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Despite being the titular language of the Republic of Kazakhstan and
being spoken by millions, surprisingly little is known about Kazakh. The present thesis
builds on previous studies of Kazakh vowel harmony (Korn 1969; Dzhunisbekov 1972;
Abuov 1994; Vajda 1994; Kirchner 1998; Kara 2002) by a phonetic investigation of
labial harmony in the contemporary language, focusing on the reduction in labial
harmonic activity suggested by previous authors. Using findings from fieldwork
conducted in Taldykorgan, Kazakhstan I propose a revised description of labial
harmony in the language. Building from this description, I model these findings in
Optimality Theory (Prince & Smolensky 1993), using Kaun’s perception-driven account
of rounding harmony (1995, 2004) as a springboard for examining the motivations for
and the pathways of decay in the Kazakh harmonic system. I argue that phonological
harmony is driven perceptual weakness, where phonetic distance between vowel
centroids predicts the relative strength of a particular trigger. This assumes that
phonology has access to a greater array of information than binary features (Chomsky
& Halle 1968). By enriching mental representations, as well as the constraints upon
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their realization, I demonstrate how these enrichments enable a more economical
analysis of the data, more transparently modeling the harmonic imperative in Kazakh.
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CHAPTER 1
INTRODUCTION AND BACKGROUND
This thesis describes the contemporary status of labial harmony in Kazakh based
on fieldwork in southeastern Kazakhstan. From acoustic and articulatory analyses of
collected speech data, I argue that the application of labial harmony in Kazakh is more
restricted than previous accounts describe (e.g. Korn 1969). Moreover, this work
contends that accounting for the trajectory of change in the language necessitates a
perception-driven understanding of harmony (Suomi 1983, Kaun 1995,2004). The
formal implications for this conception of harmony are then explored in Optimality
Theory (Prince & Smolensky 1993), through the construction of an formal model that
extends Kaun’s (2004) analysis with findings from this study of harmony in Kazakh.
Crucial to the analysis presented herein is the inclusion of phonetic detail not utilized by
previous authors.
In order to more adequately describe and analyze vowel harmony in Kazakh, the
cultural, as well as linguistic background of the Kazakhs are described throughout
Chapter 1. Chapter 2 reports the methods and results from fieldwork. Chapter 3 builds
upon results to construct a formal analysis of labial harmony in the language within
Optimality Theory.
Socio-Political Background
Kazakh is spoken by more than eight million people worldwide, with the majority
of speakers residing in Kazakhstan, where it is the national language (Lewis et al.
2014). The Kazakh people were traditionally nomadic shepherds, inhabiting the vast
steppes that dominate modern Kazakhstan, shown in Figure 1-1 below. The Kazakh

14

khanate first formed in the 15th century, although evidence of Turkic people living in
what is modern Kazakhstan is recorded over a thousand years earlier (Olcott 1995:3-5).

Figure 1-1.

Political map of Central Asia

That being said, the formation of the Kazakh khanate did not reflect any sort of national
consciousness among the Kazakhs. Rather, tribal and clan affiliations persisted into the
modern age, and even remain an important aspect of Kazakh life and culture today (see
Schatz 2004; Sabol 2003)
The Kazakh people are divided into three zhuzes (<жүз>, which means ‘hundred’
although commonly translated to ‘horde’), the Greater, Middle, and Smaller zhuz, which
predominate in southern, northern and eastern, and western Kazakhstan, shown in
Figure 1-2. Within these three groups there are numerous tribes (jel <ел>, ‘nation’) and
intra-tribal clans (ruw <ру>), which significantly affect Kazakh life, even in the 21st
15

century. A common question when Kazakhs meet one another is, <Eліңіз кім?>
‘What’s your tribe?’

Smaller Zhuz

Middle Zhuz

Greater Zhuz

Figure 1-2. Map of the three Kazakh zhuzes (downloaded from
en.wikipidia.org/wiki/zhuz).

These tribal affiliation pose a governmental challenge for Kazakhstan, which has
actively sought to minimize tribal as well as ethnic differences. The national anthem of
Kazakhstan (<Менің елім> ‘My (tribal) nation’) has used the notion of a tribal nation in
an attempt to impart a larger patriotic attachment to the country as a whole. The
creation of a Kazakh sense of identity is demonstrable by the answer to the question
above, <Eліңіз кім?> ‘What’s your tribe?’ When this question is asked by a foreigner or
any perceived outsider, the answer is “Kazakh”. However, the question takes on new
meaning among those who share that identity, becoming a more precise question of
tribal and clan affiliation. Identity is a multi-layered concept, where national and
religious identity mask deeper, more traditional identities. When these tribal and clan
identities are shared, the question of larger clan membership is moot, becoming <Кімнің
баласысыз?> ‘Whose child are you?’. Since the formation of the Kazakh khanate in
16

the 15th century the Kazakhs have been and still remain a diverse group of smaller tribal
confederations.
Kazakhstan, as suggested above, is a place of many peoples and languages.
Locals confidently assert that there are approximately 130 languages spoken there,
many of which are spoken by peoples who were relocated from their ancestral homes
during the Soviet era. The decomposition of labial harmony (among other phonological
shifts) argued for in this thesis should be viewed in the context of this multilingual
environment (McCollum 2015a), where the various forces at work over the past few
centuries may have contributed significantly to the grammatical changes noted herein.
Comrie reports that according to Soviet census data from 1970, only 32.6% of
the population of the Kazakh Republic was ethnically Kazakh (1981: 51). After
Independence in 1991, the Kazakhstani government carried out two systematic (and
somewhat antithetical) programs: one, the advancement of the idea that Kazakhstan is
a shared home for all the peoples who reside there (<ортақ үйіміз> ‘our common
home/yurt’), and two, the repatriation of the Kazakh diaspora. If Kazakhstan was to be
the land of the Kazakhs (-stan being a Persian suffix meaning ‘land of’), Kazakhs felt an
intrinsic need to be the majority people (Dave & Sinnott 2002:1). For this purpose, the
Kazakhstani government has repatriated almost one million Kazakhs, called oralman
(<оралман> ‘returnee’), primarily from Uzbekistan, China, and Mongolia (Radio Free
Europe 1/21/15). Aided by significant European emigration, Kazakhs are now the
majority ethnic group in Kazakhstan. The 2009 Census reports that Kazakhs constitute
63.1% of the population (Smailov 2011:19). This tenuous construction of a national
identity where Kazakhs are hosts, and yet other ethnic groups are still at home has thus
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far successfully elevated the status of the Kazakh people (and Kazakh language)
without inciting rebellion or mass dissent, in contrast to the recent political histories of
neighboring Central Asian nations. This strategy, however, is not a Kazakh political
innovation, but rather an artifact of Soviet policy (Grenoble 2003:193).
After the absorption of Kazakh lands during the 18th and 19th centuries, Russian
influence in Kazakhstan grew, but with mild effects on the local population (Olcott
1995:28-82). During the 19th century Russians built cities and forts, brought Orthodox
priests and missionaries, and developed education and infrastructure in Kazakh lands,
all the while allowing Kazakhs a great deal of freedom to maintain their ancestral mode
of life. By the beginning of the 20th century Russia had solidified its presence in
Kazakhstan, not only politically but ideologically. The most widely renowned Kazakh
poet and thinker of the day, Abai Qunanbaiuly, praises the Russian language:
We need to learn to read and write in Russian – the Russian language
stores spiritual wealth, knowledge and art, and other untold secrets in
itself. Russian opens our eyes to the world. Russian science and culture –
they are the key to the treasures of the world. Owning this key, one will
acquire all the others without effort (1894: Søz 25).
During the 74 year (1917-1991) reign of the Soviet Union, Russians used the growing
conception of Russian culture as an enlightening force to increase Russian presence,
both physically and culturally in the Kazakh Republic. By the 1950’s and 60’s Soviet
intelligentsia in the Kazakh Republic was primarily Russian (Kadyrzhanov 1999:159).
Russification of minority peoples (i.e. non-Russian) in the Soviet Union became a more
overt agenda throughout the 20th century, particularly after World War II. Additionally,
the Soviets heightened the prominence of the Russian language, as evidenced by the
transition (back) to a modified Cyrillic alphabet along with policy changes that changed
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native-language education from mandatory to optional, which both resulted in increased
fluency in Russian (Grenoble 2003: 193-195). The prestige status of Russian was
reflected by the directionality of bilingualism in the Soviet Union. Minorities learned
Russian, but by and large, Russians did not learn the minority languages. From all
appearances, Soviet language policy did not intentionally pursue the attrition and loss of
indigenous languages per se, but rather pursued the active elevation of the Russian
language as part of “the glorification of the Russian people” (Weinreich 1953:56).
Nonetheless, these policies correlated with significant language loss among most
minority populations in the Soviet Union. Despite the 1989 census’ indication that
98.5% of Kazakhs spoke Kazakhs as their first language, Dave and Sinnot argue that
the minority of Kazakhs, especially urban Kazakhs, could actually speak Kazakh, and
far fewer could read or write in the language (2002:9-10). They contend that language
affiliation data in Soviet censuses was used to indicate ethnocultural heritage rather
than actual proficiency (2002:11, 2004:449). Similarly, Kirchner notes that even after
Independence only about half of Kazakhs possess a command of the Kazakh language
adequate enough to engage in basic conversation (1998:319; also Dave 2004:450).
This is evident in national language policy, where only basic familiarity with the
language (i.e. limited lexical and grammatical knowledge, where Kazakh is used only
occasionally and with great effort) constitutes proficiency (Dave 2004:451)
My own sociolinguistic observations in Kazakhstan support these claims,
especially the loss of Kazakh among urbanites. During interviews with Kazakh
speakers, all speakers who grew up during the Soviet era indicated that education,
television, music, and almost all aspects of culture were driven by the Russian
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language. Kazakh publications, films, and other media were not widely circulated or
viewed. In general, Russian was viewed as the language of cultured people, and
Kazakh was relegated to a language for uncultured villagers. Accordingly, many
Kazakhs possess only a passive knowledge of the language, understanding spoken
Kazakh to some degree but responding almost entirely in Russian. Along these lines, I
would argue that the Kazakh language underwent shifts during Russian occupation,
both Imperial and Soviet, that parallel the shifts found in endangered language
communities (e.g. Andersen 1982; Campbell & Muntzell 1989). Although no one would
argue that a language spoken by millions of people was endangered in any sense, the
literature on obsolescence and language loss are useful for the understanding of the
linguistic ecology in Kazakhstan.
Since Independence, the Kazakh language has experienced a modest
revitalization in Kazakhstan (Dave 2004:450-452). Language policy, among other
factors, has brought about much change. Kazakh is now the titular language of the
Republic of Kazakhstan, but Russian still maintains its importance as “the language of
interethnic communication” in Kazakhstan. School children of all ethnic backgrounds
are taught Kazakh in schools, and Kazakh-medium classes are taught at all levels of
education. Kazakh popular music and film industries have emerged since
Independence, expanding linguistic domains for the language.
The socio-cultural history of the Kazakh people generally undergirds an
understanding of the language, as well as the complex linguistic interactions that mark
the linguistic ecology of Kazakhstan. The history of contact with Russian-speaking
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populations, particularly during the Soviet era, frame this contemporary description and
formal account of the Kazakh language.
Linguistic Background
Kazakh is a member of the southern Kipchak branch of the Turkic languages.
Other southern Kipchak languages include Karakalpak, Noghay, and Kyrgyz. Genetic
and grammatical relations hold less strictly with other Kipchak languages, like Tatar,
Crimean Tatar, and Baskhir (Johanson 1998: 82-3). Morphologically, Turkic languages
are agglutinating and suffixing, building complex words through the suffixation of
multiple morphemes. These agglutinated morphemes agree with stem-final segments
in a number of features, including backness, and voicing. Concatenated suffixes are
also typically marked by a decrease in sonority (Gouskova 2004). Syntactically, Kazakh
is an SOV (subject-object-verb) language, although variation is word order is common
for pragmatic effect. Lexically, Kazakh has adopted a large number of words from
Arabic, Persian (as well as Arabic words via Persian), and Russian. These loans have
to varying degrees been adapted to conform with the native Kazakh phonological
system.
The Kazakh language has been written in a variety of scripts, reflecting the
various historical forces present among the people. The Perso-Arabic script was used
during the later part of the 19th century and is still used by Kazakhs in China (Kirchner
1998:318). The Cyrillic script was introduced by the Russians to further Russian
influence in the region during the early 20th century (Grenoble 2003:193-194). Stalin
introduced a modified Latin script, but the influence of Pan-Turkism, and by extension
Islam, prompted the return to the Cyrillic after World War II, with slight modifications
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(Krippes 1996:7). Despite much talk of moving back to the Latin script after
Independence, no recent orthographic changes have been made (Sharipbay 2013).
Kazakh Dialects
Despite the tribal disparities among the Kazakhs, little dialectical difference exists
between speakers. The main locus of dialectical variation is lexical (Vajda 1994:610),
but several distinctions are worth noting.1 Speakers of southern and eastern varieties of
Kazakh often use the alveopalatal affricate [ʧ] where northern and western varieties use
the fricative [ʃ], as in [ʧəәqtəә] versus [ʃəәqtəә] ‘(s)he left’. During fieldwork, several
speakers noted that this distinction was used a shibboleth for regional background.
One speaker also indicated that another feature of northeastern Kazakh often fronts
back vowels, as in [øŋ] vs. the standard [oŋ] ‘correct’. One feature of eastern varieties
of Kazakh is the additional fronting and monopthongization of diphthongs (excluding
diphthongs with low back nuclei), as in [ʤidɪ] vs. the standard [ʤejdɪ] ‘he/she eats’, and
[qɑsidəә] vs. the standard [qɑsəәjdəә] ‘he/she scratches’ (see the discussion of
orthographic <и> in Dzhunisbekov 1991:14-19). Among Kazakh dialects, the effect of
Uzbek on southern Kazakh is perhaps, the most salient dialectical distinction. One other
significant dialectical variant is oralman (<оралман> ‘returnee’) Kazakh. Many Kazakhs
fled to China or Mongolia after the Russian Revolution, and have only recently begun to
return to Kazakhstan. These speakers use the Arabic script, and their speech is
marked by far fewer Russian loans. Additionally, syntactic and semantic discrepancies
exist between oralman and most Kazakh varieties. Overall, Kazakh dialects display
surprisingly little variation. Soviet writers have argued that what variation does exist is
1

