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1

Introduction

Phonological typology is concerned with the study of the distribution and behavior
of sounds found in human languages of the world. One thread of typological
research in phonology involves defining the range of cross-linguistic variation and
the relative frequency of phonological patterns. Another line of investigation
attempts to couch these typological observations within theories designed to
model and explain the human knowledge of and capacity to acquire phonological
systems. Both of these research programs require a cross-linguistic database from
which to draw generalizations. They often differ, however, in the ultimate purpose
to which the typological data is put to use, a difference that has consequences for
the methodology employed by the researcher. Because phonological theory dating
back to work by Trubetzkoy (1939), Hockett (1955), Jakobson (1962), Jakobson
etal. (1963) has characteristically been concerned with explaining and modeling
cross-linguistic variation, typology has become largely inseparable from most
research in phonology, a close bond that is obvious even in casual inspection of
the phonology literature (Hyman 2007a). Most chapters in recent handbooks of
phonological theory explore particular phonological phenomena, e.g. phoneme
inventories, syllable structure, harmony processes, etc., providing an overview of the
typology of the relevant phenomenon and a summary of theories designed to account
for the range of patterns. One of the current dominant paradigms in phonological
theory, Optimality Theory, is well suited to capturing typological variation since it
employs a set of competing constraints on phonological well-formedness that can be
prioritized differently in different languages (see Chapter 2 for discussion).

1.1 Phonological typology exemplified: the case of sonority

To illustrate the role of typology in phonological theory, let us consider the
property of sonority, which, though difficult to pinpoint phonetically (see
Parker 2002, 2008, 2011), corresponds roughly to a measure of acoustic loudness.
Phonologically, sonority manifests itself through a number of phonological phe-
nomena that are sensitive to a prominence scale like the one in Figure 1.1
(Clements 1990, Parker 2002, 2008).

One example of the sonority scale at work comes from the formation of
diphthongs in the Austronesian language Tahitian (Bickmore 1995). In Tahitian,
a sequence of vowels constitutes a diphthong if the first vowel is higher in sonority
than the second vowel where sonority is determined by the following scale /a/ >
/e,o/ > /i,u/ (1a). If the second vowel is higher in sonority, the two vowels are

Phonological Typology. First edition. Matthew K. Gordon.
© Matthew K. Gordon 2016. First Published 2016 by Oxford University Press
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Low V MidV High V Central V. Liquids  Nasals Fricatives Stops

< »
< >

Higher sonority Lower sonority

FIGURE 1.1. Sonority hierarchy

parsed into separate syllables (1b). If the two vowels are equivalent in sonority,
they are generally also parsed into separate syllables (1c), though Bickmore
reports diphthongal pronunciations as an optional variant in such cases (p. 414).

(1) Dipthongs in Tahitian (Bickmore 1995: 413-14)

(a) ho.'roi ‘wash’
pa.'rau ‘speak’
ma.'hae ‘torn’
?a.'?ai ‘story’
piri.'pou ‘pants’
"?ae.to ‘eagle’
fa.'rao.a ‘bread’

(b) ti.'a.re ‘flower’
mo.'a.na ‘ocean’
te.'a.ta ‘theater’
?i.'o.re ‘rat’
hu.'e.ro ‘egg’
fe.pu.'a.re ‘February’

(¢) no.'e.ma (‘noe.ma) ‘November’
?a'pi.u (?a'piu) ‘sheet of purau leaves’

As the examples in (1) show, the distinction between vowels forming a diphthong
and vowels belonging to separate syllables is relevant for stress, which falls on the
final syllable if it contains a long vowel or diphthong, otherwise on the penult. The
entire diphthongal sequence in the forms in (1a) thus carries stress, whereas stress
is localized to the second vowel in the vocalic sequences in (1b).

The stress system of Armenian provides evidence for another section of the
sonority hierarchy: the lower sonority status of central vowels relative to all
peripheral vowels whether low, mid, or high. Stress in most varieties of Armenian
(Vaux 1998, Gordon et al. 2012) falls on the final syllable (2a) unless this syllable
contains schwa in which case stress shifts to the penult (2b).

(2) Armenian stress
(a) ha'sak  ‘age’
sar'p’el  ‘to clean’
hi'sun  ‘fifty’
ho'si ‘pregnant’

! The sequence /eu/ is an exception to these generalizations in that it is parsed as two syllables
despite having a falling sonority profile: 'pe.u ‘customy’, pe.re.'u.e ‘coat’ (p. 414).
2 Thanks to Bert Vaux for the forms in (2b).
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(b) 'lik"s ‘full’

'taso ‘ten’
'sarod ‘cold’
'ino ‘nine’

As the examples show, a low, mid, or high vowel all attract stress in final position
whereas a schwa does not.

Sonority is also relevant for consonants, as syllabification in the Afro-Asiatic
language Tashlhiyt Berber illustrates (Dell and Elmedlaoui 1985, 1988). Syllabifi-
cation proceeds from left to right within a word selecting the leftmost sound of
highest sonority as a syllable nucleus and the immediately preceding sound to
form a core syllable consisting of an onset and nucleus. The parse continues
moving from higher to lower sonority sounds with the proviso that all non-initial
syllables must have a syllable onset. Leftover sounds that are neither syllabified as
syllable onsets or nuclei are adjoined as syllable codas. The syllabification of two
Tashlhiyt words, ha.wl.tn ‘make them (masc.) plentiful’ and tf.tkt ‘you suffered a
sprain’, is illustrated in (3).

(3) Syllabification of two Tashlhiyt words (Dell and Elmedlaoui 1985: 110, 113)
Core syllable1 ~ Core syllable2  Core syllable 3

o o O 000
/] N N A
/haUltn/ ha Ultn — haUltn — haUltn — hawltn

Core syllable1 ~ Core syllable2 ~ Coda Adjunction
| I A
/thtkt/  titkt — tftkt — tf tkt — tfitkt

Looking first at ha.wl.tn, its underlying form is /haUltn/ (Dell and Elmedlaoui
1985: 110), where U stands for a not-yet-syllabified high front vocoid. During the
initial parse the sequence /ha/ is grouped into a syllable (core syllable 1) with the
highest sonority sound /a/ constituting the nucleus and the pharyngeal fricative
the onset. The scan continues to the right of /a/ grouping together /1/, the next
highest sonority segment that has an available onset preceding it, with the
immediately preceding /U/ (core syllable 2). Finally, the sequence /tn/ is parsed
as a syllable (core syllable 3) with /n/, the next most sonorous sound in the
sonority hierarchy, serving as the nucleus. The resulting form is fa.wl.tn, where
[w] is the phonetic realization of /U/ in onset position.

The word tftkt (Dell and Elmedlaoui 1985: 113) illustrates typologically rarer
types of syllable nuclei. In this word, /f/ is the highest sonority segment and
accordingly is parsed as a nucleus with the preceding /t/ serving as its onset (core
syllable 1). The next highest sonority segment to the right of /f/ that has an
available preceding onset is /k/; they together thus form a syllable (core syllable 2).

Finally, the only available option for the word-final /t/ is to be adjoined as a coda of
the second syllable. The final parse is thus #f.tkt.
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As we have seen in our discussion of Tahitian, Armenian, and Tashlhiyt, not all
languages are sensitive to all distinctions projected along the sonority scale in
Figure 1.1. A crucial prediction of the sonority hierarchy, however, is that no
language will display sonority reversals. For example, no stress system should
preferentially stress central vowels over high vowels, or high vowels over mid
vowels, or mid vowels over low vowels. Stated another way, stress on central
vowels in a given context implies stress on high vowels in the same context, which
in turn implies stress on mid vowels, which in turn implies stress on low vowels.
Similarly, the syllabification of a stop as a syllable peak implies that a nasal in the
same context also syllabifies as a nucleus (see Chapter 4 on syllables for more
discussion of sonority). All phonologists are interested in establishing implica-
tional relations of the type governing stress and syllabification. Since discovering
these implications crucially relies on a broad cross-linguistic database, one can say
that the vast majority of phonologists are also typologists.

1.2 Frequency in phonology: phonology in typology

There is another type of research that is an integral part of linguistic typology but
that has played a less prominent role in phonology: the investigation of frequency
distributions across languages. (Frequency can also be examined within lan-
guages, a point to which we return in section 1.3.2.) One might thus ask whether
languages like Armenian that are sensitive to vowel quality in their stress systems
are common or not. (It will be shown in Chapter 6 that stress systems based on
vowel quality are moderately common though less common than other types of
stress systems.) Similarly, one might wonder whether languages like Tashlhiyt
Berber that permit fricatives and stops as syllable nuclei are widely attested in the
world. (Results presented in Chapter 4 indicate that they are quite rare.) A survey
designed to investigate cross-linguistic frequency must control for factors such as
genetic affiliation and geographic distribution in order to minimize confounds due
to language contact or inheritance of a feature from a proto-language (see Bakker
2010 for discussion of language sampling). For example, a survey designed to
establish whether syllabic obstruents are cross-linguistically common or not should
be based on a broad cross-section of languages that is not biased toward the Afro-
Asiatic family or the Berber sub-family of Afro-Asiatic to which Tashlhiyt belongs.
Nor should the survey be skewed toward languages spoken in North Africa.

The investigation of cross-linguistic frequency has received less attention in
phonology than in morphology or syntax (with some exceptions discussed in
section 1.3). Because the investigation of frequency distributions plays such a
prominent role in the field of linguistics defined as typology, it is not surprising
that phonology is less visible in publications devoted to the study of typology.

As Hyman (2007a) observes, perusing recent issues of linguistic typology
journals and recent introductory textbooks on linguistic typology reveals only a
small portion of content devoted to phonological topics. Croft’s (2003) introduc-
tion to typology does not have a single chapter that focuses on phonology. Whaley
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(1997) similarly does not allocate any chapters to phonology. Velupillai (2012)
devotes one chapter to phonology as opposed to seven that arguably fall under the
rubric of morphology and syntax. Song (2010) contains a single chapter on
phonological typology by Ian Maddieson (Maddieson 2010). The online version
of The World Atlas of Language Structures (Dryer and Haspelmath 2013) contains
only 19 chapters devoted to phonological topics (chapters 1-19) versus 109
chapters (chapters 20-128) focusing on morphosyntactic features. Moravcsik
(2013) is more balanced in its coverage of phonology, allocating a single chapter
each to phonology, morphology, and syntax.

The impoverished position of phonology in typology extends to research
articles published in linguistic typology journals. In the five-year period from
2008 through 2012, there were only six articles dealing with phonology in the 19
issues of STUF: Language Typology and Universals. In the same five-year time
frame (abstracting away from an outlier 2011 issue focusing on the relationship
between phoneme inventory complexity and the origin and migration of the
human species), there are only four research articles of 15 total issues of Linguistic
Typology, the flagship journal of the Association of Linguistic Typology, that are
devoted to phonology. Interestingly, this same journal published in 2007 an article
by Larry Hyman “Where’s Phonology in Typology?” that examines the basis for
the paradoxical prominence of typological research in phonological theory along-
side its conspicuous rarity in venues devoted to typology (see Hyman 2007a for
discussion). As Hyman’s paper suggests, surveying the fields of phonology and
typology gives the impression that most phonologists are typologists but most
typologists are not phonologists.

1.3 The present book

As primarily a typology work, the principal goal of this book is to provide a cross-
linguistic description of phonological properties, exploring both the range of
variation in these properties as well as their relative frequency. On the other
hand, as a phonology book, discussion of the typological patterns is accompanied
by an overview of the key assumptions, research questions, and relative merits and
weaknesses of various approaches to explaining these patterns in the theoretical
literature. This book thus represents an attempt to provide a synthesis of the fields
of typology and modern phonological theory.

In linking the theory with the typological observations serving as the target
of coverage by the theory, a practical distinction will be drawn between the
orthogonal issues of phonological representations (e.g. phonological features
and their geometry, models of the syllable, metrical structure, etc.) and the
paradigms employing those representations whether in a substantive or a more
tangential capacity. Chapter 2 is primarily devoted to overarching issues in
phonological theory that transcend the particular representations assumed by a
theory or the individual phenomena discussed in various chapters. These issues
include the architecture of the phonology as a rule-based or a constraint-based
system, the role of phonetic and other functional biases in phonology, the
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relationship between synchrony and diachrony, and the formal modeling of
probabilistic as opposed to categorical distributions. Representations, on the
other hand, will be introduced in the relevant sections devoted to the phenomena
that those representations have played a prominent role in treating, e.g. autoseg-
mental phonology in the discussion of assimilation and dissimilation in the
chapter on segmental processes (Chapter 5), moraic theory in the course of
discussing compensatory lengthening processes in the segmental phonology
chapter and again in the chapter on stress (Chapter 6), metrical grids and foot
structure also in the chapter on stress. Space constraints preclude a full consider-
ation of the relative merits of different types of representations proposed in the
literature or of the broader architectural or philosophical issues that are topical in
phonological theory.

Nevertheless, despite these practical constraints on the theoretical coverage
afforded by this book, it is important for a book on typology not to ignore the
theory since it has historically played a crucial role in making predictions that
guide the hypothesis space in typological inquiry, especially those relating to the
exploration of correlations between phenomena (see van der Hulst to appear for
discussion of the role of research on correlations in informing phonological
theory). This book contains data on a number of links between patterns and
phenomena that were sparked by predictions made by particular theories. To
name just a couple, the survey of the relationship between onset and coda
complexity in Chapter 4 was conducted in response to the hypothesized link
between onsets and codas advanced in the Split Margin Theory (Baertsch 2002,
Baertsch and Davis 2003, 2009, Davis and Baertsch 2011). Furthermore, the entire
conceptualization of Chapter 8 is grounded in the unified treatment of superfi-
cially diverse phenomena within the theory of prosodic morphology developed in
work by McCarthy and Prince (1986/1996).

Because phonological theory is inherently typological, a point made earlier in
this chapter and discussed at length in Hyman (2007a), there is overlap between
the content of this book and the content of other introductions to phonology.
However, the emphasis on quantitative cross-linguistic distributions likely differ-
entiates this book from others providing an overview of phonology less directly
focused on typology. At the same time, it is hoped that the scope of phonological
properties covered in this book distinguishes it from other introductions to
typology, which, as already discussed, characteristically devote only a small
portion of their content to phonology.

The book examines a wide range of phonological phenomena, including the
structure of phoneme inventories, positional restrictions on phonemes, phono-
logical processes, syllable structure, stress, tone, intonation, and prosodic morph-
ology. For some of these properties, there is already a well-developed typological
literature consisting of broad quantitative investigation of cross-linguistic distri-
butional properties. Most notably, phoneme inventories have been the subject of
intensive cross-linguistic study first as part of the Stanford Language Universals
project directed by Greenberg and Charles Ferguson between 1967 and 1976 and
then subsequently in Ian Maddieson’s seminal work Patterns of Sounds (1984)
and its expanded offshoot project the UCLA Phonological Segment Inventory
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Database (Maddieson and Precoda 1990) with an online interface (<http://web.
phonetik.uni-frankfurt.de/upsid_info.html>). PHOIBLE (Moran etal. 2014) is a
considerably larger online database of phoneme inventories and their phono-
logical feature specifications containing over 1,600 languages. The World Phono-
tactics Database (Donohue et al. 2013) incorporates information on syllabification
in over 2,000 languages in addition to phoneme inventories for another 1,700
languages.

Stress has also been the target of several extensive cross-linguistic surveys
initiating with pioneering work by Larry Hyman (1977) and pursued most
recently in the StressTyp databases: StressTyp (van der Hulst and Goedemans
2009) and StressTyp2 (Goedemans, Heinz, and van der Hulst 2015). The quan-
titative typological literature on other phenomena is sparser, consisting of isolated
studies of particular sub-patterns, e.g. Greenberg (1965) on consonant phonotac-
tics in word-initial and word-final consonant clusters, Bell (1978) on syllabic
consonants, Hyman (1988), Gordon (2001), and Zhang (2002) on contour
tone restrictions, Zec (1988) and Gordon (2006a) on various properties falling
under the rubric of syllable weight, Bolinger (1978) on macro-intonational pat-
terns, etc.

Certain phenomena have been the subject of quantitative typologies that are
worth revisiting for various reasons. Phonological theory has advanced consider-
ably since the typological work conducted in the 1970s under the auspices of the
Stanford Universals project, raising new research questions for typological inves-
tigation. A striking example of the theory spawning a new domain of typological
inquiry is provided by the moraic theory of syllable weight (Hyman 1985, Hayes
1989a; see Chapter 5), which has been claimed to unite a number of superficially
unrelated phenomena (e.g. stress, compensatory lengthening, tone, prosodic
morphology). Only with the theory of weight in place did it become possible to
formulate testable hypotheses fleshing out the relationship between all these
properties.

Other existing typologies of phonological phenomena are hampered by the
coarseness of their pattern categorization, which limits the range of generaliza-
tions that can be extracted from them. For example, the WALS sample of syllable
structure (Maddieson 2011; see also Maddieson 2007; see Chapter 4) employs a
tripartite distinction of languages differing in the complexity of syllables that they
permit. According to this classification, languages with simple syllable structures
allow only open syllables and a single onset consonant (CV), those with moder-
ately complex syllable structure permit single coda consonants (CVC) and/or
onset clusters whose second member is either a liquid or glide (CLV, CWV), and
those with complex syllables permit coda clusters and/or onset clusters beyond
those consisting of two consonants the second of which is a liquid or glide. The
advantage of dividing the set of languages into only three categories is that it
allows for more robust statistical comparison of the relationship between syllable
structure complexity and other properties. Working with this categorization,
Maddieson (2007) observes a correlation between syllable structure and the
number of consonants in the phoneme inventory of a language, whereby lan-
guages with more consonants characteristically tolerate more complex syllable
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structures. One of the disadvantages, however, of employing a coarse tripartite
division of the data is that it does not distinguish between sub-levels of complexity
within the moderately complex and complex categories. For example, it is not
sensitive to whether a language falls into the moderately complex category because
it allows single codas or because it permits onset clusters whose second member is
a liquid or glide. Similarly, the complex category encompasses a diverse set of
syllable structures, including complex onsets whose second member is not a liquid
or glide, codas consisting of two consonants, codas consisting of three consonants,
etc. The cross-linguistic distribution of each of these subtypes can profitably be
examined in order to draw an enriched set of generalizations about the typology of
syllable structure.

A similar issue of category conflation arises in the WALS chapter on redupli-
cation (Rubino 2013; see Chapter 8), which divides languages into only two
groups: those with full reduplication, i.e. reduplication of entire words, and
those with both full and partial reduplication, the latter of which entails copying
of some substring of the word. This binary division obscures potentially interest-
ing divergences between languages in the type(s) of partial reduplication they
display. For example, a partial reduplicant could be a string of consonant-vowel-
consonant (CVC) or it might be a string of consonant-vowel (CV) or it may be a
single consonant (C). The Graz database on reduplication (Hurch 2005) provides
a more nuanced picture of reduplication. This volume aims to enrich the typo-
logical findings by employing a finer grained categorization of patterns for several
phenomena that might have previously been classified according to coarser
divisions.

This section’s overview of the current state of phonological typology should not
give the impression that there has been little research dealing with phonology on a
cross-linguistic basis. The theoretical literature is rife with work, especially in the
last 20 years, that explores the range of cross-linguistic variation for particular
phonological phenomena, along the lines of the research program dealing
with sonority that was discussed earlier. However, most of this literature is
primarily concerned with the discovery of the range of cross-linguistic variation.
Of only tangential relevance to much of this theory-oriented work is the relative
frequency of different patterns across and within languages, though interest in
frequency among theoreticians is gaining in traction and is continually being
facilitated by the introduction of new online databases (e.g. PHOIBLE, The Graz
Database on Reduplication, StressTyp, UPSID, WALS, The World Phonotactics
Database).

1.3.1 Cross-linguistic frequency

A primary goal of the present work is thus to examine the frequency distributions
for a wide range of phonological properties. Investigation of frequency potentially
offers insight into various biases and conditioning factors (articulatory, percep-
tual, and cognitive) that shape and constrain human languages both synchronic-
ally and diachronically. The study of frequency has a much wider scope than
the investigation of the limits of cross-linguistic variation since most once
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purportedly universal generalizations of phonology have turned out to have
exceptions (at least for those phenomena that are sufficiently widely applicable
to allow for robust generalizations to even be formulated). For example, the claim
that every language has at least one nasal consonant (Ferguson 1963) has been
demonstrated to be false by Lakes Plains languages of Papua New Guinea, some of
which lack even allophonic nasals, e.g. Obokuitai (Jenison and Jenison 1991) and
Sikaritai (Martin 1991). The vulnerability of universal statements to refutation
indicates that the most productive line of study in typological research is dis-
covering which patterns are common and which ones are rare (and how rare or
common they are) and explaining their relative frequency.

The study of frequency employed in this book is approached from two angles:
language-internal frequency, which is discussed in section 1.3.2, and typological
frequency, to which we now turn. The cross-linguistic distribution of various
phenomena is surveyed for the 100-language sample that contributors to the
World Atlas of Language Structures (WALS; Dryer and Haspelmath 2013) were
encouraged to include in their chapters. This set of languages is designed to
provide a genetically and geographically balanced set of languages for investigat-
ing linguistic features (see Comrie et al.’s introduction to WALS for discussion of
the sample). The 100-language WALS sample is fairly faithfully followed in the
present work with a few deviations. Following the suggestion of the WALS editors
in their discussion of the sample, one member of each of the three pairs of
languages in the 100-language sample (German and English, French and Spanish,
Modern Hebrew and Egyptian Arabic) that did not satisfy criteria for genetic
diversity but were nevertheless included in WALS due to their status as “major”
languages was excluded in the present survey, leaving a total of 97 sampled
languages. (Note that the survey will still be referred to as the WALS 100-language
sample.) From these three pairs, German, Spanish, and Egyptian Arabic were
included, an essentially arbitrary decision. In addition, in a few cases, languages in
the WALS sample were substituted with closely related languages for which more
complete phonological information was readily available either from published
sources or through scholars with extensive experience working on the language in
question. Kabardian was substituted for Abkhaz, Caddo for Wichita, Nuuchah-
nulth for Kw’akwala, and Seneca for Oneida. The list of languages (and their ISO
codes) sampled for this book is given in Table 1.1 along with sources consulted for
the survey and two levels of genetic classification provided in WALS. The family
reflects the highest generally accepted level of classification and the genus reflects a
lower level of classification that is intended to be roughly comparable across
genera in terms of time depth of separation (<4,000 years) (see <http://wals.
info/languoid/genealogy> for further discussion of the genetic classification
adopted in WALS).

