after word-initial geminates and singletons (as in ['sebber]| sabbar
‘to comfort’; [1s'sebber] ssabbar ‘to be comforted’). The duration of this vowel
after singletons was not statistically significantly different from the duration of
the vowel after geminates. Note that the consonant following the tonic vowel was

a word-medial geminate in both cases.
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[ would like to draw a comparison between these results by using three sets of
words and the results of the duration of the tonic vowel. Recall that in Chapter 3,
[ illustrated the prevalence of gemination in root-and-pattern morphology. I
believe that this has implications for the phonetic realization of the duration of

the tonic vowel.

In root-and-pattern morphology, from a base form such as [seber| sabar ‘to
console’, a Pattern II form can be derived involving a word-medial geminate, e.g.
[sebber] sabbar ‘to comfort’. I claim that on comparing pairs such as sabar and
sabbar, the vowel before word-medial singletons is longer than the vowel before
word-medial geminates. This claim was supported by results from Production
Study 3 (Chapter 7). Furthermore, a Pattern Il form (e.g.,, sabbar) is used to
derive Pattern V forms, where word-initial geminates are created in [+coronal, -
sonorant]-initial roots, as in [ssebber] ssabbar ‘to be comforted’. In these cases
(e.g., sabbar and ssabbar), the duration of the vowel is comparable. The results
show the tonic vowel has comparable durations in the two contexts; i.e., after a
word-initial singleton geminate. | propose that vowel shortening operates before
word-medial geminates and not after word-initial geminates. In order to
strengthen this claim, I crosschecked this result with non-Semitic pairs such as
['merke] marka ‘a mark’ and [m'merke] mmakra ‘to mark’ and in such pairs, the
duration of the tonic vowel is also comparable (vowel after singletons: x=100;
sd=32; vowel after geminates: X=94; sd=28). What is interesting is that in the
Semitic pairs (such as sabbar ‘to comfort’ and ssabbar ‘to be comforted’), the
tonic vowel is followed by word-medial geminates, however, in the non-Semitic
pairs (marka ‘a mark’ and mmarka ‘to mark’), the tonic vowel is followed by a
consonantal cluster. It would be of great interest to measure and compare the
vowel before a word-medial singleton and a word-medial consonantal cluster
and examine whether this leads to vowel shortening before word-medial
consonantal clusters. To sum up, I conclude that vowel shortening of the tonic

vowel only occurs in word-medial and word-final position.
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9.2.3 The vowel after word-medial geminates/singletons

In Chapter 7, | compared the duration of the vowel after word-medial singletons
and geminates (e.g., singleton: /'fete?/ fetaq ‘to rip apart’; geminate: /'fette?/
fettaq ‘to stitch and unstitch again’). The duration of the vowel after word-medial
singletons and geminates are not statistically significantly different from each
other. This suggests that the vowel after word-medial singletons/geminates does
not serve as a correlate to geminate. In this respect, Maltese is similar to Punjabi
(Hussain 2015) where the duration of the vowel after geminates was
comparable from the duration of the vowel after singletons. Therefore, the vowel

dfter word-medial geminates does not serve as a correlate to gemination.

9.2.4 Summary: Vowel duration

To summarize, taking word-medial geminates as the starting point, the tonic
vowel (i.e. the stressed vowel) before geminates is shorter than the tonic vowel
before singletons in production. This is also the case in word-final geminates.
The tonic vowel after word-initial geminates has comparable duration to the
vowel after word-initial singletons. In addition, the unstressed vowel after word-
medial geminates and word-medial singletons are comparable. The perceptual
role of vowel duration as a correlate to gemination in word-medial and word-

final position still needs to be investigated.

9.3 On the status of the vowel before word-initial geminates

In Chapter 6 §6.5, I give a preliminary analysis with respect to the status of the
vocalic insertion before word-initial geminates. In this section, I examine
whether this vowel can be considered as an intrusive, an epenthetic, or a lexical
vowel. Recall from Chapter 6 §6.5, where [ employed Hall’s (2006) diagnostics to
identify the vowel before word-initial geminates as an epenthetic vowel. Here, |
employ Hall's (2006) diagnostics to strengthen my earlier claims and to show

that the vowel before word-initial geminates is not an intrusive vowel.
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Hall (2006) treats intrusive vowels as phonologically invisible and provides the

diagnostics in (6).

(6) Properties for intrusive vowels (Hall 2006: 391)

(a) The vowel’s quality is either schwa, a copy of a nearby vowel, or
influenced by the place of the surrounding consonants.

(b) If the vowel copies the quality of another vowel over an
intervening consonant, that consonant is a sonorant or guttural.

(c) The vowel generally occurs in heterorganic clusters.

(d) The vowel is likely to be optional, have a highly variable duration
or disappear at fast speech rates.

(e) The vowel does not seem to have the function of repairing illicit
structures. The consonant clusters in which the vowel occurs may
be less marked, in terms of sonority sequencing, than clusters

which surface without vowel insertion in the same language.

Epenthetic vowels are visible to phonological patterns and Hall (2006) provides

four diagnostics which are listed in (7).

(7) Properties of epenthetic vowels (Hall 2006: 391)

(a) The vowel’s quality may be fixed or copied from a neighboring
vowel. A fixed quality epenthetic vowel does not have to be schwa.

(b) If the vowel’s quality is copied, there are no restrictions as to
which consonants may be copied over.

(c) The vowel’s presence is not dependent on speech rate.

(d) The vowel repairs a structure that is marked, in the sense of being
cross-linguistically rare. The same structure is also likely to be

avoided by means of other processes within the same language.

Applying these properties to the vowel before word-initial geminates in Maltese,
[ argue that the vowel, according to the properties in (6) it is not an intrusive
vowel, but that the properties of epenthetic vowels in (7) describe the vowel

before word-initial geminates best. First of all, the vowel before word-initial
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geminates is always [1], therefore, the quality is always fixed: it is neither a schwa
nor a copy vowel. The vowel before word-initial geminates is also expected to
occur in phrase-/utterance-initial position. There is nothing there to be copied
from in that case. Ergo it cannot be a copy vowel. Second, the vowel occurs
before geminated consonants, which are definitely not heterorganic clusters.
However, as shown in Chapter 2 §2.3, the vowel [1] can occur before heterorganic
clusters, such sibilant-initial clusters. The vowel [1] before sibilant-initial clusters
occur as the definite article alternates from [1l] before to [l-1], as in [1l-fsi:t] il-fsied
‘the cuddles’ but [l-1sfide] I-isfida ‘the challenge’. Third, the vowel occurs before a
relatively marked structure; namely, word-initial geminates, which only occur in
a few languages (cf. Davis 2011, Kraehenmann 2011). Therefore, following these
properties, the vowel before word-initial geminates meets more properties from
Hall’s (2006) criteria for epenthetic vowels than for intrusive vowels. One
speculation that I would like to advance is that this vowel is phonologically
visible for the syllabification of word-initial geminates, yet this syllable fails to
attract stress here (more on this below). However, the same vowel appears in
other contexts in Maltese and attracts stress. When the second consonant in a
Semitic root is a sonorant, an epenthetic vowel is inserted before the sonorant in
plural non-perfective forms (Fabri 2009). Compare the non-perfective forms of

kiteb ‘to write’ and tilef ‘to lose’ in Table 9.1.

Table 9.1: Non-perfective forms of kiteb and tilef

kiteb ‘to write’ tilef ‘to lose’
Person Sing Plural Sing Plural
1 /nikteb/ /niktbu/ /nitlef/ /nitilfu/
2 /tikteb/ /tiktbu/ /ttlef/ /jttilfo/
3M /jikteb/ /jiktbu/ /jitlef/ /jttilfo/
3F /tikteb/ /ttlef/

Following Fabri (2009), I propose that the following forms lead to the following
syllabic structures in (8a) for kiteb and (8b) for tilef.

256




(8) Syllable structures
(a) kiteb ‘to write’
Singular: CVC.CVC /nik.teb/
Plural: CVC.CCV72 /nik.tbu/
(b) tilef ‘to lose’
Singular: CVC.CVC /nit.lef/
Plural: CV.CVC.CV /nitil.fu/

The singular verbal forms have the same syllabic structure (CVC.CVC). However,
in tilef ‘to lose’, where the second consonant of the root is one of the sonorant
consonants, in this case, the liquid /1/, a vocalic insertion is present in the plural.
In this context, the vowel preceding the sonorant is an epenthetic vowel (Fabri
2009). Fabri (2009) suggests that this vowel is inserted since sonorant +
obstruent sequences (such as /If/ in tilef) are sonority-violating onsets.
However, what Fabri (2009) does not mention is that this is also what happens
in sonorant-initial words, as discussed in Chapter 2 §2.4.1. Therefore, besides the
fact that sonorant-obstruent sequences violate sonority and are not allowed in
onset position in Maltese, they seem to be always preceded by an epenthetic
vowel regardless of their position within a prosodic word. Therefore, sonorant-
obstruent sequences are intact but a preceding vowel causes different
syllabification, where the epenthetic vowel serves as a syllable nucleus, the
sonorant serves as a coda of that previous syllable, and the obstruent serves as
an onset for the following syllable. Also important is the fact that the vowel
before the sonorant consonant is not always of the same quality but it can also be
realized as [e] and [2] (c.f. Table 9.2). However, the phonological conditions for
this vowel allomorphy have not been spelled out for Maltese. Fabri (2009),
following Aquilina (1963), gives a list of the possible vocalic sequences in verbal

forms and the epenthetic vowel that occurs in the non-perfective forms.

72 This follows from my discussion of syllabification in Maltese in Chapter 2 §2.4, where the onset
is maximized, following the Maximum Onset Principle.
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Table 9.2: Epenthetic vowels in plural non-perfective forms (based on Fabri

2009: 13)
Base Epenthetic Singular Non- | Plural Non-
vowel vowel perfective forms | perfective forms

1|€e-¢ I [netred] [netirdo]

neqred neqirdu

‘I complain’ ‘we complain’
2|1-¢€ I [nislef] [nis1lfu]

nislef nisilfu

‘Ilend’ ‘we lend’
3|le-¢ I [netleb] [netilbu]

naqleb naqilbu

‘I turn s.th over’ | ‘we turn s.th over’
4|1-e I [nitle?] [nitil?u]

nitlaq nitilqu

‘Ileave’ ‘we leave’
5(0-0 o} [nohlom] [noholmu]

nohlom noholmu

‘I dream’ ‘we dream’
6|1-D o} [nitlob] [nitolbu]

nitlob nitolbu

‘I pray’ ‘we pray’
7 e-e e [nehre?] [neher?tu]

nahraq naharqu

‘I burn s.th’ ‘we burn s.th’

According to Sutcliffe (1936), Maltese phonology includes a rule that an

unstressed /e/ become /1/ when stressed. Therefore, the allomorphs in (1) -(3),

in Table 9.2, in the plural non-perfective can be explained by this rule. In

contrast, Fabri (2009) does not acknowledge this vowel allomorphy, but rather

argues that the vowel is a vocalic insertion due to syllabification. Sutcliffe (1936)

also claims that unstressed /e/ can become /1:/ when stressed, as in /'eh.ne/

ahna ‘we’ - /eh.'ni:[/ ahniex ‘we aren’t’; however, in cases such as (4), in Table
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9.2, the vowel changes from /e/ to /1/. In contrast, in case (7), in Table 9.2, the
vowel /e/ does not change to /1/. There might be a partial rule for vowel raising
when the two vowels in the singular non-perfective forms are different and in
context of [, €, ] (i.e., in (2) - (4)), but this does not occur when the two vowels
in the word are the same (i.e., in (5) and (7)). One exception to this
generalization is (6), where the words have two vowels and the vowel before the

sonorant is [2], so there is no vowel raising.