There is so much overlap in regional dialects that uniquely identifying each dialect is not entered into
herein, but rather only broad dialectal generalizations are made.
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the result of tribal affiliation or contact with other Central Asian languages (Schwarz
1984:20; Kenesbayev 1962:6-9; Sauranbayev 1982). As fieldwork was conducted in
southeastern Kazakhstan, the majority of data collected reflects this variety of Kazakh,
although based on my experience the data collected generally representative of Kazakh
spoken throughout Kazakhstan.
Crucially, this thesis focuses on the Kazakh spoken in Kazakhstan for several
reasons. Firstly, Kazakhstan is home to the vast majority of Kazakh speakers
worldwide. Secondly, Kazakh spoken in modern Kazakhstan has been the topic of
almost all investigations into the language. One notable exception to this is Kirchner’s
dissertation on Istanbul Kazakh (1990). His data indicates some very real divergences
from Kazakhstani Kazakh, which limit the usefulness of his work to the present study.
That being said, whenever possible, all Kazakh sources, as well as sources from related
languages will be used to inform the present study.
Kazakh Phonology
Consonants
The Kazakh consonantal inventory is composed of the segments shown in Table
1-1 below.
Table 1-1. Kazakh consonantal inventory
Bilabial Labiodental Alveolar Alveo- Palatal Velar
Palatal
Stop
p b
t̪ d̪
k g
Fricative
f v
s z
ʃ ʒ
Affricate
ʦ
ʧ ʤ
Nasal
m
n
ɲ
ŋ
Lateral
l
ɫ
Trill
r
ɾ
Glide
j
w
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Uvular Glottal
q
χ ʁ

h

A number of these sounds occur with a very limited distribution. The segments /f/, /v/,
/ʦ/, and /ʧ/ are used almost exclusively with Russian loans (Vajda 1994:608-609).2
Also, the glottal fricative /h/ occurs in а few words of Arabic origin.
The distribution of a number of other segments is subject to allophonic
restrictions. For instance, the palatal nasal surfaces from the underlying velar nasal
only when followed by the mid front unrounded vowel, /e/, although Kirchner notes the
palatal nasal as the allophonic variant of the velar nasal in front vowel contexts more
generally in Kazakh spoken in Istanbul (1990:64). The vowel /e/ surfaces with an
onglide, [je], which palatalizes the preceding nasal, /ŋ/ →[ɲ]. Similarly, the voiceless
velar and uvular stops alternate according to vowel context, as do the voiced velar stop
and voiced uvular fricative. The uvular segments surface in back vowel contexts, while
the velars surface in front vowel contexts. In a similar manner, the lateral is alveolar
when in front vowel words, but is velarized [ɫ] in back vowel words.
Apart from these regular alternations, some segments occur in free variation.
For instance, the underlying rhotic /r/ may be realized as the flap or trill, although the
flap is more common intervocalically. The voiceless uvular obstruents /q/ and /χ/ also
surface in free variation, with the fricative more likely to surface intervocalically. Also,
free variation of the voiced alveopalatal fricative and affricate is widespread (cf. Kara
2002:10-11). Folk explanations for this variation often cite the influence of the Russian
alveopalatal fricative on a pre-existing affricate. Such explanations note the presence of
the affricate as a Central Asian areal feature present even in the unrelated language,
Tajik. In Crimean Tatar and Kyrgyz, closely related languages that have had notable
2

As noted previously, in southeastern Kazakh [ʧ] surfaces as a dialectical variant of the more standard [ʃ]
in native words.
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contact with Russian, only the affricate is attested (Kavitskaya 2010:12-13; Kara
2003:11). However, in Uyghur, a related language with less historical Russian contact,
both the fricative and affricate surface as allophonic variants of the same underlying
consonant (Hahn 1991: 70). Moreover, Menges, writing about Karakalpak, a more
geographically isolated Kipchak language, at a period in history when Russian contact
was less pervasive, considers these sounds as free variants although the fricative is
affricated in Russian loans (1947: 20, 94). Evidence from related languages does not
conclusively support the contact-induced deaffrication argument for these alveopalatal
obstruents.
The alveolar stops are often dentalized. The realization of these stops in
Karakalpak is determined by the backness of surrounding vowels, with a strong
pharyngealization of the stop in back vowel contexts (Menges 1947:21). Despite this
generalization, significant variation occurs in Kazakh speech for place of articulation for
these stops, varying between alveolar and dental, which is a common characteristic for
these segments cross-linguistically (see Lahiri et al. 1984). Interestingly, the voiced
alveolar stop undergoes lenition to [ð] intervocalically for several speakers during
fieldwork, but this does not appear to be a general trend in the language.
Vowels
Kazakh scholars have debated the number of underlying vowels in the language
generally arguing for nine, ten, or eleven underling vowels (Dzhunisbekov 1972:10-11;
Sharipbay 2013; Yessenbayev et al. 2012 and citations therein). I work on the
assumption that there are eleven underlying vowels in the language, the eight harmonic
vowels plus [i], [u], and [æ]. The details of the peripheral vowels [i], [u], and [æ], are of
less importance, particularly [æ]. The high back vowel, [u], plays a minor, but
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meaningful part in the analysis presented herein. The features distinguishing the
Kazakh vowel inventory are shown in Table 1-2 below.
Table 1-2. Vowel inventory
Height
Rounding
[+high]

[-round]
[+round]

[-high, -low]
[+low]

Tense/Lax
[+tense]
[-tense]
[+tense]
[-tense]

[-round]
[+round]
[-round]

Backness
[-back]
i
ɪ
ʏ
e
ø
æ

[+back]
əә
u
ʊ
o
ɑ

Some writers have argued that /i/ [ij] is, in fact a diphthongization of the front and
back lax vowels, surfacing as [ɪj] and [əәj] respectively (Vajda 1994:625; Kara 2002: 7-8).
Acoustic analysis shows a clear fronting of the vowel with no formant transitions that
would indicate the kind of diphthong previously described. However, there is a clear
tendency for speakers from Taldykorgan (southeastern dialect) to front the sequence /e/
+ /j/ → [i]. Acoustically, high and mid vowels in Kazakh do not differ significantly in F1,
making the acoustic effect of this dialectical idiosyncrasy an increase in F2 without
significant change to F1.3 For instance, most Kazakh speakers produce [ʒjejdɪ] ‘he/she
eats’, but speakers from Taldykorgan typically produce [ʒijdɪ],4 which complicates an
understanding of /i/ across dialects.