1.3.2 Language-internal frequency

The cross-linguistic survey of various phenomena is complemented by investiga-
tions of language-internal frequency for a subset of properties in order to deter-
mine whether features that are cross-linguistically common are also relatively
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TABLE 1.1. Languages included in the typology

ISO Language Genus Family Source(s)

cha Acoma Keresan Keresan Miller (1965)

ala  Alamblak Sepik Hill Sepik Bruce (1984)

ame Amele Madang Trans-New Guinea Roberts (1987)

apu  Apurind Purus Arawakan Facundes (2000)

aeg  Arabic (Egyptian) Semitic Afro-Asiatic Watson (2007)

arp  Arapesh (Mountain) Kombio-Arapesh Torricelli Fortune (1942),
Conrad and Wogiga
(1991), Arapesh
grammar and digital
language archive
(<http://www.
arapesh.org/xml/
fortune/Entry>)

asm Asmat Asmat-Kamoro  Trans-New Guinea Voorhoeve (1980)

bag Bagirmi Bongo-Bagirmi  Nilo-Saharan Stevenson (1969)

brs  Barasano Tucanoan Tucanoan Jones and Jones (1991)

bsq Basque Basque Basque Hualde and de
Urbina (2003)

shi  Berber (Tashlhiyt)  Berber Afro-Asiatic Dell and Elmedlaoui
(1985, 1988, 2002)

brm Burmese Burmese-Lolo Sino-Tibetan Okell (1969), Lay
(1978)

bur Burushaski Burushaski Burushaski Anderson (1997)

cad Caddo Caddoan Caddoan Chafe (1976)

ckr  Canela-Kraho Ge-Kaingang Macro-Ge Popjes and Popjes
(1986)

cha Chamorro Chamorro Austronesian Topping (1973)

chk  Chukchi Northern Chukotko- Bogoras (1922),

Chukotko- Kamchatkan Skorik (1961), Krause
Kamchatkan (1980), Dunn (1999)

cre  Cree (Plains) Algonquian Algic Wolfart (1973, 1996),
Ahenakew and
Wolfart (1983)

dag Daga Dagan Dagan Murane (1974)

dni Dani (Lower Grand Dani Trans-New Guinea Bromley (1981)

Valley)

fij Fijian Oceanic Austronesian Milner (1972),
Schiitz (1985)

fin  Finnish Finnic Uralic Suomi et al. (2008)
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geo

ger

g00
grb
grk

grw

gua

hau
hin
hix
hmo
imo
ind
jak

jpn

kab

Georgian

German

Gooniyandi
Grebo
Greek (Modern)

Greenlandic (West)

Guarani

Hausa
Hindi
Hixkaryana

Hmong Njua
Imonda
Indonesian
Jakaltek

Japanese

Kabardian

Kannada
Karok
Kayardild

Kewa
Khalkha Mongolian

Khoekhoe
Kiowa

Koasati

Kartvelian

Germanic

Bunuban
Kru
Greek

Eskimo

Tupi-Guarani

West Chadic
Indic

Cariban

Hmong-Mien
Border

Malayo-
Sumbawan

Mayan

Japanese

Northwest
Caucasian

Southern
Dravidian

Karok

Tangkic

Engan
Mongolic

Central Khoisan

Kiowa-Tanoan

Muskogean

Kartvelian

Indo-European

Australian
Niger-Congo

Indo-European

Eskimo-Aleut

Tupian

Afro-Asiatic
Indo-European

Cariban

Hmong-Mien
Border

Austronesian
Mayan

Japanese

Northwest
Caucasian

Dravidian
Karok
Australian

Trans-New Guinea
Altaic

Khoisan
Kiowa-Tanoan

Muskogean

Hewitt (1995)

Wiese (2000),
Kentner (2011)

McGregor (1990)
Innes (1966)
Joseph and
Philippaki-
Warburton (1987)
Fortescue (1984)
Bridgeman (1961),
Hamidzadeh (2013)
Newman (2000)
Kachru (2006)
Derbyshire (1979,
1985)

Lyman (1979)
Seiler (1985)
MacDonald (1976)

Day (1973)

Venditti (2005),
Ichikawa and
Kobayashi (2013)
Colarusso (1992,
2006), Applebaum
and Gordon (2007),
Gordon and
Applebaum (2006,
2010a, b)

Sridhar (1990)

Bright (1957),
Macaulay (1993)

Evans (1995), Round
(2009)

Franklin (1971)
Svantesson et al.
(2005)

Hagman (1977)
Watkins (1984)
Kimball (1983, 1991)

(continued)
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TABLE 1.1. Continued

ISO Language Genus Family Source(s)

kor Korean Korean Korean Lee (1989), Jun
(1993, 2005a), Lee
and Ramsey (2000)

kse  Koyraboro Senni Songhay Nilo-Saharan Prost (1956), Heath
(1999)

kro  Krongo Kadugli Kadugli Reh (1985)

kut Kutenai Kutenai Kutenai Garvin (1948),
Morgan (1991)

Ikt  Lakhota Siouan Siouan Boas and Deloria
(1941), Rood and
Taylor (1996),
Albright (2004)

lan Lango Nilotic Nilo-Saharan Noonan (1992)

lav.  Lavukaleve Lavukaleve Solomons East Terrill (2003)

Papuan
lez  Lezgian Lezgic Nakh- Haspelmath (1993)
Daghestanian

luv  Luvale Bantoid Niger-Congo Horton (1949)

mal Malagasy Barito Austronesian Rajaonarimanana
(1995), Martin (2005)

mnd Mandarin Chinese Sino-Tibetan Li and Thompson
(1989), Lin (2001)

myi Mangarrayi Mangarrayi Australian Merlan (1989)

map Mapudungun Araucanian Araucanian Smeets (2008)

mar Maricopa Yuman Hokan Gordon (1986)

mrt Martuthunira Pama-Nyungan Australian Dench (1995)

mau Maung Iwaidjan Australian Capell and Hinch
(1970)

may Maybrat North-Central ~ West Papuan Dol (2007)

mei Meithei

Mixtec
(Chalcatongo)

mxc

ngi Ngiyambaa

noo Nuuchahnulth

orh Oromo (Harar)

otm Otomi (Mezquital)

Bird’s Head
Kuki-Chin

Mixtecan

Pama-Nyungan

Southern
Wakashan

Eastern Cushitic

Otomian

Sino-Tibetan

Oto-Manguean

Australian
Wakashan

Afro-Asiatic
Oto-Manguean

Chelliah (1997)
Macaulay (1996)

Donaldson (1980)
Stonham (1999),
Kim (2003)
Owens (1985)
Sinclair and Pike

(1948), Hensey (1972),
Blight and Pike (1976),
Wallis (1968)
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pai
prs

prh

qim
ram

rap
rus

san
snm

see

sla

spa
sup
swa
tag
tha
tiw

tuk

tur

wra

war

wch

yag

Paiwan
Persian

Piraha
Quechua
(Imbabura)

Rama

Rapanui

Russian

Sango
Sanuma

Seneca

Slave

Spanish
Supyire
Swahili
Tagalog
Thai
Tiwi

Tukang Besi
Turkish

Vietnamese
Warao
Wari'

Wichi

Yagua

Paiwanic
Iranian

Mura

Quechuan
Rama

Oceanic

Slavic

Ubangi
Yanomam

Northern
Iroquoian

Athapaskan

Romance

Gur
Bantoid

Greater Central
Philippine

Kam-Tai

Tiwian
Celebic
Turkic

Viet-Muong
Warao

Chapacura-
Wanham

Matacoan

Peba-Yaguan

Austronesian
Indo-European

Mura

Quechuan
Chibchan

Austronesian

Indo-European

Niger-Congo
Yanomam

Iroquoian

Na-Dene

Indo-European

Niger-Congo
Niger-Congo

Austronesian
Tai-Kadai

Australian
Austronesian

Altaic

Austro-Asiatic
Warao

Chapacura-
Wanham

Matacoan

Peba-Yaguan

Ferrel (1982), Egli
(1990)

Perry (2005),
Mahootian (2010)
Everett and Everett
(1984), Everett (1986,
1988)

Cole (1985)

Grinevald-Craig
(1990)

Du Feu (1996)
Jones and Ward
(1969)

Samarin (1967)
Borgman (1990)
Chafe (1977, 1996)

Rice (1989)

Alarcos (1965),
Harris (1969)
Carlson (1994)
Ashton (1944),
Polomé (1967),
Mohammed (2001)
Schachter and Otanes
(1972)

Iwasaki and
Ingkaphirom (2005)
Osborne (1974)
Donohue (1999)
Clements and Sezer
(1982), Kornfilt
(1997), Demircan
(1987), Wedel (1999)
Thompson (1965)
Osborn (1966)
Everett and Kern
(1997)

Vinas Urquiza (1970,
1974), Claesson
(1994), Avram (2008)
Payne and Payne
(1990)

(continued)
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TABLE 1.1. Continued

ISO Language Genus Family Source(s)

yaq Yaqui Cahita Uto-Aztecan Dedrick and Casad
(1999)

yor  Yoruba Defoid Niger-Congo Bamgbose (1966)

zqc  Zoque (Copainald)  Mixe-Zoque Mixe-Zoque Wonderly (1951)

zul  Zulu Bantoid Niger-Congo Doke (1961), Poulos

and Msimang (1998),
Thomas-Vilakati
(2010)

common even in languages that tolerate them. There are several reasons to believe
that this hypothesis is worthy of study and that the quantitative investigation of
distributions is likely to be fruitful in furthering our understanding of linguistic
knowledge. First, given the largely shared physiological and cognitive capacities
across humans, it is plausible that the same factors that contribute to categorical
constraints on the occurrence of properties in certain languages might also render
them statistically dispreferred in other languages. Furthermore, evidence con-
tinues to mount that language learners even under a year old are sensitive to
distributional patterns in the ambient language and use these distributions to
construct generalizations (e.g. Coleman and Pierrehumbert 1997, Zuraw 2000,
Ernestus and Baayen 2003, Albright and Hayes 2003, Eddington 2004, Hayes and
Londe 2006; see Diessel 2007 for an overview of the many ways in which
frequency is relevant in shaping language). Finally, there is ample evidence that
has corroborated the link between categorical phonological properties and statis-
tical biases.

To take a compelling example of this link, consider the case of onset-sensitive
stress, which is discussed further in Chapter 6. The crucial phonological observa-
tion is that certain languages preferentially stress syllables with an onset conson-
ant over those lacking one (Davis 1988, Goedemans 1998, Gordon 2005a,
Topintzi 2010). For example, in the Australian language Arrernte (Strehlow
1942, Davis 1988, Breen and Pensalfini 1999, Gordon 2005a), stress falls on the
first syllable of a trisyllabic or longer word but only if that syllable begins with
an onset consonant. If the word begins with a vowel, stress instead falls on
the second syllable. Thus, we have initial stress in words like 'tukura ‘ulcer’ and
'‘wora,tara (place name) but second syllable stress in words like er'guma ‘to
seize’ and ar'tanama ‘to run’ (Davis 1988: 1). (Stress falls on the first syllable of
disyllabic words regardless of whether they begin with a consonant or not, e.g.
'kama ‘to cut’, 'ilba ‘ear’.) In Arrernte, the attraction of stress by syllables with an
onset consonant reflects a categorical feature that is predictable across most
(if not all) of the vocabulary.

Interestingly, recent research by Ryan (2014) has shown that the preference for
positioning stress on syllables with an onset is reflected in gradient but statistically
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robust biases in other languages (e.g. English and Russian). Ryan finds that this
bias against stress on onsetless syllables is observed both in the statistical distri-
bution of lexical stress and in productivity experiments in which the felicity of
stress on onsetless syllables is judged by speakers.

In this book, the language samples from which the frequency data are calculated
stem from various sources. Existing sources containing frequency calculations
were consulted whenever available, supplemented with my own values for certain
languages in the interest of broadening the diversity of the data set. The consulted
sources employ different types of corpora and different methods for calculating
frequency. With respect to the latter dimension, a broad distinction can be drawn
between type frequency and token frequency counts. Type frequency refers to the
frequency of a pattern. In type frequency counts, a single item is counted only
once regardless of the number of times that it occurs in the corpus. In a token
frequency count, on the other hand, each occurrence of an item contributes to the
aggregate count for that item. The corpora from which the frequency values are
calculated are either dictionaries (or other types of word or root lists) or other
written or spoken corpora.

Corpora other than dictionaries potentially provide either type or token fre-
quency counts depending on whether duplicate entries have been eliminated or
not. Even for type frequency data, methodologies may vary. Sources may differ in
terms of their level of morphological redundancy, including or excluding mor-
phologically derived forms containing the same root. For example, if one were
determining the type frequency of [ks] clusters in English, the English words
comple[ks] and comple[ks]ity could either count as one or two instances depend-
ing on whether duplication was evaluated at the level of the root or the word.
Multiple examples of either of the two words in a corpus would not increase the
type frequency of [ks], although they would be counted toward token frequency.
Token (or type) frequency counts may also vary as a function of the genre in
which the words containing those phonemes occur.

Despite the methodological variation between data samples it is hoped that the
frequency data in this book will provide some useful confirmation of (or diver-
gences from) the categorical patterns discussed. In support of this optimistic
outlook, the frequency data considered in this work are for the most part quite
similar across languages (with some divergences of course) regardless of the
nature of the source. Indeed, several of the sources consulted present both type
and token frequency data that line up closely in their distributions both on a
casual level and (for those sources that quantitatively compare the different
frequency counts) on a statistical level (see, for example, Shin etal. 2013 for
English and Korean, Leung et al. 2004 for Cantonese, Duanmu 2008 for Mandarin,
Tamaoka and Makioka 2004 for Japanese). Admittedly, type and token frequency
data may diverge due to the numerical boost awarded to phonemes that occur in
particularly high frequency items. For example, the voiced dental fricative /8/ in
English, which is otherwise rare in content words, occurs in a few highly frequent
function words, e.g. the, that, this, which inflates its token frequency relative to its
type frequency. It is the 23rd most frequent consonant in type frequency but
is ranked 6th in token frequency (Shin et al. 2013). The promotion of English /8/
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in token frequency is particularly striking since /3/ is a relatively rare sound
cross-linguistically, not ranking among the 25 most common consonants
cross-linguistically (see Chapter 3). A more typical divergence between type and
token frequency is exemplified by the distribution of /n/ and /y/ in Korean, the
former of which is relatively overrepresented in token frequency relative to type
frequency (20.4% vs. 11.6% of consonant tokens) and the latter of which is
overrepresented in type frequency compared to token frequency (10% vs. 5.2%)
(Shin et al. 2013). As we will see in Chapter 3, both the alveolar and velar nasal are
common sounds in languages of the world, /n/ ranking first and /n/ ranking 14th
in terms of the percentage of languages containing it. Throughout the book,
divergences between type and token frequency will be mentioned wherever
apparent, though there will undoubtedly be some distributional patterns attrib-
uted to a particular method of calculating frequency that will have escaped my
notice (see Berg 2014 for empirical comparison of type vs. token frequency). As a
final procedural note, whenever both type and token frequency data for the same
language were available, a decision was made to use a single source of data, type
frequency whenever possible, in the interest of minimizing the number of
confounding variables in the comparison of data across multiple languages.

1.3.3 Organization of the book

Chapter 2 presents an overview of the types of functional explanations and formal
theories advanced in the literature to account for the generalizations gleaned
through typological investigation. This chapter will illustrate these accounts
through a few representative case studies exemplifying treatments of particular
phonological phenomena. Analyses of additional phenomena are discussed in the
individual chapters focusing on those properties.

The bulk of the remainder of the book is devoted to discussion of a broad range
of phonological properties including phoneme inventories (Chapter 3), syllables
(Chapter 4), segmental alternations (Chapter 5), stress (Chapter 6), tone and
intonation (Chapter 7), and prosodic morphology (Chapter 8). Some conclusions
are presented at the end.
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Theory and explanation in
phonological typology

There are many factors that shape the typology of phonological properties. Some
of them stem from physiological considerations related to speech articulation and
perception. Others are conditioned by cognitive factors such as those operative in
the online processing and interpretation of the speech signal. Also relevant are
usage factors related to the frequency of patterns and the contexts in which they
occur. Yet, despite the explanatory power of all these grounding factors, certain
synchronic patterns still elude a compelling account in independently supported
functional considerations. Such cases have been used to support a view of syn-
chronic phonology that appeals to the formal apparatus of the theory rather than
theory-external factors to predict the typological distribution. In this chapter we
examine various types of explanations, both synchronic and diachronic, that have
been advanced in the literature to account for typological variation in phonology.
We will also explore a few representative case studies illustrating the implemen-
tation of these accounts in formal models of phonology.

2.1 Types of explanations
2.1.1 Phonetic factors

Many typological properties in phonology are explicable in terms of articulatory
and perceptual considerations. A common theme is for phonology to reflect a
competition between two competing considerations: minimization of articulatory
effort and maximization of perceptual distinctness. Reducing the articulatory
difficulty of a particular phonological configuration characteristically comes at
the price of making contrasts less perceptible. On the other hand, enhancing the
salience of a distinction usually requires hyperarticulation of the gestures associ-
ated with that distinction.

The exploration of phonetic bases for phonological patterns has long been a
productive area of research for phoneticians (see Ohala 1997 for an overview). In
one of the earliest works in this research program, Liljencrants and Lindblom
(1972) attempt to account for cross-linguistic biases in the structure of vowel
systems evident in typological surveys conducted by Trubetzkoy (1929), Hockett
(1955), and Sedlak (1969). Liljencrants and Lindblom (1972) hypothesize that
languages prefer systems in which vowels are maximally distinct from each other
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in the perceptual domain. Their computer simulations of vowel inventory con-
struction employing the principle of maximum dispersion produce results for
different size inventories that largely mirror the most prevalent attested system(s)
containing the target number of vowels. For example, their simulation predicts the
five-vowel inventory /i, €, u, a/ and a fronter low vowel /a/ or /&/, which is relatively
close to the most common five-vowel system /i, e, a, 0, u/ with the greatest mismatch
between predicted /a/ and attested /o/ (see Chapter 3 for more discussion).

Lindblom and Maddieson (1988) incorporate an articulatory component
(alluded to but not implemented in Liljencrants and Lindblom’s model) into their
account of consonant inventories. They sketch, but do not quantify a model in
which the articulatory space is divided into regions of different complexity. Within
each zone of articulatory complexity, Lindblom and Maddiesion suggest that lan-
guages prefer sounds that are maximally distinct in the perceptual domain. As each
articulatory subspace is perceptually saturated, inventories are expanded through the
introduction of progressively more complex articulatory tiers. In this model, percep-
tual and articulatory factors conflict: maximizing perceptual distinctness comes at the
price of greater articulatory difficulty, while minimizing articulatory effort reduces
perceptual distinctness. Research on the role of articulatory and perceptual factors in
shaping phoneme inventories (including more on Linjencrants and Lindblom’s and
Lindblom and Maddieson’s accounts) is taken up again in Chapter 3.

2.1.2 Speech processing and phonological typology

In addition to purely phonetic factors, there are other functional considerations
that play a role in shaping phonological systems. One such factor is the mechan-
ism of speech processing. In work investigating consonant co-occurrence restric-
tions in Arabic roots, Frisch et al. (2004) and Frisch (2004) suggest that similar
consonants are avoided because they are more easily confused in both perception
and production than dissimilar consonants. In order to make explicit this confu-
sion, Frisch assumes Dell’s (1986) connectionist model of phonological encoding
in which different levels of phonological structure, e.g. features, segments, syllable
position, word, are represented as distinct but interlinked tiers each consisting of
activation nodes. A node associated with a given property is activated, in gradient
fashion, upon hearing or planning utterances containing that property or other
similar properties. For example, the node corresponding to the segment /k/ is
strongly activated by any word containing the sound /k/ and less strongly acti-
vated by the occurrence of a word containing a different voiceless stop and still
less activated by sounds that are most distant from /k/. Because featurally similar
segments overlap in their activation patterns, there is potential for them to be
mistaken for each other. Frisch et al. (2004) quantify similarity in terms of number
of natural classes shared by the segments in question. Segments that share a
greater number of natural classes are more similar to each other and thus less
likely to co-occur in the same root in their account.

Recent work by Pozdniakov and Segerer (2007) has shown that the avoidance
of shared place features in consonants is statistically observed in roots in most, if
not all, languages even if there are no active alternations providing evidence for
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the restriction. The widespread existence of similar place restrictions suggests that
the processing factors appealed to by Frisch to account for the well-known Arabic
facts play a fundamental role, perhaps universal, in shaping the phonological
composition of lexicons. Speech processing and place co-occurrence restrictions
are discussed further in Chapter 5.

2.1.3 Frequency in phonology

One of the factors relevant in connectionist models of speech processing of the
type appealed to by Frisch is word frequency; nodes associated with more frequent
properties have lower thresholds of activation required for firing. As a result,
frequent items are more likely to be produced or perceived when activated by
items sharing similar properties. The relevance of frequency effects in speech
production and perception finds independent support from psycholinguistic
studies and plays an important role in the usage-based model of phonology
developed by Joan Bybee (2001, 2007). Bybee assumes an exemplar-based model
in which the cognitive representation of a word consists of a set of exemplars
experienced by speaker and listener. The exemplar cloud associated with a
particular word changes over time as tokens are experienced. More frequently
occurring tokens will come to be associated with exemplar clouds shifted in the
direction of lenited variants characterized by decreased gestural magnitude and
increased overlap of gestures. Over time, the shifting of the exemplar cloud may
lead the speaker to assume different phonological representations for different
words according to their frequency. For example, a very common word like every
is more likely to lack a vowel in the second syllable than a less frequently occurring
word with an equivalent stress pattern, such as cursory. The result is an exemplar
cloud for every that is shifted in the direction of reduction and/or deletion relative
to the exemplar cloud for cursory. The eventual result of this shift is potentially a
lexical entry for every that is disyllabic, although knowledge of spelling may
complicate the situation by enabling the English speaker to “reconstruct” the
original vowel that is typically absent on the surface.