What is interesting about the Maltese plural non-perfective forms (i.e., in 1-7 in
Table 9.2) is that this newly built syllable attracts stress. Stress in Maltese is
assigned to the rightmost heavy syllable, where a heavy syllable is defined as a
short vowel and a consonant, or a long vowel/diphthong (Vella 1995). Compare

the two examples in (9) below.

(9) Stress assignment
(a) ['mik.tbu] niktbu ‘we write’
(b) [nr'silfu] nisilfu ‘we lend’

Stress in (9b) is assigned to a syllable whose nucleus is formed from an
epenthetic vowel. Therefore, stress assignment rules take the epenthetic vowel
into account. The literature reports that epenthetic vowels can partake in
phonological processes. For instance, Blevins and Pawley (2010) show that in

Kalam, syllables with epenthetic vowels also seem to attract stress.

For Maltese, these facts seem to support the claim that such a vowel is
phonologically motivated and it not just an artifact of articulation. This raises the
question of the lexical representation of such vowels and, as a consequence, of
these words. For instance, is this vowel inserted on the fly, or is it part of the
phonological knowledge, and even phonotactic knowledge of native speakers of
Maltese? Ogasawara (2006) showed that Japanese speakers use their
phonotactic knowledge about the application of an allophone in relation to its

contexts, where she investigated perception of reduced vowels between two
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voiceless consonants (e.g. [ak(i)kan] ‘empty can) and fully voiced vowels next to

a voiced obstruent consonant (e.g. [ted3ina] ‘magic’).

On the basis of the results of the vowel before word-initial geminates in Maltese,
[ argue that the vowel is part of the lexical representation and it is phonological;
therefore, the term epenthetic is incorrect, and lexical vowel might be a more
appropriate term. I suggest that a natural next step is to investigate how native
speakers of Maltese perceive vowels before sonorant sequences - this will shed
light on how they are lexically represented and in turn will help us understand

better whether such vowels are lexical, epenthetic, or intrusive.

Ideally, a number of different methods should be used; for instance, it could be
fruitful to look at the production of such words by using an articulograph,
following proposals by Hall (2006), in order to shed more light on the true
nature of such vowels. I claim that, given the results of production studies 1 and
2 (Chapter 5 and 6, respectively) and the perception experiment (Chapter 8), the
vowel before word-initial geminates is a lexical vowel, just like in other words,
which traditionally are considered as having a lexical [1] vowel; e.g., [1'telje] Italja
‘Italy’, [1'zi:t] izid ‘he adds’, [1'fender] ixandar ‘he broadcasts’. Note that these are
comparable to words such as [it'telleb] ittallab ‘to beg’, [1z'zerret] ‘to fray’ and
[1'[okje] ‘to shock’, where stress falls on the penultimate syllable, and the initial
vowel, being in the leftmost syllable, does not attract stress. In terms of syllable
structure, in a word such as [1'telje] Italja ‘Italy’, the first syllable just consists of a
vowel nucleus, whereas in words such as [it'telleb] ittallab ‘to beg’, the first
syllable consists of a vowel nucleus and the first part of the geminate, which
serves as a coda. [ also propose that the duration of these vowels should be
compared. Bosch and de Jong (1997) report that epenthetic vowels in Barra
Gaelic tend to be longer than lexical vowels in the same position (as in the
comparison of the lexical form: [aran] ‘bread’ and the epenthesised form /arm/

- [aram] ‘army’).

So far, I have reported that the vowel before word-initial geminates almost

always occurs. Yet the presence of a vowel before word-initial geminates was
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conditioned by the preceding context. In Production Study 1 (Chapter 5), I
investigated the presence or absence of this vowel when the preceding word
ended in a vowel. | reported that a glottal stop insertion can occur between the
final vowel of the previous word and the vowel before word-initial geminate.
This glottal stop insertion was interpreted as a possible strategy for breaking up
a vowel hiatus across a word boundary as reported for English (Redi and
Shattuck-Hufnagel 2001) and dialects of Italian (Stevens et al. 2002; Di Napoli
2015) to name a few. The glottal stop insertion before the vowel preceding
word-initial geminates in this data was also present when the previous word
ended in a consonant. Note that the glottal stop insertion was subject to across-
and within-speaker variation. Focusing on the data when the pre-target word
ended in a vowel in ‘qalilha’ from Production Study 1, out of 1060 tokens from
Production Study 1, where a preceding vowel occurred before a word-initial
geminate, glottal stop insertion was present in 14% of the data. As a
consequence, I claimed that this insertion constitutes an optional syllable onset.
However, glottal stop insertion across a word-boundary was not the only
strategy speakers used for hiatus resolution. In the large majority of cases (60%
of the tokens) an auditory and spectrographic analysis showed that the final
vowel [e] from the pre-target word [?elile] ‘he told her’ was present but the [i]

before word-initial geminates was not. An example of this is shown in Figure 9.1.
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Figure 9.1: No [1] vocalic insertions before the word-initial geminate [ss] in

[ssejnje] ‘to sign’’3
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This result by itself leads to a compelling discussion with regards to the status of
the vowel before word-initial geminates. If it is argued that the vowel before
word-initial geminates is in fact an inserted vowel, then one can argue that when
the previous contexts ends in a vowel, insertion is blocked or does not occur.
This is one route one could opt for to explain these results. In contrast, if my
arguments that the vowel before word-initial geminates is phonological are
correct, then in a preceding vowel-final context, the vowel before word-initial
geminates is elided. Note that in the pre-target word /?e.li.le/, the final vowel /e/
is a third person feminine clitic, therefore, eliding this vowel would lead to a loss

of morphological information.

Casali (1996) argues that elision of the second vowel in a vowel sequence is less
common than the elision of the first vowel cross-linguistically. In addition, he
makes the generalization that at a boundary between two lexical words the first
vowel is elided. Exceptions to this cross-linguistic generalization are found in
Yoruba (Pulleybank 1988), where the vowel /i/ is elided at a boundary between
two lexical words. This seems to be the case in Maltese as well. Nevertheless, a
more thorough investigation could shed more light on the underpinnings of this,
for instance by comparing what happens across a word boundary when the

vowel is of another quality; e.g., /?e.lrle ohlom/ ‘he told her dream’ and also with

73 In Figures 9.1-9.3, the word tier show orthographic words and not phonetic transcriptions.
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other /1/-initial words; e.g., /?e.lLle 1telje/ ‘he told her Italy’. Note that in other
contexts, the vowel [1] is subject to a glide formation [j], when the preceding

word ends in a vowel, as in (10).

(10) Glide formation
[merk thobb] Mark ihobb ‘Mark loves’
[sendro jhobb] Sandro jhobb ‘Sandro loves’

Furthermore, vowel coalescence was also present, where the non-high vowel /e/
and the high vowel /1/ form a vowel similar to [e] (c.f. Casali 2011 cites Xhosa as
a language that does this too). Coalescence was examined auditorily and

spectrographically and it was present in 17% of the tokens (c.f. Figure 9.2).

Figure 9.2: Vowel coalescence of [e] and [1] before the word-initial geminate [ss]

in [ssejnje] ‘to sign’
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In 9% of the data, the vowel hiatus, i.e. the vowel sequence [e] - [1] across a word
boundary occurred freely (cf. Figure 9.3). Casali (2011) reports that vowel hiatus

occur freely in Hawaiian.

Casali (2011:1442) showed that multiple hiatus resolution strategies can occur
within a language and also that “multiple strategies apply in the same
morphosyntactic context, targeting different vowel sequences.” However, the

above cases from Maltese show that multiple strategies in fact apply within the
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same context. To sum up the results, if the vowel is considered to be a lexical
vowel, elision of the vowel [1] occurs in most cases (60%), followed by vowel
coalescence (17%), followed by glottal stop insertion (14%) and vowel hiatus is
left to occur freely in 9% of the tokens. The interpretation of multiple strategies
as evidence for hiatus resolution (and the allowance for vowel hiatus to occur

freely) implies that the vowel before word-initial geminates is phonological.

Figure 9.3: Vowel hiatus before the word-initial geminate [ss] in [ssejnje] ‘to

sign’
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9.4 Representation

In the following section, [ address some specific issues for word-initial geminates
and word-medial geminates; and word-final and word-medial in relation to their

representation.

9.4.1 Word-initial geminates and word-medial geminates in Maltese

The core issue of this dissertation was the status of word-initial geminates in
Maltese. In Chapters 2 and 3, I discussed how the literature claims that word-
initial geminates are never realized as word-initial and are always preceded by
an epenthetic vowel. | addressed this discussion by presenting, for the first time,
empirical evidence to partially support the claims in the literature. Word-initial
geminates are almost always preceded by a vocalic insertion when the previous

words end in a consonant. Furthermore, the realization of a vocalic insertion
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before word-initial geminates was subject to variation across- and within-
speakers. Namely, in Production Study 1, the vocalic insertion was present
before word-initial geminates in 96% of the tokens. In Production Study 2, the
vocalic insertion was present before 86% of the word-initial geminates token.
Therefore, there was a 10% decrease from Production Study 1 to Production
Study 2. Nonetheless, these percentages are definitely above chance, and so I
conclude that word-initial geminates are almost always preceded by a vocalic
insertion. When the previous word ends in a vowel, multiple resolutions are at
play. The phonetic insertion of a vowel before word-initial geminates matches
the phonological account 1 presented in Chapter 2 §2.4.1. I argued that
underlyingly word-initial geminates in Maltese are stray consonants, which
according to Prosodic Licensing can either be resolved through epenthesis or
deletion in their surface forms. It is clear that phonetic duration is preserved;
therefore, phonological length is also preserved. Evidence from production
studies 1 and 2, show that the duration of word-initial geminates is longer than
that of singletons, and I concluded that word-initial geminates are not subject to

deletion (or Stray Erasure).

Based on these findings I conclude that word-initial geminates in Maltese can
never occur as syllable-initial geminates, and as a result this leads to a process of
resyllabification. Word-initial geminates which are preceded by a vowel are
syllabified as follows (as in Figure 9.4):

* the vowel serves at the nucleus to a preceding syllable

* the first half of the geminate serves as a coda to that syllable

* the second half of the geminate serves as an onset to the following

syllable.
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Figure 9.4: Syllabification of word-initial geminates
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However, when the vowel before word-initial geminates is not present, and the
preceding word ends in a consonant, I propose that the first half of the geminate
serves as a coda to the previous syllable. Therefore, there is resyllabification
across a word-boundary. This is shown in Figure 9.5. A process of across word-
boundary resyllabification occurs in French, where word-final consonants

syllabify as onsets with a following word-initial vowel (Encrevé 1988).

Figure 9.5: Syllabification of word-initial geminates preceded by a word-ending

in a vowel
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[e.li.le#d.deh.hel] Qalilha ddahhal ‘to be inserted’

Hitherto, I have used an Onset-Rhyme model to describe the syllabification of
geminates in word-initial and word-medial position. By using such a model [ was
able to establish the positions of such geminates within a syllable. Subsequently,
[ address the phonological representation of singletons and geminates through

moraic theory. Before doing so, some issues related to stress assignment in
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Maltese are illustrated. Stress assignment in Maltese operates on moraic
trochees constructed from left to right, with stress tending to fall on the
rightmost heavy syllable. A heavy syllable is defined as either consisting of a
short vowel and a coda (which can include a the first half of a geminate) or a long
vowel or a diphthong (Vella 1995). This leads to the assumption that in Maltese
there is a bimoraic constraint on feet (e.g., the ‘Ft-Bin’ constraint in Optimality
Theory; e.g., Prince 1997, Kiparksy 2005) and as a result, degenerate feet
consisting of only one mora are banned. Coda consonants are considered to be
extrametrical. For word-medial geminates, as in /seffer/ saffar ‘to whistle’, 1
propose the representation in Figure 9.6. This representation follows other
representations of word-medial geminates (e.g., Hayes 1989; Davis 1999, 2011;
Davis and Ragheb 2014).