3

F1 and F2 are two formant frequencies produced in human speech (measure in Hertz). These
frequencies correspond generally to tongue height and tongue backness, respectively, but F2 also
correlates with lip rounding. These acoustic frequencies will factor significantly in the description and
analysis presented in Chapter 2 and Chapter 3.
4

This fronting effects all of the mid and high front vowels before the palatal glide. /ø + j/ ➝ [ø
̟ ], /ʏ + j/ ➝
[y]. The result of this fronting is also a monopthong in most cases, but that result is an auxiliary product of
this process, and not the primary change effected on the vowel. Additionally, note the loss of
palatalization on the obstruent in this dialect. Palatalization of preceding consonants is a typical feature
of /e/, [je].
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Also, /u/ is often described as either [ʏ] in front vowel contexts, and [ʊ] in back
vowel contexts (Vajda 1994:625-626; Kara 2002:7). Moreover, the surface realization
of /u/, [uw] is complicated by the orthogprahic conflation of the two underlying
segments, /u/ and /w/ to <у>. This has led several writers to conclude that the <у> is
digraph for /ʏ/ or /ʊ/ + /w/ (Krippes 1993:7, Vajda 1994:625-626; Kara 2002:7). One
recent work that sheds some light on the status of <y> finds that while F2 of that vowel
varies greatly, it never approximates /ʏ/ or /ʊ/, but occupies an medial position in the
vowel space (Bowman & Lokshin 2014:3-5). As a result, Bowman & Lokshin argue for a
distinct underlying /u/.
The low front vowel, /æ/ is idiosyncratic in the language, surfacing in both back
and front vowel contexts. In Turkic languages that have /æ/ (e.g. Azerbaijani, Uyghur),
the vowel functions like /e/ (Comrie 1981:61), but this is not the case in Kazakh. Vajda
and Kirchner argue that this vowel is a historical fronting of the low back vowel from
Persian and Arabic loans (Vajda 1994:614-615; Kirchner 1998:319), which could
explain its occurrence in Arabic loans like [kɪtæp] ‘book’, and [kʏmæn] ‘doubt.’
However, as Vajda notes in passing, [æ] occurs in other loans, as well as in native
words. In words like [ælɪ] ‘yet’, the low front vowel functions like a front vowel, but in
Arabic loans it triggers back vowel suffixes [kʏnæ-ʁɑ] ‘sin-DAT’. In Aqsu county
(roughly 100 km north of Taldykorgan), /æ/ has a wider distribution, replacing the low
back vowel in a number of first syllable contexts, like [mæʁɑn] (cf. standard Kazakh
[mɑʁɑn]) ‘1S.DAT’.
These three vowels, /i/, /u/, and /æ/ occur less frequently, and their distribution is
less regular than the remaining eight vowels in the inventory, shown in Table 1-3. The
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mid high vowel /ɪ/ is typically produced with more centralization than English /ɪ/. Its
round counterpart, /ʏ/ is produced with wide variation in F2. In many cases, the most
accurate transcription of this vowel in root syllables is [ʉ], but [ʏ] is also regularly
attested (Dzhunisbekov 1972:70;Vajda 1994:616). Throughout the thesis I will
transcribe this vowel as [ʏ].
Table 1-3. Harmonic vowels
Height
Backness
[-back]
[+high]
ɪ ʏ
[-high]
e ø

[+back]
əә ʊ
ɑ o

Among the front mid vowels, /ø/ also exhibits significant variation in the F2,
sometimes being produced like [ø] or [ʉ], but many times being produced in a
centralized tongue position, as [ɵ]. In addition to this variance, in word-initial position
this vowel is often produced with an onglide, as in /ømIr/➝ [wɵmʏr] ‘life’ (Dzhunisbekov
1972:70; Vajda 1994:622; Kara 2002:10).5 The centralization of this phonologically
front vowel causes confusion for many Kazakh if produced in isolation, as the acoustic
cues to differentiate /ø/ from /ʏ/ are slight, whereas the morphological uses of [+high]
versus [-high] vowels in the systems make contextual identification much easier in
natural speech.
The mid front unrounded vowel, /e/ has been transcribed a number of ways by
previous authors, [e], [je], [jɪ],[ɪ̯e] (Menges 1947:24; Kirchner 1990:57; Krippes 1993:7;
Vajda 1994:620; Kara 2002:9). I would argue that [je] or [ɪ̯e] are the most appropriate
description of this surface vowel for most speakers, and will use [je] throughout the

5

In the preceding example /I/ represents an underspecified [+high] vowel, typically employed in
Turkological literature (e.g. Johanson & Csató 1998:xxi). Underspecification, more generally, as a
theoretical tool will be addressed in Chapter 3.
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thesis for /e/. This vowel has a lax allophone in closed syllables [jɛ] (Kirchner 1990:57).
This vowel has a palatalizing effect on preceding consonants. Interestingly, a number
of speakers produce this vowel without the onglide in some forms of the verb /e-/ ‘to be’.
Thus one encounters both [edɪm] ~ [jedɪm] “I was.”
Among the back vowels, /əә/ has been a problematic sound for some writers.
Most Turkological writers use <ı> or <ï> to refer to the (phonologically) high back vowel,
and these writers typically assume a high back articulation [ɯ] (e.g. Johanson and
Csató 1998; Harrison 2004; Bowman and Lokshin 2014). This assumption is not borne
out in actual Kazakh speech, though.6 The realization of the high back unrounded
vowel ranges from open-mid to close-mid, and is usually produced with a central place
of articulation (Dzhunisbekov 1972:52). The other high back vowel, [ʊ] is produced with
a significantly greater degree of tongue retraction than English [ʊ]. Impressionistically,
this vowel seems more akin to the retracted tongue root vowels of the Tungusic
languages (Ard 1983).
All of the high vowels, /ɪ/, /ʏ/, /əә/, and /ʊ/, undergo significant reduction in
unstressed syllables interconsonantally, especially between voiceless consonants. This
phenomenon in Turkish has been labeled high vowel devoicing (Jannedy 1994), but
devoicing is only one result of this vowel reduction in Kazakh, and in Turkic, generally.
This phenomenon shortens vowel duration, and often results in completely elided
vowels, as in /qəәs-I/ → [qs-əә] ‘winter-3.POSS’. Syncope of high vowels has also been
reported in the Crimean Tatar (Kavitskaya 2010, 2014), Uzbek (Sjoberg 1963), and
Bashkir (Poppe 1964).

6

See Kiliç & Öğüt (2004) for a study of the backness of this vowel in Turkish.
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The mid back rounded vowel /o/ varies between [o] and [ɔ], often being produced
with an on-glide [wo] or [wɔ] in word-initial position (Vajda 1994:621-622; Kara 2002:10),
in [wɔɫ] ‘3S.’ The low back unrounded vowel /ɑ/ varies according to stress, with
unstressed /ɑ/ raising slightly towards schwa. The backness of /ɑ/ appears largely
dependent on speaker, with some speakers producing a more centralized vowel [ɑ̟].
Kircher notes that before the lateral /ɑ/ may be rounded (1990:56, see also Poppe
1964:8), but this was not observed during fieldwork.
Most writers argue for word-final stress throughout Kazakh (Krippes 1996:12;
Kirchner 1998:320; Hancock 2009:14). Kirchner distinguishes between a word-final
pitch accent and a word-initial stress accent (1998:320). One important aspect of stress
in Kazakh that Vajda notes is that vowel quality is not generally affected by stress
(1994:645).
Vowel harmony
The most well-known aspect of Turkic phonological systems is vowel harmony
(Comrie 1981:59). Vowel harmony is the agreement of vowels within some relatively
fixed domain on one or more subsegmental feature.7 Turkic languages exhibit
pervasive palatal harmony, which is vowel-to-vowel agreement on the [back] feature of
the trigger vowel. Additionally, many Turkic languages, Kazakh included, exhibit a
secondary type of vowel harmony, labial harmony, which is the agreement of target
vowels to the [round] feature of the trigger vowel. In Turkic, the direction of harmony is
almost exclusively rightward, as the Turkic languages possess almost no prefixes
(Johanson 1998: 36-37; see Doerfer 1998:154, and Boeschoten 1998:378 for the few
7