Bybee’s model offers an explanation for a number of typologically common
patterns that are sensitive either to morphology or to the individual lexical item
concerned. For example, lenition is more likely to affect frequently occurring
morphemes of a particular phonological shape than their less frequent counter-
parts of the same shape (Bybee 2002). For example, an /nt/ cluster in the
contracted negation morpheme -n’t in English is characteristically shorter than
the same cluster in final position of a particular root owing to the former’s greater
frequency of occurrence. In keeping with its shorter duration, the coronal stop in
-n’t is more likely to be deleted than its equivalent coronal stop in a root-final /nt/
cluster. Similarly, the coronal stop in the past tense suffix -ed is more likely to
delete when it is affixed to a high frequency verb than to a low frequency one. For
similar reasons, the [8] in the very frequent 1st conjugation past participle suffix
-ado in Spanish is more likely to delete than [8] in other words including the 2nd
and 3rd conjugation past participles, which are considerably rarer than their 1st
person counterparts.
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Another factor that Bybee suggests is relevant to phonetic realization is the relative
frequency with which a particular word or morpheme occurs in different prosodic
contexts. For example, she attributes the greater deletion rates of the coronal stop in
the negative morpheme -n’t relative to the deletion rates of the [t] allomorph of the
past tense suffix -ed to an asymmetry between the two morphemes in the context in
which they characteristically occur. The weak past tense morpheme occurs with
greater frequency in prevocalic position, which allows for a more salient realization
of the stop thereby contributing to an overall bias in favor of its preservation (see
Chapter 5 for more on context as a factor in predicting neutralization and deletion).

The exemplar clouds associated with lexical items intersect with exemplar
clouds for the phonemes comprising those lexemes. Pierrehumbert (2001) con-
ducts an exemplar-based computational simulation of the lenition of a phoneme,
demonstrating how lenition may produce substantial overlap between two phono-
logical categories and potentially even their eventual merger into a single category.
The merger of two categories is an extremely common phenomenon cross-
linguistically, both diachronically and synchronically (see Chapter 5).

The relevance of frequency is also evident on a synchronic basis. A number of
productivity experiments (e.g. Coleman and Pierrehumbert 1997, Zuraw 2000,
Ernestus and Baayen 2003, Albright and Hayes 2003, Eddington 2004) indicate
that speakers have access to relatively nuanced knowledge of frequency distribu-
tions when generalizing patterns to novel forms. To take just one recent example
of work in this research program, Hayes and Londe (2006) find that gradient
patterns governing the likelihood of vowel harmony in Hungarian are statistically
mirrored in the responses of speakers asked to generate novel forms. Thus,
although suffixal vowels in Hungarian normally agree with the final root vowel
with respect to backness (e.g. hol-unk “fish-our’ vs. ty:z-ynk “fire-our’), the front
unrounded vowels /i1, i, e:, ¢/ are “neutral” (see Chapter 5 for more on the neutral
vowels of Hungarian) and may occur with either front or back vowel suffixes on
either a lexeme-specific basis or, for some words, in free variation. Interestingly,
the likelihood of a back vowel or a front vowel suffix being selected varies
gradiently according to various factors. One relevant factor is the height of the
neutral vowel: /¢/ is more likely to trigger a front vowel suffix than /e:/, which in
turn is more likely to occur with a front vowel suffix than the two high front
unrounded vowels /i:, i/. Furthermore, in roots ending in a neutral vowel but
containing a back vowel earlier in the root, the number of neutral vowels inter-
vening between the back vowel and the suffix impacts the likelihood of a front
vowel suffix: a root consisting of a back vowel followed by two neutral vowels is
thus more likely to occur with a front vowel than a root containing a back vowel
followed by one neutral vowel. Hayes and Londe (2006) employ a search of the
Web to calculate the relative type frequency of front and back vowel suffixes
occurring with roots differing in the number and quality of neutral vowels. They
then compare their results to those from a “wug”-type (Berko 1958) productivity
study in which they visually (in a sentence frame) presented participants with the
nominative form of a nonce root and prompted them to supply a suffixed
counterpart, where both a front or back vowel suffix were available options.
Their results indicated a close match between the statistical distribution of front
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vs. back vowel responses in their experiment and the frequency patterns dis-
covered in the Web search, suggesting that listeners employ their knowledge of
statistical distributions in their native language when constructing novel forms.

2.1.4 Analytic biases

Cognitive or analytic biases have also been claimed to play a role in shaping the
typology of phonological patterns. These biases can stem from different sources.
They may involve analytic strategies, not necessarily language-specific, that guide
language learners in their quest to extract phonological generalizations from data
that they encounter. Alternatively, speakers may be constrained by architectural
features of the phonology, either assumed to be innate or not, such as the
inventory of phonological features or other predicates available to them in their
inductive learning of patterns in the ambient data.

To illustrate one type of analytic bias, let us consider work by Hayes (1999) on
the phonetic naturalness of obstruent voicing. Based on results of an aerodynamic
modeling experiment, Hayes finds that the relative naturalness of stop voicing is
contingent upon a number of factors, two of which are place of articulation and
the context in which the stop occurs. Considering the first of these, ease of voicing
is correlated with frontness of the constriction. Bilabials facilitate voicing because
they are associated with a relatively large oral cavity, which delays the equalization
of oral and subglottal pressure that triggers cessation of vocal fold vibration.
Velars, on the other hand, inhibit voicing since the small cavity behind the velar
constriction triggers a rapid equalization of the pressure below and above the
glottis thereby eliminating the pressure differential necessary to sustain voicing.
The second factor that predicts ease of voicing is the context in which the stop
occurs. Voicing is facilitated in a postnasal context because the leakage of air
through the nasal cavity delays the stoppage of voicing. Voicing is slightly more
difficult following a non-nasal sonorant and still more difficult in utterance-initial
position where subglottal pressure has not quite reached its maximum. The most
difficult environment for voicing is after an obstruent, where intraoral pressure is
already high. Combining the two dimensions of frontness and environment yields
a matrix of stop voicing naturalness (expressed in arbitrary units based on
aerodynamic modeling), as in (1), where larger numbers indicate increased
difficulty of voicing.

(1) Phonetic map for obstruent voicing (after Hayes 1999)

Environment b d g

[-son]__ (after obst) 43 50 52
#__ (initial) 23 27 35
[+son, —nas] __ (after non-nasal sonorant) 10 20 30
[+nas]__ (after nasal) o o0 o

While Hayes finds that cross-linguistic patterns of stop voicing line up well with
the aerodynamic modeling results, phonologies of individual languages typically
display distributions that are sensitive to only one of the dimensions relative for
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predicting voicing ease: either context or place of articulation. For example, Latin
bans voiced obstruents after another obstruent while Chickasaw’s only voiced stop
is the bilabial [b]. Apparently absent are systems simultaneously sensitive to
environment and place of articulation in predicting stop voicing patterns, even
if these patterns are phonetically well grounded. For example, we do not find
languages that ban all voiced stops after an obstruent, both /g/ and /d/ but not /b/
in initial position, and /g/ but not /b/ and /d/ after a non-nasal sonorant. Hayes
suggests that the explanation for this gap in attested patterns lies in their com-
plexity in terms of the factors, i.e. place of articulation and context, to which they
are sensitive relative to other slightly less phonetically natural but more symmet-
rical patterns. As Hayes suggests, complexity may be viewed as a factor guiding
the hypothesis space entertained by language learners: learners first test the
phonetic efficacy of relatively simple and symmetrical characterizations of pat-
terns before proceeding to formulate more complex phonological generalizations
that might provide a closer fit to the phonetic map.

2.2 Typology in phonology: incorporating explanation
into the theory

The various explanations for cross-linguistic patterns described in section 2.1 have
been integrated into many theoretical analyses in recent years. There are several
unresolved issues, however, that surround the formal implementation of the
phonetic and cognitive biases that underlie typological distributions. These topical
areas of research include the interrelationships between different types of biases,
their encoding as synchronic grammatical effects as opposed to reflexes of dia-
chronic pressures, the formal architecture of the grammar as a rule-based vs.
constraint-based system, and the capacity of the theory to model frequency effects
both within and across languages.

2.2.1 The relationship between analytic bias and other functional
biases in typology: the case of laryngeal neutralization

In his account of postnasal voicing, Hayes appeals to one kind of analytic bias, a
preference for symmetry, working in conjunction with articulatory consider-
ations. Symmetry and other types of analytic bias can be made explicit through
features and other phonological predicates. For example, in Hayes’s account, a
bias against voicing distributions simultaneously referencing place features and
surrounding context make it less likely that a language adopts overly complex
voicing distributions in obstruents. An important and unresolved issue among
phonologists is the extent to which phonological predicates themselves are suffi-
cient to explain patterns without recourse to phonetic or other functional factors.
The predictions made by appealing to one as opposed to the other often overlap,
which has led to situations in which both types of grounding are invoked to
account for the same phenomenon. To illustrate these two alternative approaches
to the same set of data, let us consider the case of laryngeal neutralization. Many
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languages, such as Greek and Lithuanian, only have voicing contrasts in obstru-
ents occurring in certain positions. For example, voicing contrasts are licit before a
sonorant in Lithuanian, including vowels and sonorant consonants, e.g. dukle
‘governess’ vs. auglingas ‘fruitful’, akmud ‘stone’ vs. augmué ‘growth’. In other
positions, including word-finally and before an obstruent, the voicing contrast is
neutralized: to voiceless word-finally and to the voicing specification of a follow-
ing obstruent word-medially, e.g. /datg/ — daiik ‘much’, /atgal/ — adgal ‘back’
vs. /dégti/ — dégti ‘burn-inf’

An adequate theory of voicing neutralization must characterize the contexts in
which neutralization occurs and those in which it fails to occur. The theory must
also account for the fact that the output of neutralization in word-final contexts,
where there is no possibility of voicing assimilation, is a voiceless obstruent. One
approach is to appeal to an analytic bias couched in terms of constituents of the
syllable and the inventory of phonological features available to express neutral-
ization. Thus, if one assumes a model of the syllable consisting of an onset, rime,
nucleus, and coda (see Chapter 4), and a set of privative laryngeal features, such
that only positive specifications are reflected featurally, voicing neutralization can
be captured following Lombardi (1995) as a prohibition against the licensing of
the feature [voice] in coda position. Under this approach, the output of neutral-
ization is a voiceless consonant, which is the unmarked realization of obstruents
that are not specified for [voice]. In pre-obstruent position, the [voice] feature that
is shared with a following voiced obstruent is licensed by virtue of being linked to
a consonant in the onset of a syllable (see Chapter 5 for more on the representa-
tion of features).

An alternative approach to voicing neutralization pursued by Steriade (1999) is
to appeal to phonetic factors. Steriade explores the hypothesis that neutralization
is more likely in contexts where laryngeal features are difficult to implement in a
perceptually salient manner. Drawing on the results of studies on the perception
of voicing (e.g. Raphael 1981, Slis 1986), Steriade suggests that the perceptual
salience of laryngeal features in different environments depends on the acoustic
properties associated with those environments (see Chapter 4 for further discus-
sion). The accurate perception of an obstruent, in particular, a stop, relies heavily
on cues realized on transitions from the obstruent to adjacent vowels. For voicing,
these contextual cues include the following: the burst, which is less intense for
voiced obstruents than for voiceless ones, voice-onset-time, which is negative for
voiced stops and either zero or positive for voiceless stops, as well as fundamental
frequency and first formant values during adjacent vowels, both of which are
lower in proximity to voiced relative to voiceless obstruents. Internal cues to
obstruents, i.e. properties temporally aligned with the consonant constriction
itself, are less numerous and generally less salient perceptually; these internal
cues to laryngeal features include voicing, present for voiced obstruents but not
for voiceless ones, and closure duration, typically shorter for voiced obstruents
than for voiceless ones. Presonorant position, where voicing contrasts are pre-
served in Lithuanian, is superior to pre-obstruent or final position (contexts where
neutralization takes place in Lithuanian) for realizing a laryngeal contrast sali-
ently, since several transitional cues are present: voice-onset-time (VOT), the
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FIGURE 2.1. Perceptual cues to voicing in obstruents in prevocalic and postvocalic pos-
ition illustrated for CVC sequences (voiceless stops on left, voiced stops on right)

burst, and fundamental frequency (Fo) and first formant (F1) values at the offset
of the consonant. The availability of internal and external cues to obstruents is
illustrated for two CVC sequences in the spectrogram in Figure 2.1. The spectro-
gram on the left depicts a vowel flanked by voiceless stops and the spectrogram on
the right a vowel surrounded by voiced stops.

Steriade suggests that speakers of a language may choose to eliminate a voicing
contrast, or more generally any contrast, in contexts in which it is not likely to be
perceptually robust rather than produce a contrast that will be difficult to perceive.
The output of neutralization is a laryngeally unspecified consonant whose surface
phonetic realization is determined by ease of articulation: voiced between voiced
sounds and voiceless before a voiceless sound or in final position.

Although they have fundamentally different groundings, Lombardi’s and
Steriade’s accounts make the similar prediction that neutralization will yield a
voiceless consonant in final position. The two accounts diverge, however, in terms
of the expected location(s) of neutralization. For Lombardi, all syllable-final
consonants are predicted to undergo neutralization whether they are a word-
final or a word-internal coda. Steriade’s approach, on the other hand, leaves open
the possibility of a language asymmetrically preserving a voicing contrast in word-
final coda position but neutralizing it in word-medial position, since obstruents
are more likely to have an audible release in final position than when preceding
another obstruent.

In fact, Steriade shows that the neutralization pattern observed in Hungarian
fits the profile predicted by her account. In Hungarian, voicing contrasts occur in
word-final obstruents but not in word-medial coda obstruents. Another argument
for Steriade’s analysis over the Lombardi one comes from the Lithuanian data
presented earlier showing that only a subset of coda consonants, those occurring
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before obstruents and word-finally, undergo neutralization. Crucially, presonor-
ant obstruents maintain a voicing contrast even though they belong to the coda. It
is thus descriptively inaccurate to state that codas undergo neutralization in
Lithuanian.' In summary, the syllable-based analysis of laryngeal neutralization
does not adequately predict the range of typological variation in voicing contrasts
(see Steriade 1999 for discussion of other patterns not covered by the syllable-
based account).

2.2.2 Typological over- and under-prediction in phonetically
driven phonology

Although the phonetically based analysis of voicing neutralization would appear
to have a descriptive advantage over the syllable-based account, there are other
cases where an appeal to phonetic biases in explaining typological patterns is less
convincing. A phonetically driven theory may in some cases overpredict the
existence of non-occurring patterns or, in other cases, incorrectly exclude patterns
that are attested.

To take an example of the former type of shortcoming, let us consider the effect
of two contextual factors on the height of a vowel: the voicing of an adjacent
consonant and the height of a vowel in a neighboring syllable. Phonetically, both
factors exert an influence on the first formant, which reflects vowel height: higher
first formant values are associated with lower vowel qualities and lower first
formant values with higher vowels. First formant values are characteristically
lower in vowels adjacent to voiced consonants as we have seen in the last section.
Due to coarticulation (the articulatory overlap of neighboring sounds), they are
also lower when an adjacent syllable contains a higher vowel (see Chapter 5 for
more on coarticulation and its role in phonology). Moreton (2008) compiles
phonetic data from a series of studies indicating that consonant voicing and the
height of a vowel in an adjacent syllable exert an effect of roughly similar
magnitude on first formant values for vowels. Strikingly, though, cases in which
the influence of consonant voicing on vowel height has been phonologized are far
less common than cases of phonological vowel-to-vowel height harmony (see
Chapter 5 on vowel harmony), suggesting that phonetic factors alone do not offer
a complete story for the typology of harmony involving vowel height (see section
2.2.4 for further discussion of Moreton’s findings).

A phonetically driven model of phonology also does not readily predict the
existence of certain attested patterns. Consider the case of voicing neutralization
described by Yu (2004) for the Nakh-Daghestanian language, Lezgian. In Lezgian,
there is a four-way contrast between voiceless unaspirated, voiceless aspirated,

! Other criticisms have been leveled at Lombardi’s account of syllable neutralization including its
assumption that voicing is a privative feature and thus lacks a [-voice] counterpart (e.g. Wetzels and
Mascar6 2001), its inability to capture laryngeal distinctions not based primarily on voicing, e.g. in
German (Iverson and Salmons 1995, Beckman et al. 2013), voicing neutralization in onset position, e.g.
in Lac Simon Algonquin (Iverson 1983), and neutralization to aspiration rather than voicelessness
(Vaux and Samuels 2005), e.g. in Klamath (Blevins 1993).
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voiced, and ejective stops in prevocalic position (2). (Note that fricatives also
adhere to the same restrictions as stops, but they are not discussed here since they
only display a two-way laryngeal contrast.)

(2) Four-way laryngeal contrasts among Lezgian stops (Yu 2004: 75)
Voiceless unaspirated ~ Voiced

a'qathun ‘come out’ ru'gud  ‘seven’

q%e'ter  ‘partridges’ di'de ‘mother’

ta'’k¥ar  ‘turnips’ ba'de ‘grandmother’

Voiceless aspirated Ejective

xa'thur  ‘respect’ wa'ka  ‘pig

ga'plur  ‘dagger a'qaltun ‘go up, appear on’
i't’ ‘raw’

In coda position, the aspiration contrast for the voiceless stops is neutralized
leaving a three-way laryngeal contrast between voiced, ejective, and voiceless
aspirated stops (3).

(3) Neutralization of aspiration contrast in coda position (Yu 2004: 75)

Voiced Ejective Aspirated

Kyd ‘nine’  jak™ ‘axe’ Khatft  bitch’
tib  ‘owl’ kit  ‘dog’ nek! ‘milk’
©'ig ‘middle kKuk  ‘peak’ net"  ‘louse’

tub ‘finger Kwat ‘lump, ball peq" ‘crow’

A typologically curious feature of Lezgian laryngeal neutralization is the exist-
ence of a set of monosyllabic noun roots that display an alternation between
prevocalic voiceless stops and word-final (4a) and preconsonantal (4b) voiced
stops (except if the following consonant is an approximant). (There are other
laryngeal alternations between intervocalic ejectives and voiced stops that I do
not discuss here.)

(4) Alternations between voiced and voiceless stops (Yu 2004: 76)

(a) pab ‘wife’ pap-a ‘wife (erg)’
rad ‘intestine’ ra't-uni ‘intestine (erg)’
leg® ‘tub’ le'’k%-e  ‘tub (erg)’

(b) xeb-mal ‘animal-cattle’ xp-er ‘sheep (pl)’
gad-di  ‘all summer’  ga't-u  ‘summer (erg)’
seg"” ‘ant’ tse'k™-re ‘ant (erg)’

On the one hand, the fact that the voicing contrast is neutralized in final and
preconsonantal position is predicted by Steriade’s analysis in which neutralization sites
adhere to an implicational scale projected from a universal scale of perceptibility. On
the other hand, however, the Lezgian alternations are problematic for an account like
Steriade’s that predicts neutralization to the feature requiring the least articulatory
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effort. As discussed in section 2.1.4, voicing requires increased articulatory effort in
final position.

In fact, the inability to capture the Lezgian alternations is not unique to
Steriade’s analysis. Even the syllable-based theory of neutralization espoused
by Lombardi (1995) is unable to account for the (near-)neutralization to the
voiced category in Lezgian, since it assumes a bias against the licensing of
the feature [voice] in coda position. Similarly problematic for both accounts are
languages in which the neutralized series is apparently aspirated (Vaux and
Samuels 2005).

The shortcomings of both the phonetically driven and the non-phonetically
driven accounts of laryngeal neutralization reside in their inability to distinguish
between unattested and extremely rare patterns. There is no straightforward way
in a purely synchronic analysis to admit the pattern of final voicing in Lezgian
while also capturing its status as a cross-linguistic outlier. The difficulties encoun-
tered by both approaches in accounting for the Lezgian data instantiate the more
general difficulty in modeling cross-linguistic frequency effects.

As a final note on Lezgian, Yu’s (2004) work demonstrates that it is important
to verify phonological descriptions through phonetic data. He presents results of
an acoustic study confirming that the word-final counterparts to the intervocalic
voiceless stops are phonetically voiced in Lezgian. However, he also finds that the
alternating voiced stops have slightly longer voiced phases and overall duration
than underlying voiced stops in final position. Lezgian voicing thus falls into the
class of near-neutralizing phenomena (see Chapter 5 for more on neutralization).”
In any case, Yu’s (2004) phonetic study indicates that there is a phonetic asym-
metry that must be accounted for between the two obstruent series that he assigns
to the phonologically voiced category.

2.2.3 Typology as a reflex of diachronic change

A more coherent understanding of frequency often emerges when one considers a
phenomenon from a diachronic perspective, as in the Evolutionary Phonology
framework developed by Juliette Blevins (2004, 2006). Under Blevins’s approach,
which builds on work by John Ohala (e.g. 1981, 1989, 1993, 1994) on the phonetic
basis for sound change, phonologies evolve through a series of misapprehensions
and phonological restructurings on the part of the listener. In this account,
vowel harmony arises when normal low-level phonetic vowel-to-vowel coarticu-
latory effects are mistakenly assumed by the listener to be phonological targets
intended by the speaker (Ohala 1994). For example, the listener might mistakenly
assume that an /i/ that is phonetically retracted because it occurs between two
syllables containing an /u/ was intended as a phonologically back vowel by the
speaker. This could trigger a reanalysis by the listener of the phonetically retracted

? Kiparsky (2008) seizes upon this length difference to reanalyze the alternating voiced stops as
underlying voiced geminates and derive the voiceless ones in non-final position by a process of
devoicing and shortening. Blevins (2006) argues against Kiparsky’s analysis on various grounds,
which are countered by Kiparsky (2006).
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/i/ as a phonological back vowel, potentially sowing the seeds of an incipient vowel
harmony system (see Chapter 5 for further discussion of coarticulation and vowel
harmony).

In the Evolutionary Phonology model, patterns that are typologically infre-
quent, such as final voicing in Lezgian, are rare because they are phonetically
unnatural, but they are not impossible since a series of historical events, each of
which might in isolation be phonetically natural, could conspire to produce a
synchronic distribution that is phonetically anomalous. Yu (2004), in fact, shows
that the Lezgian pattern of final voicing is likely the result of a confluence of
diachronic changes that are all phonetically natural. On the basis of cognates
shared with other Samurian languages of the Nakh-Daghestanian family, Yu
reconstructs voiceless stops for the series that alternate with final voiced stops in
modern Lezgian, suggesting that a process of intervocalic devoicing rather than
final voicing created the synchronic voicing alternation. Although intervocalic
devoicing is also typologically rare, Yu argues that it was one component in a more
general phonetically natural process of fortition (or strengthening; see Chapter 5)
affecting consonants in the onset of stressed syllables, characteristically the second
syllable of a Lezgian word. Fortition manifested itself as gemination and devoicing
of the stressed onset with a chronologically later process shortening the resulting
geminates. Because monosyllabic roots in Lezgian typically take suffixes that begin
with a vowel or an approximant, the result of this chain of events was an
alternation between voiced consonants at the end of monosyllabic roots and
voiceless ones when a suffix was added. Polysyllabic roots, on the other hand,
did not develop voicing alternations since their root-final consonants would not
occur in the onset of a stressed syllable. The historical conditions giving rise to the
voicing patterns are summarized in (5).