Figure 9.6: Moraic word-medial geminates in Maltese’4

()
A

S

>

R/ p

(s e Of e r

saffar ‘to whistle’

Under such a representation, the first syllable /sef/ is bimoraic (the vowel and
the geminate both have a mora) and therefore can be footed on its own. The
second syllable /fer/ only has one mora, which is assigned to the vowel. The
coda consonant /r/ is extrametrical. Therefore, stress is assigned to the

penultimate syllable: /'seffer/ ‘to whistle’.

I propose a similar representation for morpho-phonological word-initial

geminates in Maltese, in which the geminates are also assigned a mora (as in

74 In Figure 9.6 and 9.7, bracketing around a syllable indicate foot grouping. The symbol S and W
indicate ‘strong’ and ‘weak’ feet. Strong feet are stressed (following Hayes 1995). If a syllable has
not bracketing around it, this indicates that this syllable does not constitute a foot.
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Figure 9.7). In addition, I propose that the vowel before morpho-phonological
word-initial geminates also bears a mora. Given the evidence from production
and perception I argue that this vowel is not a mere phonetic artifact, but rather
that it is phonological and also part of the lexical representation of word-initial

geminates.

Figure 9.7: Moraic representation for morpho-phonological word-initial

geminates

(1 s:)(s e f) e r

ssaffar ‘to be whistled’

In a word such as /isseffer/ issaffar ‘to be whistled’, the first syllable is bimoraic,
where the vowel /1/ bears a mora and the first part of the geminate also bears a
mora, creating a bimoraic foot. Nevertheless, this syllable can never be assigned
stress as Maltese tends to assign stress to the rightmost footed syllables and not
to the leftmost footed syllables. Stress, therefore, falls on the next bimoraic foot,
which happens to also contain a (part of a) geminate: /is'seffer/ issaffar ‘to be

whistled’.

Some considerations have to be made for when the preceding word ends in a
vowel. As shown in §9.3, multiple strategies are used for vowel hiatus. This might
lead to the proposal of a different phonological representation. With respect to
glottal stop insertion as a strategy for vowel hiatus, I discussed that this would
serve as an onset to the [1]-initial syllable. This does not affect the moraic
structure proposed in Figure 9.7, as onsets do not tend to be moraic. In such
cases, the glottal stop can be linked directly to the syllable node. In the cases of

vowel elision, where /1/ before morpho-phonological geminates is elided, the

268



mora associated to this vowel is also deleted. This would lead to a similar
representation in Figure 9.7, where morpho-phonological geminates are still
underlyingly moraic. In addition, in the cases in which vowel hiatus occurs, the
representation is unaffected. For vowel hiatus, | adopted the same
representation I proposed for morpho-phonological word-initial geminates in
Figure 9.7. This is because the vowel before morpho-phonological word-initial
geminates is unaffected by the presence of a previous vowel. In vowel
coalescence, the same representation in Figure 9.7 still holds, however, the
surface realization of the vowel hiatus results in vowel coalescence. Therefore,
the phonological representation should be followed by a rule in which a non-high

vowel and a high vowel coalesce to form a non-high vowel; e.g., /e/ + /1/ = [e].

9.4.2 Word-final and word-medial geminates

The results illustrate that the geminate/singleton contrast was also maintained
in word-final position, even though word-final geminates had smaller durations
than word-medial geminates (Production Study 3 in Chapter 7). In terms of
representation, [ follow Ham'’s (2001) proposal, where word-final geminates are

represented as word-final moraic consonants (c.f. Figure 9.8).

Figure 9.8: Representation of word-final singletons and geminates

a. Word-final singletons b. Word-final geminates
i o
A i
pop
n n
k e p | Pwd t e pp |Pwd
/ke:p/ kap ‘boss’ /tepp/ tapp ‘tap’

Under this representation, the word-final singleton does not bear a mora and is

extrametrical (c.f. Figure 9.8a). Thus, it is directly attached to the syllable mode.
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Also, in Figure 9.83, the vowel is a phonological long vowel and bears two moras.
In Figure 9.8b, the vowel is a short vowel and bears one mora. The word-final
geminate also bears a mora but it is not extrametrical. It is important to point out
that Kiparsky (2003:156-157) proposed a different analysis for word-final
singletons for Maltese and other C-dialects of Arabic. Kiparsky (2003) analysed
the word-final singleton as mora bearing; however, this is not attached to the
syllable node, but to a higher prosodic constituent, such as the prosodic word.
Nonetheless, Kiparsky (2003:157) suggested that mora-bearing word-final

singleton codas “do not count towards syllable weight or foot size”.

In my account, rhymes in monosyllables are bimoraic, so in CV:C syllables, the
vowel bears two moras and in CVG syllables, the vowel and the geminate each
bear a mora. Recall from Chapter 7 §7.6 that the duration of the rhyme is both
syllable types are comparable: V:C rhyme: X = 320ms (72); VG rhyme: X = 316ms
(73). One possible interpretation is that if a syllable bears two moras, their
manifestation of duration are comparable, regardless of which segments they are
associated with. Broselow et al. (1997) suggested that moraic structure is
reflected in phonetic timing in Hindi, Malayalam and Arabic. Furthermore, they
argued that segments dominated by two moras have longer durations than those
dominated by one mora. This also seems to be case in Maltese, given the data
from word-final and word-medial geminates/singleton. Let’s compare the

following three syllabic structures: CV, CVVC, CVG in (11).

(11) Syllable types
CV: /pe.pe/ papa ‘kid’s food’: bears one mora on the vowel
CVVC: /ke:p/ kap ‘boss’: bears two moras on the vowel
CVG: /tepp/ tapp ‘tap’: bears one mora on the vowel and one mora on

the geminate

In a CV syllable, which is monomoraic, the duration of the vowel corresponds to
the duration of one mora, which on average is 110ms. In a CVVC syllable, which
is bimoraic and the vowel bears the two moras, the duration of the

phonologically long vowel is on average 174ms. | extend Broselow et al.’s (1997)
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claim and argue that one segment bearing two moras is longer than one segment
bearing one mora. This is also the case when the CVVC and CVG syllables are
compared: a bimoraic nucleus (X = 174ms (44)) is longer than a monomoraic
nucleus (X = 135ms (33)). However, this does not seem to pattern with Broselow
et al.’s (1997:63) generalization that “phonemically long vowels are about twice
the length of a comparable phonemically short vowel”. The difference here is
39ms. In addition, if the duration of moras is examined across syllable
constituents, the durations are discernably different. In the CVVC bimoraic
syllable, the vowel is the only syllable constituent that bears moras, and its
duration is 174ms. In contrast, in a CVG final syllable, where the vowel and the
geminate bear a mora each, the rhyme’s duration is significantly larger. [ argue
that without any doubt the segmental material directly influences the duration of
the mora. The fact that there is a geminate corresponds an increase in the

duration of segments, and by default, the duration of the mora.

9.5 Conclusion

In this section, | summarize the main findings of this dissertation. In Chapter 1,
the aims of this dissertation were presented. The theoretical underpinnings

related to syllable structure and gemination were addressed.

Chapter 2 examined the syllable structure of Maltese, explaining the complexity
of the possible syllable types in Maltese by looking at possible onsets and codas.
A description of the possible onsets and codas was provided through sonority;
however, this leaves numerous unanswered questions since Maltese allows for
an unprecedented number of violations. Thus, I recommend examining the
syllable structure of Maltese by employing other theoretical frameworks (e.g.,

using articulatory data).

Chapter 3 provided a cross linguistic review of gemination. First, it established
the phonetic correlates of word-medial geminates, and compared them to word-
initial and word-final position. In typologically different languages, the strongest

correlate for geminates, as expected, is constriction duration. Other phonetic
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correlates can be manifested, but these are language-specific. This was followed
by a discussion on the phonological representation for geminates. A segmental
approach and a moraic analysis were presented; as well as arguments for and
against these representations. Finally, gemination in Maltese was address by
looking at the phonological distribution of gemination in different positions in
the word. In addition, the intricate interplay between morphology and
phonology, which results in gemination in initial, medial and final positions was

explained.

Chapter 4 provided the general methodological procedure employed throughout

the production studies of the dissertation.

The first production study, which compared lexical and surface word-initial
geminates in Maltese, was presented in Chapter 5. Unsurprisingly, geminates are
longer than singletons. However, gemination does not effect any of the
secondary correlated investigated, namely, VOT and tonic vowel duration. Yet,
(as became even more apparent in the subsequent chapters) the strongest
correlate for word-initial gemination in Maltese is a vowel insertion before
word-initial geminates, when the preceding word ends in a consonant. Note that
a glottal stop insertion preceding the vowel is also present. On the other hand,
when the preceding word ends in a vowel, the inter-consonantal interval is
longer before geminates than singletons. The constriction duration results
showed that lexical geminates are comparable to surface geminates, and that
geminates originating in Semitic words and non-Semitic words also have

comparable durations.

In Production Study 2, in Chapter 6, geminates and singleton across a number of
different manners of articulation were compared in word-initial and word-
medial position. Constriction duration for word-initial and word-medial
geminates was comparable across the different manners of articulation. As in
Production Study 1, word-initial geminates were almost always preceded by a
vowel, and in some cases, this vowel was preceded by a glottal stop. VOT in

voiceless stops does not serve as a correlate to gemination. The discussion in
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Chapter 6 was motivated by the findings in production studies 1 and 2. I also
propose that word-initial geminates should be referred to as morpho-

phonological word-initial geminates.

Chapter 7 compared the production of word-final and word-medial geminates.
The results show that the duration of word-final geminates are discernably
shorter than word-medial geminates. Furthermore, the vowel before geminates
is shorter than the vowel before singletons in both final and medial positions.
The compensatory quantity on monosyllables in Maltese (i.e.,, CV:C and CVG

syllables) results in comparable durations in the rhyme.

The perception of the vowel before morpho-phonological word-initial geminates
was explored in Chapter 8. Native speakers of Maltese are not sensitive to a true
word-initial geminate/singleton contrast (e.g. /#dd/, /#d/) and perceive such
words as being the same. However, they can easily identify pairs of words which
have a vowel before morpho-phonological word-initial geminates. I proposed
that these results are in line with theories of lexical processing, and I argued that
the vowel before morpho-phonological word-initial geminates is lexical and that

itis crucial for the identification of such geminates.

This chapter presented a general discussion of the results of this dissertation and
embedded them in a larger phonological context. | summarized the findings in
relation to constriction duration of geminates/singletons in initial and medial
position; and final and medial position. A summary of secondary correlates for
gemination in Maltese was presented. Next, [ proposed a reanalysis of the vowel
before morpho-phonological word-initial geminates, where I argued that this
vowel is phonological. Finally, [ advanced a moraic representation of geminates

in Maltese.

273



References

Abramson, A. (1986). The perception of word-initial consonant length: Pattani

Malay. Journal of the International Phonetic Association, 16(01), 8-16.

Abramson, A. (1987). Word-initial consonant length in Pattani Malay. Haskins

Laboratories Status Report on Speech Research, 143-147.

Alber, B. (2001). Regional variation and edges: Glottal stop epenthesis and
dissimilation in standard and southern varieties of German. Zeitschrift Fiir

Sprachwissenschaft, (20), 3-41.

Ali, A, Lahrouchi, M., & Ingleby, M. (2008). Vowel epenthesis, acoustics and
phonology patterns in Moroccan Arabic. Interspeech, Brisbane, Australia. 1178-

1181.

Al-Tamimi, F.,, Abu-Abbas, K., & Tarawnah, R. (2010). Jordanian Arabic final
geminates: An experimental clinical phonetic study. Poznan Studies in

Contemporary Linguistics, 46(2), 111-125.