See Rose & Walker (2011) for a treatment of the various harmony types attested among the world’s
languages.
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exceptions to this generalization). Leftward harmony, apart from the few exceptions
above, is found most noticeably in adapation of loanwords via assimilation to break up
illegal clusters word-initially (see Kaun 2000 for this adaptation strategy in Turkish).
Thus, the first vowel of a word is typically the trigger, determining the [back] and
[round] features to which subsequent vowels harmonize. While /i/, /u/, and /æ/ do not
participate in the regular harmony system that pervades the language, the other eight
vowels form four harmonic pairs differing in the features [back] and [high]. Some
formulations of vowel harmony in Turkic have argued that all post-initial vowels
harmonize with the first vowel of the word (Chomsky & Halle 1968:378-379; Comrie
1981:60,62). This generalization does not hold, however, when certain segments block
harmony, either because certain feature configurations do not participate, or because
certain morphemes are invariant. Moreover, consonants may affect harmony,
redirecting the application of harmony in subsequent syllables (see Johnson 1980:95-97
for an example from Kyrgyz). In these cases, the most proximate vowel determines the
features of subsequent vowels (Korn 1969:99; Clements & Sezer 1982; Johanson
1998:33). This generalization also assumes that harmony operates within the domain
of the word. In Kazakh, however, as in most Turkic languages, constituents in
compounds retain their typical harmonic features (Vajda 1994:635). Compare the
accusative suffix in the following words, [it-tɪ] ‘dog-ACC’ and [itbɑɫəәq-təә] ‘seal-ACC
(literally dog fish)’. In the compound, the appropriate vowel is determined by the most
local vowel, and not the first syllable vowel.
Furthermore, the application of harmony in Kazakh is not restricted to vowels
only, but all segments within a word have been argued to participate in the backness or
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roundness of the triggering syllable (Dzhunisbekov 1980; Abuov 1994). These writers
argue that harmony in Kazakh is not a vowel-to-vowel process, but rather a syllablelevel phenomenon, which they call synharmonism. Vowels serve only as syllable
nuclei, and harmony is a suprasegmental feature within this framework. In contrast, a
number of western approaches to harmony treat this as strictly local interactions,
affirming the generalization that all segments within the domain of harmony are affected
(e.g. Gafos 1999; Ní Chiosáin & Padgett 2001; Benus 2005). It is clear that many
consonants vary in accordance with vowel context, but assuming that all do so is too
strong of a generalization for contemporary Kazakh (cf. Dzhunisbekov 1980:22-37).
The role of palatal harmony in determining the articulatory gestures present in coronal
and labial consonants is unclear, based on my observations. The effect of rounding on
all segments within the rounding domain is, however, very clear. Thus, this work
assumes that although strict locality is observed in Kazakh, some consonants may not
be affected by palatal harmony.
Previous work on Kazakh vowel harmony
The Kazakh harmonic system enforces vowel agreement along two dimensions:
backness and rounding. Menges observes that the operation of palatal and labial
harmony in Karakalpak mirrors Kazakh (1947:54). The almost ubiquitous effect of
palatal harmony is noted throughout descriptions of Kazakh (Korn 1969; Dzhunisbekov
1991; Abuov 1994; Kirchner 1998; Kara 2002), as well as in Kazakh instructional
materials (Krippes 1996:12; Kubaeva 2003:13-16; Hancock 2009:14-15). Loanwords,
as well as compounds may be disharmonic. That being said, there is a strong pressure
to harmonize disharmonic loans, as in the shift from the Russian /maʃina/ ‘car’ to the
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harmonized [mæʃinje], and the Perisan [hazir] ‘now’ to [qɑzəәr] ~ [kæzɪr], despite the
orthographic preservation of disharmony, <қазір>.
On the basis of radiograms and formant measurements from Dzhunisbekov’s
work, Vajda argues that the harmony system in Kazakh is not based on palatality, but
tongue root retraction, like Mongolian and Tungusic languages (1994:636-644). Vajda’s
description, although not explicitly argued in terms of genetic or coterritorial affiliations
with Altaic, attempts to parallel synharmony in Kazakh with Altaic. In older treatments of
Altaic (i.e. Mongolian and Tungusic languages) palatality was assumed, but only
recently have authors argued definitively for an RTR basis for harmony (Ard 1983; Kang
& Ko 2012 and citations therein). Vajda observes the centralized articulation of
phonologically front vowels in addition to the mid central articulation of the high back
vowel as evidence that palatality is not, in fact, the undergirding feature for harmony in
Kazakh. He argues that that the historical system in Turkic based on backness
developed into a tongue root system due to the centralization of vowels and the
resultant neutralization of the harmonic distinction in horizontal tongue position
(1994:647-648). Furthermore, he compares Dzhunisbekov’s radiograms with
radiograms from Twi, a language that utilizes a tongue root harmony, to show that the
similarity in tongue gesture for vowels in Kazakh and a known ATR harmony language.
Lastly, Vajda contends that the consonantal distinctions, particularly between velar and
uvular obstruents, show pharyngealization that should be attributed to tongue root
retraction, as well. Despite Vajda’s arguments, throughout this thesis, palatality, and
not tongue root position, will be assumed. Palatality, and not ATR, will be assumed for
several reasons. First, one primary distinction in ATR harmonic pairs is in F1 with only
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slight distinctions in F2. In Kazakh, the primary distinction between vowels like [əә] and
[ɪ]ˌ or [ø] and [o] is almost entirely a difference in F1. Without more articulatory studies
suggesting tongue root harmony it seems more reasonable to assume palatality.
Second, assuming any pharyngealization or tongue root distinction affects discussion of
markedness, and to maintain parallel with the vast majority of literature on Turkic, I treat
the featural difference between pairs like [ø] and [o], and [ɪ] and [əә] is backness
throughout the thesis.
As for labial harmony, no languages exhibit this type of harmony without some
other additional basic type of harmony, like height or palatal harmony (Cole & Trigo
1988: 20-21; Kaun 1994). This cross-linguistic manifestation of rounding as a
secondary harmony is true of Kazakh, as well.8 Rounding is the more restricted type of
harmony, affecting only a subset of potential targets. Menges distinguishes between
two types of labial assimilation: labial harmony and labial attraction (1947:59-61). Labial
harmony is the labializing effect of round vowels on [+high] targets, which corresponds
to the more typical type of labial harmony in Turkic that affects high vowels only. Labial
attraction, on the other hand, is the labializing effect of round vowels on subsequent
[-high] targets. This phenomenon is not as widespread, but is a feature of Mongolian,
as well as South Siberian and Kipchak Turkic languages that have historically been in
contact with Mongolian peoples (Menges 1947:60). While labial harmony works
irrespective of backness, labial attraction affects only front vowels. Thus, post-initially
the non-high back vowel, [o], does not surface. Additionally, Menges notes that this
effect on [-high] vowels is greater in Kazakh than Karakalpak. In Karakalpak
8

To see this generalization spelled out more explicitly for Turkish, see for Clements & Sezer 1982;
Polgardi; and Wayment 2009:34-36)

34

labialization spreads to one vowel, but in Kazakh he reports labialization throughout the
word (1947: 62). Although contemporary treatments of harmony have united Menges’
labial attraction and harmony, the terms are still used in Turkological works, if not in the
linguistic mainstream (Vaux 1993; Kaun 1995; Johanson 1998: 33). Korn notes the
same pattern of harmony, where front vowels condition the rounding of all subsequent
harmonic vowels, and back vowels trigger rounding only if the target is high (1969:101102). These same generalizations persist throughout Soviet and post-Soviet literature
on Kazakh (Dzhunisbekov 1972, 1980, 1991; Abuov 1994).
More recent works have adopted the same general outlook with several
important restrictions on harmony: one, harmony affects high vowels more significantly
than non-high vowels, and two, harmonic effect diminishes in later syllables in the word.
Kirchner observes that while both high and non-high targets are affected by rounding
harmony the general strength of rounding is lesser in syllables further from the root.
Additionally, he notes that this reduction in rounding is more acute for non-high vowels
(1998:320-321). Kara writes that in western Kazakh dialects labialization affects only
the second vowel of a word while in eastern Kazakh dialects all subsequent vowels are
affected (2002:12). Vajda argues similarly, but adds that root-internal vowels are more
likely targets for harmony (1994:634). In effect, harmony is dispreferred across
morphemic boundaries. Contraction of the harmonic domain has been noted for dialects
of Crimean Tatar (Kavitskaya 2010:26-27, forthcoming; see this also in McPherson &
Hayes 2014), and Menges’ early description of Karakalpak (1947).
Previous studies of Kazakh, if viewed longitudinally, reflect a diachronic
dimunition in labialization post-initially. While first syllable vowels demonstrate the full
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range of vowel qualities present in the Kazakh inventory, post-initially, neutralization to
[-round] vowels is suggested, but not thoroughly analyzed. Building on these writers’
work, I describe the current operation of labial harmony in Kazakh, and use that data to
tackle several theoretical challenges for modeling labial harmony in the language.
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CHAPTER 2
METHODS AND RESULTS
Introduction
Chapter 2 details the methods of elicitation, recording, and post-elicitation
analysis used during this study, providing motivations for the elicitation and analytical
strategies used. Chapter 2, additionally, reports results from statistical analysis of the
collected data. These results form the basis for the theoretical discussion in Chapter 3.
Central to this is the hypothesis that post-initial rounding should reflect, to a relatively
large degree, the acoustic differences between rounded and unrounded root vowel
pairs. Elicited data was used to model the effect of rounding, concluding that post-initial
rounding is significantly reduced in contemporary Kazakh.
Recruitment
Thirteen speakers residing in and around Taldykorgan (southeastern),
Kazakhstan were recruited through two Kazakh contacts to participate in the study. The
highly relational nature of Kazakh society, coupled with a hesitance to engage
foreigners prompted the recruitment strategy employed. Two speakers were excluded
from analysis for insufficient command of the Kazakh vocabulary necessary to respond
appropriately to elicitation prompts. The average age of the eleven speakers analyzed
was 33.5 years (SD= 9.1, range = 19-46 years). Eight females and three males of
varied education and regional backgrounds participated in the study. Most speakers
had high school diplomas, four had college degrees, and of those four, three had at
least one master’s degree. All speakers were bilingual in Russian, but more educated
speakers were typically conversant in other languages, like English or Mongolian.
Further sociolinguistic data is provided in in Table 2-1.
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Table 2-1. Sociolinguistic data
Speaker Age Gender Place of birth
number

Highest
degree
earned
Master’s

Language
of
instruction
Kazakh

Languages
spoken

1

27

Female Taldykorgan

2

37

Bachelor’s

Kazakh

3

46

Female Zaisan county,
East Kazakh
oblast
Female

High school

Russian

4

38

Male

High school

Kazakh

5

19

Female

High school

Kazakh

Kazakh,
Russian

6

23

Male

High school

Kazakh

Kazakh,
Russian

7

37

Female

High school

Kazakh

8

46

Male

High school

Russian

9

38

Female

Some high
school

Kazakh

10

34

Female

Master’s

Kazakh

11

24

Female Aqmola oblast

Master’s

Kazakh

Kazakh,
Russian
Kazakh,
Russian
Kazakh,
Russian,
Uzbek
Kazakh,
Russian,
Mongolian,
Chinese
Kazakh,
Russian,
English

Rayimbek
county, Almaty
oblast
Kerbulaq
county, Almaty
oblast
Karabulaq
county, Almaty
oblast
Alakol county,
Almaty oblast
Aqsu county,
Almaty oblast
South
Kazakhstan
oblast
Mongolia

Kazakh,
Russian,
English
Kazakh,
Russian,
English
Kazakh,
Russian
Kazakh,
Russian