(5) Development of Lezgian intervocalic stops in monosyllabic and polysyllabic
roots (Yu 2004: 87)
Monosyllabic root Polysyllabic root
Root-suffix Root-suffix
'CVD-V > CVT'T-V > CV'T-V CV'CVD-V > CV'CVD-V

The exceptional case of final voicing in Lezgian and other cases of phonetically
unnatural processes (e.g. Buckley 2000, Hyman 2001, Johnsen 2012) demonstrate
that certain phenomena may not be amenable to a phonetically based synchronic
analysis or even to a non-phonetically driven account that is overly restrictive in
its predictions. Rather, as Blevins argues, only a historically grounded approach is
in a position both to shed insight into typologically exceptional and apparently
unnatural patterns while also predicting their relative rarity. In the case of Lezgian,
it is the combination of three independent properties that conspires to produce
the unusual voicing alternations: peninitial stress, which is typologically quite rare
(Hyman 1977, Gordon 2002a, Goedemans 2010; see Chapter 6), vowel-initial
suffixes that trigger resyllabification of root-final consonants, and devoicing of
stressed onsets (see Blevins 2006 for other confluences of events that could
conspire to produce final voicing).
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Although cases like Lezgian undermine the strongest view of phonetic deter-
minism in phonology, they do not themselves preclude the potential importance
of phonetic factors on a synchronic level. Rather, the existence of seemingly
phonetically unmotivated phenomena indicates that speakers have the ability to
acquire patterns that could not be acquired purely on grounds of phonetic
naturalness. The contributions of phonetic and cognitive biases to phonological
learning are explored further in the next section.

2.2.4 Typology and learning biases: experimental approaches

The last decade has witnessed considerable expansion of the psycholinguistic
research program that supplements traditional typological inquiry as a basis for
theory development with the investigation of phonetic and analytic biases in
phonological acquisition. I summarize here some work belonging to this line of
research, which, though still in its relative infancy, has already produced some
important results that potentially offer explanations for why certain patterns are
more common than others across and within languages.

Pycha etal. (2003) presented native English listeners with one of three
artificially constructed vowel distributions two of which involved vowel harmony
and disharmony. In one condition, the presented forms illustrated a phonetically
natural rule of palatal harmony of the type found in many natural languages (see
Chapter 5) in which suffixes have two allomorphs varying in backness depending
on the backness of the root vowel. In another condition, listeners were given forms
instantiating a phonetically less natural and correspondingly rare (see Chapter s5)
process of palatal disharmony in which the suffixal vowel had the opposite back-
ness values of the root vowel. Finally, the third pattern involved an arbitrary
interaction in which a mix of front and back vowels (i, @, u) triggered a front
vowel suffix, while a different mix (i, u, a) triggered a back vowel suffix. Both the
phonetically natural harmony and the phonetically unnatural disharmony pro-
cesses are formally simple in terms of manipulating a single phonological predi-
cate, the backness feature for vowels. The arbitrary distribution, on the other
hand, is formally more complex since it requires reference simultaneously to
height and backness of the vowels conditioning harmony.

After a training session in which examples of harmony were presented aurally,
listeners were asked for their grammaticality judgments on a series of novel forms
differing in their well-formedness according to the learned harmony rule. Results
suggested difficulty in acquiring the formally complex and arbitrary rule of vowel
harmony relative to the other two types of systems. Pycha et al. also found that the
percentage of correct responses for listeners exposed to the phonetically natural
harmony system was slightly greater, but not reliably so, than for speakers
presented with the phonetically less natural but formally simple disharmony
pattern. Crucially, because English does not have vowel harmony, results of
their study are unlikely to be attributed to interference from preexisting know-
ledge of a harmony system.

Using a somewhat different type of experiment employing an Artificial Gram-
mar paradigm, Wilson (2003) also attempted to address the role of naturalness in
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the acquisition process. Listeners in his first experiment were presented with one
of two different nasal harmony processes. In one condition, listeners heard tokens
containing a suffix that had two allomorphs, [-na] and [-la], where the occurrence
of each was conditioned by the nasality of the final consonant of the stem
according to a widely attested and natural type of nasal harmony system (see
Chapter 5) found in languages: a nasal consonant triggered the [-na] variant
whereas an oral consonant triggered the [-la] variant, e.g. gomena vs. gobela.
The other group of listeners was given forms in which the [-na] allomorph was
triggered by a final dorsal consonant and the [-la] allomorph was conditioned by a
non-dorsal consonant, e.g. dogena vs. dobela a less natural and unattested type of
harmony system. After a training session in which the relevant grammar was
illustrated, listeners were presented with novel forms either conforming to or
deviating from the patterns of the training session, and asked whether they had
heard these forms previously or not. Wilson found that listeners were far more
accurate in recognizing forms conforming to the phonetically natural rule of nasal
harmony than the unnatural alternation conditioned by the dorsality of the final
consonant. In a follow-up experiment, listeners were presented with forms illus-
trating a process of nasal disharmony in which a nasal consonant in the root
triggered the [-la] allomorph. Nasal disharmony is attested in several languages
(Alderete 1997, Suzuki 1998; see Chapter 5). In keeping with the results of Pycha
etal. (2003), listeners were better able to recognize grammatical forms displaying
disharmony than listeners exposed to an unnatural rule in which the [-la] allo-
morph was conditioned by a dorsal consonant in the root. Wilson does not make a
direct comparison of results for the nasal harmony and disharmony conditions.

The relative contribution of analytic as opposed to phonetic biases is difficult to
assess in Pycha et al’s (2003) and Wilson’s (2003) studies due to a confound
between phonetic naturalness and cognitive simplicity. The nasal harmony and
disharmony patterns in Wilson’s work are arguably both phonetically more
natural and cognitively simpler in terms of the phonological features they
manipulate than the less readily acquired dorsal-nasal harmony. In Pycha et
al’s study, the arbitrary mixed harmony system is both phonetically less natural
and analytically more complex than the palatal harmony and disharmony systems
more easily acquired by subjects in their experiment.

Moreton (2008) represents a rigorous attempt to tease apart the relative
strength of analytical vs. phonetic biases in influencing both phonological acqui-
sition and typology. He tests via an Artificial Grammar paradigm the relative
ability of participants to acquire vowel-to-vowel harmony vs. consonant-to-vowel
harmony patterns. The vowel harmony system in his experiment involves har-
monizing of height between the two vowels in a set of CVCV stimuli, while the
vowel-to-consonant harmony patterns involve an alternation of the first vowel in
CVCV between a high vowel before a voiced consonant and a non-high vowel
before a voiceless consonant.

Vowel height harmony systems (see Chapter 5) are far more common than
those involving an interaction between vowel height and consonant voicing even
though there is a phonetic precursor to both patterns, arguably stronger in the
case of vowel-consonant harmony. Subjects in Moreton’s experiment displayed a
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greater capacity for mastering patterns reflecting vowel-to-vowel harmony com-
pared to those instantiating vowel-consonant harmony. He interprets this result
as evidence for an analytic bias favoring the vowel-to-vowel harmony system,
speculating that the vowel harmony system may be simpler to acquire since it is
sensitive to a single featural dimension, vowel height, as opposed to the height and
voicing interaction embodied in the vowel-to-consonant harmony pattern.

In a follow-up experiment, Moreton compares the acquisition of the vowel-to-
consonant harmony system with the acquisition of a voicing harmony system
between the two consonants in CVCV. Consonant voicing harmony is rare and
differs from vowel-consonant harmony in lacking a typologically robust phonetic
precursor, i.e. there does not appear to be any cross-linguistic phonetic tendency
for voicing agreement between consonants separated by an intervening vowel.
Nevertheless, subjects performed better in learning the consonant voicing har-
mony than the vowel-to-consonant harmony, suggesting that the former type of
pattern enjoys a cognitive advantage over the latter. Like the vowel-to-vowel
harmony pattern, the voicing harmony system may be simpler to acquire since
it is sensitive to a single featural dimension, voicing. Moreton’s results suggest that
both phonetic and analytic factors are necessary preconditions for a pattern to
become typologically common. Although equivalent in analytic complexity (at
least by a featural metric) to the vowel-to-vowel harmony pattern, the voicing
harmony pattern lacks a sufficiently robust phonetic conditioning factor to
become entrenched as a phonological pattern. On the other hand, despite pos-
sessing the necessary phonetic precursor, the vowel-to-consonant harmony pat-
tern is analytically too complex to emerge as a typologically widespread
phenomenon.

One of the difficulties in assessing the relative effect of analytic vs. phonetic
biases in shaping phonological typology is the evaluation of the robustness of
phonetic conditional factors. Yu (2011) challenges Moreton’s assumption that the
phonetic precursors to the vowel-to-vowel harmony system are no more robust
than those motivating the typologically rare vowel-consonant harmony pattern.
Yu suggests that the measurement of intracategory variability in first formant
values employed by Moreton is insufficient as a diagnostic of phonetic precursor
robustness. Rather, Yu proposes that what is at stake is the extent to which
contextual variation creates overlap between a phonemic category and other
neighboring categories. Under this approach, the robustness of a phonetic pre-
cursor is a measure of the degree of confusion induced by the presence of that
precursor. For example, if the low vowel /a/ is raised both before a voiced
consonant and before a high vowel in an adjacent syllable, the relative strength
of the two contexts as potential phonetic precursors to a categorical vowel raising
rule depends on how much perceptual ambiguity between the low vowel and a
phonemic mid vowel is created by raising. Yu proposes a method for quantifying
phonetic precursor robustness as a function of the effect of a context on the
differentiation of phonological categories. He supports his proposal through a
production study of the effects of vowel-to-vowel and consonant-to-vowel coar-
ticulation in English and Turkish. Results of applying his method of calculating
precursor robustness indicate that the phonetic effect of vowel-to-vowel
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coarticulation on first formant values is greater than the effect of consonant-to-
vowel coarticulation, in keeping with the greater typological frequency of vowel-
to-vowel height harmony. Yu also suggests another way in which the phonetic
precursor to vowel harmony is more robust than the precursor to voicing-induced
vowel-consonant height harmony: vowel-to-vowel coarticulation effects charac-
teristically have a longer temporal span than consonant-vowel coarticulation, a
difference that potentially contributes to the relatively greater phonetic robustness
of the vowel-to-vowel interactions. Yu’s research shows that the evaluation of
phonetic precursor robustness is a complex issue and casts uncertainty about the
hypothesis that it is really analytic bias rather than phonetic bias that conditions
the greater typological frequency of vowel height harmony systems relative to
vowel height shifts attributed to the voicing of an adjacent consonant.

Carpenter’s (2010) study of stress patterns sensitive to vowel quality offers
further support for the important role of phonetic naturalness in both shaping
typology and facilitating the acquisition of phonological patterns. She shows that
English and Canadian French speakers are better able to master a phonetically
natural stress rule in which low vowels preferentially attract stress over higher
vowels than a phonetically unnatural one, but analytically equivalent in terms of
number of features involved, in which high vowels attract stress from lower
vowels. This result accords with the typology of vowel-quality-driven stress
rules (Kenstowicz 1997, de Lacy 2004; see Chapter 6): some languages have stress
systems that favor lower vowels over higher vowels while there do not appear to be
any that favor higher vowels over lower ones.

In summary, the role of analytic and phonetic factors in shaping both the
language acquisition process and the typology of phonological patterns is cur-
rently the subject of vigorous debate. Results are still inconclusive particularly
concerning evidence for the role of analytic biases (see, for example, Pater and
Tessier 2006, Wilson 2006, Peperkamp et al. 2006, Zhang and Lai 2010, Becker
etal. 2011, Moreton and Pater 2012a, b, and Hayes and White 2013).

2.2.5 Typological variation modeled: constraints or rules

In addition to the debate about the synchronic contribution of different biases to
the phonology, another contentious issue concerns the formal framework in
which these biases should be couched: derivational or constraint-based. Although
the issues of grammatical architecture and the role of substantive biases in
phonology are logically orthogonal to each other, the constraint-based paradigm
of Optimality Theory has figured prominently in analyses that grammatically
encode the typological reflexes of competition between various types of phonetic
and functional biases. Stochastic models of Optimality Theory have proved to be
particularly promising in the modeling of frequency distributions, which increas-
ingly appear to act as important predictors of many phonological patterns.

2.2.5.1 Steriade (1999) on laryngeal neutralization in Optimality Theory Steriade
(1999) couches her analysis of laryngeal neutralization within an Optimality-
theoretic paradigm (Prince and Smolensky 1993/2004), in which the loss of
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laryngeal contrasts is driven by constraints on phonological well-formedness that
ban laryngeal contrasts in contexts where they are perceptually less optimal (see
Gordon 2007 for an overview of typology in Optimality Theory). She posits an
implicational scale of constraints prohibiting laryngeal contrasts in different
contexts varying in their capacity to realize those laryngeal contrasts in a percep-
tually salient manner. For example, the constraint banning laryngeal contrasts in
positions before an obstruent is ranked above the constraint prohibiting laryngeal
contrasts in final position, reflecting the fact that pre-obstruent position provides
a worse backdrop for the realization of a laryngeal contrast than final position. In
keeping with this perceptibility difference, recall from section 2.2.1 that Hungarian
preserves voicing contrasts word-finally but not in pre-obstruent position. Competing
with the markedness constraints banning laryngeal contrasts in different contexts is a
faithfulness constraint requiring that underlying contrasts be preserved on the surface.
By interleaving this faithfulness constraint with the implicationally ranked scale of
markedness constraints banning voicing in different contexts different neutralization
patterns are generated in Steriade’s analysis. For example, in Hungarian, faithfulness
is ranked below the constraint against voicing contrasts in pre-obstruent position
but above the constraint banning voicing contrasts in final position. In contrast, in
Lithuanian, which neutralizes voicing distinctions both in pre-obstruent position
and word-finally, faithfulness is ranked below both of the markedness constraints.
The language-dependent ranking of the faithfulness constraint relative to the two
markedness constraints is illustrated for Hungarian and Lithuanian in the tableau in
(6). Following standard conventions in Optimality Theory, a potential form that fails
to surface due to its violation of a constraint is indicated by an exclamation point and
the actual surface form is indicated by a pointing finger. Note that for expository
purposes the formulation of the constraints in (6) is simplified from Steriade’s (1999)
original analysis.

(6) Optimality-theoretic analysis of voicing neutralization in Hungarian and Lithuanian

Hungarian *Voice/ __ [-son] | Farru(Voicg) *VOICE/ __#

Pre-obstruent:

/habtfo:k/ ‘meringue’
= haptfo:k *
habtfo:k *1

Word-final
/rob/ ‘prisoner’

rop *1
= rob *

Lithuanian *VoIcg/ __[-son] | *Voice/__# | Farta (VOICE)

Pre-obstruent

/dégti/ ‘burn-inf’
w dékti *
dégti *)

Word-final

/datig/ ‘much’
daug *|
1w dadk *
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A key feature of Optimality-theoretic analyses like the Steriade (1999) one is the
separation of constraints banning marked (i.e. less phonetically natural and thus
less common) structures and the faithfulness constraints requiring preservation of
underlying material. This separation predicts that languages might differ in the
strategies they employ to satisfy highly prioritized faithfulness constraints.

2.2.5.2 Factorial typology in phonology: the case of syllable-contacts To
explore this prediction further let us build on the discussion of sonority from
Chapter 1 and consider consonant clusters at syllable boundaries, drawing on
Gouskova’s (2004) work on the typology of heterosyllabic clusters. As will be
discussed further in Chapter 3, there is a cross-linguistic preference for hetero-
syllabic consonant clusters to display a falling sonority profile where the first
consonant has greater sonority than the second one according to the sonority
scale presented in Chapter 1. Languages differ both in the strictness of this prefer-
ence, termed the Syllable Contact Law (Hooper 1976, Murray and Vennemann
1983, Vennemann 1988), and in their strategies for ameliorating violations of it. In
the discussion that follows we will abstract away from cross-linguistic variation
in the sonority thresholds that trigger changes in heterosyllabic clusters and instead
focus on the varied responses to potential violations of the Syllable Contact Law.

Gouskova (2004) discusses one pair of strategies for circumventing syllable
contact violations in the Cushitic language Sidamo. Rising sonority clusters (those
in which the second member has greater sonority than the first) undergo metath-
esis (and place assimilation), which produces a falling sonority cluster: /duk-
nanni/ — dup.kanni ‘they carry’, /huf-nanni/ — huntfanni ‘they pray/beg/
request’, /has-nemmo/ — han.semmo ‘we look for’, /hab-nemmo/ — ham.
bemmo (Gouskova 2004: 226). Flat sonority clusters and falling sonority clusters
in which the fall is insufficiently large, i.e. when the consonants in the cluster
are adjacent on the sonority scale, display a different resolution, gemination:
/af-tinonni/ — affinonni ‘you (pl) have seen’, /lellif-toti/ — lelliffoti ‘Don’t
show!’, /ful-nemmo/ — fullemmo ‘we go out’, /Jum-nommo/ — ummommo ‘we
have dug’ (p. 226). Gouskova assumes that geminates are a single sound and thus
not subject to constraints on clusters.

Another strategy for dealing with ill-formed heterosyllabic clusters is found in
the Turkic language Kirghiz, in which suffix-initial sonorants strengthen to stops
when they follow any coda consonant, a shift that has the effect of improving the
sonority profile of the coda-onset cluster. For example, the objective suffix -nu and
the plural suffix -lar surface unchanged intervocalically but the first sound in each
changes to a lower sonority plosive (/t/ or /d/ depending on voicing of the root-
final consonant) when suffixed to a consonant final root, e.g. to:-nu, to:-lar
‘mountain’ vs. kar-dw, kar-dar ‘snow’, antan-dui, antan-dar ‘gelded camel’,
taf-tus, taf-tar ‘stone’, konok-tu, konok-tar ‘guest’ (Gouskova 2004: 237). Note
that Kirghiz suffixal vowels alternate due to vowel harmony (see Chapter 5).

Yet another response to a sub-optimal syllable contact is to delete one of the
consonants participating in the offending transition. In Diola Fogny (Rice 1992), syllable
contacts involving a sonority plateau or a rise are resolved through deletion of the first
consonant. For example, the first stop deletes in the stop—stop cluster in /let-ku-jaw/ ‘they



TYPOLOGY IN PHONOLOGY 35

won'’t go’, yielding lekujaw (p. 73); the nasal is lost in the nasal-lateral cluster in /na-laj-
lap/ ‘he returned’, giving nalalap ‘he returned’ (p. 74). A nasal does not delete if it
precedes a lower sonority plosive (though it assimilates in place), e.g. /na-timp-tin/ —
nati:nti:y ‘he cut (it) through’ (p. 73).

Finally, epenthesis may also be employed to avoid heterosyllabic clusters with
illicit sonority profiles (see Chapter s for an alternative perceptually driven
account of epenthesis in rising sonority clusters). In Kabardian (Colarusso 1992,
2006), an epenthetic vowel is inserted in clusters of a consonant + sonorant
consonant: /foz-me/ — fozame ‘if a woman’, /mel-me/ — malame ‘if ice’. Sonor-
ants in onset position word-initially or following a vowel do not trigger epenthesis:
ne ‘eye’, wone -me ‘if a house’.

In summary, Sidamo, Kirghiz, Diola Fogny, and Kabardian together instan-
tiate five different strategies for avoiding heterosyllabic clusters with impermis-
sible sonority profiles: metathesis and gemination (Sidamo), fortition (Kirghiz),
deletion (Diola Fogny), and epenthesis (Kabardian). The employment of varied
mechanisms for dealing with the same ill-formed configuration fall out in
straightforward fashion from a theory like Optimality Theory that formally
separates the prohibition against a marked structure from the varied strategies
for coping with that structure (see Kager 1999, McCarthy 2001). In Optimality
Theory, the marked configuration is penalized by a highly ranked markedness
constraint whose satisfaction entails violating at least one of a series of faithful-
ness constraints each banning different deviations from the underlying form.
Metathesis occurs if the constraint requiring that the underlying order of
segments be preserved on the surface, LiNeariTY (McCarthy and Prince 1995),
is ranked below other faithfulness constraints. Gemination or fortition are
possibilities when the constraint requiring that lexical feature specifications of
segments not change on the surface, IDENT (McCarthy and Prince 1995), is
demoted below other faithfulness constraints. (In Gouskova’s analysis, the
choice between gemination and fortition depends on the status of another
markedness constraint banning geminates.) Deletion reflects the relatively low
ranking of a constraint mandating that all underlying sounds surface, Max
(McCarthy and Prince 1995). Epenthesis is attributed to the lower ranked status
of the faithfulness constraint requiring that surface sounds have a correspondent
in the underlying string, Dep (McCarthy and Prince 1995). The different
responses to syllable contact violations and the constraint rankings that generate
them are summarized in (7).> Note that the syllable contact constraint in the
analysis is actually an amalgam consisting of multiple members of a family of
constraints banning different sonority distances between members of a cluster
(see Gouskova 2004 for analysis).

*> Gouskova (2004) discusses one additional strategy, adopted in Faroese and Icelandic, for avoiding
sonority violations across syllable boundaries: resyllabification as an onset cluster (see Gouskova’s
paper for details).
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(7) Constraint rankings yielding different responses to syllable contact violations

No change:
LINEARITY (NO METATHESIS), MAX (No DELETE), IDENT (No CHANGE), DEP (NO INSERT)

0-CONTACT

Metathesis:
0-CONTACT, MAX (No DELETE), IDENT (No CHANGE), DEP (NO INSERT)

LINEARITY (NO METATHESIS)

Gemination/Fortition:
0-CONTACT, MAX (NO DELETE), LINEARITY (NO METATHESIS), DEP (NO INSERT)

IDENT (No CHANGE)

Deletion:
0-CONTACT, IDENT (NO CHANGE), LINEARITY (NO METATHESIS), DEP (NO INSERT)

Max (No DELETE)

Epenthesis:
0-CONTACT, IDENT (NO CHANGE), LINEARITY (NO METATHESIS), MAX (NO DELETE)

Dep (No INSERT)

Instances in which multiple strategies are employed to cope with the same
marked configuration are often referred to as “conspiracies” (Kisseberth 1970).
The syllable contact cases discussed by Gouskova (2004) constitute a type of
conspiracy operating across languages. Another arguably more compelling type
of conspiracy is observed within languages (see Casali 1997, 1998 on language-
internal conspiracies involving vowel hiatus).

The modeling of conspiracies in Optimality Theory through variable ranking of
faithfulness constraints and well-formedness constraints diverges from rule-based
treatments which package the ill-formed structure and the response to avoiding
that structure together in a single rule. Thus, the five responses to syllable contact
violations discussed above could be captured in the five rules in (8).