Aoyama, K. (2002). Quantity contrasts in Japanese and Finnish: Differences in
adult production and acquisition. Studies in Language Sciences (2): Papers from
the Second Annual Conference of the Japanese Society for Language Sciences, 121-

135.

Aoyama, K, & Reid, L. A. (2006). Cross-linguistic tendencies and durational
contrasts in geminate consonants: An examination of Guinaang Bontok

geminates. Journal of the International Phonetic Association, 36(02), 145-157.

Aquilina, ]., & and Isserlin, B. S. ]J. (1981). A survey of contemporary dialectal
Maltese. Leeds: B.S.]. Isserlin.

Aquilina, J. (1965). Teach yourself Maltese. English Universities Press.

Aqulina, J. (2001). Concise Maltese English English Maltese Dictionary. Midsea
Books, Malta.

274



Arvaniti, A.,, & Tserdanelis, G. (2000). On the phonetics of geminates: Evidence
from Cypriot Greek. Interspeech, 559-562.

Azzopardi, M. (1981). The Phonetics of Maltese: Some Areas Relevant to the Deaf.
PhD diss., University of Edinburgh.

Azzopardi-Alexander, M. (2002). The vowel system of Maltese: From production
to perception. Association Internationale De Dialectologie Arabe: AIDA: 5th

Conference Proceedings: Cddiz, 321-333.

Azzopardi-Alexander, M. (2011). The vowel systems of Xlukkajr and
Maduri. Variation and Change.the Dynamics of Maltese in Time, Space and

Society.Berlin: Akademie Verlag, 235-253.

Baertsch, K. (2002). An optimality theoretic approach to syllable structure: The

split margin hierarchy. PhD diss., Indiana University.

Barr, D. J., Levy, R,, Scheepers, C., & Tily, H. ]. (2013). Random effects structure for
confirmatory hypothesis testing: Keep it maximal. Journal of Memory and

Language, 68(3), 255-278.

Bates, D., Maechler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-
effects models using Ime4. Journal of Statistical Software, 67(1), 1-48.

Banner-Inouye, S. (1995). Trills, taps and stops in contrast and variation. PhD

diss., University of California at Los Angeles.

Blevins, J. (1995). The syllable in phonological theory. In ]. Goldsmith, (Ed.) The
handbook of phonological theory, 206-244.

Blevins, ]. (2004). Evolutionary phonology: The emergence of sound

patterns. Cambridge University Press.

Boersma, Paul & Weenink, David. (2013-2016). Praat: Doing phonetics by

computer.

275



Bolognesi, R. (1998). The phonology of Campidanian Sardinian: A unitary account

of a self-organizing structure. NOR.

Borg, A, ]. (1988) IlIsienna [Our language]. Has-Sajjied: Malta.

Borg, A. ]., & Azzopardi-Alexander, M. (1997). Maltese. London and New York:
Routledge

Borg, A. (1978).A historical and comparative phonology and morphology of
Maltese. PhD diss., The Hebrew University.

Borg, A. (1997). Maltese phonology. Phonologies of Asia and Africa.Winona Lake,
IN: Eisenbrauns, 245-285.

Bosch, A. R. (2011). Syllable-internal structure. In M. van Oostendorp, J. C. Ewen,
E. Hume & K. Rice (Eds.), The Blackwell companion to phonology. (pp. 781-798).
U.K.: Wiley-Blackwell.

Bosch, A. & de Jong, K. (1997). The prosody of Barra Gaelic epenthetic vowels.
Studies in the Linguistics Sciences, 27, 2-15.

Brame, M. K. (1972). On the abstractness of phonology: Maltese. Contributions to
Generative Phonology, 22-61.

Brincat, J. (2004). Malta. Una Storia Linguistica. Genova: Le Mani.

Brincat, J. (2014). Maltese and other languages a linguistic history of <alta. Malta:
Midsea Books.

Broselow, E. (1982). On predicting the interaction of stress and

epenthesis. Glossa-an International Journal of Linguistics, 16(2), 115-132.

Browman, C. P, & Goldstein, L. (1992). Articulatory phonology: An
overview. Phonetica, 49(3-4), 155-180.

276



Browman, C. P., & Goldstein, L. (2000). Competing constraints on intergestural
coordination and self-organization of phonological structures. Les Cahiers De

I'ICP.Bulletin De La Communication Parlée, (5), 25-34.

Cambier-Langeveld, T. (1997). The domain of final lengthening in the production
of Dutch. Linguistics in the Netherlands, 14(1), 13-24.

Camilleri, A., & Vanhove, M. (1994). A phonetic and phonological description of
the Maltese dialect of Mgarr (Malta). Zeitschrift Fur Arabische Linguistik, 28, 87-
110.

Camilleri, J. J. (2013). A computational grammar and lexicon for Maltese. M.Sc.

diss., Chalmers, University of Technology. Gothenburg, Sweden.,

Camilleri, M. (2014). The Stem in Inflectional Verbal Paradigms in Maltese. PhD

diss., University of Surrey.

Casali, R. (1996). Resolving hiatus. PhD diss., University of California, Los Angeles.

Casali, R. (2011). Hiatus resolution. In M. van Oostendorp, J. C. Ewen, E. Hume &
K. Rice (Eds.), The Blackwell companion to phonology (pp. 1434-1460). UK.
Wiley-Blackwell.

Chetcuti, F. (2005). A comparative analysis of the vowels of native speakers of

dialectal and standard Maltese. M.A. diss., University of Malta.

Cho, T., & Ladefoged, P. (1999). Variation and universals in VOT: Evidence from
18 languages. Journal of Phonetics, 27(2), 207-229.

Clements, G. (1990). The role of the sonority cycle in core syllabification. Papers
in Laboratory Phonology I, Edited by John Kingston & Mary Beckmann, 282-333.

Clements, G. N., & Keyser, S. ]. (1983). CV phonology. A generative theory of the
syllable. Linguistic Inquiry Monographs Cambridge, Mass., (9), 1-191.

277



Cohn, A.C., & Ham, W.H. (1998). Temporal properties of Madurese consonants: a
preliminary report. Working Papers of the Cornell Phonetics Laboratory, (12), 27-
51.

Cohn, A. C, Ham, W. H., & Podesva, R. J. (1999). The phonetic realization of
singleton-geminate contrasts in three languages of Indonesia. In John ]. Ohala,
Yoko Hasegawa, Manjari Ohala, Daniel Granville, & Ashlee C. Bailey (Eds.),
Proceedings of the 14th International Congress of Phonetic Sciences, San Francisco,

C.A., 587-590.

Comrie, B. (1980). The sun letters in Maltese: Between morphophonemics and
phonetics in studies in Arabic linguistics. Studies in the Linguistic Sciences

Urbana, 11, 10(2), 25-37.

Comrie, B. (2009). Maltese and the World Atlas of Language Structures. In B.
Comrie, R. Fabri, E. Hume, M. Mifsud, T. Stolz and M. Vanhove (Eds.), Introducing
Maltese linguistics selected papers from the 1t International Conference on
Maltese Linguistics, Bremen, 18-20 October, 2007, 3-11, 66 Amsterdam: John

Benjamins.

Coté, M. (2000). Consonant Cluster Phonotactics: A Perceptual Approach. PhD

diss., Massachusetts Institute of Technology.

Curtis, E. (2003). Geminate weight: Case studies and formal models. PhD diss.,
University of Washington.

Davidson, L., & Erker, D. (2014). Hiatus resolution in American English: The case
against glide insertion. Language, 90(2), 482-514.

Davis, S. (1999). On the representation of initial geminates. Phonology, 16(01),
93-104.

Davis, S. (1999). On the moraic representation of underlying geminates: evidence
from Prosodic Morphology. The Prosody-Morphology Interface. Cambridge: CUP,
39-61.

278



Davis, S. (2011). Geminates. In M. van Oostendorp, J. C. Ewen, E. Hume & K. Rice
(Eds.), The blackwell companion to phonology. (pp. 837-859). U.K.: Wiley-
Blackwell.

Davis, S., & Ragheb, M. (2014). Geminate representation in Arabic. Perspectives
on Arabic Linguistics XXIV-XXV: Papers from the Annual Symposia on Arabic
Linguistics. Texas, 2010 and Arizona, 2011, 1 3-20.

Davis, S., & Topintzi, N. (2014). On the weight of edge geminates. Handout

Presented at the Conference on Weight in Phonetics and Phonology.

de Jong, K., & Zawaydeh, B. A. (1999). Stress, duration, and intonation in Arabic

word-level prosody. Journal of Phonetics, 27(1), 3-22.

Dell, F. & Elmedlaoui, M. (2002). Syllables in Tashlhiyt Berber and in Moroccan

Arabic. Kluwer Academic Publishers.

Dilley, L., Shattuck-Hufnagel, S., & Ostendorf, M. (1996). Glottalization of word-
initial vowels as a function of prosodic structure. Journal of Phonetics, 24(4), 423-

444,

Di Napoli, J. (2015). Glottalization at phrase boundaries in Tuscan and Roman
Italian. In ]J. Romero & M. Riera (Eds.), The phonetics-phonology interface:
Representations and methodologies (pp.125-147). John Benjamins.

Dmitrieva, O. (2012).Geminate Typology and the Perception of Consonant
Duration. PhD diss., Standford University.

Doty, C. S., I[demaru, K., & Guion, S. G. (2007). Singleton and geminate stops in

Finnish-acoustic correlates. Interspeech, 2737-2740.

Dryer, M. S., & Haspelmath, M. (2013). WALS online. Leipzig: Max Planck Institute
for Evolutionary Anthropology.

Edwards, J., Beckman, M. E., & Fletcher, ]. (1991). The articulatory kinematics of
final lengthening. The Journal of the Acoustical Society of America, 89(1), 369-382.

279



Encrevé, P. (1988). Le Liason avec et sans enchainement. Paris: Editions du Seuil.

Engstrand, 0., & Krull, D. (1994). Durational correlates of quantity in Swedish,
Finnish and Estonian: Cross-language evidence for a theory of adaptive

dispersion. Phonetica, 51(1-3), 80-91.

Esposito, A., & Di Benedetto, M. G. (1999). Acoustical and perceptual study of
gemination in Italian stops.The Journal of the Acoustical Society of

America, 106(4), 2051-2062.

Fabri, R. (2009). Stem allomorphy in the Maltese verb. lisienna - Our language, 1,
1-20.

Faluschi, S., & Di Benedetto, M. (2001). Acoustic analysis of singleton and
geminate affricates in Italian. The European Journal of Language and Speech.
Retrieved from: http://newyork.ing.uniromal.it/Papers/]16-Faluschi_al-
EJLSO1.pdf

Forster, K. 1., & Forster, J. C. (2003). DMDX: A windows display program with
millisecond accuracy. Behavior ~ Research Methods, Instruments, &

Computers, 35(1), 116-124.

Fougeron, C., & Keating, P. A. (1997). Articulatory strengthening at edges of
prosodic domains. The Journal of the Acoustical Society of America, 101(6), 3728-
3740.

Fry, D. B. (1955). Duration and intensity as physical correlates of linguistic
stress. The Journal of the Acoustical Society of America, 27(4), 765-768.

Gadoua, A. H. (2000). Consonant clusters in Quranic Arabic. Cahiers Linguistiques

d Ottawa, 59-86.

Galea, L., Grice, M., Hermes, A., & Miicke, D. (2014). Lexical and surface geminates
in Maltese. Proc.10th ISSP, 128-133.

280



Gatt, A, & Céplo, S. (2013). Digital corpora and other electronic resources for

Maltese. Proceedings of Corpus Linguistics Conference, University of Lancaster.

Goad, H. (2011). The representation of sC clusters. In M. van Oostendorp, J. C.
Ewen, E. Hume & K. Rice (Eds.), The Blackwell companion to phonology (pp. 898-
923). U.K.: Wiley-Blackwell.