Recording
All sessions were video and audio recorded. A Sony HDR-330X was used to
record high definition video of articulation during each session. A tripod-mounted
Audio-Technica 8033 cardioid condenser microphone was used to record audio
information to the camera. Audio data was also recorded with a Shure 53Beta head-
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mounted microphone at a sampling rate of 44,100 HZ with 24 bit-depth to a Zoom H4N
recorder. However, for individual reasons of preference, two speakers (Speakers 10
and 11) did not wear the head-mounted microphone, and were recorded with the Audio
Technica microphone and the Zoom recorder.
Elicitation Motivations and Methods
One important goal of the research was to collect natural data. Balancing the
limitations of time and access to speakers against the need for significant quantities of
data for analysis was challenging. Therefore, I adopted a hybrid approach to data
collection. Although unable to reproduce the controlled conditions of a laboratory, I
collected hours of directed elicitation data through more natural means in a more natural
setting. While acoustically speaking, a laboratory is ideal, a laboratory is not always an
option in fieldwork setting, and secondly, removes speakers from a more natural
context, which may affect the quality of data collected. That being said, data quality is
not only a byproduct of instrumentation and speech setting, but also a reflection of
intended speech style. Since my goal was to elicit more colloquial speech, naturalness
dictated many of the choices made for this study. I collected data in two locations: a
reserved room in the office of a local educational organization known to all the
participants, and in a quiet room in one speaker’s home chosen by convenience to the
speakers.
The second way in which I attempted to collect more natural data was to elicit
data through conversation rather than fixed carrier sentences or orthographic prompts.
This allowed speakers to produce words in sentence contexts, as well to divorce
pronunciation from Kazakh orthographic influences, remembering that Kazakh does not
indicate rounding post-initially. To avoid this confounding factor in elicitation, the use of
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Kazakh orthography was minimal. This necessitated conducting conversations with the
speakers without an intermediary. In some ways this was not ideal, as almost any L2
speaker in a foreign country has encountered ‘foreigner talk’ (e.g. Ferguson 1975; Gass
2003:230-231), a simplified version of the language designed to make the language
more intelligible to foreign L2 speakers.1 In an ideal world a Kazakh would have
conducted these sessions, but several factors increased the chances of high quality
data collection.
First, I am an advanced speaker of the language. I lived in Kazakhstan for four
years as a teacher, living most often in areas devoid of English speakers, which
resulted in a high degree of profiiency of the language. Moreover, as the director of a
local non-governmental organization providing third-party testing services to the Oblast
Ministry of Education, my job required advanced proficiency in the language to handle
meetings with high-ranking government officials on detailed points of business.
Second, participants were told that I was working with a Kazakh linguist who
would analyze the data. They were explicitly instructed to speak like they would with
another Kazakh in a normal conversation because the Kazakh researcher was
interested in describing colloquial Kazakh, but could not come to the elicitation session.
Moreover, they were instructed to disregard any of my inadequacies comprehending the
language, and to speak in a manner intelligible to the Kazakh linguist with whom I was
working.

1

Based on the perception-driven model of harmony developed in Kaun (1995, 2004) and extended in
Chapter 3, it is possible that if increasing the chances of a weak perceptual contrast motivates harmony
“foreigner talk” might, in fact, increase the likelihood of labial harmony. Also, Lanfranca (2012) observes
enhancement of contrast in Turkish vowel harmony.
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Thirdly, and most importantly, one component of the elicitation session was a
map exercise where each speaker was instructed to give directions on a map to another
Kazakh. An acquaintance was brought into the room, and the two Kazakhs engaged in
a dialogue that typically lasted around five minutes. The speaker had one version of the
map, and the hearer had a different version with landmarks rearranged. Neither
speaker knew this about the task, and the differences in object placement facilitated
extended conversation. To control for the content of the dialogue, items from earlier in
the elicitation session that had crucial differences in the backness and roundness of the
root vowel were used. This task served as a control against which to compare the focus
of my research, an elicitation of partial nominal and verbal paradigms.
Informed Consent
At the beginning of each session, participants were given a written informed
consent form in Kazakh explaining the nature of the elicitation, the methods to be
employed, the compensation offered, the storage and dissemination of collected data,
as well as other relevant information. After reading the consent form, I reviewed the
contents of the form with each speaker to ensure understanding of my goals as a
researcher and their rights as a participant. Each speaker was questioned whether they
would like to be given a pseudonym, as well as their permission to store and
disseminate recorded data. Permission was granted by all speakers to store recorded
data on my computer. No speakers, however, gave permission to archive data in an
internet archive. Additionally, some speakers requested that video from their session
not be published in the thesis.
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Protocol
After giving informed consent to participate, speakers were asked to perform five
tasks. Tasks were ordered to build in complexity, enabling each participant to become
acquainted with me, as well as the recording equipment during tasks of lesser
complexity.
Task 1: vowels in isolation
In Task 1 each speaker was shown ten different letters in Kazakh’s modified
Cyrillic orthography. The orthographic representations of the vowels elicited are
included in Table 2-2.
Table 2-2. Task 1 prompts
Grapheme
а
о
ы
ұ
əә
е
ө
і
ү
и

Phoneme
ɑ
o
əә
ʊ
æ
e
ø
ɪ
ʏ
i

They were asked to pronounce each vowel two times before moving on to the
next vowel. After all eleven vowels were produced, the prompts were shuffled and
presented to the speaker again. Thus, each speaker produced each vowel four times in
isolation.
Task 2: minimal pairs
In Task 2, speakers were presented six different monosyllabic prompts of the
structures C__, C__C, and __C. They were then asked to produce as many Kazakh
words as possible by inserting one and only vowel sound into the blank. After all six
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prompts were shown, prompts were shuffled and the Task was repeated. Speakers
often produced each word more than twice during the Task. A list of prompts as well as
possible Kazakh words is listed in Table 2-3.
Table 2-3. Task 2 prompts and potential responses
Context
Vowel
t__s
s__t
q__t
ɑ
tɑs ‘stone’ sɑt ‘sell’
qɑt
‘harden’
o
tos ‘wait’
sot ‘judge’
əә
təәs
‘outside’
ʊ
tʊs ‘side’
qʊt
‘happiness’
u
æ

__t
ɑt ‘horse’
ot ‘fire’
əәt
‘scamper’
ʊt ‘defeat’

__s
ɑs ‘meal’

s__

əәs ‘soot’

su
‘water’

sæt
‘fortune’

e

tes ‘drill’

et ‘meat’

ø

tøs ‘chest’

øt ‘gall
bladder’

ɪ
ʏ

tɪs ‘tooth’
tʏs
‘dream’

es
‘memory’
øs ‘grow’
ɪs ‘work’

ʏt
ˈFebruary’
(archaic)
it ‘dog’

sʏt ‘milk’

i

si ‘urine’

Task 3: nominal paradigms
In Task 3 speakers were presented with grammatical case information about the
six cases in Kazakh. Using the word /ɑt/ ‘horse’ as a model, each case was exemplified
and modeled in a sentence. After ensuring understanding, each speaker was
presented eighteen photos and prompted to identify the noun in the photo. These
eighteen words consisted of nine minimal or near-minimal pairs differing in the [round]
feature of the first syllable vowel. When identification was not quickly accomplished,
clues were given to aid the speaker. A list of words elicited is presented in Table 2-4.
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Table 2-4. Task 3 word list
Nominal root
English translation
sɑj
ravine
qoj
sheep
qəәs
winter
qʊs
bird
ɑɫIp
giant
qʊɫIp ~ qʊɫpI
lock
qɑzI
sausage
qozI
lamb
jet
meat
øt
gall bladder
dɪn
religion
kʏn
sun
ʒebE
arrow
tøbE
hill
iron (metal)
temIr
coal
kømIr
list
tɪzIm
grape
ʒʏzIm
Note: I represents a [+high] vowel, while E
represents a [-high] vowel
After identification, speakers were instructed to produce each case-inflected
noun in a sentence. Each speaker produced the singular noun in all six cases, as well
as in two possessive forms. Then each speaker produced the noun with the plural
suffix in all six cases plus the same two possessive forms. A sample paradigm is
presented in Table 2-5 below. Morpheme concatenation proceeds rightward from the
root in a strictly ordered manner in nouns, as follows: [[[[[ROOT] PL] POSS] CASE] Q].
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Table 2-5. Task 3 sample paradigm
Inflected word Morphological gloss
iron-NOM
temɪr-∅
temɪr-dɪŋ
iron-GEN
temɪr-de
iron-LOC
temɪr-ge
iron-DAT
temɪr-den
iron-ABL
temɪr-dɪ
iron-ACC
temɪr-men
iron-INS
temɪr-ɪ-ŋ
iron-POSS-2S
temɪr-ɪ-ŋ-e
iron-POSS-2S-DAT
iron-PL-NOM
temɪr-ler-∅
temɪr-ler-dɪŋ
iron-PL-GEN
temɪr-ler-de
iron-PL-LOC
temɪr-ler-ge
iron-PL-DAT
temɪr-ler-den iron-PL-ABL
temɪr-ler-dɪ
iron-PL-ACC
temɪr-ler-men iron-PL-INS
temɪr-ler-ɪ-ŋ
iron-PL-POSS-2S
temɪr-ler-ɪ-ŋ-e iron-PL-POSS-2S-DAT
Several speakers were unfamiliar with one or both of the words, /ʒebE/ ‘arrow’ and
/ɑɫIp/ ‘giant’. In these cases, speakers were not asked to produce the unfamiliar words.
Task 4: verbal paradigms
In Task 4 speakers produced partial verbal paradigms from a variety of words
differing in the [round] feature of the root.
Table 2-6. Task 4 word list
Verbal root
English translation
scratch
qɑsI
qos
add
qəәs
press
qʊs
spit up/vomit
qʊr
construct
qʊj
pour
kel
come
øl
die (of animals)
søjlE
speak
ɪl
hang
kʏl
laugh
Note: I represents a [+high] vowel, while E
represents a [-high] vowel
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A list of these words is presented in Table 2-6. Prior to Task 4 I discussed the past and
non-past verbal paradigms, in addition to a number of mood and aspectual verb forms
regularly employed by Kazakh speakers, using /ɑɫ/ ˈtakeˈ as an example. Speakers
were presented pictures of different actions and asked to identify the verb in the picture.
If speakers had trouble identifying the word for elicitation, I provided clues as to the
word under study. Once the verb was identified, it was produced in sentence contexts
for the verbal forms in Table 2-7. As with nominal morphology, complex verbal
morphemes are constructed by suffixation in a linearly fixed order:
[[[[[ROOT] NEG] OTHER TAM MARKERS] PERSON/NUMBER] Q].2
One speaker asked me not to include their productions of, /øl/ ‘die (of animals)’
used in the study. Kazakh culture generally distinguishes between animal and human
death, and conjugating this verb caused this speaker discomfort. Therefore, we
recorded production of /bøl/ ‘divide’ instead.