(8) Five rules capturing different responses to syllable contact violations
Metathesis: XY — YX
Gemination: Y — X /X __
Fortition: Y - Z/X
Deletion: X - @/ __ Y
Epenthesis: @ - V/X _ Y

The rules in (8) all have in common that their output avoids the dispreferred
configuration XY, yet this link is missed in the rule-based analysis in which the
five conspiratory rules are formally independent of each other. In contrast, in the
Optimality-theoretic account, the fact that all processes share the common goal of
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avoiding a marked configuration can be encoded in the analysis as the reflex of a
constraint against that configuration.

Although the existence of conspiracies would appear to give a decided advan-
tage to the constraint-based OT framework over its derivational counterpart, the
natural ability of OT to model conspiracies is not without its pitfalls. In fact, it
turns out for many phenomena that only a subset of the logically possible
responses to avoiding a marked structure is attested cross-linguistically. Although
the example above from sonority contact illustrates a richly varied set of strategies
for avoiding dispreferred clusters across syllable boundaries, there are still some
apparent gaps between the typology of resolutions predicted by OT and those that
are actually attested. For example, as we saw, Diola Fogny deletes the first
consonant in a cluster to avoid sonority violations, yet there do not appear to be
any languages that delete the second consonant instead, a strategy that would yield
the same result in terms of eliminating a poor syllable contact. The architecture of
the OT grammar, at least not as originally conceived, often overpredicts variation
in the responses to a markedness constraint. Several other types of phenomena,
notably those in which surface patterns are opaque given a one-step mapping
between underlying and surface forms, are problematic for Optimality Theory but
fall out in relatively straightforward fashion using ordered rules. The evaluation of
the relative merits of constraint-based vs. rule-based frameworks is the basis of an
ongoing debate in phonological theory.

2.2.5.3 Modeling frequency in a constraint-based grammar In its original
conception (Prince and Smolenksy 1993/2004), Optimality Theory assumed a
universal set of constraints that are discretely ranked on a language-specific basis.
Free variation in this model is captured through optional re-ranking of constraints
at the time of speaking. For example, in the case of syllable contact violations,
hypothetical free variation between deletion and epenthesis as repair strategies
within a language could be modeled as variability in the relative ranking of Dep
(No InserT) and Max (No DEeLETE). On one occasion, a speaker might rank the
former constraint over the latter and employ deletion, whereas on the next
occasion, a speaker might employ the opposite ranking and opt for epenthesis.
A drawback of this model is its limited capacity to model frequency distributions:
there is thus no way of capturing the fact that epenthesis might be more com-
monly employed than deletion in a given language as a strategy for avoiding poor
syllable contacts. Similarly, there is no possibility of modeling the relative typo-
logical rarity of one response to a well-formedness constraint compared to
another response to the same constraint.

Modeling variation through discrete constraint ranking fails to capture the fact
that variation is typically not arbitrary but is predictable based on a confluence of
variables (e.g. contextual factors, speech rate, register, etc.) that either increase or
decrease the likelihood of a particular variant in probabilistic fashion, ultimately
yielding frequency distributions that emerge in corpora. More recent incarnations
of Optimality Theory employ probabilistic constraint ranking algorithms that are
capable of modeling frequency distributions.
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One probabilistic constraint-based model of phonology is Boersma’s (1997,
1998) stochastic version of OT in which constraint rankings are treated as
probability distributions along a continuous linear scale rather than possessing a
single ranking value relative to other constraints as in the traditional OT model. In
the process of evaluating potential candidates to produce in speech, the actual
ranking of each constraint, the selection point, is a function of its probability
distribution with a random perturbation component that creates a unique ranking
for each utterance. The odds of a particular selection point occurring decreases as
the selection point moves away from the center of a constraint’s ranking range.
This conception of constraint ranking allows for the possibility of ranking
“reversals” in which a constraint whose ranking range is higher than but overlaps
with that of another constraint may be ranked either above or below that
constraint when a selection point is set.

Random perturbation is also a key component in the Noisy Harmonic Gram-
mar model (Pater 2009, Boersma and Pater to appear). Like Optimality Theory,
the Harmonic Grammar (HG) framework (Legendre et al. 1990, Smolensky and
Legendre 2006, Pater 2009) assumes a series of constraints against which candi-
dates corresponding to an input form are evaluated. However, unlike in the
original OT model, HG assumes that each constraint is associated with a numer-
ical weighting reflecting how much a candidate is penalized for each violation of
that constraint. The “harmony” of a candidate is determined by multiplying each
constraint violation by the penalty associated with violating that constraint and
then summing the totals over all the constraints. This calculation of harmony is
illustrated in (9) for a subset of the Hungarian final devoicing data considered
earlier. In the example, the voicing in both the pre-obstruent and the final stop is
varied in the candidates and the penalty associated with each constraint is given as
an integer above the constraint name.

(9) Hungarian final devoicing in Harmonic Grammar

3 2 1
/habfo:k/ ‘meringue’ *Voice/ __ [-son]| Farru(Voick) | *VoIce/ __#
= haptfo:k -1 -2
habtfo:k -1 -3
habtfo:g -1 -1 -1 -6
haptfo:g -2 -1 -5

The winning candidate violates only the faithfulness constraint, for which it
receives a penalty of —2, the highest (i.e. closest to zero) harmony score of the
four candidates. The second candidate violates only a single constraint as well, but
the constraint it violates, the one banning pre-obstruent voicing, is associated with
a greater penalty than faithfulness. The third candidate, in which the word-final
obstruent has undergone voicing, violates all three constraints; its aggregate score
of —6 is the sum of the penalties associated with each constraint. The final
candidate with devoicing of the first obstruent and voicing of the second one
receives a score of -5 reflecting the sum of its two violations of faithfulness and its
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violation of the constraint against voicing in final position. In order to allow for
variation in outputs, Noisy Harmonic Grammar incorporates a random compo-
nent in the calculation of a candidate’s violation score for a given constraint by
multiplying the exponent of the sum of the constraint by a noise factor.

A salient feature of the Harmonic Grammar model is its ability to model so-called
“ganging” effects where multiple violations of a lower weighted constraint can
gang up to eliminate a candidate that honors a higher weighted constraint. This
differs from the traditional OT model in which satisfaction of lower ranked
constraints cannot resuscitate a candidate that has been eliminated by virtue of
violating a higher ranked constraint. The ganging effect can be illustrated using an
example from the syllable contact data from Goukova (2004) considered earlier
(though it cannot handle all the facts addressed by Gouskova). To exemplify the
ganging effect, we consider the least relational of the data discussed by Gouskova.
Recall that in Kirghiz suffix-initial sonorants change to stops when following a
consonant-final root, e.g. to:-nu ‘mountain-objective’ vs. kar-dus ‘snow-objective’
(Gouskova 2004: 237), where the vowel alternation reflects an orthogonal vowel
harmony process. The strengthening of postconsonantal sonorants can be ana-
lyzed as an effect of two constraints: one banning sonorant onsets, *SONONSET,
and one prohibiting codas, *Copa. Each of these constraints is ranked below the
constraint banning changes in the underlying form, IDenT, as evidenced by the
failure of onset sonorants not in post-consonantal position to strengthen to stops
and the tolerance of codas in the language at large. However, if both *SoNONsET
and *Copa are violated, the candidate displaying fortition to a stop wins, a result
that can be modeled as a ganging effect that eliminates the faithful candidate
lacking fortition, a scenario that is depicted in (10).

(10) Kirghiz fortition as a ganging effect in Harmonic Grammar

3.5 2.5 1.5
/kar-dw/ ‘mountain- IDENT *SONONSET *CODA

objective’

1 kardw -1 -3.5
karnw -1 -1 -4

2.2.5.4 Modeling phonological acquisition An important metric for evaluat-
ing a theory is its ability to provide a framework in which a plausible model of
the phonological acquisition process can be couched. Although phonological
learning algorithms antedate the advent of constraint-based phonological para-
digms, e.g. Dresher and Kaye’s (1990) model for setting metrical stress param-
eters, attempts to formally model the acquisition process have burgeoned within
constraint-driven frameworks aided by parallel advances in computational
resources.

One such learning model is the Gradual Learning Algorithm (Boersma 1997,
1998), which has been tested within both stochastic Optimality Theory (Boersma
and Hayes 2001) and Harmonic Grammar (Boersma and Pater to appear) frame-
works. In the Gradual Learning Algorithm (GLA), the constraint “strength”
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(ranking in Stochastic OT and weighting in HG) is adjusted in response to
each learning datum, where more frequently occurring data points exert greater
influence. Boersma and Hayes (2001) run various simulations within an OT
framework, drawing on frequency data of different types. In their most rigorous
simulation, they feed the frequency distributions of various allomorphs of the
genitive plural in Finnish based on Anttila’s (1997a, b) data and employing
constraints proposed by Anttila in his work. The GLA succeeds in constructing
a constraint ranking that closely predicts the frequency patterns in Anttila’s
corpus, including word types that show no variation, e.g. kala ‘fish’ vs. kalojen
‘fish (gen. pl.)’, ajattelija ‘thinker’ vs. ajattelijoiden ‘thinkers (gen. pl.)’, as well as
those with differing degrees of optionality, e.g. naapuri ‘neighbor’ vs. naapurien
(63.1%) or naapureiden (36.9%) ‘neighbors (gen. pl.)’, korjaamo ‘repair shop’ vs.
korjaamojen (82.2%) or korjaamoiden (17.8%) ‘repair shops (gen. pL.)’.

Building on the work within Stochastic OT, Boersma and Pater (to appear)
successfully employ a version of the GLA within a Noisy Harmonic Grammar
under different test conditions. One of these includes a long-standing challenge to
learning models, the acquisition of hidden structure such as the type assumed in
foot-based metrical stress theory (see Chapter 6; see Pater et al. 2007 and Boersma
and Pater to appear on the relative merits of Harmonic Grammar and Optimality
Theory).

An ambitious research program employs frequency data to model not only the
acquisition of constraint rankings but also the learning of the constraints them-
selves. One promising probabilistic constraint learning and ranking algorithm
proposed by Hayes and Wilson (2008) employs a Maximum Entropy grammar
that uses weighted constraints to assign probabilities to output forms. In their
model, the probability of a given candidate form is a function of its score, i.e. the
weighted sum of its constraint violations, which determines the candidate’s
maxent value. A candidate with a larger share of the sum of maxent values of all
competing candidates has a greater probability of surfacing than a candidate with
a lower share of the total maxent values. A feature of Hayes and Wilson’s model
shared with Harmonic Grammar is its aggregate evaluation of candidates against
all constraints, which allows for the possibility of constraints collectively ganging
up to penalize a form.

In a number of learning simulations, Hayes and Wilson (2008) show that their
model is able not only to establish a relative weighting of a set of constraints from
input data distributions fed to the learning algorithm, but also to acquire the
constraints given appropriate heuristics for limiting the search space for discover-
ing constraints. In keeping with an important issue faced by language learners,
their implementation of the constraint learning algorithm is sensitive to a trade-
off between increasing the specificity of constraints in order to improve their
accuracy in predicting attested forms while simultaneously maximizing the gen-
erality of individual constraints in order to offer broader empirical coverage.

Hayes and Wilson test their algorithm against various types of phonotactic
patterns including onset consonant clusters in English, Shona vowel harmony, the
typology of weight-insensitive stress systems, and a cross-section of phonotactic
data from the Australian language Wargamay (Dixon 1981). For example, in the
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test of their model against English word-initial onset cluster frequency data, Hayes
and Wilson feed their learning algorithm frequency distributions for English
onset clusters from the online CMU Pronouncing dictionary (<http://www.
speech.cs.cmu.edu/cgi-bin/cmudict>). Their learning algorithm successfully con-
structs a grammar consisting of 23 constraints, whose weightings yielded scores
for various potential clusters that correspond to the distinction between
unattested and attested onset clusters. Clusters whose scores are relatively high
are attested, whereas those with lower scores are generally either rare or
unattested. Hayes and Wilson (2008) also test their learning algorithm against
well-formedness intuitions for different clusters obtained by Scholes (1966) from
a group of seventh-grade students. They find a strong correlation between the
well-formedness probabilities obtained in the experimental setting with the prob-
abilities obtained from the maxent grammar.

Not all current implementations of phonological learning algorithms take place
within a constraint-based framework. Heinz (2009) adopts a learning algorithm
for stress systems that focuses on modeling the inference procedure guiding the
learner’s hypothesis construction. Representing stress systems in terms of finite-
state acceptors, Heinz runs a series of simulations in which the learner is fed stress
data for words ranging from one to nine syllables long. Ultimately his Forward
Backward Neighborhood Learner acquires 100 of the 109 targeted stress systems
including both those with weight-insensitive and those with weight-sensitive
stress (see Heinz and Riggle 2011 for more on learnability in phonology).

2.3 Summary

There are many factors that contribute to the typological distribution of various
phonological phenomena. These can roughly be classed into two groups accord-
ing to whether they are motivated by analytic biases or by substantive limitations
imposed by the physiological system involved in the production, perception, or
encoding of speech. Analytic biases encompass a wide spectrum of constraints
including those imposed by the phonological formalism on the types of processes
that are expressible using the formal apparatus available to the theory as well as
preferences for simplicity or symmetry that may guide learning strategies
employed in the discovery of phonological generalizations fitting the ambient
data. Physiological biases include constraints on speech perception or articulation
and on the encoding of speech at higher levels of speech processing. Many of these
physical considerations may be influenced on a lexeme- or morpheme-specific
basis by usage-based factors such as the relative frequency with which a particular
word or morpheme occurs or the environment in which it tends to occur.
Frequency asymmetries both shape the phonology over time and are also syn-
chronically part of a speaker’s knowledge of a language. In practice, the same
phonological property is often amenable to various types of analyses, making it
difficult to tease apart the relative contribution of analytic and physiological biases
and inductive learning of the surrounding language. An additional complication is
that not all patterns are equally productive on a synchronic level but may be
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fossilized vestiges of historical changes. Recent research has yielded results sug-
gesting that it may ultimately be possible to pinpoint the role of different factors,
both synchronically and diachronically, in the shaping of typological biases.
Furthermore, probabilistic implementations of constraint-based paradigms pro-
vide frameworks for modeling both intralanguage variation (and thus frequency
effects) and the acquisition process.
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Phoneme inventories

Examination of the IPA (International Phonetic Alphabet: <https://www.langsci.
ucl.ac.uk/ipa/fullchart.html>) reveals great diversity in the types of sounds found
in languages of the world. Sounds are differentiated along various dimensions,
including place of articulation, manner of articulation, laryngeal setting, airstream
mechanism, and timing of articulatory gestures. There are great disparities in
the relative frequency with which different sounds are attested cross-linguistically.
For example, click sounds are limited to the Khoisan languages of South Africa
and some geographically adjacent languages that have borrowed them from
Khoisan, while virtually every language of the world contains a set of voiceless
plosives.

This chapter presents some of the salient cross-linguistic patterns identified
in a number of cross-linguistic surveys of phoneme inventories, including Ian
Maddieson’s pioneering genetically balanced survey of 317 languages in Patterns
of Sounds (1984), the online version (<http://web.phonetik.uni-frankfurt.de/
upsid.html>) of its expanded 451-language counterpart UCLA Phonological Seg-
ment Inventory Database (UPSID) (Maddieson and Precoda 1990), several chap-
ters of World Atlas of Language Structures (Dryer and Haspelmath 2013), and
the PHOIBLE database (Moran et al. 2014), which contains segment inventories
of 1,672 languages, of which those in UPSID constitute a subset. In addition,
we examine frequency from a language-internal perspective to explore the
hypothesis that sounds that are widely attested across languages also occur in
individual languages with greater frequency relative to typologically less common
sounds. Finally, we also explore a number of explanations, including phonetic,
phonological, and historical ones, for the distribution of phonemes cross-
linguistically and language-internally. Before proceeding a few cautionary notes
are in order. First, the discussion in this chapter centers on phonemes, sounds that
are used contrastively to differentiate words. (The typology of contextually gov-
erned variants of sounds, allophones, is considered in Chapter 5.) In practice, it
is often difficult to determine which variant of a sound should be regarded as
the basic phoneme or whether sounds largely confined to borrowings should
be included (see Maddieson 1984: 160-3 for discussion). Vaux (2009) cites
several cases of inconsistency in UPSID’s treatment of a sound as phonemic or
allophonic. More generally, because UPSID relies on a collection of language
descriptions that vary considerably in their thoroughness and accuracy, it is
susceptible to occasional erroneous or misleading data points (see Vaux 2009
for discussion). These criticisms also pertain to the other large-scale surveys
consulted for this book. Despite these issues, however, it seems likely that the
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quantitatively more robust typological generalizations gleaned from sizable data-
bases and summarized in this chapter will hold up even if isolated individual cases
turn out to require re-classification.

3.1 Cross-linguistic distribution of phonemes

In discussing the typology of phonemes, it is common to impose a broad bifur-
cation between consonants and vowels, where consonants involve a tighter con-
striction in the vocal tract than vowels. Consonants differ widely in the location
and degree of the constriction ranging from those produced with a slight narrow-
ing at the lips, i.e. bilabial approximants, to those associated with a complete
closure at the larynx, i.e. glottal stops. In addition, other properties such as
laryngeal setting (e.g. voiced vs. voiceless vs. ejective), nasalization, secondary
articulations (e.g. labialization, palatalization, pharyngealization), and relative
timing of gestures (e.g. prenasalized vs. postnasalized, preaspirated vs. postaspi-
rated), can also differentiate consonants. Vowels can also be modified by certain of
these properties, including nasalization, laryngeal setting (e.g. creaky and breathy
voicing), and secondary articulations (e.g. pharyngealization).

Maddieson’s (1984) survey of phoneme inventories in 317 languages reveals a
wide range in the number of phonemes found in languages of the world from a
low of 11 in the East Papuan language Rotokas (six consonants and five vowels)
and in the Mura language Piraha (eight consonants and three vowels) to a high of
141 in the Khoisan language !Xa. The extensive inventory of consonants in !X is
due mainly to the large number of clicks and laryngeal contrasts exploited by both
click and non-click consonants. Most languages (70%), however, have inventories
that fall in the range of 20-37 phonemes with the cross-linguistic mean being 31
phonemes. Languages vary in their number of consonants between six (found in
Rotokas) and 95 (in !X#) with a mean of 22.8, while vowels range from three
(found in 18 languages) to 46 (in !Xi1) with a mean of 8.7. The expansive vowel
inventory in !Xi is attributed to the relatively large set of diphthongs and the use
of nasalization and pharyngealization to signal contrasts.

Maddieson (1984) finds no tendency for a compensatory relationship between
the number of vowels and the number of consonants in a language such that more
vowels implies fewer consonants and vice versa. He does, however, observe that
larger inventories tend to display a greater skewing in favor of consonants, such
that there is a positive correlation between the consonant-to-vowel ratio and the
number of consonants in a language.

3.2 Consonants

The 20 most common consonants according to Maddieson’s (1984) survey of 317
languages are shown in Table 3.1, which conflates the dental vs. alveolar distinc-
tion into a “denti-alveolar” category since it is often difficult to discern from
sources whether a sound is dental or alveolar or a combination of both. Relatively
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TABLE 3.1. The 20 cross-linguistically most common consonants
(Maddieson 1984)

Labial Denti-alveolar Palatal Velar Glottal

Plosives p b t d ) k g ?
Fricatives f s | h
Nasals m n n i)
Approximants w l r j
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FIGURE 3.1. The percentage of languages possessing the 25 most common consonants
(Maddieson 1984)

few languages (24 in Maddieson’s survey) contrast dental and alveolar places of
articulation.

The modal number of consonants in an inventory is 21 (Maddieson 1984). No
languages with 21 consonants in Maddieson’s (1984) survey, however, possess all
20 of the consonants in Table 3.1; the Mandé language Bambara comes closest
with 19, lacking only glottal stop. The 21st and final consonant comprising the
most “representative” inventory of consonants could be any of the five /z/, /5/, /x/,
v/, I/, all of which occur with roughly equivalent frequency cross-linguistically.

The percentage of languages (out of 317 total) in Maddieson (1984) possessing
the 20 most common consonants plus the next five most frequent consonants is
plotted in Figure 3.1.

3.2.1 Plosives

As Table 3.1 and Figure 3.1 show, it is most common for languages to contrast
unaffricated oral stops (i.e. stops other than glottal stop) at three places of
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articulation (bilabial, denti-alveolar, and velar) adding a fourth place (typically
palato-alveolar) if affricates are included. Excluding affricates, three places of
articulation are exploited by 53.9% of languages in Maddieson’s (1984) survey
with the next most common number of places being four (32.5%). After the three
most common places of articulation, palatal (or palato-alveolar) stops (18.6%) and
uvulars (14.8%) are the next most common places of articulation for stops. Most
languages (91.8%) possess a series of plain (unaspirated) voiceless stops and
roughly two-thirds (66.9%) have voiced stops. A two-way contrast between
voiceless and voiced stops (51.1% of languages) is far more common than a single
series of voiceless stops (15.5%) (an additional language in the survey, the
Australian language Bandjalang, is reported to have only voiced stops) or more
than a two-way laryngeal contrast (24.0%). After voiceless unaspirated and voiced
stops, the next most common laryngeal settings for stops are voiceless aspirated
(28.7%), ejective (16.4%), and implosive (11.0%).

Among the voiceless stops, dental and/or alveolars are most common, found in
97.5% of languages (including 6.0% which contrast dentals and alveolars), fol-
lowed by velars in 89.3% and then bilabials in 82.9%. Among voiced stops, velars
are slightly dispreferred (55.2%) relative to both bilabials (62.8%) and dental/
alveolars (61.5%) likely for aerodynamic reasons discussed in Chapter 2.

3.2.2 Fricatives

The preference for voiceless fricatives over their voiced counterparts is consider-
ably greater than the bias toward voiceless stops for aerodynamic reasons dis-
cussed later in section 3.5.1.6. The dispreference for voiced fricatives, particularly
at certain places of articulation, is manifested in different ways. One is in terms of
the aggregate number of languages with a voiceless fricative relative to the number
of languages with the voiced counterpart of that fricative. Figure 3.2 shows the
cross-linguistic ratio of voiced-to-voiceless members of otherwise identical frica-
tive pairs.