Goad, H. (2012). sC clusters are (almost always) coda-initial. The Linguistic
Review, 29(3), 335-373.

Goldsmith, ]. (2011). The syllable. In J. A. Goldsmith, ]., Riggle, C.L. Alan (Eds.) The
Handbook of Phonological Theory .Wiley-Blackwell, Oxford, UK, 164-196.

Gordon, M. (2002). Weight-by-position adjunction and syllable
structure. Lingua, 112(11),901-931.

Gouskova, M., & Hall, N. (2009). Acoustics of epenthetic vowels in Lebanese

Arabic. Phonological Argumentation: Essays on Evidence and Motivation, 203-225.

Haddad, Y. A. (2006). Dialect and standard in second language phonology: The
case of Arabic. SKY Journal of Linguistics, 19, 147-171.

Hajek, ]., & Stevens, M. (2008). Vowel duration, compression and lengthening in
stressed syllables in central and southern varieties of standard Italian.

In INTERSPEECH (pp. 516-519).

Hall, N. (2006). Cross-linguistic patterns of vowel intrusion. Phonology, 23(03),
387-429.

Hall, N. (2010). Articulatory phonology. Language and Linguistics Compass, 4(9),
818-830.

Hall, N. (2011). Vowel epenthesis. In M. van Oostendorp, J. C. Ewen, E. Hume & K.
Rice (Eds.), The Blackwell compantion to phonology (pp- 1576-1596). U.K.: Wiley-
Blackwell.

281



Hall, N. (2013). Acoustic differences between lexical and epenthetic vowels in

lebanese arabic. Journal of Phonetics, 41(2), 133-143.

Halle, M., & Vergnaud, ]J. (1980). Three dimensional phonology.Journal of
Linguistic Research, 1(1), 83-105.

Hallé, P., & Ridouane, R. (2011). French listeners' deafness to Tashlhiyt Berber
/bi/-/bbi/. Proceedings of the 17t International Congress on Phonetic Sciences,
Hong Kong, 811-814.

Ham, W. (2001). Phonetic and phonological aspects of geminate

timing. Routledge.

Hamzah, H. (2010). Durational properties of initial geminate consonants in
Kelantan Malay. Proc. 13th Australasian International Conference on Speech

Science and Technology, 18-21.

Hamzah, H., Fletcher, J., & Hajek, J. (2011). Durational correlates of word-initial
voiceless geminate stops: the case of Kelantan Malay. Proceedings of the 17t

International Congress on Phonetic Sciences, Hong Kong, 89-92.

Hamzah, H., Hajek, ]., & Fletcher, J. (2012). A taste of prosody: possible effects of
the word-initial singleton-geminate contrast on post-consonantal vowel duration

in Kelantan Malay. Procedings of the 6th Speech Prosody, 490-493.

Hamabh, H. (2013). The acoustics and perception of the word-initial
singleton/geminate contrast in Kelantan Malay. PhD thesis, School of Languages
and Linguistics, Faculty of Arts, The University of Melbourne. Retrieved from

https://minerva-access.unimelb.edu.au/handle/11343 /38460

Han, M. S. (1994). Acoustic manifestations of mora timing in Japanese. The

Journal of the Acoustical Society of America, 96(1), 73-82.

Hankamer, J., Lahiri, A,, & Koreman, ]. (1989). Perception of consonant length:

Voiceless stops in Turkish and Bengali. Journal of Phonetics, 17(4), 283-298.

282



Harris, J. (1983). Syllable structure and stress in Spanish. Cambridge, Mass.: MIT

Press.

Harrison, S. P. (1995). Marshallese. In D. T. Tryon (Ed.), Comparative
Austronesian dictionary (pp. 895-903). Berlin, New York: Mouton de Gruyter.

Hassan, Z. M. (2002). Gemination in Swedish and Arabic with a particular
reference to the preceding vowel duration: An instrumental and comparative

approach. Proceedings of Fonetik, , 44 81-84.

Hayes, B. (1986). Inalterability in CV phonology. Language, 321-351.

Hayes, B. (1989). Compensatory lengthening in moraic phonology. Linguistic
Inquiry, 253-306.

Hayes, B. (1995). Metrical stress theory: Principles and case studies. University of

Chicago Press.

Henry, B. (1967). Grammatika Maltija. De La Salle Brothers.

Hermes, A. Auris, B, & Micke, D. (2014). Computational modelling for
syllabification patterns in Tashlhiyt Berber and Maltese. Proceedings of the 10th

International Seminar on Speech Production, Cologne, Germany.

Hermes, A., Miicke, D., & Grice, M. (2013). Gestural coordination of Italian word-

initial clusters: the case of “impure s”. Phonology, 30(1), 1-25.

Hermes, A., Ridouane, R., Mucke, D., & Grice, M. (2011). Kinematics of syllable
structure in Tashlhiyt Berber: the case of vocalic and consonantal nuclei. 9th

International Seminar on Speech Production, 1-6.

Hoberman, R. D., & Aronoff, M. (2003). The verbal morphology of Maltese. In J.
Shimron (Ed.), Language processing and acquisition in languages of Semitic, root-

based, morphology (pp. 61-78) Amsterdam; Philadelphia; J. Benjamins Pub.

283



Hume, E., Rose, D.,, & and Spagnol, M. (2014). Maltese word-final singleton-
geminate contrasts: an information-theoretic approach. In R. Kager, ]J.
Grijzenhout & K. Sebregts (Eds.), Where the principles fail. A festschrift for
Wimzonnefeld (pp. 89-101). OTS, Utrecht.

Hume, E., Muller, ]J., & van Engelenhoven, A. (1997). Non-moraic geminates in

Leti. Phonology, 14(03), 371-402.

Hume, E. Venditti, I, & Vella, A. (2009). Vowel duration and Maltese
‘gh’. Introducing Maltese Linguistics: Selected Papers from the 1st International

Conference on Maltese Linguistics, Bremen, 18 20 October, 2007.

Hussain, Q. (2015). Temporal characteristics of Punjabi word-medial singletons
and geminates. The Journal of the Acoustical Society of America, 138(4), EL388-
EL392.

Idemaru, K., & Guion, S. G. (2008). Acoustic covariants of length contrast in
Japanese stops. Journal of the International Phonetic Association, 38(02), 167-
186.

Idemaru, K. & Guion-Anderson, S. (2010). Relational timing in the production
and perception of Japanese singleton and geminate stops. Phonetica, 67(1-2), 25-

46.doi:10.1159/000319377 [doi]

Issa, A. (2015). On the phonetic variation of intervocialic geminates in Libyan
Arabic. In the Scottish Consortium for ICPhS 2015 (Ed.), Proceedings of the 18th
International Congress of Phonetic Sciences. Paper Number 0564.1-5,Glasgow, UK:

the University of Glasgow.

It6, ]. (1986). Syllable theory in prosodic phonology. Ph.D dissertation, University

of Massachusetts, Amherst.

It6, ]J. (1989). A prosodic theory of epenthesis. Natural Language & Linguistic
Theory, 7(2), 217-259.

Jespersen, O. (1904). Phonetische grundfragen. BG Teubner.

284



Jun, S, & Fougeron, C. (2000). A phonological model of French
intonation. Intonation (pp. 209-242) Springer.

Kahn, D. (1976). Syllable-based generalizations in English Phonology. Routledge
(reprinted in 2015).

Kambuziya, A. K. (2007). Arabic definite prefix: An autosegmental analysis. South
Asian Language Review, 17 (2).

Kawahara, S. (2003). On a certain type of hiatus resolution in

Japanese. Phonological Studies, 6, 11-20.

Kawahara, S. (2015). The phonetics of sokuon, obstruent geminates. The Mouton

Handbook of Japanese Language and Linguistics: Phonetics and Phonology.

Kawahara, S., Pangilinan, M., & Garvey, K. (2011). Spectral continuity and the
perception of duration: implications for phonological patterns of sonorant

geminates. Rutgers University Manuscript.

Kaye, ]J. (1992). Do you believe in magic? the story of s C sequences. Working
Papers in Linguistics and Phonetics, 2, 293-313.

Keating, P., Cho, T., Fougeron, C., & Hsu, C. (2004). Domain-initial articulatory
strengthening in four languages. Papers in Laboratory Phonology VI: Phonetic

Interpretation, 145-163.

Kenstowicz, M. ]. (1994). Phonology in generative grammar. Blackwell Oxford.

Khattab, G., & Al-Tamimi, J. (2014). Geminate timing in Lebanese Arabic: The
relationship between phonetic timing and phonological structure. Laboratory

Phonology, 5(2), 231-269.

Kiparsky, P. (1979). Metrical structure assignment is cyclic. Linguistic Inquiry,
10,421-442.

Kiparsky, P. (2003). Syllables and moras in Arabic. The Syllable in Optimality
Theory, 147-182.

285



Kiparsky, P. (2005). Where stochastic OT fails: A discrete model of metrical
variation. In Annual Meeting of the Berkeley Linguistics Society (Vol. 31, No. 1, pp.
409-430).

Kiparsky, P. (2011). Chains or Strata? The Case of Maltese. LingBuzz,
http://ling.auf.net/lingbuzz/001379.

Kraehenmann, A. (2001). Swiss German stops: Geminates all over the

word. Phonology, 18(01), 109-145.

Kraehenmann, A. (2011). Initial geminates. In M. van Oostendorp, ]. C. Ewen, E.
Hume & K. Rice (Eds.) The Blackwell companion to phonology. (pp- 1124-1145)
UK: Wiley-Blackwell

Kuznetsova, A., Brockhoff, B., P., & Bojesen, H., P. (2015). Tests in linear mixed
effects models.

Ladd, D. R, & Scobbie, J. M. (2003). External sandhi as gestural overlap?
counterevidence from Sardinian. Phonetic Interpretation: Papers in Laboratory

Phonology VI, 164-182.

Lahiri, A., & Hankamer, J. (1988). The timing of geminate consonants. Journal of

Phonetics, 16(3), 327-338.

Lai, R. (2015). Word-initial geminates in Sardinian. Quaderni Di Linguistica e

Studi Orientali, 1, 37-60.

Leben, W. R. (1980). A metrical analysis of length. Linguistic Inquiry, 11(3), 497-
509.

Lehiste, I. (1970). Suprasegmentals. MIT Press, Cambridge, MA.

Lehiste, [. (1966). Consonant quantity and phonological units in Estonian. Indiana

University.

286



Levin, ]. (1985).A Metrical Theory of Syllabicity. PhD diss., Massachusetts
Institute of Technology.

Lisker, L., & Abramson, A. S. (1964). A cross-language study of voicing in initial
stops: acoustical measurements. Word, 20(3), 384-422.

Local, John & Simpson, Adrian. (1999). Phonetic implementation of geminates in
Malayalam nouns.In John J. Ohala, Yoko Hasegawa, Manjari Ohala, Daniel
Granville, & Ashlee C. Bailey (Eds.), Proceedings of the 14th International Congress
of Phonetic Sciences, San Francisco, CA. 1, 595-598.

Maddieson, I. (1985). Phonetic cues to syllabification. Phonetic Linguistics: Essays
in Honor of Peter Ladefoged Edited by Vicki Fromkin, 203-221.

Maddieson, [, & Ladefoged, P. (1996). The sounds of the world's languages.
Cambridge, Mass. & Oxford: Blackwell.

Marslen-Wilson, W.D. (1984). Function and process in spoken word-recognition.
In H. Bouma and D.G. Bouwhuis (Eds.) Attention and Performance X: Control of

language processes. Hillsdale. NJ: Erlbaum.

Marslen-Wilson, W.D., & Tyler, L.K. (1980). The temporal structure of spoken
language understanding. Cognition, X. 1-71.