2

This order represented the basic order of suffix agglutination in the language, and although in no way
exhaustive, will serve our purposes in this thesis.
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Table 2-7. Sample verbal paradigm
TAM
Elicited Form
Morphological Gloss
Categories
Past
ɪl-dɪ-m
hang-PST-1S
ɪl-dɪ-ŋ
hang-PST-2S
ɪl-dɪ-ŋ-ɪz
hang-PST-2S-FORM
hang-PST-3
ɪl-dɪ-∅
ɪl-dɪ-k
hang-PST-1P
ɪl-dɪ-ŋ-der
hang-PST-2-PL
ɪl-dɪ-ŋ-ɪz-der
hang-PST-2PL-FORM-PL
hang-PST-3
ɪl-dɪ-∅
Non-Past
ɪl-e-mɪn
hang-NPST-1S
hang-NPST-2S.INFORM-S
ɪl-e-sɪŋ-∅

TAM
Variants

ɪl-e-sɪz-∅
ɪl-e-dɪ
ɪl-e-mɪz
ɪl-e-sɪŋ-der

hang-NPST-2.FORM-S
hang-NPST-3
hang-NPST-1PL
hang-NPST-2.INFORM-PL

ɪl-e-sɪz-der
ɪl-e-dɪ
ɪl-me-j-dɪ

hang-NPST-2FORMAL-PL
hang-NPST-3
hang-NEG-NPST-3

ɪl-me-dɪ
ɪl-gen
ɪl-ɪp ʒɑt-əәr-∅

hang-NEG-PST-3
hang-PFV
hang-PROG.PTCP liePROG-3
hang-DIST.PST-3

ɪl-ɪp-tɪ

English Translation
I hung (something)
You (sg. informal) hung
You (sg. formal) hung
He/she/they hung
We hung
You (pl. informal) hung
You (pl. formal) hung
He/she/they hung
I (will) hang
You (sg. informal) (will)
hang
You (sg. formal) (will) hang
He/she/they (will) hang
We (will) hang
You (pl. informal) (will)
hang
You (pl. formal) (will) hang
He/she/they (will) hang
He/she/they will/do not
hang
He/she/they didn’t hang
He/she/they have hung
He/she/they is/are hanging

He/she/they hung (distant
or unobserved past)
ɪl-mek
hang-INTEN-3S
He/she/they intend to hang
ɪl-ʏ-ʃɪ
hang-GER-AGT
One who hangs
ɪl-ʏ-ɪm
hang-GER-POSS-1S
My hanging
ɪl-se
hang-SUBJ-3
If he/she/they hang
ɪl-se-de
hang-SUBJ-3-CNJ
Even/although he/she/they
hang
ɪl-e-tɪn
hang-NPST-IMPF
Hanging
ɪl-gɪ-sɪ
hang-PTCP-POSS-3S
He/she/they wants to hang
kel-e-dɪ
come-NPST-3
(literally, his/her/their
hanging comes)
ɪl-dɪr-u
hang-CAUS-GER
Cause to hang
ɪl-ɪn-u
hang-PASS-GER
Be hung
Note: ɪl- is a transitive root, as in to hang one’s coat. Additionally, This does not
represent a thorough morphological analysis, but merely a basic representation of the
combination of morphemes elicited and their respective order.
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Task 5: giving directions
During Task 5 speakers were asked to give directions from one point on a map to
another. First, the speaker was instructed about the nature of Task 5, specifically that
the goal was to give instructions with as much detail as possible to ensure that the other
speaker made it successfully from start to end of the route. Afterwards, a listener was
called into the room whose job was to follow the directions given by the speaker and
find the end of the path as described by the speaker. Both participants in the
conversation were given a map, but only the speaker’s map had the route marked. The
arrangement of landmarks had been altered on the listener’s map, but neither speaker
knew that the maps were not identical. The maps used for Task 5 are shown in Figure
2-1 and Figure 2-2.

Figure 2-1.

Map for Speakers
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Figure 2-2. Map for Listeners
Task 5, inspired by the HCRC map task corpus (Anderson et al. 1991), was intended to
prompt more lengthy discussion due to disagreement on the details of the route. These
map features were selected to represent some of the words from Tasks 3 and 4, and as
noted above, this exercise was intended to serve as a control. Task 5 was not designed
to produce sufficient numbers of tokens for independent statistical analysis, but rather to
offer a basic gauge of Kazakh-to-Kazakh speech to compare to utterances from Tasks 3
and 4. If vowel patterns were similar, then data from Tasks 3 and 4 would be considered
a valid representation of colloquial Kazakh speech. Patterns of vowel realization were
similar, with a slightly reduced acoustic space and only slightly more instances of postinitial rounding. I assume that the reduced acoustic space and more frequent rounding
are speech rate effects, and not categorical (i.e. phonological) effects in the
contemporary language.
Elicitation wrap-up
After the completion of Tasks 1-5, speakers were informed that the elicitation
was completed and were paid according to the terms laid out in the informed consent.
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Audio and video files were saved to my computer and backed up to an external hard
drive immediately after each session.
Hypothesis
Zsiga (1997:234-235) differentiates categorical assimilation (i.e. harmony) from
gradient phonetic coarticulation by assuming that harmonic vowels are phonetically
identical to their underlying counterparts. For our purposes, this would predict that in a
word like /øt-tE/ ‘gall bladder-LOC’, if the non-high harmonic vowel, E, undergoes labial
harmony, then its phonetic realization should roughly match [ø] in root position.
Furthermore, previous work on Kazakh (see Chapter 1) suggests that target vowel
quality should approximate root vowel quality. In other words, the formant values of
target vowels should resemble the formant values of root vowels, which is reported in
Turkish (Lanfranca 2012). Specific to this study, these predict that vowels after round
roots (excepting the low back vowel) should more closely resemble their round root
equivalent than an unrounded root vowel if harmony obtains. I wanted to test whether
the effect of rounding in contemporary Kazakh was smaller, i.e. no longer categorical,
see Przezdziecki (2005), than these previous generalizations. To test this, a variety of
measurements were taken to determine if the effect of root rounding on subsequent
vowels approached the acoustic differences between root vowels. These differences
were formulated in terms of F2 and F3, known cross-linguistic correlates of lip rounding
(Ladefoged 2001:41,46).
Measurements
Annotation
After data collection, audio files were imported into PRAAT (Boersma & Weenink
2014) for acoustic measurements. Files were annotated to a textgrid, marking word
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boundaries and vowel boundaries within the word (See Figure 2-3 for an example of
textgrid segmentation).

Figure 2-3. Example of textgrid annotation in PRAAT
Using a modified version of Crosswhite’s formant logger script,3 I recorded F0-F3
measurements at the 25%, 50%, and 75% points during each vowel to track formant
dynamics in addition to measuring vowel duration. Of note, all transcriptions were
initially recorded in the modified Cyrillic script used by Kazakh speakers to make
transcription-related questions more transparent to speakers after elicitation.
The text files produced by the script were then coded for both sociolinguistic and
grammatical information. As for sociolinguistic information, Speaker number, age,
gender, years of education, language of education, urbanness4 and number of non-

3

Accessed from UCLA’s PRAAT script resources page,
http://www.linguistics.ucla.edu/faciliti/facilities/acoustic/praat.html.
4

A scaled measure (1-5) of urbanness was used. Using the number of years each speaker lived in each
place, an average was obtained for each speaker by multiplying the score for each place of residence by
the number of years lived there, adding those score up, and dividing by the speaker’s age. This measure
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harmonic languages known were recorded. The following grammatical information was
recorded: root height, root backness, root roundness, root F1-F3 (both raw and
normalized), root diphthong, intervening consonants, intervening vowels, distance from
root, as well as target height, target F1-F3 (raw and normalized), and coda consonant.
Coded data (see Figure 2-4 below for an example of coded data) was imported into R
(version 3.1.1, R Core Team 2014) for statistical analysis.

Figure 2-4. Example of coded data
Normalization
Raw formant values were normalized using the vowel-extrinsic speaker-intrinsic
Labonov (1971) z-score equation:5   𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑  𝑓!"# =   

!!"# !!!"
!!"

, where formant y of

speaker x in utterance z is normalized by subtracting the mean, µ, formant x for speaker
y in Hz from the raw formant value in Hz, and dividing this by the standard deviation, δ,
of formant y for speaker x. This method establishes a center for each speaker’s vowel

was not sensitive to age-related differences in language development. For instance, spending 10 years
in a large city would likely have a different effect on a child than an adult.
5

Although Lobanov originally used the root mean square, it has been conventional to use the standard
deviation (Adank et al. 2004:3101; Flynn 2011:6-7).
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space, which hinges upon having all the underlying vowels of a speaker’s system. For
this reason, the eleven vowels listed in Chapter 1 were elicited in Task 1 and
subsequently used to determine the mean and standard deviation of F1-3 for each
speaker.
This method accounts for the physiological differences in vocal tracts, specifically
gender differences in acoustic output, but is less accurate when different dialects
containing different vowel inventories are compared (Adank et al. 2004:3104-3105).
Considering the relative uniformity of Kazakh dialects, Lobanov’s z-score transformation
was used to enable more accurate comparisons between speakers and across genders.
Throughout the following sections, normalized F1-F3 will be used, except when scaling
normalized values back into raw Hz to approximate the effect of rounding is deemed
helpful.
Results and Analysis
In the following section I report results from my acoustic analysis, using audio
and video to further support the claims made herein. Using discriminant analysis plus a
mixed effect model, I show the current application of rounding harmony generally, plus
domain and segment-related patterns. The following offers a detailed reporting of the
results while Chapter 3 addresses the theoretical implications of the generalizations
made in this section.
Root Vowels
Using the speaker-specific z-score transformations referenced above, I
calculated mean and standard deviations for each of the eight harmonic vowels
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occurring in roots (N=2490)6 during nominal and verbal paradigm elicitation,
represented in Table 2-8 below.
Table 2-8. Normalized root vowel data
Vowel
F1
SD
F2
ɑ
1.335
0.530
-0.322
o
-0.118
0.320
-0.851
əә
0.051
0.600
-0.264
ʊ
-0.072
0.572
-0.733
e
-0.632
0.304
1.301
ø
-0.598
0.327
-0.074
ɪ
-0.544
0.450
0.666
ʏ
-0.747
0.367
0.246