As the figure shows, the cross-linguistic frequency of the voiced fricative
exceeds the frequency of its voiceless counterpart only for the bilabial pair /¢
and the non-sibilant dental pair 6/0. Otherwise, the voiceless member of the pair
is more prevalent. As Maddieson (1984) suggests, the voiced member of both of
the exceptional B/¢ and 0/0 pairs is likely not a true fricative but rather an
approximant in many languages (see Chapter 5 for further discussion). These
two pairs are also unusual in that the voiced member of the pair occurs without its
voiceless counterpart in more languages than those that possess the voiceless but
not the voiced member of the pair. For almost all otherwise matched fricatives, the
voiced fricative typically implies the voiceless counterpart in a language. Figure 3.3
plots the percentage of languages in which a fricative that is unpaired for voicing is
voiceless as opposed to voiced. There is a third exception to the generalization that
the voiced member typically implies its voiceless counterpart, the palatal pair /¢, j/,
but in this pair, the voiced sound is also plausibly an approximant in many
languages.
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FIGURE 3.2. The voiced-to-voiceless ratio of occurrence aggregated across languages for
various fricative pairs distinguished through voicing (adapted from a table in Maddieson

1984: 45)
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FIGURE 3.3. The percentage of languages in which a language lacking one member of a
voiceless vs. voiced fricative pair lacks the voiced member of the pair (adapted from a table
in Maddieson 1984: 47)

Languages vary considerably in their number of fricative phonemes as
Figure 3.4 makes graphically clear.

The modal number of fricatives in a language is two with the most common
fricatives being dental/alveolar /s/ (found in 83.9% of languages) followed by / j/
(46.1%) and then /f/ (42.6%). A striking geographic fact about fricatives is their
extreme rarity in Australia but in no other geographic area. Of the 19 Australian
languages in Maddieson’s survey (where many linguists assume a single genetic
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FIGURE 3.4. The number of languages (on y-axis) contrasting different numbers of
fricatives (on x-axis) in Maddieson’s (1984) 317-language survey (adapted from
Maddieson 1984: 47)

grouping spanning all of the Australian continent), 15 lack fricatives, with the
remaining 298 languages in the survey contributing only an additional six cases of
fricative-less languages.

3.2.3 Nasals

In contrast to fricatives and plosives, both of which are biased toward voiceless-
ness, the vast majority of the world’s nasals are voiced. All 317 of the languages
in Maddieson’s (1984) survey that possess nasal consonants have one or more
voiced nasals. There are only seven languages (2.2%) in his survey that lack
phonemic nasal consonants. Considerably less common than plain (i.e. modal)
voiced nasals are voiceless, laryngealized (i.e. those produced with creaky or
some other glottal constriction), and breathy voiced nasals. Of the aggregate
1,057 nasals summed across places of articulation in Maddieson’s survey, 984
(93.1%) are plain voiced, only 36 (3.4%) are voiceless, 34 (3.2%) are laryngea-
lized, and three (0.3%) are breathy voiced. All of these non-modal nasals imply
the presence of the corresponding plain voiced nasal at the same place of
articulation.

Virtually all languages contrast nasals at two (31.9%), three (30.0%), or four
(26.2%) places of articulation with the two most common nasals being a dental/
alveolar one (found in 95.3% of languages) and a bilabial nasal (found in 94.3%).
The next most common nasal is a velar one (found in 53.0% of languages)
followed by a palatal or palato-alveolar one (39.4%).

There is a relationship proposed by Ferguson (1963) and confirmed by
Maddieson (1984) between the place of articulation contrasts observed for plo-
sives and those found for nasals, such that the number of places for nasals may
equal or be less than those for oral stops (affricated and unaffricated) but never
more. In most cases, this stems from there being a matching stop at the same place
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of articulation of a nasal. Maddieson (1984) finds six exceptions to this general-
ization all involving a palatal nasal occurring in a language without a palatal or
palato-alveolar stop.

3.2.4 lLiquids

Most languages have one (23.3%), two (41.0%), or three (14.5%) liquids (laterals
and rhotics), with laterals being slightly more common (found in 81.4% of
languages) than rhotics, i.e. r-like sounds (found in 76.0% of languages). Never-
theless, despite the aggregate greater frequency of laterals, it is somewhat more
common for a language with a single liquid to have a rhotic (56.8% of single liquid
languages) than a lateral (43.2% of languages with one liquid). In languages with
two liquids, it is most common to have one lateral and one rhotic (83.1% of
languages with two liquids) with two lateral (13.8%) and two rhotic systems
(2.3%) being rare. In languages with three liquids, it is slightly more common to
have two laterals and one rhotic (50.0% of languages with three liquids) than one
lateral and two rhotics (37.0%), with three liquid systems consisting entirely of
laterals being much sparser (13.0%). Most laterals are plain voiced approximants
(74.7% of laterals) with most of these occurring in the dental/alveolar region
(86.6%). Although it is often difficult to discern from published sources exactly
how a rhotic is produced, it seems clear that trills and taps predominate cross-
linguistically, together constituting 85.8% of the rhotics in Maddieson’s (1984)
survey with the remainder being continuants. The dominant place of articulation
for rhotics, as for laterals, is dental/alveolar, which comprises 87.9% of the rhotics
in the survey.

3.2.5 Non-liquid approximants (glides)

Most languages (86.1%) in Maddieson’s (1984) survey have a palatal glide /j/ and a
large percentage (75.7%) have a labio-velar glide. Other non-liquid approximants
such as labial-palatals or velars are quite rare, each occurring in fewer than 2% of
languages in the survey, although it is likely that many of the sounds described as
voiced non-sibilant fricatives are, in fact, voiced approximants (see section 3.2.2).

3.3 Vowels

The number of phonemic vowel qualities per language in Maddieson’s (1984)
survey is plotted in Figure 3.5. Although there are languages with as many as 15
contrastive vowel qualities, the vast majority of languages have between five and
seven (64.7%) vowel qualities with the modal number being five (30.9%). The
three most common vowels are the three corner ones: /i/ (found in 91.5% of
languages), /a/ (88.0%), and /u/ (83.9%).

Figure 3.6 plots the 13 most common vowels aggregated across languages in the
451-language UPSID survey. Vowels are separated into three height categories
(high, mid, and low) and, in the case of non-low vowels, three backness categories
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FIGURE 3.5. The number of languages (on y-axis) possessing different numbers of phon-
emic vowel qualities (on x-axis) in Maddieson’s (1984) 317-language survey (adapted from
Maddieson 1984: 127)
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FIGURE 3.6. The number of languages in the 451-language UPSID survey (<http://web.
phonetik.uni-frankfurt.de/upsid.html>) possessing the 13 most common vowels

(front, central, and back) and two rounding categories (rounded, unrounded).
Vowels belonging to different subcategories within these three height and back-
ness groups are collapsed. For example, the high front unrounded vowels include
both high and lower high vowels, i.e. /i, 1/, the mid front rounded vowels comprise
both /e, ¢/, and the low vowels include low vowels of different backness, height,
and rounding specifications, i.e. /a, a, @, €, o/. Both short and long vowels are
included since height often co-varies with length. Secondary features such as
nasalization and voice quality are not included.
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The five most common vowels are (taking the cardinal vowel symbol as the
prototype for each category) /a, e, o, i, u/. Note that the conflation of vowels of
different heights within the mid categories inflates the aggregate number of mid
front and mid back vowels since there are many languages (particularly those with
at least seven vowels) that contrast two degrees of height in one or more of the mid
vowel series. In contrast, relatively few languages contrast multiple degrees of
height for high or low vowels. There is a considerable drop-off in frequency after
/a, e, 0, 1, u/ to the next most common vowel /a/, which is followed in turn by /i/,
Iwl, Iyl Ial, lel, lel, and /u/.

3.4 Phonemic length

Many languages make length contrasts in vowels and/or consonants. For example,
Finnish contrasts short and long (often termed “geminates”) consonants as well as
short and long vowels, e.g. kato ‘dearth’ vs. katto ‘“ceiling’, laki ‘law’ vs. lakki ‘cap’,
tuli “fire’ vs. tuuli ‘wind’, sali ‘hall’ vs. saali ‘shawl’. In the 100-language WALS
sample, there is a bias for phonemic length in vowels over consonants: a total of 56
languages could be reliably identified as contrasting length for one or more vowel
qualities morpheme-internally, while only 21 were described as contrasting length
tautomorphemically for one or more consonants. This skewing is also reflected in
the larger 1,672-language PHOIBLE database (Moran et al. 2014), which serves as
a better source of data on phonemic length than UPSID, since the latter survey
only tabulates length if it does not fully cross-classify with segment type. Figure 3.7
plots the ratio of short-to-long vowels for the six typologically most common
vowel qualities and Figure 3.8 the short-to-long ratio for the 13 most common
consonants in the PHOIBLE database. Note that this ratio is based on a total of
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FIGURE 3.7. The ratio of short-to-long vowels aggregated over the PHOIBLE database for
the six most common vowels according to UPSID
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FIGURE 3.8. The ratio of short-to-long consonants aggregated over the PHOIBLE data-
base for the 13 most common consonants according to UPSID

2,155 sources rather than 1,672 languages since more than one source was
consulted for many of the languages in PHOIBLE. Because the ratio of short-to-
long sounds rather than the absolute number of either is relevant, the duplication
of languages is unlikely to impact the results substantially. Only in cases where
sources on the same language disagree on the existence of phonemic length does
the duplication matter.

As the figures show, the ratio of short-long vowels is under six-to-one for all of
the vowel qualities while it is at least twenty-to-one for all the consonants. Among
the vowels, the least frequent long vowel (relative to its short counterpart) is
schwa, a fact that is not surprising in light of it being the vowel associated with the
tongue position closest to rest (see the discussion of articulatory ease in section
3.5.1.2) and thus presumably least compatible with the greater effort likely
entailed in lengthening a sound. Differences in the relative frequency of phonemic
length for different consonants are considered below in the context of the discus-
sion of language-internal frequency of length distinctions.

It should be noted that the number of languages that make length distinctions
for consonants would increase considerably, however, if geminates arising across
morpheme boundaries were also considered, e.g. English mundaneness, cattail. It
should also be noted that length distinctions co-vary with qualitative distinctions
in some languages, potentially making the source of certain vowel distinctions
problematic to classify. For example, the tense high and mid vowels /i, u, e, o/ of
English are phonetically longer than their lax counterparts /1, u, €, 9/ (Peterson
and Lehiste 1960).

Within languages that make length distinctions, short segments also tend to
vastly outnumber their long counterparts. Figure 3.9 depicts the frequency ratio of
short-to-long vowels in a sample of 19 relatively diverse languages genetically,
while Figure 3.10 shows the frequency ratio of short-to-long consonants in five
diverse languages. The languages surveyed, their genetic affiliations, and the kind
and (approximate) size of the corpora from which the frequency counts are
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FIGURE 3.9. The ratio of short-to-long vowels in 19 languages
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FIGURE 3.10. The ratio of short-to-long consonants in five languages

gleaned are listed in Table 3.2. Note that frequency values are classed as “type”
frequency (represented as black bars) if redundant tokens of a single lexical item
are eliminated from the counts, which, depending on the language, were compiled
either from a lexicon or from a written or oral corpus. Values are regarded as
based on “token” frequency (represented as gray bars) if duplicate tokens of a
word are incorporated into the figures.

There is considerable variation between languages in how much short segments
outnumber their long counterparts, but the clear trend is for a strong statistical
bias in favor of short phonemes. The paucity of long exemplars is not merely due
to the long segments constituting a subset of the short segments, since in most
languages, either all or virtually all of the short sounds have phonemic long
counterparts. (In one language, Ojibwe, the number of phonemic long vowels
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TABLE 3.2. Languages sampled for frequency of length contrasts

Language Family Type n words/roots Source

Arabic Afro-Asiatic Token 31,055 Nabhar etal. (2012)

Highland Oto-Manguean Type 3,000 Pride and Pride (2010)

Chatino

Czech Indo-European Token Kucera and Monroe (1968)

Finnish Uralic Token 2,500 Aoyama (2001)

Hausa Afro-Asiatic Type 7,397 Randell et al. (1998)

Hindi Indo-European Token 97,911 Ghatage (1964)

Ttalian Indo-European Type 120,000 Goslin et al. (2013)

Japanese Japanese Token 1,923 Aoyama (2001)

Kadiwéu Guaykuruan Token 3,700 Griffiths (2002)

Kayardild Australian Type 1,502 Round (ms)*

Kewa Trans-New Guinea  Type 2,000 Franklin et al. (2006)

Koasati Muskogean Type 2,284 Martin et al. (2013)

Malayalam  Dravidian Token 100,000 Ghatage (1994)

Maninka Niger-Congo Token 3,601 Rovenchak (2011)

Nzadi Niger-Congo Type 1,100 Crane etal. (2011)

Ojibwe Algic Type 3,696 Lippert and Gambill (2004)

Pele-Ata Yele-West New Type 3,900 Hashimoto (2008)

Britain

Samoan Austronesian Type 1,640 Alderete and Bradshaw
(2013)

Thai Tai-Kadai Type 61,222 Gandour and Gandour
(1982)

even outnumbers the number of short ones by 4:3.) One exception to this
generalization is Kewa, in which there is only one phonemic long vowel /a:/ but
five short vowels. Even in Kewa, however, the skewed distribution of phonemic
length does not completely account for the 10:1 bias in favor of short vowels.

There is also a tendency for a greater bias against phonemic length in conson-
ants relative to vowels, although this skewing is not as great as in the typological
data considered earlier. Three of the languages with phonemic length for both
vowels and consonants (Hausa, Koasati, and Japanese) have a proportionately
smaller number of long consonants than long vowels. Finnish, however, bucks the
trend in having slightly more long consonants than vowels (relative to their short
counterparts). Furthermore, Italian deploys contrastive length only for conson-
ants and not vowels.

! Many thanks to Erich Round for generously making available a root list for Kayardild.
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The greater statistical discrepancy between short and long consonants (relative
to short vs. long vowels) is attributed in part to distributional restrictions holding
of geminates that do not apply to single consonants. In many languages, including
all those surveyed here, geminates are limited to intervocalic position, unlike
singleton consonants. Positional constraints on phonemic length tend to be
more limiting and more pervasive cross-linguistically for consonants than for
vowels, although restrictions holding of long vowels are also attested in some
languages. For example, many languages of Australia only contrast vowel length
in word-initial syllables (Dixon 2010) (although this restriction does not hold of
Kayardild, an Australian language included in Figure 3.9).

Recent surveys of geminates (Podesva 2002, Blevins 2004, 2005, 2008) suggest
that certain consonants are cross-linguistically less likely to participate in length
contrasts than others. In general, lower sonority sounds are more amenable to
length contrasts than higher sonority ones. Thus, obstruents more commonly
contrast in length than sonorants and, within the class of sonorants, nasals are
more commonly involved in length distinctions than liquids, which in turn are
more prone than glides to contrast in length. In addition, there is an orthogonal
dispreference for voiced obstruents relative to both voiceless obstruents and
sonorants that precludes characterizing asymmetries in the likelihood of gemin-
ation along a single sonority-driven scale. The scale of likelihood of length
contrasts as a function of consonant type is thus summarized in Figure 3.11
along two axes, sonority and, in the case of obstruents, voicing.

The occurrence of geminates of a certain type typically implies the presence of
geminates to the left along the sonority dimension and higher on the obstruent
voicing dimension. As Blevins (2004, 2008) shows, however, there are exceptions
to virtually all of the implicational statements embodied in the scales. For
example, Somali has voiced geminate stops but not voiceless ones, and the only
geminates in Palauan are liquids.

Kawahara (2007) finds perceptual grounding for the typological biases in
geminate inventories from an experiment based on Arabic, which allows geminate
consonants of all types along the hierarchy. Kawahara’s results for reaction time
correspond closely to those predicted by the geminate hierarchy. Listeners were
able to perceive singleton vs. geminate distinctions faster for the voiceless obstru-
ents (t vs. tt, s vs. ss) than for the voiced consonants, which adhere to a tripartite
distinction in terms of their associated reaction times. Length contrasts between
voiced obstruents and nasals (d vs. dd, z vs. zz, n vs. nn) were recognized more

More Sonority Less

<

More | Voiceless stops  Voiceless fricatives ~ Nasals ~ Liquids  Glides
Obstruent voicing

Less ¥ Voiced obstruents

FIGURE 3.11. Intersecting scales based on sonority and obstruent voicing for predicting
likelihood of length contrasts in consonants
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rapidly than contrasts between the laterals (I vs. II), which in turn were duration-
ally disambiguated more readily than the glide pair (j vs. jj). Kawahara argues that
her results follow from perceptibility factors. Length contrasts are more difficult to
hear when they involve consonants that are acoustically more similar to flanking
vowels. Looking at the sonority axis in Figure 3.11, because glides are acoustically
most vowel-like, they are thus least well suited to participate in length contrasts.
Moving to the left, the discontinuity between laterals and adjacent vowels is
acoustically less defined than the boundary between nasals and flanking vowels,
the disjuncture between voiceless fricatives and vowels is in turn sharper than the
disjuncture between vowels and nasals, and stops are more clearly differentiated
from vowels than fricatives. Along the voicing axis, voiceless sounds are less like
adjacent vowels than voiced ones. In addition, aerodynamic considerations dis-
cussed in Chapter 2 further militate against voiced geminate obstruents.

Kawahara (2007) observes that her results are not attributed merely to biases
induced by the relative frequency of geminates of different types. It is thus not
the case that listeners can perceive length distinctions in voiceless obstruents
most easily because voiceless obstruent geminates are statistically more prevalent
than other geminates in Arabic. The type frequency of the best perceived geminate ¢t
is, in fact, less than that of other geminates in her experiment, while geminate jj and
II, the least reliably perceived, are the most common of the geminates in Arabic.

Kawahara’s (2007) examination of the relationship between perceptual biases
and frequency raises the more general question of whether consonants that cross-
linguistically more commonly occur as geminates also are statistically more likely
to be geminated within languages that also allow for other cross-linguistically
rarer geminate types. To address this question, Figure 3.12 depicts the frequency
of geminates of different types relative to their singleton counterparts in the five
languages in Figure 3.10 with length contrasts in consonants.

Results are mixed with the most consistent pattern being the relative rarity of
voiced geminate stops compared to voiceless geminate stops, corresponding to the
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FIGURE 3.12. Ratio of long consonants with different voicing and manner features
relative to their short counterparts in five languages
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typological pattern that appears to be most robust (though not exceptionless, cf.
Somali). One of the five surveyed languages, Finnish, in fact, completely lacks
geminate voiced stops (though the significance of this gap is tempered by the fact
that d is the only voiced stop in Finnish). Another recurring pattern identified by
Blevins (2008) and replicated in the surveyed languages is a dispreference for
laryngeal geminates, a bias that manifests itself as a complete absence in the five
examined languages.

Language-internal frequency data fail to consistently line up with the sonority-
sensitive continuum along the x-axis in Figure 3.11, an inconsistency that is
perhaps not surprising given the existence of exceptions even on a categorical
level. The relative frequency of geminate voiceless stops compared to geminate
voiceless fricatives is thus mixed: in Japanese and Hausa, long voiceless stops are
more frequent than long voiceless fricatives, whereas the opposite pattern obtains
in Finnish, Koasati, and Italian. Similarly, geminate sonorants are more common
than geminate voiceless stops in Finnish and Hausa, whereas the opposite trend is
observed in Japanese and Italian.

Paradoxically, some of these inconsistencies between the cross-linguistic and
language-internal frequency data can be made sense of in terms of the same
perceptual factors to which Kawahara (2007) appeals in her work on Arabic.
Liquids are acoustically similar to each other, which likely drives their propensity
to be involved in assimilation, dissimilation, and metathesis (see Chapter s5). Total
assimilation produces geminates, which Blevins (2004, 2008) shows is the most
common historical source for geminates cross-linguistically. Given that liquids are
prone to assimilation, it is thus not surprising to find languages like Palauan, in
which the only geminates are liquids resulting from assimilation in liquid-liquid
clusters. Along similar lines, a process of assimilation targeting the common past
tense suffix -nut/nyt following a stem-final continuant (/l/, /r/, or /s/) in Finnish
(e.g. olen noussut ‘I have gotten up’, olen tullut ‘I have come’ cf. olen ostanut
‘T have bought’; see Chapter 5) increases the frequency of sonorant and fricative
geminates, likely contributing to the statistical prevalence of these geminate types
in the Finnish token frequency data in Figure 3.12.

3.5 Explaining the typology of phoneme inventories

There is an extensive literature devoted to explaining cross-linguistic biases in the
distribution of phonemes. Most of this research proposes explanations that are
rooted in considerations of speech production and/or perception, although
accounts differ in whether they appeal directly to phonetic factors or indirectly
through the medium of phonological features. In practice, it is often difficult to
tease apart the predictions of a direct versus an indirect phonetics approach since
phonological features themselves ultimately are the formal expression of phonetic
properties. In sections 3.5.1 and 3.5.2, we examine the empirical coverage offered
by representative attempts, both directly and indirectly projected from phonetic
factors, to derive the typology of phoneme inventories.
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3.5.1 Perceptual and articulatory factors

Two (often competing) factors that have been argued to play a crucial role in the
shaping of phoneme inventories are perceptual distinctness and articulatory
effort. The assumption driving this appeal to perception and articulation is that
speakers and listeners are engaged in a delicate balancing act. On the one hand,
they are sensitive to the pressure for phonemes to be maximally differentiated in
the perceptual space. Yet, on the other hand, efficiency favors minimizing articu-
latory effort. A reduction in effort often comes at the price of reducing perceptual
distinctness since hypoarticulated sounds are characteristically less distinct per-
ceptually than hyperarticulated ones.

3.5.1.1 (Adaptive) Dispersion Theory Targeting vowels as a case study,
Liljencrants and Lindblom (1972) is the first typologically informed attempt to
quantify the phonetic forces claimed to condition phoneme inventories. As
introduced in Chapter 2, Liljencrants and Lindblom hypothesize that phoneme
inventories are preferable to the extent they possess contrasts that are maximally
distinct in the perceptual domain. Their account, commonly termed Dispersion
Theory (or Adaptive Dispersion Theory), is intuitively appealing since it fits with
the observation that five vowel inventories characteristically consist of the well-
spaced set /i, e, a, 0, u/ rather than other hypothetical inventories making less use
of the vowel space, e.g. /i, 1, ¢, €, a/ or /i, y, u, U, #/. Liljencrants and Lindblom
quantify the notion of perceptual distinctness by converting formant values
expressed in Hertz to a perceptual scale captured in mels that is designed to
more accurately reflect the perceptual manifestation of formants (see Johnson
2011 and Moore 2013 for introductions to audition, including perceptual units of
speech). They run a computer simulation that produces vowel inventories of
differing sizes in which vowels are maximally dispersed from a perceptual stand-
point. Liljencrants and Lindblom compare the results of their simulation with the
typology of vowel inventories to test the predictions of their theory.