McCarthy, J. J. (1981). A prosodic theory of nonconcatenative
morphology. Linguistic Inquiry, 12(3), 373-418.

McCarthy, J. J. (1993). A case of surface constraint violation. Constraint-Based
Theories in Multilinear Phonology, Special Issue of Canadian Journal of

Linguistics, 169.

McCarthy, J. ]J. (2005). Optimal paradigms. Linguistics Department Faculty
Publication Series Paper 55. Retrieved from
http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1054&context=ling

uist_faculty_pubs

287



Mifsud, M. (1995). Loan verbs in Maltese: a descriptive and comparative study.
Brill.

Mifsud, M. (2008). Maltese. Encyclopedia of Arabic Language and Linguistics, 3,
146-159.

Muller, J. S. (2001). The Phonology and Phonetics of Word-Initial Geminates. PhD
diss., The Ohio State University .

Muller, J. S. (2003). The production and perception of word initial geminates in
Cypriot Greek. Proceedings of the 15th International Congress of Phonetic
Sciences, 1867-1870.

Nespor, M., & Vogel, 1. (1986). Prosodic phonology. Foris Publication: Dordrecht,
Holland.

Nirgianaki, E., Fourakis, M., & Chaida, A. (2009). Temporal characteristics of
Greek fricatives. Paper for the 9% |International Conference on Greek

Linguistics, Chicago, Illinois.

Norris, D. (1994). Shortlist: A connectionist model of continuous speech

recognition. Cognition, 52(3), 189-234.

Obrecht, D. H. (1965). Three experiments in the perception of geminate
consonants in Arabic. Language and Speech, 8(1), 31-41.

Ogasawara, N. (2006). Processing of speech variability: Vowel reduction in

Japanese. PhD diss., University of Tucson, Arizona.

Ohala, J. J. (1983). The origin of sound patterns in vocal tract constraints. The

production of speech (pp. 189-216). Springer.

Pajak, B. (2013). Non-intervocalic geminates: Typology, acoustics,

perceptibility. San Diego Linguistics Papers, 4.

Parker, S. (2008). Sound level protrusions as physical correlates of

sonority. Journal of Phonetics, 36(1), 55-90.

288



Parker, S. (2011). Sonority. In M. van Oostendorp, J. C. Ewen, E. Hume & K. Rice
(Eds.), The Blackwell companion to phonology. (pp- 1160-1184). U.K.: Wiley-
Blackwell.

Payne, E. M. (2005). Phonetic variation in Italian consonant gemination. Journal

of the International Phonetic Association, 35(02), 153-181.

Pierrehumbert, J., & Talkin, D. (1992). Lenition of/h/and glottal stop. Papers in
Laboratory Phonology II: Gesture, Segment, Prosody, 90-117.

Prince, A. (1997). Paninian relations. Lecture given at LSA Summer Institute,
Cornell University. Retrieved from [http://ruccs.rutgers.edu/images/personal-

alan-prince/gamma/talks/panrel-mbg.pdf]

Puech, G. (1979). Les Parlers Maltais: Essai De Phonologie Polylectale. PhD diss.,

L’université Lyon II.

Pulleybank, D. (1988). Vowel deletion in Yoruba. Journal of African languages and
linguistics, 10, 117-136.

Pycha, A. (2007). Phonetic vs. phonological lengthening in affricates. UC Berkeley
Phonology Lab Annual Report.

Pycha, A. (2009). Lengthened affricates as a test case for the phonetics-
phonology interface. Journal of the International Phonetic Association, 39(01), 1-

31.

R Core Team. (2013-2016).R: A language and environment for statistical

computing R Foundation for Statistical Computing.

Raymond, M., & Parker, S. (2005). Initial and medial geminate trills in Arop-
Lokep. Journal of the International Phonetic Association, 35(01), 99-111.

Redi, L., & Shattuck-Hufnagel, S. (2001). Variation in the realization of
glottalization in normal speakers. Journal of Phonetics, 29(4), 407-429.

289



Ridouane, R. (2007). Gemination in Tashlhiyt Berber: An acoustic and
articulatory study. Journal of the International Phonetic Association, 37(02), 119-
142.

Ridouane, R. (2010). Geminates at the junction of phonetics and

phonology. Papers in Laboratory Phonology X, 61-90.

Ridouane, R, & Hallé, P. (2011). On the perceptual reliability of articulation
without acoustics. Proceedings of the 17t International Congress on Phonetic

Sciences, Hong Kong, 1690-1693.

Ringen, C., & Vago, R. M. (2011). Geminates: Heavy or long. In E. Raimy, C.E.
Cairns (Eds.) Handbook of the syllable (pp. 155-169). Brill.

Said, M. ]. (2007). In-Naduri: Is-sistema vokalika u differenzi lessikali [Naduri: The

vocalic system and lexical differences]. B.A. (Hons.) diss., University of Malta.

Schaeffler, F. (2005). Phonological quantity in Swedish dialects: Typological

aspects, phonetic variation and diachronic change. PhD diss., Umed University.

Selkirk, E. O. (1984). On the major class features and syllable theory. In M.
Aronoff, & R. T. Oerhle (Eds.), Language sound structure: Studies in phonology
dedicated to Morris Halle by his teachers and students. (pp. 107-113) Cambridge:
MIT Press.

Selkirk, E.O. (1995). The prosodic structure of function words. In J.N. Beckman, S.
Urbanczyk, and L. Walsh Dickey (Eds.), University of Massachusetts Occasional
Papers in Linguistics 18: Papers in Optimality Theory, 439-470. Amherst: GLSA.

Shaw, J. A,, Gafos, A. 1., Hoole, P., & Zeroual, C. (2011). Dynamic invariance in the
phonetic expression of syllable structure: a case study of Moroccan Arabic

consonant clusters. Phonology, 28(03), 455-490.

Spagnol, M. (2011).A Tale of Two Morphologies: Verb Structure and Argument

Alternations in Maltese. PhD diss., University of Konstanz.

290



Steriade, D. (1982). Greek Prosodies and the Nature of Syllabification. PhD diss.,

Universite Laval.

Stevens, M., Hajek, J., & Absalom, M. (2002). Raddoppiamento sintattico and
glottalization phenomena in I[talian: a first phonetic excursus. Proceedings of the

9th Australian International Conference on Speech Science & Technology, 154-159.

Sutcliffe, E. F. (1936). A grammar of the Maltese language with chrestomathy and

vocabulary. Oxford University Press.

Thurgood, G. (1993). Geminates: a cross-linguistic examination. Papers in Honor
of Frederick H. Brengelman on the Occasion of the Twenty-Fifth Anniversary of the
Department of Linguistics, CSU Fresno, 129-139.

Topintzi, N. (2008). On the existence of moraic onset geminates. Natural

Language & Linguistic Theory, 26(1), 147-184.

Topintzi, N. (2010). Onsets: Suprasegmental and prosodic behavior. Cambridge

University Press.

Topintzi, N. (2011). Onsets. In M. van Oostendorp, J. C. Ewen, E. Hume & K. Rice
(Eds.), The Blackwell companion to phonology. (pp- 1285-1308). U.K.: Wiley-
Blackwell.

Tranel, B. (1991). CVC light syllables, geminates and moraic
theory. Phonology, 8(02), 291-302.

Tserdanelis, G., & Arvaniti, A. (2001). The acoustic characteristics of geminate
consonants in Cypriot Greek. Proceedings of the Fourth International Conference

on Greek Linguistics, 29-36.

Turk, A. E., & Shattuck-Hufnagel, S. (2007). Multiple targets of phrase-final
lengthening in American English words. Journal of Phonetics, 35(4), 445-472.

Twist, A. (2006).A psycholinguistic investigation of the verbal morphology of

Maltese. PhD diss., University of Arizona, Tucson.

291



Van der Hulst, H. (1984). Syllable structure and stress in Dutch. Foris Pubns USA.

van der Hulst, H.,, & Ritter, N. (1999). The syllable: Views and facts. Walter de
Gruyter.

Vella, A. (1995). Prosodic structure and intonation in Maltese: Influence on Maltese

English. PhD diss., University of Edinburgh.

Vella, A. (2012). Languages and language varieties in Malta. International Journal

of Bilingual Education and Bilingualism, 16(5), 532-552.

Watson, J. C. (2007). The phonology and morphology of Arabic. Oxford University

Press.

Watson, J. C. (2007). Syllabification patterns in Arabic dialects: Long segments
and mora sharing. Phonology, 24(02), 335-356.

Willson, H. (2003). A brief introduction to Marshallese phonology. Ms., UCLA.

Wiltshire, C. (1998). Extending  ALIGN constraints to  new
domains. Linguistics, 36(3), 423-468.

Wolf, M. (2011). Cyclicity and non-cyclicity in Maltese: Local ordering of
phonology and morphology in OT-CC. LingBuzz,
http://ling.auf.net/lingBuzz/001319.

Youssef, I. (2013). Place assimilation in Arabic: Contrasts, features, and

constraints. PhD diss., University of Tromsg.

Zec, D. (1995). Sonority constraints on syllable structure. Phonology, 12(01), 85-
129.

Zec, D. (2007). The syllable.In P. De Lacey (Ed.) The Cambridge handbook of
phonology (pp- 161-194). Cambridge University Press.

Zimmerman, S. A., & Sapon, S. M. (1958). Note on vowel duration seen cross-

linguistically. The Journal of the Acoustical Society of America, 30(2), 152-153.

292



Appendix 1: Linguistic background questionnaire (based on Twist 2006)

Please answer the following questions about your language background.

1. Whatis your occupation?

2. In which town or region did you grow up?

3. In which town or region do you now live?

4.  What language(s) were spoken often in the home where you grew up? (In
this and subsequent questions, if you tick multiple languages, please specify
the approximate percentage of time applicable to each language. For
instance, if Maltese was spoken most of the time in your childhood home,
but some English was also spoken, you could indicate Maltese: 90% and

English:10%)

a. Maltese %
b. English %
c. Other (please specify) %

5. What type of primary school did you attend?
a. State
b. Church

c. Independent

6. What was the primary language spoken in this school? Please indicate all that

apply.
a. Maltese %
b. English %
c. Other (please specify) %
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7. What type of secondary school did you attend?
a. State
b. Church

c. Independent

8. What was the primary language spoken in this school? Please indicate all that

apply.
a.Maltese__ %
b.English_ %
c. Other (please specify) %

9. Did you attend university?
a.No
b. Yes
Please list number of years attended ____

Highest degree obtained

Course of study.

If your university training was in a country other than Malta, please

specify the institution and languages used:

10. In which language(s) do you usually speak to the following people?
a. Father
b. Mother

c. Grandparents
d. Siblings
e. Children

f. Friends

g. Co-workers

h. Customer/clients/other business contacts
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11. In which language(s) are the newspapers and magazines you read regularly?

a. Maltese %
b. English %
c. Other (please specify) %

12. In which language(s) are the television programs you watch regularly?

a. Maltese %
b. English %
c. Other (please specify) %

13. Please list all languages you speak and rate your overall proficiency in each:

Maltese: Excellent Good Not Bad Bad
b. English: Excellent Good Not Bad Bad

8

c. Other : Excellent Good Not Bad Bad
d. Other : Excellent Good Not Bad Bad
e. Other : Excellent Good Not Bad Bad

14.What is the longest period of time you have spent continuously outside of
Malta?

a. Never been outside Malta

b. One week or less

c. Less than one month

d. Two to five months

e. Six months to a year

f. Longer than one year

15. Which language(s) did you use most during this absence?
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16. On average, how much time do you spend outside of Malta per year?
a. None
b. One week or less
c. Less than one month
d. Less than six months

e. More than six months

17. Which language(s) do you use most during these absences?
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Appendix 2

Production Study 2: Target words containing word-initial / word-medial segments.