SD
0.270
0.262
0.273
0.276
0.380
0.491
0.278
0.425

Normalized F2

1.681

F3
-0.356
-0.075
0.261
-0.290
0.653
-0.788
0.227
-0.296

SD
0.816
0.672
0.687
0.835
0.649
0.660
0.747
0.800

-1.113
-1.11

e

ø
o
Normalized F1

[+round]
[-round]

1.865

Figure 2-5. Plot of normalized root vowels.
Normalized root F1 and F2 are plotted in Figure 2-5 above. Based on Figure 2-5 above,
the high [±round] pairs, /əә/ - /ʊ/ˌ and /ɪ/ - /ʏ/, are much more similar acoustically than the
non-high [±round] pairs, /ɑ/ - /o/ˌ and /e/ - /ø/. The non-high back vowels differ primarily
in F1 while the non-high front vowels differ almost entirely in F2. Despite the
6

This number is lower than the total number of tokens measured (N=3608) because some roots were
diphthongal, and some were elided.
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phonological distinction in height, the front vowels, both high and non-high, do not differ
significantly in F1.7 Moreover, the front non-high rounded vowel, [ø], shows the same
sort of centralization noted by previous writers (Dzhunisbekov 1972:70; Vajda
1994:622).
The degree of overlap in the acoustic space can be quantitatively represented by
a discriminant analysis, where normalized F1-F3 values are used to predict phonemic
status in root syllables. Using the MASS package (version 7.3-33, Venables & Ripley
2002) in R, a quadratic discriminant an analysis was performed. When normalized F1F2 were used, 58.4% of syllable 1 vowels were correctly classified. When F3 was
added as a predictor, discrimination accuracy only increased to 60.4%. The addition of
F3 improved classification by 2%, which may suggest that F3 is less relevant for
acoustic discrimination of vowels in the language. When compared to results for nonharmonic languages (e.g. Hillenbrand et al. 1995 for English8), a relatively low
percentage of vowels were accurately classified. I suggest that vowel harmony allows
proximate vowels to co-exist in the acoustic space over and against tendencies to
disperse vowels (Lindblom 1986; Flemming 1995) throughout the vowel space, which,
in turn, makes vowel discrimination more challenging. In non-harmonic languages
vowel identity is cued by the acoustic properties of that vowel alone (among other
factors), but in languages with vowel harmony, multiple vowels cooperate to cue vowel
quality, which is not captured in the discriminant analysis.

7

As noted in Chapter 1, an inversion of [+high] and [-high] vowels in the acoustic space is attested in
Tatar (Comrie 1997:901; Johanson 1998:92), and the flattening of the vertical vowel space could be
construed as indicative of a similar process in Kazakh.
8

Hillenbrand et al. (1995:3109) report quadratic discriminant analysis successfully discriminating 68.2%
of English vowel tokens from their study and 74.6% of tokens from a previous study of English.
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Post-Initial Vowels: General Results
Root vowel results provide a baseline from which to judge the realizations of
post-initial vowels in two ways. The first and most straightforward way is to judge the
plots of post-initial vowels against the plot of root vowels. If the amount of overlap
between vowels remains relatively constant, then this would suggest that acoustic
contrasts in root position are maintained to a large extent in subsequent vowels. If,
however, a plot of post-initial vowels reveal much more overlapping ellipses than in root
position, this would suggest a neutralization of some sort, which is then contingent upon
the contrast in question. The second way we can use these root vowel results is
through another discriminant analysis, whereby post-initial vowel quality (as predicted
by previous writers) is predicted by post-initial F1-F3. This quantitative measure may
confirm the intuitive generalizations to be made from the plot of normalized post-initial
vowels, in Figure 2-6, and Table 2-9 below.
Normalized F2

1.681

-1.113

-1.11

e ø
Normalized F1

after [rd]

[+round]
[-round]

1.865

Figure 2-6. Plot of normalized post-initial vowels.
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Table 2-9. Normalized target vowel data
Vowel
F1
SD
F2
ɑ
1.262
0.589
-0.079
o
1.106
0.668
-0.089
əә
0.085
0.566
-0.104
ʊ
-0.077
0.634
-0.137
e
-0.632
0.304
1.301
ø
-0.598
0.327
-0.074
ɪ
-0.544
0.450
0.666
ʏ
-0.747
0.367
0.246

SD
0.295
0.327
0.374
0.400
0.380
0.491
0.278
0.425

F3
-0.149
-0.065
0.0374
0.011
0.653
-0.788
0.227
-0.296

SD
0.840
0.794
0.872
0.876
0.649
0.660
0.747
0.800

Generally, there is a contraction of the vowel space, represented in Figure 2-7. This
shrinking of the vowel space is most acute among the back vowels. Along the height
dimension there is additionally a lowering of the front vowels.
Normalized F2

1.681
e

e ø

-1.113
ø
o

Root vowel
[+round]
[-round]

-1.11

Normalized F1

after [rd]

1.865

Figure 2-7. Plot of normalized root (dashed line) and post-initial (solid line) vowels
More importantly, the plot in Figure 2-6 shows a marked increased in overlap
among [±round] vowel pairs, which may indicate a reduction in contrast post-initially. In
contrast, the [±back] pairs, representative of the palatal harmony system, do not show
any real shifts towards neutralization. Thus, this shows that the effect of rounding is
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being acoustically diminished is non-initial syllables. If this is accurate, then either
[+round] or [-round] segments are disproportionately surfacing in non-initial syllables,
although these plots cannot argue definitively the direction of neutralization. For
instance, the centralization noted for [ø] is no longer present post-initially, but rather the
acoustic realization of the non-high harmonic vowel after a front rounded vowel
resembles the non-high harmonic vowel after a [-round] root, which points towards a
reduction in rounding. That being said, harmonic vowels surfaced with a slightly lower
F2 for vowels after a [+round] root.
Discriminant Analysis
To quantify this, a discriminant analysis was conducted on post-initial vowels,
where, once again, normalized F1-F3 were used to predict vowel quality. The first
model assumed the preservation of root contrast (i.e. eight vowels) in subsequent
syllables, and was only able to correctly identify 45.7% of target vowels. F3 was then
removed as a predictor of vowel category, and accuracy decreased by 0.6% to 45.1%.
When rounding was no longer used to delineate categories, reducing the number of
target categories to four, the model performed much better, correctly discriminating
75.3% of target vowels. When F3 was removed from the model, accurate discrimination
decreased by 0.7%, to 74.6%. The slight improvement in discrimination when F3 is
included as a predictor suggests that Kazakh vowels are reliably identified based on F1
and F2 data alone. When compared to the improvements in Hillenbrand et al.’s
discrimination of English vowels with F3 (1995:3109), the effect of F3 in Kazakh does
appear insignificant. Thus, F3, despite being one correlate of lip rounding, does not
appear to be a significant predictor of vowel quality in Kazakh, both in root syllables as
well as in non-initial syllables. More importantly, vowel discrimination in non-initial
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syllables is drastically inhibited by assuming that eight vowel contrast is preserved
outside of word-initial syllables. As noted above, if vowel harmony allows the coexistence of phonetically proximate vowels that would otherwise be dispersed
throughout the acoustic space, then it is possible that the conflation of vowel categories,
in and of itself, accounts for the increase in discriminatory accuracy. n essence, an
increase in post-initial vowel discrimination is not necessarily grounds for advocating
neutralization, but rather may only demonstrate the intrinsic similarity of harmonic pairs.
To address this potential confound, root vowels were analyzed using the same
reduction of categories from eight to four in order to determine if category reduction, and
not actual shifts in vowel realization, precipitated increased accuracy among post-initial
vowels. When root vowel categories were collapsed from eight to four vowel
discrimination improved to 65.3%, an 11.8% increase in accuracy. Compared to the
65.4% increase in accuracy among post-initial vowels when categories were reduced
(i.e. when neutralization was assumed), the increase in discriminatory accuracy among
post-initial vowels does appear to reflect a significant degree of actual neutralization.
This neutralization, however, does not appear complete, as Figure 2-7 shows a reduced
F2 for vowels after each [+round] roots. Using a mixed effects model, the size of this
effect is explored below.
Mixed Effects Modeling
A linear mixed effects model was used to assess the amount of F2 modulation
after round vowels. Using the lme4 package (versions 1.1-7, Bates et al. 2014),
normalized F2 was predicted based on root backness, root roundness and target height
Additionally, an interaction between backness and height is incorporated into the model
and speaker is treated as a random effect, built on the assumption that each speaker
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will vary his/her application of labial harmony. Output from this full model is presented
below in Figure 2-8.

Figure 2-8. R output from full Kazakh model
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All fixed effects were highly significant, but this is not necessarily helpful, as pvalues are affected by the number of observations, and do not necessarily reflect
meaningful effect sizes (see Cumming 2014). In this way, Type 1 errors are more
common in models fitted to datasets with high numbers of observations. Moreover, pvalues are not as straightforward in mixed models as they are in other models (see
Pinheiro & Bates 2000; Bolker et al. 2009 for discussion). Apart from using t-values as
indicators of relative significance, I will use the Likelihood Ratio Test, a comparison
between related models that determines the significance of predictors by comparing the
overall significance of two models, one of which has the predictor and one that does
not. When looking at the individual β values, where a negative slope indicates a
reduction in normalized F2, root rounding effects normalized by F2 by -0.07z (t = -6.3,
SE = 0.01). Thus, when a root is round, subsequent vowel F2 is reduced by 0.07z.
When comparing a model that uses root rounding as a predictor versus one that does
not, root rounding is highly significant (χ2 (1) = 39.41, p <0.0001) Scaling this effect
back into Hz suggests an effect of approximately 40-60 Hz for most speakers, but an
effect as low as 20-30 Hz for Speaker 9. Also of importance for this study, as distance
from the root increases, so does normalized F2, β = 0.11z (t = 10.79, SE = 0.01), with
an effect 50% greater than the reduction in F2 from a round root vowel9. This suggests
that rounding decreases as distance from the root increases.
When normalized F3 is predicted by the same model, root rounding decreases
F3 by 0.058z (SE = 0.028, t = -2.1). Comparing the full model to one without root
rounding as a predictor, root rounding is significant (χ2 (1) = 4.38, p = .036). When
9