Table 3.3 compares the inventories predicted by the Liljencrants and Lindblom
model with the most common vowel inventories comprising from three to seven
vowel qualities according to the 451 UPSID database (see Schwartz et al. 1997a for
similar results based on the 317-language original survey by Maddieson 1984).
Searches were conducted for vowel inventories possessing the targeted number of
vowel qualities, filtering out distinctions based on length and limiting the search to
monophthongs without any secondary constrictions (e.g. frication, pharyngeal-
ization, retroflexion), laryngeal modifications (laryngealization, breathy voicing,
devoicing), or nasalization. For inventories of four vowels, the three most com-
mon inventories are shown in the table since they are virtually identical in
frequency. Also given is the number of languages containing each of the most
common inventories for a given size relative to the total number of languages
possessing that number of vowel qualities. Note that the front mid vowels /e/ and
/el are collapsed, as are the back mid vowels /o/ and /o/ in inventories in which the
pairs are not contrastive. Similarly, low vowels are collapsed as /a/. Vowels that are
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TABLE 3.3. Most common vowel inventories of different sizes compared with those of
the same size predicted to occur by Liljencrants and Lindblom (1972)

Most common

3 vowels
i u
a 19 of 24
4 vowels
i
e
a 9of 34
i
e
a 7 of 34
i
6]
a 6 0of 34
5 vowels
i
e
a 113 of 130
6 vowels
i
e 9
a 30 of 84
7 vowels
i
e
€
a 27 of 67

Liljencrants and Lindblom predicted

i u
a
i u
e
a
i u
€
®/a a
i u u
e
a
i ylat u
e b)
a
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predicted to occur with virtually equivalent likelihood in Liljencrants and
Lindblom’s simulation are separated by slashes.

The fit between the Liljencrants and Lindblom model and the most
common three-vowel inventory is perfect. Their model also generates the most
common four-vowel inventory. In the case of the five-vowel system, the mid back
vowel that is most common cross-linguistically corresponds to a lower unrounded
vowel in the Liljencrants and Lindblom simulation. More systematic issues arise for
inventories larger than five vowels. One point of divergence concerns the central
vowel that is common in inventories with an even number of vowels. The most
common central vowel in languages of the world is schwa whereas the Liljencrants
and Lindblom simulation predicts a higher central vowel, /u/ for the six-vowel
system and both /i/ and a high central /a/ or high front /y/ in the case of the seven-
vowel system. Furthermore, in predicting four high vowels /i, y or #, 1, u/ and only
two central vowels /¢, o/ for the seven-vowel system, the Liljencrants and Lindblom
model diverges sharply from the cross-linguistically dominant pattern of two high
/i, u/ and four central /e, €, 0, 9 / vowels in seven-vowel inventories.

3.5.1.2 Dispersion Focalization Theory Drawing on results of an analysis of
vowel inventories in Maddieson’s original 317-language survey (Schwartz et al.
1997a), Schwartz etal. (1997b) propose a revised model for predicting vowel
inventories, the Dispersion Focalization Theory. They retain the original insight
of Liljencrants and Lindblom’s (1972) Dispersion Theory according to which
inventories containing perceptually dispersed vowels are preferred, but they
introduce certain changes to their model in order to provide a better fit to attested
patterns. In the Dispersion Focalization model, the total “energy” of various vowel
systems is compared, where the energy is a function of two components: which
vowels comprise the system and their perceptual proximity as quantified using the
Bark scale, an alternative perceptual scale to the mel scale adopted by Liljencrants
and Lindblom (see Johnson 2011 and Moore 2013 for an introduction to percep-
tual units of speech).

The first element in their model, the vowel inventory, crucially includes a
notion of focalization, which incorporates a boost to the quantal vowels, i.e.
vowels with two formants in close proximity (Stevens 1972, 1989; see section
3.5.1.4), including the three corner vowels /u/, /a/ (both with proximate first and
second formants), and /i/ (close third and fourth formants). This focalization
component also bestows a benefit upon front rounded vowels, which have close
second and third formants relative to back unrounded vowels, in keeping with
their finding (Schwartz etal. 1997a) that front rounded vowels are cross-
linguistically slightly preferred over back unrounded vowels in languages with
additional peripheral (non-central) vowels other than /i, e, o, u/. In practice,
because the Bark scale de-accentuates frequency differences at the lower end of
the spectrum, vowels with higher frequency formants that are close together, i.e.
the front vowels /i/ and /y/, receive more of a focalization boost than vowels with
lower frequency formants, i.e. low vowels, that are in close proximity.

The second component contributing to the aggregate energy of a vowel system
in Dispersion Focalization Theory captures the overall auditory dispersion of the
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vowels in a system. Dispersion is a function of first formant values and an
integration of the second, third, and fourth formants, where formant values are
expressed in Bark. In their dispersion function, Schwartz et al. (1997b) introduce a
variable that allows for an increased weighting of first formant values (the acoustic
correlate of height), capturing the fact that larger vowel systems, i.e. those
consisting of peripheral vowels beyond just /i, e, a, o, u/, overwhelmingly tend
to fractionate the vertical rather than the horizontal space to produce more height
than backness contrasts.

Schwartz etal. (1997b) work backwards from patterns in the observed cross-
linguistic vowel inventories to determine the range of permissible values for two
parameters in their Dispersion Focalization function: one that determines the
relative weight of the first formant vs. the integration of formants two, three, and
four in the dispersion component, and the other that weighs the contribution of
the focalization factor to the overall energy of the vowel system.

Subsequent research (see, for example, Roark 2001, Sanders and Padgett 2010,
Becker 2010) has suggested further refinements to the implementation of the
forces of dispersion and focalization in a model predicting vowel inventories.
Areas for potential fine-tuning are numerous, including the type of perceptual
scale into which formant values are transformed, the relative weighting of focal-
ization and dispersion as measures of system optimality, the method of aggregat-
ing dispersion over the entire inventory, the search algorithm for locating
different potential vowel inventories, and the integration of non-perceptual fac-
tors such as symmetry into the model.

Becker’s (2010) enormous survey of formant patterns for vowels in 230 lan-
guages has dispelled certain fallacies suggested by typological surveys based on
impressionistic transcriptions. For example, he finds no support for the pur-
ported distinction in the height of the back vowel between two of the most
common four-vowel systems /i, e, a, o/ and /i, e, a, u/ (see Table 3.3). Rather, the
back vowel in both systems tends to be intermediate in height between canonical
/o/ and canonical /u/. Along similar lines, Becker observes that the distinction
between systems with a single central vowel that is high, i.e. /i/, vs. those in
which the central vowel is mid, i.e. /9/, is not confirmed acoustically; instead, the
vowel in question is intermediate in height between the two central vowels, i.e.
IPA /9/.

Becker’s study also offers support for another prediction made by Adaptive
Dispersion Theory: that the phonetic spacing of vowels that might impressionis-
tically be perceived as belonging to the same phonemic category occupy different
acoustic spaces depending on the vowel inventory of the language. For example,
in three vowel inventories consisting of /i/, /u/, and a low vowel, the low vowel
tends to be a slightly raised central vowel, e.g. /e/, whereas it tends to be a backer
vowel, e.g. /a/, in four vowel inventories, presumably because the presence of a
mid front vowel repels the low vowel from its articulatorily more neutral position
toward the back of the vowel space, thereby increasing the dispersion of the vowel
system.

One typological observation that has proven elusive to implement in a model
incorporating dispersion and focalization is the preference for schwa over all
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vowels other than /i, e, a, 0, u/. Schwartz et al. (1997b) concede that another non-
perceptual factor, namely ease of articulation, is likely important in predicting the
popularity of schwa. In fact, as they observe in their companion typological
survey, Schwartz etal. (1997a) note that schwa is typically simply added as
an additional non-peripheral vowel without interacting with the spacing (at
least in an impressionistically salient way) of the peripheral vowels. This obser-
vation suggests that perceptual distance is not the only factor guiding the con-
struction of vowel inventories; otherwise, one might expect to see an avoidance of
mid vowels, or possibly low central vowels, in languages with schwa.

The role of articulatory ease in shaping vowel inventories also appears to be
evident in languages with so-called “vertical” vowel systems, e.g. Abkhaz (Hewitt
1979, Vaux and Psiypa 1997), Kabardian (e.g. Turchaninov and Tsagov 1940,
Abitov etal. 1957, Catford 1948, Choi 1991, Colarusso 1992, Gordon and
Applebaum 2006) and Marshallese (Choi 1992), in which the entire inventory
of two or three vowels is central. An inventory based only on height distinctions is
not predicted by a theory of dispersion that assesses perceptual distinctness along
both the height and backness dimensions. More generally, theories of dispersion
fail to predict the degree of asymmetry in the front-back dimension observed
cross-linguistically or the considerable phonetic variation across languages
between phonemically equivalent vowel inventories (Disner 1983). Vaux and
Samuels (2015) provide a comprehensive critique of dispersion theory, which
they demonstrate is not equipped to handle the full range of typological variation
in vowel systems. Rather they endorse an evolutionary perspective (Blevins 2004;
see Chapter 2) in which perceptual dispersion is just one of many pressures that
shape vowel inventories over time.

3.5.1.3 Articulatory complexity and perceptual saturation As introduced in
Chapter 2, Lindblom and Maddieson (1988) propose a model of consonant
inventory construction incorporating maximization of perceptual distinctness
and minimization of articulatory effort. They suggest that features can be broken
down into three groups according to their articulatory complexity.

First, basic articulations encompass the least complex and typologically most
common types of sounds, e.g. plain voiced and voiceless stops, voiceless fricatives,
and voiced sonorants. They assign to the basic category of articulations the
following 18 consonants (11 obstruents and seven sonorants), all of which are
among the 20 most common consonants (excluding the postalveolar fricative //
and the palatal nasal /n/) cross-linguistically (see Table 3.1): p, t, k, 2, b, d, g, f, s, h,
f,mnnLrw,j

The second tier of articulatory difficulty comprises elaborated articulations
requiring deviation from the default setting associated with a particular manner
of articulation. Breathy or creaky voicing, voicing associated with fricatives
(but not stops), aspiration, and prenasalization all are examples of elaborated
properties. In the place dimension, elaborated articulations involve increased
deviation from the rest position of the lips, tongue tip, and tongue dorsum.
These elaborated place attributes include labiodentals, retroflexes, palatoalveolars,
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uvulars, and pharyngeals. Elaborated airstream mechanisms include clicks, implo-
sives, and ejectives.

The third tier, the complex articulations, consists of sounds possessing more
than one elaborated property, e.g. laterally released ejective stops, labialized
uvulars, breathy voiced clicks, etc.

In the Lindblom and Maddieson model (1988), languages first introduce
sounds belonging to tiers associated with lesser articulatory complexity before
each articulatory subspace becomes perceptually saturated, i.e. sounds are no
longer sufficiently distinct from each other, thereby forcing expansion into the
next tier of complexity. Under this account, fractionation within an articulatory
subspace is driven by the auditory consideration of maximizing perceptual dis-
tance, whereas the size of a subspace is driven by the pressure to minimize effort.

Lindblom and Maddieson test the predictions of their model by dividing the
obstruent inventories for the languages in Maddieson’s (1984) survey into basic,
elaborated, and complex articulations and plotting the number of obstruents in
each group for a given language against the total number of consonants in that
language. Results indicate a strong cross-linguistic tendency for languages to
possess the 11 basic obstruents before introducing obstruents belonging to the
elaborated articulations. Similarly, complex articulations tend to come into play
only after extensive exploitation of elaborated consonants, typically in consonant
inventories of greater than 30 consonants.

Results of Lindblom and Maddieson’s study complement the work of
Liljencrants and Lindblom (1972) and Schwartz etal. (1997a, b) on vowel
inventories by offering support for the role of both articulatory and perceptual
factors in the shaping of consonant inventories. An important issue left unre-
solved in Lindblom and Maddieson’s work, however, is how to quantify the
distinction between basic articulations and their more complex counterparts.

3.5.1.4 Quantal Theory In lieu of a quantitative means for characterizing
articulatory difficulty, one way to offer a principled definition of basic articula-
tions is in terms of a discrete set of phonological features that are phonetically
grounded. Stevens’s Quantal Theory (1972, 1989) provides phonetic grounding
for the still widely adopted articulatory-based feature set originally proposed by
Chomsky and Halle (1968). Stevens proposes that phonological features define
regions of acoustic and perceptual stability in which changes along a continuous
articulatory dimension result in relatively little change in the acoustic output.
For example, introducing even a tiny opening in the velopharyngeal port allows
air to flow through the nose, thereby turning an oral stop into a nasal stop. Further
lowering of the velum, though physiologically possible, does not noticeably
enhance the percept of a nasal stop. Similarly, additional raising of the velum
beyond the point required to seal off the nasal cavity from the oral cavity does not
perceptually reinforce its identity as an oral stop. We can thus say that the point
along the continuum of velum raising associated with the acoustic (and percep-
tual) shift from an oral to a nasal stop defines the boundary between stops that are
nasal and those that are oral. In keeping with there being a single perceptual
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transition zone between nasal and oral sounds, there are no languages that
distinguish multiple degrees of nasality.

In vowel systems, the quantal vowels are /i/, /u/, and /a/ since they occupy stable
articulatory regions where minor shifts in tongue position result in only negligible
acoustic and perceptual changes. A further virtue of the quantal vowels that is
incorporated into the Dispersion Focalization Theory of Schwartz et al. (1997b)
(see section 3.5.1.2) is the fact that they possess two low frequency formants in
close proximity (the first and second formant in the case of /u/ and /a/ and the
third and fourth formant in the case of /i/), which evidence suggests may be
perceptually integrated into a single salient auditory peak (Chistovich and
Lublinskaya 1979).

Quantal Theory has not been developed as extensively as Dispersion Theory in
its various incarnations. Evidence suggests, though, that it has some of the same
shortcomings related to its failure to incorporate a notion of articulatory ease. The
prevalence of schwa and the existence of vertical vowel systems are thus prob-
lematic for Quantal Theory. Furthermore, the considerable cross-linguistic vari-
ation in the production and the resulting acoustic properties (Disner 1983) of the
quantal vowels are not predicted.

3.5.1.5 Feature enhancement Targeting consonants as a case study, Stevens
and Keyser (1989) build on Quantal Theory by adding a complementary notion of
featural enhancement. They propose that features can be divided into two groups,
a primary and a secondary group. The primary features include the manner
features [sonorant] and [continuant] and the place feature [coronal], all of
which can be implemented independently of other features. This differs from
secondary features, which may be restricted in their distribution as a function of
the specification of primary features also associated with that sound. For example,
only coronal consonants have the possibility of being contrasted in terms of the
feature [distributed], which encodes the breadth of a consonant constriction in the
front-back domain. Consonants that are [+distributed], typically dentals and
palatoalveolars, have a broader constriction involving the tongue blade and the
roof of the mouth than their [-distributed] counterparts, usually alveolars and
retroflexes. Non-coronal consonants, e.g. bilabials and velars, never contrast with
respect to the feature [distributed] since anatomical constraints mean that they are
produced with a necessarily broad constriction. A further difference between
primary and secondary features is that a change in the specification of a primary
feature results in a more salient acoustic and thus auditory response than a change
in a secondary feature. For example, a shift in the specification of the feature
[continuant] is associated with an abrupt change in the energy profile of a sound
throughout a wide range of frequencies since [-continuant] sounds are produced
with an occlusion and [+continuant] ones are not. (Though sonorant, nasals
acoustically pattern with other [-continuant] by virtue of having energy predom-
inantly at low frequencies.) Thus, transitioning from a [-continuant] consonant,
such as a plosive or nasal, to a [+continuant] consonant, such as a fricative, a
liquid, or a glide, entails a sharp and auditorily salient discontinuity in a relatively
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broad range of frequencies. Conversely, the feature [distributed] has less dramatic
acoustic and auditory correlates.

The typology further supports a distinction between [continuant] and [distrib-
uted] in their salience. Virtually all languages use [continuant] to contrast phon-
emes whereas very few rely on contrasts in the feature [distributed]. Thus, 83.9%
of languages in Maddieson’s (1984) survey contrast /t/ with /s/, whereas only 7.6%
have plosives at both dental (=[+distributed]) and alveolar (=[-distributed])
places.

Despite their lack of independent auditory salience relative to primary features,
secondary features enhance the acoustic and auditory characteristics associated
with the primary features. For example, a [-continuant] consonant is enhanced
through the addition of a [-distributed] feature since a narrower constriction
yields a more abrupt release phase and thus a sharper auditory response than a
broader constriction. Similarly, a [+sonorant] consonant, which is characterized
by continuous periodic energy at low frequencies, is enhanced by the feature
[+voice], whose acoustic correlate is also low frequency energy. To take an
example from vowel systems, the feature [+round] enhances the feature [+back]
since lip rounding lengthens the front cavity, which works synergistically with the
back constriction to increase the lowering effect on the second formant.

Stevens and Keyser’s (1989) theory offers an account for why certain types of
sounds are more common than others cross-linguistically. For example, sonorants
are overwhelmingly voiced because the primary feature [+sonorant] ideally com-
bines with the secondary enhancing feature [+voice]. On the other hand, voiceless
obstruents are more common than voiced ones due to the synergistic relationship
between [-voice] and [-sonorant], both of which are associated with reduced low
frequency energy.

The consonants that result from the optimal combinations of primary and
secondary features, /j, w, s, f, h, n, I, m, t, p, k/, are all typologically favored.
Table 3.4 shows the 11 consonants predicted to be preferred by Stevens and
Keyser (1989) along with the percentage of languages in Maddieson’s (1984)
survey containing those sounds.

The predictions made by Stevens and Keyser (1989) closely match the fre-
quency patterns found in Maddieson’s (1984) survey, the one mismatch being /f/,
which is only found in 44% of the languages in the survey.

3.5.1.6 Feature economy Another common feature of phoneme inventories
that was mentioned earlier in the context of vowel systems is symmetry. Five-
vowel inventories overwhelmingly tend to have two front and two back vowels
balanced for height, while seven-vowel systems are strongly biased toward adding
a second mid vowel in both the front and back planes. Clements (2003, 2009)
provides an explicit formalization of the principles that lead to the formation of
symmetrical inventories. According to his theory of feature economy, which takes
as a starting point long-standing observations about the structure of sound
systems (de Groot 1931, 1948, Martinet 1955), languages prefer inventories that
make maximal use of the minimum number of phonological features to expand
their phoneme inventories. Clements proposes an economy index, which is
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TABLE 3.4. Fit between Stevens and Keyser’s Featural Enhancement model
and cross-linguistic frequency patterns for consonants (adapted from Stevens
and Keyser 1989: 103)

Stevens and Keyser predicted Percentage of lgs. (in Maddieson 1984)

j 85
w 75
77
44
64
82
68
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TABLE 3.5. Consonants of Chickasaw (n=16)

p b ¢ f K ?
m n
f s | h
3
w j

calculated by dividing the number of segments in an inventory by the number of
phonological features needed to characterize all the contrasts found in the inven-
tory. The higher the economy index, the more economical the system is from a
featural standpoint. For example, compare the relatively small 16-consonant
inventory of the Muskogean language Chickasaw (Munro and Willmond 1994)
in Table 3.5 with the relatively large set of 44-consonant phonemes found in the
Turkish variety of the North Caucasian language Kabardian (Gordon and
Applebaum 2006) in Table 3.6. Table 3.7 shows the minimal set of features needed
to define the contrasts of each language. Note the following assumptions. First,
I assume that secondary labialization in Kabardian can be captured through the
[labial] feature. Second, it is assumed that affricated plosives are distinguished
from unaffricated plosives by virtue of possessing a [+continuant] fricative phase
following a [-continuant] closure phase. Finally, the primary place contrasts are
captured through two place features, [labial] and [dorsal] in Table 3.7, where
coronals are the default and presumed to be neither labial nor dorsal.
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TABLE 3.6. Consonants of Kabardian (n=44)

pPPp b tht d K ogl kv kv ¢ q g™ q¥ ? oV
st d
m n
f £ v s z | [ 3¢ ™oy oy oy XV ¥ h h
t ¢ 1

TABLE 3.7. Features used to defined the consonant
contrasts in Chickasaw and Kabardian

Chickasaw Kabardian

2

Sonorant Y
Continuant

Voice

Constricted glottis
Spread glottis
Lateral

Labial

Dorsal

High

Back

Low

222 2 2 2 2
2222 2 2 2 2 2 2

The economy index for Chickasaw is 2 (=16 segments/8 features), whereas it is
4 (=44/11) for Kabardian. Even though Kabardian requires more features to
express its contrasts, this increase is more than offset by the large number of
additional phonemes generated by use of these extra features. Another way to
increase the economy index would be to maximize the cross-classification of
features to eliminate gaps in an inventory.

Clement’s notion of feature economy is not equivalent to symmetry as com-
monly conceived, though their effects overlap. To see the difference, consider the
three obstruent inventories in Table 3.8 (Clements 2003: 292).

Inventory A is symmetrical in consisting of voiced and voiceless pairs of
plosives and fricatives at three places of articulation. It is also maximally econom-
ical for an inventory with two manners of articulation, a voicing contrast, and a
three-way place contrast. Assuming it is defined using two place features in
addition to [voice] and [continuant], its economy index is 3 (=12/4). Inventory
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TABLE 3.8. Three sound inventories differing in symmetry and economy

Inventory A Inventory B Inventory C
P t k P t k P k
b d g b d b d
f s X s f s
v Z Y v z

B is symmetrical in terms of having voiceless and voiced stops and fricatives at the
same three places of articulation. However, its economy index is only 2.25 (=9/4)
since it fails to cross-classify voicing with continuancy. Finally, inventory C is not
completely symmetrical since it lacks a voiced velar fricative even though it has
voiceless and voiced stops and a voiceless fricative at the velar place of articulation.
Inventory C has an economy index of 2.75 (=11/4), higher than the symmetrical
inventory B, however, because it exploits the feature [voice] more fully than
inventory B by adding two voiced fricatives.

Clements tests the cross-linguistic validity of feature economy through case
studies of certain combinations of sounds based on the 451-language UPSID
database (Maddieson and Precoda 1990). In particular, he tests two predictions
made by the theory of feature economy. The first of these, Mutual Attraction,
predicts that sounds will occur more frequently if all of their features are present
in other sounds in the same language. For example, a voiced labial fricative is
predicted to be more common in inventories that already contain another labial
sound, another fricative, and another voiced sound, since adding a voiced labial
fricative boosts the economy index of the language by exploiting features that are
independently employed in the language.

Clements explores the evidence for Mutual Attraction effects by testing whether
pairs of plosives with the same laryngeal setting, e.g. voiceless, voiceless aspirated,
voiced aspirated, implosive, ejective, but differing in place between labial, coronal,
and velar, are more likely to co-occur than to occur in isolation without the other
member of the pair. For example, /b/ is expected to more frequently occur in a
language with /d/ and vice versa than in a language without /d/ assuming that the
feature [labial] is contrastive for at least one other type of consonant (which it is in
nearly all languages).