The target words for production study 2 were chosen from gabra (Camilleri 2013) and from Aquilina (2006) Concise Maltese English

English Maltese dictionary. In most of the word-medial geminate cases, the target words contain the suffix -lu, which means ‘to/for him’.

This was not added in the translation of the words as the translations sounded odd. Nonetheless, these are actual words in Maltese.

WORD-INITIAL

WORD-MEDIAL

Segment

Singleton

Geminate

Singleton

Geminate

/p/

/'petpet/ patpat ‘to gossip’ /p'pekje/ ppakja ‘to pack’

/se'pu:n/ sapun ‘soap’

/dzep'pun/ Gappun ‘Japan’

/'ponte/ ponta ‘a sharp end’” | /p'ponte/ pponta ‘to point’

/ke'petfi/ kapaci ‘capable’

/pep'pine/ Peppina ‘name’

/'perti/ parti ‘part’

/p'perkje/ pparkja ‘to park’

/te'piti/ tapiti ‘carpets’

/tepprri/ tappieri ‘manhole’
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/t/

/'telleb/ tallab hyp

/t'telleb/ ttallab ‘to beg for
s.th’

/fe'tehlu/ fetahlu ‘he opened’

/fet'tehlu/ fettahlu ‘he kept

on opening’

/'telle?/ tellaq ‘to race’

/t'telle?/ ttellaq ‘to be raced’

/fe'tetlu/ fetaqlu ‘he stitched’

/fey'tetlu/ fettaqlu ‘he
stitched and unstitched

again’

/'telle:/ tella’ ‘to raise’

/t'telle:/ ttella ‘to be raised

/he'terlu/ hatarlu ‘he

elected’

/het'terlu/ hattarlu ‘he was

elected’

/k/

/'’kewze/ kawza ‘cause’

/k'kewze/ kkawza ‘to cause’

/be'kerlu/ bakarlu ‘he

anticipated’

/bek'’kerlu/ bakkarlu ‘he got

up early’

/'kerige/ kariga ‘post’

)

/K'kerige/ kkariga ‘to harge

/rr’kiblu/ rikiblu ‘he rode’

/rik'’kiblu/ rikkiblu ‘it was

ridden’

/'’konferme/ konferma

‘confirmation’

/K'konferme/ kkonferma ‘to

confirm’

/he'kimlu/ hakimlu ‘he

ruled’

/hek'’kimlu/ hakkimlu ‘he

governed’
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/m/

/'merke/ marka ‘mark’

/m'merke/ mmarka ‘to

mark’

/s€'melu/ semalu ‘he

listened’

/sem'melv/ semmalu ‘he

made him hear’

/'mire/ mira ‘aim’

/m'mire/ mmira ‘to aim’

/se'metlu/ samatlu ‘he

scaled’

/nem'mislo/ nemmislu ‘he

looked at girls’

/'mu:te/ muta ‘muteness’

/m'mu:te/ mmuta ‘to make

silent’

/e:'mizlu/ hemizlu ‘he

attached’

/em'mizlo/ hemmizlu ‘it was

attached’

/n/ /'mettes/ naqqas ‘to reduce’ | /n'nettes/ nnaqqas ‘to be /he'netlv/ hanaqlu ‘he /hen'netlu/ hannaqlu ‘he
reduced’ strangled’ strangled slowly’
/'mo:te/ nota ‘note’ /n'no:te/ nnota ‘to notice’ /ki'nislu/ kinislu ‘he swept’ /den'nislu/ dennislu ‘he
dimmed’
/nifs/ nifs ‘breath’ /n'nifsi/ nnifsi ‘myself’ /di'niblu/ diniblu ‘he sinned’ | /[en'ne?lu/ xennaqlu ‘he
aroused an appetite’
/t/ /'fenfru/ fanfru ‘pilot fish’ /ffenge/ ffanga ‘to eat too /ne'ferlu/ nafarlu ‘he took /nefferlu/ naffarlu ‘he

much’

fright of s.th’

startled’

/'firme/ firma ‘signature’

/ffirme/ ffirma ‘he signed’

/ne'fetlu/ nefaqlu ‘he spent’

/neffetlu/ neffaqlu ‘he made

so spend’

/'forme/ forma ‘form’

/fforme/ fforma ‘to form’

/nr'fidlu/ nifidlu ‘he pierced’

/nif'fidlv/ niffidlu ‘he pierced
forcefully’
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/s/

/'sebber/ sabbar ‘to console’

/s'sebber/ ssabbar ‘to be

comforted’

/te'semlu/ gasamlu ‘he

broke’

/tes'semlu/ qassamlu ‘he

distributed’

/'sebbet/ sabbat ‘to bang’

/s'sebbet/ ssabbat ‘to be

banged’

/be'serlu/ basarlu ‘he

predicted’

/bes'serlu/ bassarlu ‘he

forecasted’

/'sikket/ sikket ‘to silence’

/s'sikket/ ssikket ‘to be

silenced’

/Kkt'sirlu/ kisirlu ‘he broke’

/kis'sirlu/ kissirlu ‘he broke

to pieces’

/17

/'[ehhem/ xahham ‘to fatten’

/[ [ehhem/ xxahham ‘to

become fat’

/be'ferlu/ baxarlu ‘he told’

/befferlu/ baxxarlu ‘he

announced’

/'[ebbeh/ xebbah ‘to liken’

/[ Jebbeh/ xxebbah ‘to be
likened’

/kt'[iflo/ kixiflu ‘he

uncovered’

/kif' [iflu/ kixxiflu ‘he made

s.0. disclose s.th’

/'[femmer/ xammar ‘to fold

back’

/[ [emmer/ xxammar ‘to be

folded back’

/nt'[iflv/ nixiflu ‘he became

)

dry

/nif[iflo/ nixxiflu ‘he dried’
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/Y

/'liberu/ liberu ‘free’

/I'libere/ llibera ‘to make s.o.

free’

/se'leblu/ salablu ‘he

crucified’

/sel'leblu/ sallablu ‘he

crucified’

/limrto/ limitu ‘limit’

/I'limrte/ llimita ‘to limit’

/te'letlu/ telaglu ‘he left’

/tel'letlu/ tellaglu ‘he took

partin a race’

/'likwidu/ likwidu ‘liquid’

/I'likwide/ llikwida ‘to
liquefy’

/de'lemlu/ dalamlu ‘it got
dark’

/del'lemlu/ dallamlu ‘he

made it dark’

/x/

/'rebje/ rabja ‘anger’

/r'rebje/ rrabja ‘to get angry’

/de'reblu/ darablu ‘he

injured’

/der'reblu/ darrablu ‘he

stroke’

/'retfte/ recta ‘a play’

/r'retfte/ rrecta ‘he acted’

/be'remlu/ baramlu ‘he

twisted’

/ber'remlu/ barramlu ‘he

twisted vigorously’

/ri:t/ rit ‘rite’

/r'rid/ rrid ‘1 want’

/fe'rehlu/ ferahlu ‘he was
glad’

/fer'rehlu/ ferrahlu ‘he made
s.0. happy’
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/4/

/'tfehhed/ ¢ahhad ‘to

deprive s.o. of s.th’

/t'tfehhed/ ¢ccahhad ‘to

deprive onself’

/be'tfir/ bacir ‘dock’

vet['t[in/ vacééin ‘vaccine’
/vet[tfin/

/'tJekken/ ¢ekken ‘to make

smaller’

/t'tfekken/ ¢cekken ‘to be

humiliated’

/pe:'tfi/ paci ‘peace’

/ketf'tf1/ kecci ‘to send away’

/'tferret/ carrat ‘to tear’

/tf'tferret/ ccarrat ‘to be

torn’

/tJu'tfete/ cucata ‘s.th silly’

/tutf'tfete/ qucécata ‘peak’
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Appendix 3

Target words used in production 3. The containing word-medial / word-final segments.

The target words for Production Study 3 were chosen from gabra (Camilleri 2013) and from Aquilina (2006) Concise Maltese English

English Maltese dictionary.

WORD-MEDIAL WORD-FINAL
Segment | Singleton Geminate Singleton Geminate
/p/ /'pepe/ papa ‘pope’ /'peppe/ pappa ‘food’ /tr:p/ tip ‘type’ /z1pp/ Zipp “zipper’
/'kopri/ kopri ‘cover’ /'koppje/ koppja ‘couple’ /ke:p/ kap ‘boss’ /tepp/ tapp ‘tap’
/'repe/ Rapa ‘surname’ /'meppe/ mappa ‘map’ /kir'ko:p/ Kirkop ‘name of /kopp/ kopp ‘a catching net’
town’
/t/ /'teter/ qatar ‘to drip’ /'tetter/ gattar ‘to drip’ /be:t/ baghat ‘he sent’ /tett/ qatt ‘never’

/'beten/ batan ‘to breed’

/'betten/ battan ‘to grid the

belly of a horse’

/vo:t/ vot ‘vote’

/bott/ bott ‘bottle’

/'fetet/ fetaq ‘to unstitch’

/'fette?/ fettaq ‘to stitch and

unstitch again’

/si:t/ sit ‘site’

/sitt/ sitt ‘six’
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/k/

/'siket/ siket ‘to be silent’

/'sikket/ sikket ‘to silence’

/'de:k/ dak ‘that (m.)’

/hekk/ hakk ‘to scratch’

/'bikem/ bikem ‘to become

mute’

/'bikkem/ bikkem ‘to

dumbfound’

/1o:k/ lok ‘place’

/[2:kk/ xokk ‘shock’

/'nikeb/ nikeb ‘break off

/'tJekken/ ¢ekken ‘to make

/duk/ dik ‘that (£)’

/z1kk/ Zikk ‘used to mean

direction’ small’ petty’
/t/ /'tefel/ qafel ‘to close’ /'teffel/ qaffel ‘to lock /te:f/ taf ‘you know’ /Kkeff/ keff ‘to hem’
repeatedly’
/'lefe?/ lefaq ‘to sob’ /'leffe?/ leffaq ‘to sob /su:f/ suf ‘wool’ /goft/ goff ‘rudely’
frequently’
/'rifes/ rifes ‘to tread upon’ /'riffes/ riffes ‘to tread on /e:f/ ghaf ‘to know’ /seff/ saff ‘layer’
s.th. repeatedly’
/s/ /'kiseb/ kiseb ‘to acquire’ /'kisseb/ kisseb ‘to obtain’ /re:s/ ras ‘head’ /ress/ rass ‘to press’

/'meseb/ nasab ‘to trap’

/'nesseb/ nassab ‘to lay

traps’

/bi:s/ bies ‘to kiss’

/biss/ biss ‘only’

/'rese?/ resaq ‘to approach’

/'resset/ ressaq ‘to bring

s.th. closer’

/ne:s/ nghas ‘sleepy’

/hess/ hass ‘to feel’
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1/

/'nifef/ nixef ‘to dry up’

/'niffef/ nixxef ‘to dry’

/e:[/ ghax ‘because’

/bef]/ baxx ‘shallow’

/'nefer/ naxar ‘to hang’

/'neffer/ naxxar ‘hyp.

/mi:[/ mhix ‘isn’t’

Jif[/ lixx ‘smooth’

/'mefet/ maxat ‘to comb’

/'be[[e?/ bexxaq ‘to leave

ajar’

/€:[/ ghex ‘to live’

/be[[/ bexx ‘to spray’

/1/ /'e:let/ ghalaq ‘to close’ /elle?/ ghallaq ‘to hang’ /dze:l/ geghel ‘to compel’ /dell/ dell ‘shade’
/'heleb/ haleb ‘to milk’ /'helleb/ halleb ‘to milk cows | /be:l/ baghal ‘mule’ /hell/ hall ‘vinegar’
milk’
/'teleb/ qaleb ‘to turn’ /'telleb/ qalleb ‘to turn s.th. | /nr'ko:l/ Nikol ‘name’ /u:'koll/ ukoll ‘as well’
over’
/r/ /"tered/ gered ‘to destroy’ /"terred/ qerred ‘to /de:r/ dar ‘house’ /de:rr/ darr ‘cause harm’

whimper’

/'mered/ marad ‘to become

sick’

/'merred/ marrad ‘to cause

s.o. to fall in’

/do'lo:r/ Dolor ‘name’

/1'd3o:rr/ igorr ‘he moves’

/'hereb/ harab ‘to run away’

/'herreb/ harrab ‘to make

s.0.run away’

/tfe:r/ car ‘clear’

/dzerr/ garr ‘to carry’
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/47

/'vitf1/ vici ‘vice’

/'bit[t[e/ bicca ‘a piece’

/so:t[/ soc¢ ‘short for

member’

/pe'potft[/ papocc ‘slippers’

/'vut[i/ vuci ‘voice’

/'nit[tfe/ ni¢¢a ‘niche’

/ver'ni:t[/ ver'ni¢ ‘varnish’

/kep'ritft[/ kap'ricc ‘caprice’

/'bet[1/ Baci ‘choclate brand’

/'botftfe/ bocca ‘marble’

/fe'li:t[/ Feli¢ ‘name’

Jwitft[/ wicé ‘face’
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Appendix 4

List of words and glosses for the perception experiment in Chapter 8. Glosses taken from the online open access lexicon gabra?

(Camilleri 2013).

/t/

/d/

/s/

/57

[tittellef] / [ttellef] ttellef ‘to be

made to lose’

[1ddebber] / [ddebber]| ddabbar

‘to be temporarily patched up’

[1ssebber] / [ssebber] ssabbar

‘to be comforted’

[1Jebbet] / [[Jebbet] xxabbat ‘to

climb’

[tellef] tellef ‘to cause s.o. to

[debber] dabbar ‘to manage to

[sebber] sabbar ‘to console’

[Jebbet] xabbat ‘to cause s.th. to

lose’ acquire’ climb’

[itteffe] / [tteffe] ttaffa ‘to | [1ddehhen] / [ddehhen] | [1ssebbet] / [ssebbet] ssabbat | [1ffemmer] / [[Jemmer]

subside’ ddahhan ‘to be covered with | ‘to be banged’ xxammar ‘to roll up one’s
smoke’ sleeves’

[teffe] taffa ‘to alleviate’ [dehhen] dahhan ‘to emit | [sebbet] sabbat ‘to bang’ [[femmer] xammar ‘to roll up
smoke’ one’s sleeves’

L http://mlrs.research.um.edu.mt/resources/gabra
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[itteme] / [tteme] ttama ‘to

hope’

[t[ddemdem] / [ddemdem]
ddamdam ‘to be filled with loud

noise’

[1sseddet] / [sseddet] ssaddad

‘to become rusty’

[1Jehfeh] / [[fehfeh] xxahxah ‘to

get cozy’

[teme] tama ‘hope’

[demdem] damdam ‘to resound’

[seddet] saddad ‘to rust’

[Jehfeh] xahxah ‘to get cozy’

[1tteppen] / [tteppen] ttappan

‘to become less transparent’

[1ddellem] / [ddellem] ddallam

‘to grow dark’

[1sseffe] / [sseffe] ssaffa ‘to be

cleansed’

[1ffehhem] / [[Jehhem] xxahham

‘to become fat’

[teppen] tappan ‘to make less

transparent’

[dellem] dallam ‘to obscure’

[seffe] saffa ‘to cleanse’

[Jehhem] xahham ‘to fatten’

[1ttettep] / [ttettep] ttagqab ‘to

be pierced’

[1dderres] / [dderres] ddarras

‘to be displeased’

[1sseffer] / [sseffer] ssaffar ‘to
be whistled’

[1femmem] /

xxammem ‘to sniff’

[[Jemmem]

[tet?ep] taqqab ‘to pierce’

[derres] darras ‘to displease’

[seffer] saffar ‘to whistle

[Jfemmem] xammem ‘to sniff’

[1ttejjer] / [ttejjer] ttajjar ‘to be

flown’

[1ddeffes] / [ddeffes] ddeffes ‘to

poke one’s nose’

[1ssejjer] / [ssejjer] ssajjar ‘to be

cooked’

[1Jeppep] / [ffeppep] xxappap
‘to be dipped’

[tejjer] tajjar ‘to make s.th fly’

[deffes] deffes ‘to push s.th. in’

[sejjer] sajjar ‘to cook’

[Jeppep] xappap ‘to douse in

water’
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[itterref] / [tterre[] ttarraf ‘to

be hinted at’

[tddenden] /

ddandan ‘to show off’

[ddenden]

[1ssekker] / [ssekker] ssakkar

‘to lock oneself in’

[1ffender] / [[fender] xxandar ‘to

be broadcast’

[terref] tarraf ‘to hint at’

[denden] dandan ‘to bring up
s.th. gently’

[sekker] sakkar ‘to shut’

[Jender] xandar ‘to advertise’

[ittewwel] / [ttewwel] ttawwal

‘to be lengthened’

[1ddet?es] / [ddef?es] ddaqqas

‘to assume the right

proportions’

[1ssemmer] / [ssemmer]

ssammar ‘to be nailed’

[1Jetter] / [[Jette?] xxaqqaq ‘to
split’

[tewwel] tawwal ‘to lengthen’

[de??es] daqqas ‘to proportion’

[semmer] sammar ‘to nail’

[Jet?e?] xagqaq ‘to split’

[ttteftef] / [tteftef] tteftef ‘to be

handled using fingers’

[tdderder] / [dderder] ddardar

‘to feel nausea’

[1ssebbeh] / [ssebbeh] ssebbah

‘to be made beautiful’

[1Jerreb] / [[ferreb] xxarrab ‘to

get wet’

[teftef] teftef ‘to nibble’

[derder| dardar ‘to turn s.o.’s

stomach’

[sebbeh] sebbah ‘to make

beautiful’

[Jerreb] xarrab ‘to wet’

[1ttetrel] / [ttet?el] ttagqal ‘to be

made heavier’

[tddewwer] / [ddewwer]

ddawwar ‘to made to turn’

[1sselve] / [sselve] ssalva ‘to be

saved’

[JTewwet] / [[fewwet] xxawwat

‘to be burnt’

[tet?el] taqqal ‘to make s.th.

heavy’

[dewwer] dawwar ‘to turn’

[selve] salva ‘to save’

[Jewwet] xawwat ‘to scald’
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[ittelle] / [ttelle] ttella’ ‘to be

raised’

[1ddejjen] / [ddejjen] ddejjen ‘to

run into debt’

[1ssedde?] / [ssedde?] sseddaq

‘to be proved true’

[febbeh] / [[febbeh] xxebbah

‘to be likened’

[telle] tella’ ‘to raise’

[dejjen] dejjen ‘to sell on credit’

[sedde?] seddaq ‘to render’

[Jebbeh] xebbah ‘to liken’

[tttelle?] / [ttelle?] ttellaq ‘to be

raced’

[iddellek] / [ddellek] ddellek “to

be covered in liquids’

[1sseffet] / [sseffe?] sseffaq ‘to

grow dense’

[Jejjer] / [[Jejjer] xxejjer ‘to flap’

[telle?] tellaq ‘to race’

[dellek] dellek ‘to grease’

[seffe?] seffaqg ‘to cause to

become thick’

[Jejjer] xejjer ‘to wave goodbye’

[1ttenne] / [ttenne] ttenna ‘to be

repeated’

[1ddeffen] / [ddeffen] ddeffen ‘to

ground’

[1ssefsef] / [ssefsef] ssefsef ‘to be

sucked’

[Jellef] / [[lellef] xxellef ‘to
become chipped’

[tenne] tenna ‘to repeat’

[deffen] deffen ‘to grind pottery’

[sefsef] sefsef ‘to suck’

[Jellef] xellef ‘to chip’

[ittellep] / [ttellep] ttallab ‘to

)

beg

[tddennes] / [ddennes] ddennes

‘to become opaque’

[1ssellef] / [ssellef] ssellef ‘to

borrow’

[[femmef] / [[Jemme[] xxemmex

‘to sun onself’

[tellep] tallab ‘hyp.’

[dennes] dennes ‘to dim’

[sellef] sellef ‘to lend’

[Jemme[] xemmex ‘to sun’

[itterte?] / [tterte?] ttertaq ‘to be
shredded’

[1ddejjef] / [ddejjef] ddghajjef ‘to

be weakened’

[1ssellem] / [ssellem] ssellem ‘to

be greeted’

[1fferre?] / [[Jerre?] xxerraq ‘to

cause to choke (ref.)’

[terte?] tertaq ‘to shred’

[dejjef] dghajjef ‘to weaken’

[sellem] sellem ‘to salute’

[Jerre?] xerraq ‘to cause s.b. to

choke’
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[1tterter] / [tterter] tterter ‘to be

made to shiver’

[tddewwe] / [ddewwe] ddewwa

‘to be cured’

[1ssemme] / [ssemme] ssemma’

‘to eavesdrop’

[1fJenne?] / [[Jenne?] xxennaq ‘to

long for’

[terter] terter ‘to shiver’

[dewwe] dewwa ‘to cure’

[semme] semma’ ‘to make one

hear’

[Jenne?] xennaq ‘to arouse a

longing’

[1ttemtem] / [ttemtem] ttemtem

‘to start stuttering’

[1ddendel] / [ddendel] ddendel
‘to be hung’

[1sserrep] / [sserrep] sserrep ‘to

be meandering’

[Jewwe[] / [[fewwe[] xxewwex

‘to be incited’

[temtem] temtem ‘to stutter’

[dendel] dendel ‘to hang’

[serrep] serrep ‘to meander’

[Jewwe[] xewwex ‘to incite’

[1ddejjer] / [ddejje?] ddejjag ‘to

be annoyed’

[1ssolve] / [ssolve] ssolva ‘to be

solved’

[1fferret] / [[Jerret] xxerred ‘to

scatter’

[dejje?] dejjaq ‘to annoy’

[solve] solva ‘to solve’

[Jerret] xerred ‘to scatter’

311




Luke Galea

Institute for Linguistics-Phonetics,
University of Cologne,
Herbert-Lewin Strasse, 6,

50931 Cologne

EDUCATION

April 2013 - Ph.D. Student

March 2016 Institute for Linguistics-Phonetics, University of Cologne
October 2010 - M.A. Psycholinguistics and Neurolinguisitcs
September 2011 University of Essex

October 2009 - Qualifying year in Linguistics

July 2010 University of Malta

October 2006 - B.A. Linguistics and Psychology

July 2009 University of Malta

(SELECTED) ORAL AND POSTER PRESENTATIONS

August 2015

June 2015

May 2014

PUBLICATIONS

Galea, L., Grice, M. Hermes, A., & Gatt, A. ‘Cues to
gemination in Maltese’; oral presentation at 18t
International Congress of Phonetic Sciences (ICPhS)
Glasgow.

Galea, L., Grice, M., & Hermes, A. ‘Word-initial insertions in
Maltese’; poster presentation at PaPE, University of
Cambridge.

Galea, L., Grice, M., Hermes, A., & Muecke, D., ‘Lexical and
surface geminates in Maltese’; poster presentation at 10t
International Seminar of Speech Production, Cologne.

2015: Galea, L., Hermes, A., Gatt, A., Grice, M. ‘Cues to gemination in word
initial position in Maltese’. In: Proceedings of 18®" ICPhS 2015.

2014: Galea, L., Grice, M., Hermes, A., & Muecke, D., ‘Lexical and surface
geminates in Maltese’. In: Proceedings of 10" International Seminar of Speech
Production, Cologne (pp. 130-133).