All of the pairwise comparisons made for the UPSID database support the
predicted Mutual Attraction effect for plosives. Clements conducts a similar
comparison of pairs of voiceless fricatives and pairs of voiced fricatives at the
three major places of articulation (labial, coronal, and velar) with similar results.

The relevance of Mutual Attraction is supported by the Turkish Kabardian
inventory in Table 3.6, which features a complete three-way laryngeal contrast
between voiceless, voiced, and ejective plosives at the labial, coronal, and velar
places of articulation, the last of which is associated with palatalization, and a two-
way contrast between voiceless and ejective plosives at the uvular place. Mutual
Attraction effects are also apparent in the extensive inventory of fricatives in
Turkish Kabardian.
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A companion prediction of Clements’s theory of Feature Economy is that
sounds will be less likely to occur if one or more of its features are not distinctively
used elsewhere in the language. This effect of Avoidance of Isolated Sounds works
against a plosive inventory like the one in Chickasaw (Table 3.5), which contains a
single voiced stop, the only segment for which voicing is contrastive in Chickasaw.
Clements finds support for the prediction that languages avoid isolated sounds by
comparing in the UPSID database the likelihood of labial plosives (voiceless and
voiced) and labial fricatives (voiceless and voiced) occurring in languages lacking
both coronal and velar counterparts with their likelihood of occurrence in lan-
guages possessing at least one of the two other places of articulation for otherwise
identical consonants. For example, /b/ is less likely to occur in a language without
both /d/ and /g/ than in a language with at least one of the two. This means that
Chickasaw is typologically unusual in having only a single voiced stop. On the
other hand, labial is the favored place of articulation for voiced stops. In Maddie-
son’s (1984) survey, there are thus six languages like Chickasaw in which the only
voiced stop is /b/ compared with only two languages in which the only voiced stop
is a coronal and two in which the only one is a velar. Thus, if a language has an
isolated voiced stop, it is more than likely to be a labial one.

Clements recognizes that his theory of Feature Economy does not account for
all the pressures that play a role in the construction of phoneme systems. One
important factor that competes with Feature Economy is Marked Feature Avoid-
ance, which works against certain feature combinations that may be dispreferred
on independent grounds. For example, the feature bundle associated with voiced
fricatives, [-sonorant, +continuant, +voice], is eschewed by many languages even
though introducing a series of voiced fricatives would increase the featural
economy of a system that already has voiceless and voiced stops and voiceless
fricatives. The absence of voiced fricatives in many languages makes sense phon-
etically. Voiced fricatives require a delicate articulatory balancing act for aero-
dynamic reasons. It is difficult to simultaneously sustain voicing in the face of the
pressure build-up behind a fricative constriction while also generating sufficient
airflow through the constriction to make the fricative turbulence audible. The
articulatory difficulty associated with voiced fricatives is reflected in the relative
rarity of voiced fricatives compared to their voiceless counterparts (section 3.2.2).

A difficult issue arises in providing independent grounding for markedness since
there are many potential factors, including articulatory, auditory, psycholinguistic,
aerodynamic, and cognitive constraints, that could contribute to certain sounds
being less frequent cross-linguistically. Clements (2009) hypothesizes that intra-
language frequency plays a decisive role in determining markedness, such that
sounds that are less frequent in a language are more marked than others. This
appeal to frequency as a diagnostic for markedness potentially accounts for
asymmetries between different classes of segments both in their phonological
behavior and in their ease of acquisition (see Vihman 1996 on phoneme acquisi-
tion). However, the issue still remains how the frequency distributions that Clem-
ents suggests underlie markedness come to develop, a broader issue related to the
relationship between synchrony and diachrony in phonology (see Chapter 2).

Two other factors to which Clements (2009) appeals in his theory are Robustness
and Enhancement. Robustness entails the existence of a hierarchy of features
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ordered in terms of their phonetic salience. The work by Stevens (1972) and
Stevens and Keyser (1989) discussed in 3.5.1.4 potentially serves as the backbone
for an explicit metric of Robustness, though Clements suggests that the mapping
between perceptual salience and typological frequency is not always transparent.
For example, clicks would appear to be perceptually salient (though they are
difficult to temporally order relative to adjacent sounds) since they involve a
rapid increase in energy at their release, but nevertheless they are cross-
linguistically rare. Under Lindblom and Maddieson’s account (section 3.5.1.3)
incorporating articulatory ease in addition to perceptual salience, clicks are
typologically rare due to their articulatory difficulty.

The last ingredient in Clements’s account, Enhancement, is also rooted in
phonetic factors laid forth in Stevens and Keyser (1989; see section 3.5.1.3). Certain
features (the secondary features in Stevens and Keyser’s theory), even if they are
typologically marked, may frequently occur in combination with certain other
features (the primary features in Stevens and Keyser’s account) in order to enhance
the acoustic and auditory realization of the primary feature. For example, the
feature [strident], though not commonly contrastive in languages, frequently
co-occurs with voiceless fricatives because the addition of the teeth as an upstream
obstacle during the production of a fricative boosts the energy of the fricative noise.

Clements (2003) addresses the issue of whether the economy that he captures
with reference to phonological features could actually reflect a phonetic preference
for gestural economy. In other words, it could be the case a priori that featural
economy is really articulatory economy that could be modeled more directly with
reference to gestures rather than indirectly via phonological features encoding the
articulatory gestures. To tease apart the two possibilities, Clements compares the
predictions of the Browman and Goldstein (1989) model of articulatory phon-
ology in which gestures are captured via features referencing properties such as
the primary articulator and the location and degree of the constriction. In the
Browman and Goldstein model, labiodental and labial articulations are distin-
guished since only the former involves the upper teeth. In contrast, labiodental
and labial consonants are both [labial] in standard feature theory. One would thus
expect under the feature-based characterization of economy that the labiodental
fricative would be more common in languages that have another fricative and a
bilabial since the addition of a labiodental fricative to an inventory already making
use of the features [continuant] and [labial] would increase the economy index. In
a direct gestural account, on the other hand, no such interaction is predicted since
the addition of a labiodental fricative would entail the deployment of another
feature not used in defining bilabials. Clements tests the predictions of the two
theories of economy by assessing the likelihood of /f/ occurring in a language with
/p/ and /s/ (both extremely common sounds) versus one in which either /p/ or /s/
is missing. As the feature-based theory of economy predicts, /f/ is in fact more
common in languages with at least one bilabial and one other fricative.

In general, Clements (2009) argues that a theory of inventory construction that
relies on phonological features rather than more finely grained phonetic differ-
ences provides a tighter fit to the typology. For example, although the IPA
recognizes a large number of different types of coronal consonants if place and
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breadth of contact in the front-back dimension are cross-classified (e.g. apical
dental, apical alveolar, laminal dental, laminal alveolar, laminal palato-alveolar,
apical retroflex, and laminal palatal), no language appears to contrast all of the
logical possibilities. Rather only a subset of coronal contrasts, up to four in rare
cases as in certain languages of Australia, are found cross-linguistically. Phono-
logical features predict a more constrained set of coronal contrasts, up to four (in
keeping with the typology) if the place feature [anterior] and the contact feature
[distributed] are cross-classified.

Despite its apparent restrictiveness, however, a feature-based theory of phon-
eme typology is potentially undermined by uncertainty surrounding the set of
phonological features upon which the theory is based. There are numerous
unresolved issues in feature theory including the role of articulatory vs. auditory
features, the encoding of redundant (i.e. non-contrastive) information, the uni-
versality of features, and the relationship between natural classes and phono-
logical features (see Mielke 2011 for an overview of distinctive feature theory). In a
survey of 549 languages, Mielke (2008) finds that there is no single feature theory
that adequately characterizes all of the 6,077 classes of sounds patterning together
in phonological alternations in the examined languages. The original articulator-
based feature theory of Chomsky and Halle (1968) offers the best empirical
coverage but still fails to account for 29% of the classes of sounds in Mielke’s

typology.

3.6 Frequency of sounds within languages

Thus far we have considered the relative frequency of sounds across languages and
explored various types of explanations for the observed frequency distributions. It
is also instructive to assess the frequency of sounds within languages to determine
the extent to which sounds that are typologically more common are also relatively
common in languages that have other cross-linguistically rarer types of sounds.
Following the discussion in Chapter 1, it is a reasonable hypothesis (already
explicitly proposed in 3.5.1.6 in the discussion of Clements’s notion of feature
markedness) that the frequency of phonemes within a language mirrors their
cross-linguistic frequency.

In order to quantify the relative commonness of sounds within languages,
frequency of occurrence was examined for a set of 34 languages whose genetic
diversity is roughly commensurate with that of the WALS sample.” Of the 34
languages surveyed, almost half (16) are in fact among those in the WALS survey.
Information about the 34 languages and the source or corpus from which the
frequency values are drawn appears in Table 3.9. Consonant frequency was
examined for 32 of the 34 languages (excluding Arabic and Czech), while vowel
frequency was tabulated for 29 of the 34 languages (excluding Martuthunira,

? There are two Slavic languages included in the survey, Czech and Russian, but Czech is only used
in the tabulation of vowels and Russian only in the figures for consonants.
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TABLE 3.9. Languages surveyed for frequency of consonants and vowels

n
Language Family Type word/root  Source
1 Arabic Afro-Asiatic Token 31,055 Nahar et al. (2012)
2 Basque Isolate Token 96,467 Aske (2002)
(phonemes)
3 Chatino, Highland Oto-Manguean Type 3,000  Pride and Pride
(2010)
4 Czech Indo-European Token 100,000 Kucera and Monroe
(phonemes) (1968)
5 Dobu Austronesian Type 2,000  Lithgow and Lithgow
(1998)
6 English (RP) Indo-European Type 70,646  Shin etal. (2013)
7  Finnish Uralic Token 2,500  Aoyama (2001)
8 Hausa Afro-Asiatic Type 7,397  Randell etal. (1998)
9 Hindi Indo-European Token 97,911 Ghatage (1964)
10 Japanese Japanese Token 1,923 Aoyama (2001)
11 Kadiwéu Guaykuruan Token 3,700 Griffiths (2002)
12 Kaiwd Tupian Type so00  Sigurd (1968)
(phonemes)
13 Kayardild Australian Type 1,502  Round (ms)
14 Kewa Trans-New Guinea Type 2,000 Franklin et al. (2006)
15 Koasati Muskogean Type 2,284 Martin et al. (2013)
16 Korean Korean Type 47,401 Shin et al. (2013)
17 Malayalam Dravidian Token 100,000  Ghatage (1994)
18 Mandarin Sino-Tibetan Type 2,500 Duanmu (2008)
19 Maninka Niger-Congo Token 3,601 Rovenchak (2011)
20 Martuthunira Australian Type 1,300  Dench (1995)
21 Mixtec, Xochapa Oto-Manguean Type 500  Stark etal. (2003)
22 Salish, Montana  Salishan Type 236,227  Tachini (2010)
(phonemes)
23 Nzadi Niger-Congo Type 1,100  Crane etal. (2011)
24 Ojibwe Algic Type 3,696  Lippert and Gambill
(2004)
25 Pele-Ata Yele-West New Type 3,900  Hashimoto (2008)
Britain
26 Quechua Quechuan Token 22,866 Jacobs (2006)
27 Romanian Indo-European Type 88,580  Renwick (2011)
28 Rotokas North Bougainville Type 9,800  Firchow and Firchow
(2008)
29 Russian Indo-European Token 42,217 Kucera and Monroe

(1968)
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30 Samoan Austronesian Type 1,640  Alderete and
Bradshaw (2013)

31 Setswana Niger-Congo Token 49,358  Palai and O’Hanlon
(2004)

32 Thai Tai-Kadai Type 61,222 Gandour and
Gandour (1982)

33 Tiwi Australian Type 1,000  Osborne (1974)

34 Wyandot Iroquoian Type 117,048  Barbeau (n.d.),

(phonemes) Kopris (2001)
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FIGURE 3.13. Language-internal frequency in a sample of 32 languages (reflected on the
x-axis as the observed-to-expected ratio) vs. cross-linguistic frequency (reflected on the
y-axis as the percentage of languages possessing the sound) of the 25 cross-linguistically
most common consonants according to Maddieson (1984)

Xochapa Mixtec, Quechua, Russian, and Setswana). Frequency values are for
phonemic short segments and exclude long segments (see earlier Figures 3.9 and
3.10 for comparative frequency of short vs. long vowels and consonants, respect-
ively). Figures for vowels do not include nasalized vowels.

Figure 3.13 plots the frequency of occurrence of the 25 consonants most
frequently attested cross-linguistically (see Figure 3.1) as compared to the intra-
language frequency (computed as the ratio of the observed number of tokens
relative to the number of expected tokens were each sound to occur with equal
frequency) for the surveyed languages. For the small set of languages (Basque,
Kayardild, Malayalam, Martuthunira, and Tiwi) contrasting dental and alveolar
sounds, frequency values reflect the place associated with the higher relative
frequency of the two since the typological frequency data conflates the dental
and alveolar categories for languages not contrasting the two (which is most
languages of the world). Similarly, for the language contrasting dental/alveolar
trills and taps (Basque), the intralanguage frequency data corresponds to the
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frequency of the more frequent of the tap or trill, since sources providing the
cross-linguistic frequency data on /r/ are often inexplicit about whether the rhotic
is a trill or tap.

As the figure shows, there is a strong correlation (r=.601, p=.001) between the
typologically most common consonants and their type frequency in languages.
Among the more salient sources of divergence between the two frequency
metrics are glottal stop and /r/, which are ranked sth and 4th, respectively, in
language-internal frequency but 15th and 19th, respectively, in cross-linguistic fre-
quency. Similarly, the velar nasal /n/ has an average observed-to-expected ratio of 1.24
but occurs in only 53% of languages in UPSID, and /x/ and /v/ are both attested in
fewer than 25% of UPSID languages but occur at greater than chance levels within
languages. On the other hand, there are certain sounds that are typologically wide-
spread but have observed-to-expected ratios of less than one, e.g. /p/, which is found
in 83% of languages, and /w/, which is found in 75% of languages.

Various factors potentially contribute to divergences between cross-linguistic and
language-internal frequency. One consideration relates to contextual biases. Thus, in
some of the sampled languages, /1/ (found in 11 surveyed languages) and /?/ (found in
ten languages) benefit from being among a subset of consonants occurring in a broader
range of environments than other consonants. The velar nasal is one of only two nasals
allowed in coda position in Mandarin (Duanmu 2008); it has an observed-to-expected
ratio of 2.67:1 in Mandarin. Roughly 80% of closed syllables in Thai are closed by
either a sonorant or /?/ with glottal stop and the velar nasal constituting two of the
three most common codas (Munthuli etal. 2013); glottal stop and the velar nasal
have observed-to-expected ratios of 2.05:1 and 1.33:1, respectively, in Thai. Similarly,
the velar nasal in Korean is the most common coda consonant comprising 29.1% of
codas in the lexicon (Shin et al. 2013); its observed-to-expected ratio is 1.9:1 in Korean.

Historical sound changes may also play a role in boosting (or reducing)
language-internal frequency. For example, glottal stop in Samoan is descended
from proto-Polynesian *k which has the second highest mean frequency among
the sampled languages. Assuming no confounding historical changes, the fre-
quency level of glottal stop in Samoan (observed-to-expected ratio = 1.3:1) thus
reflects the inherited frequency of /k/, a consonant that tends to be more common
than glottal stop within languages.

The frequency of a sound may also be inflated due to historical mergers. For
example, intervocalic /1/ from Latin merged with /r/ in Romanian, a sound change
that contributes to /r/ being by far the most common consonant in Romanian
occurring at a level more than three times greater than chance (Renwick 2011).

Finally, it is conceivable that some discrepancies between cross-linguistic and
language-internal frequency could be an artifact of limitations on the phonetic
detail or phonemic analysis of the consulted language sources. For example, /x/
and /v/, which are statistically overrepresented within languages relative to their
cross-linguistic frequency, are phonetically similar to /h/ and /w/, respectively,
which are considerably more common typologically. It is possible that the /x/ cited
in sources examined for either the language-internal frequency survey or in
UPSID could be amenable to reanalysis as a glottal. Conversely, the cross-
linguistic frequency of /x/ could be underestimated in UPSID if glottal fricatives
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FIGURE 3.14. Language-internal frequency (reflected on the x-axis as the observed-to-
expected ratio) averaged over a sample of 29 languages vs. cross-linguistic frequency
(reflected on the y-axis as the aggregate number of languages possessing the sound) of
the 11 cross-linguistically most common vowels according to the UPSID database

in some languages were open to reanalysis as phonemic /x/. Similar possibilities
for reanalysis hold for the phonetically similar /w/ and /v/.

Figure 3.14 plots the number of occurrences of the 13 most common vowels
from the 451-language UPSID survey against their frequency (relative to other
vowels) in the 29-language frequency sample. To be consistent with the UPSID
values, vowels in the frequency sample are separated into three height categories
(high, mid, and low) and, in the case of non-low vowels, three backness categories
(front, central, and back) and two rounding categories (rounded, unrounded).
Vowels belonging to different subcategories within these three height and back-
ness groups are collapsed. For example, the high front unrounded vowels include
both high and lower high vowels, i.e. /i, 1/, the mid front rounded vowels comprise
both /e, ¢/, and the low vowels include low vowels of different backness, height,
and rounding specifications, ie. /a, a, @, ®, /. Secondary features such as
nasalization and voice quality are not included. One methodological difference
between the language-internal frequency survey and the cross-linguistic UPSID
survey is that the former excludes long vowels for all languages not just those in
which length cross-classifies with all vowel qualities. In practice, though, there is
only one language, Ojibwe, for which vowel length was excluded in the language-
internal frequency survey but which would not be if the UPSID methodology were
adopted.

The four least frequent vowels within languages, /@, y, i, w/, are also among the
five least frequently attested vowels (of the top 11). The two frequency metrics
diverge, however, in certain respects.

Most striking is the clear separation in frequency between the five cardinal
vowels /a, e, i, 0, u/ and other vowels in the UPSID survey contrasted with the
more gradual cline in language-internal frequency proceeding from more com-
mon vowels to rarer ones.
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Furthermore, schwa occurs with greater frequency within languages than three
of the cardinal vowels /e, o, u/, even though schwa is considerably less common
across languages. The averaged language-internal frequency of schwa depicted in
the figure is misleading, however, as there are only five languages in the sample
that were analyzed as having phonemic schwa in the source consulted for fre-
quency data (English, Malay, Mandarin, Romanian, and Thai) and in only one of
these languages, English, does schwa occur at much higher than chance levels
(>3:1). Furthermore, schwa in English is often regarded as a non-phonemic
surface vowel resulting from vowel reduction in unstressed syllables (see
Chapter 5 on vowel reduction), even though, in most lexical items, it does not
engage in any productive alternations with a non-schwa vowel.

Finally, although low vowels (largely attributed to /a/) are the most common
vowel in both UPSID and in the language-internal frequency data, the difference
between /a/ and all other vowels is appreciably greater in the language-internal
data. The discrepancy between low vowels and other vowels in the language-
internal frequency survey would be even greater if long vowels were included in
the figure, as long low vowels occur at higher than chance levels in all of the
surveyed languages except for Japanese. Figure 3.15 plots observed-to-expected
(relative to other long vowels) ratios for long /a:/ in 12 languages.

The prevalence of low vowels in the language-internal frequency data is plaus-
ibly linked to the position of low vowels at the top of the sonority hierarchy (see
Chapter 1 on sonority) reflecting their greater acoustic prominence relative to
other vowels. This interpretation is supported by the statistical bias in favor of
long low vowels over other long vowels, a bias that can be explained in terms of a
natural synergy between duration and qualitative prominence.
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FIGURE 3.15. Observed-to-expected ratios for long /a:/ relative to other long vowels in a
sample of 12 languages
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3.6.1 Explaining the frequency distributions within languages

An interesting issue raised by the relatively close parallel between interlanguage
and intralanguage frequency concerns the mechanism by which frequency distri-
butions within languages arise and develop over time. As discussed in the last
section, sound changes typically alter frequency patterns. For example, a merger
of two phonemes inflates the frequency of one while either eliminating the other
(in the case of an unconditioned merger) or reducing its frequency (in the case of a
conditioned merger). (Potentially the frequency of both phonemes could be
reduced if the output of the merger were a phoneme that differs from either of
the merged ones.) Under the assumption that sound change is characteristically
driven by phonetic and functional considerations (see Chapter 2), one would
predict that languages would display an overall drift (with local deviations) toward
an increase in both the number of phonetically preferred phonemes (according to
various criteria discussed in section 3.5) and their frequency relative to other
phonetically less advantaged phonemes.

Martin (2007) advances the hypothesis that frequency distributions are not
necessarily attributed only to a confluence of phonetically natural sound changes
that conspire to create a distributional bias in favor of phonetically preferred
phonemes. He suggests that speakers are sensitive to considerations of phonetic
naturalness even at the lexical level when choosing words to borrow and coining
new words. Martin hypothesizes that words with phonetically advantaged
phonemes are preferentially introduced into languages, thereby increasing the
frequency of those preferred phonemes relative to others. He explores this
hypothesis through a study of Romance historical phonology and models the
diachronic development of frequency distributions through a series of computer
simulations employing a neural network speech processing model.

An interesting property of phonemes noted by Martin (2007) and others (see
Tambovtsev and Martindale 2007 for a study of phoneme distributions in 95
languages) is that they display a consistent distribution that can be mathematically
modeled by a power law function of the basic form 1/ r*, where r is the frequency
rank ranging from 1 to the number of phonemes in the language, and a is a
parameter estimated from the data. The actual power law modeling the distribu-
tion is typically taken to be Zipf’s Law (Zipf 1935), although based on a survey of
phoneme frequencies in 95 languages, Tambovstev and Martindale (2007) show
that a slightly different power law, Yule’s Law, actually provides a marginally
better fit to phoneme frequency than Zipf’s Law, which tends to overestimate high
and low frequency phonemes and underestimate mid-frequency phonemes.

Figure 3.16 (adapted from Martin 2007) plots the distribution of the 25 con-
sonant phonemes in English as a function of their relative frequency in the
CELEX lexical database (Baayen etal. 1995). If all consonants occurred with
equal frequency, one would expect each consonant to represent 4% of the total
number of consonants in the lexicon. Strikingly, however, the five most frequent
ones /t, s, n, r, 1/ together comprise over half of the English consonants occurring
in the vocabulary, a pattern that we saw is common cross-linguistically. Con-
versely, th