Increased F2 does not only correspond with unrounding, but may correspond with a fronting irrespective
of lip gesture, these generalities will be explored more thoroughly in the coming sections.
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compared, the effect of root rounding is far less significant on F3 than F2 (p = .036 vs. p
<.0001). This is further exemplified when F3 is scaled back into Hz. The approximated
effect of root rounding on harmonic vowel F3 across speakers is a decrease of 10-30
Hz. Taken with the findings from the discriminant analysis performed above, the effect
of labial harmony on post-initial vowel F3 is marginal.
As rounding is blocked in the [+back, -high] environment, excluding vowels
affected by this particular environment may provide a more indicative measure of
labialization among harmonic vowels. Since the low back harmonic vowel surfaces
post-initially as [ɑ], rather than *[o], subsequent vowels are no longer potential targets
for rounding. Therefore, excluding these vowels is necessary and desirable. I will not,
however, exclude the low back vowel itself because the amount of phonetic effect on
the low back vowel provides a useful point for comparison with harmonic activity in other
contexts. When Figure 2-10 is examined, low back vowels after [+round] roots bear
more similarity to [o] than low back vowels after [-round] roots, evidenced by a slight
decrease in F1, the primary distinction between [ɑ] and [o]. When vowels after [ɑ] are
excluded from analysis, (N = 3300), β of root roundness decreases from -0.070z to 0.073z (SE = 0.011, t = -6.4). Using this same model to calculate the effect of rounding
on F3 with vowels after [ɑ] being excluded, β of root roundness is -0.075z (SE = 0.028, t
= -2.71), a decrease from -0.058z when all vowels were included in the dataset. This
increased effect of rounding on F3 still only corresponds to a 15-35 Hz decrease postinitially, once again confirming the marginal effect of rounding on F3 in the language.
Overall, these results corroborate the findings of the discriminant analyses
conducted above, indicating that F2 and F3 of harmonic vowels after [+round] roots far
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more closely approximate F2 and F3 of their [-round] harmonic pair than [+round] root
vowel F2 and F3. This runs counter to the implicit assumption that rounding harmony
causes harmonic vowels to acoustically approximate their root vowel correspondents.
Moreover, this contrasts with Lanfranca’s findings. He finds that Turkish harmonic
vowels do, in fact, closely resemble root vowel formant values, even showing more
dispersed formant values than roots, which he suggests is a perceptual enhancement
effect (2012:52). If Lanfranca’s study represents a functioning labial harmonic system,
this data indicates a very real decrease in labial assimilation in Kazakh.
Post-initial vowels: non-high back context
When only the [+back, -high] harmonic vowel in the first suffix is considered (N
=618), round roots effect a 0.035z (SE = 0.022, t = -1.63) decrease in low back vowel
F2. No disyllabic roots with a low back second vowel (e.g. /bolЕt/ ‘steel’) were elicited,
so no root-internal targets were available for analysis. Using first suffix vowel in words
like: /qɑzI-DE/ ‘sausage-LOC’, /qоzI-GЕ/ ‘sheep-DAT’, /qʊs-E-dI/ ‘he/she spits up’, and
/qəәs-E-dI/ ‘he/she presses’ the realization of the low back vowel in round versus
unrounded root contexts is analyzed. When compared to a model without root
roundness as a predictor, the effect of root rounding on the non-high back vowel F2 is
not significant (χ2 (1) = 2.65, p = .10). However, when the alternation between [ɑ] and
[o] (and not [ɑ] ~ [ɒ]) is considered, a modulation in F2 is secondary because the
primary acoustic difference between these two back vowels is height. Therefore, when
the model is adjusted to predict F1, the effect of root roundness on vowel realization is a
0.13z decrease in normalized F1 (SE = 0.045, t = -2.85). When compared to the null
model, the effect of root roundness is significant (χ2 (1) = 8.07, p < .01). This indicates
an assimilatory effect of rounding on [ɑ], which, when scaled into Hertz reflects another
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relatively minor assimilation, in this case approximately 10-20 Hz. It should be noted
that modulation in F1 and F2 are not perceptually equivalent. It has long been noted
that changes in height are more perceptually salient than changes in backness
(Flanagan 1955; Lindblom 1986; Boersma 1998). With that in mind, a 10-20 Hz change
in F1 might correspond to a 25-50 Hz modulation in F2. While a number of authors
have utilized this to quantify perceptual distance within a two-dimensional vowel space
(see above, as well as Schwartz et al. 1997; Padgett 2004), I suggest at this point that
the perceptual effect of round roots on the vowel regularly reported as [ɑ] is quite similar
to the acoustic effect distinguishing [ɪ] ~ [ʏ]ˌ [e] ~ [ø]ˌ and [əә] ~ [ʊ] reported in the
literature.
When low back vowels from various morphological domains are considered,
specifically vowels from first, second, or third suffixes, acoustic vowel realization is
shown in Figure 2-9.
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Vowels after both [+round] and [-round] roots are raised in second and third
suffixes. Generally, there is a trend towards raising the vowel floor, where F1 of [ɑ] is
decreased post-initially (see Padgett 2004 for an account of this phenomenon in
Russian). Interestingly, in every suffixal pair, the vowel after a round root is higher.
However, after first suffixes, all vowels are more centralized, marked by an increase in
F2. As noted above, there is a raising of the vowel towards [o] in first suffixes after
round roots, but in other suffixes centralization is the most apparent shift. There
appears to be an increased overlap of vowel ellipses, and thus acoustic vowel
realization in third suffixes. Essentially, any effect of rounding is completely absent by
the third suffix of the word. Thus, the effect of root rounding on suffix one vowels is
lessened in subsequent syllables. This points towards a domain effect (Vajda
1994:634; Kirchner 1998:320-321; also McPherson & Hayes 2014), where vowels
further from the root are less affected by labial harmony.
Post-initial vowels: non-high front context
Whereas the most salient distinction between [ɑ] and [o] is F1, acoustically, [e]
and [ø] differ primarily in terms of F2. This is the case for the rest of the harmonic
vowels in the Kazakh system, and they are the focus on this study. The phonetically
mid to mid-high [e] and [ø] vowels provide clearest case of harmonic change because
the F2 distinction between these two vowels (ΔF2) is greater than ΔF2 for other vowels
in the system. In root contexts, the mean normalized F2 of [e] is 1.30z while the mean
normalized F2 of [ø] is -0.074z, this difference being comparable to approximately 600
Hz. With this in mind, the prediction that target F2 should resemble root F2 provides a
simple way to evaluate relevant harmonic vowels. If harmonic vowels after front
rounded roots more closely resemble their round root equivalents, then they are round.
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If, however, they approximate unrounded root vowels, then they are not round. There is
a range of variation possible between these two extremes, but this categorical
framework lays a groundwork for examining these vowels.
A vowel plot of these harmonic vowels (N = 847) in their various post-initial
contexts is shown in Figure 2-10. As can be seen, most harmonic suffixes cluster near
the formant values for root [e] vowel and not root [ø].
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Figure 2-10. Plot of normalized [-high, -back] post-initial vowels by position
There appear to be two processes at work in this subset of the data: one, a
neutralization of post-initial [ø] to [e], and two, a contraction of the vowel space, which
lowers and centralizes vowels in later suffixes. This positional faithfulness enables
vowels closer to the root to maintain their position in the acoustic vowel space while
later suffixes are pushed towards the center of the vowel space (Beckman 1998).
When compared to normalized ΔF2 between root [e] and [ø], 1.347z, the change
in F2 of post-initial vowels after a rounded root is relatively small, -.098z (SE = 0.020, t =
-4.85). However, when the size of this modulation in F2 is compared to the overall
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effect of rounding post-initially10, -.073z, the effect is comparatively large. In short, the
effect of root rounding on normalized F2 of non-high front harmonic vowels is 1.4 times
greater than the effect of root rounding generally in the data. The approximate size of
this effect, though, 60-95 Hz does not come close to the approximately 600 Hz
necessary to corroborate previous predictions. Distance from the root was also
significant for this subset of the data (β = -.042, SE = .02, t = -2.17), suggesting that
normalized F2 is significantly altered by distance from the first syllable root vowel,
where increased distance from the root corresponds to a decrease in normalized F2.
In all suffixes, non-high front suffixes surface with F2 approximating that of [e],
although there is a noticeable phonetic effect of the root [round] feature on the acoustic
realization of subsequent vowels. Intuitively, this is demonstrable in Figure 2-10, as all
vowels after [+round] roots have a lower F2 than vowels after [-round] roots. For rootinternal vowels like /E/ in /tøbE/ ‘hill’, as well as for suffix vowel /E/ in words like /øl-GEn/
‘die-PFV’ and /kʏn-LEr/ ‘day-PL’ the non-high front vowel surfaces as [e], and not [ø].
That being said, some instances of non-initial [ø] are found in the data, but they are
rare. In the cases where /E/ is realized as [ø], /E/ is always in syllable two and the
intervening segment is the lateral, as in /kʏl-E-sIŋ/ → [kʏløsɪŋ] ‘laugh-NPST2S.Informal’. Additionally, Kazakhs often produce some words with orthographic <e> in
non-initial positions as [ø]ˌ in words like <үстел> [ʏstøl] ‘table’ and <үлкен> [ʏlkøn]
‘large’. Words like <үстел> are adapted from Russian /stol/ with a fronting of a back
vowel, (/stol/ → /støl/), which is a common loanword adaptation strategy in Kazakh.
Additionally, the word-initial /st/ cluster is illicit, resulting in the prosthesis of a high

10

Unless noted, I will exclude vowels after the low back opaque vowel for these comparisons.
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vowel, whose rounding is determined by the root vowel, /Istøl/. Kazakh orthographic
conventions prevent rounded vowels post-initially in monomorphemic native words, thus
<үстел> and not *<үстөл>. This suggests that harmony isn’t a unidirectional spreading,
but rather a root-outward spreading that typically moves rightward in Turkic because
harmonic target rarely occur before the root (Kaun 2000). As for <үлкен>, lexicalization
of the high frequency [ʏlkøn] is possible.
Post-initial vowels: high front context
The acoustic proximity of [ɪ] and [ʏ] differs markedly from that of [e] and [ø].
Based on normalized F2 of root vowels, mean difference between these two vowels is
0.42z, as opposed to 1.374z for the non-high front vowels. The proximity of these two
vowels in root position makes distinguishing between phonetic and phonological effects
more challenging. The plot of high front vowels in all post-initial contexts (N = 1058) is
presented in Figure 2-11.
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Figure 2-11. Plot of normalized [+high, -back] post-initial vowels by position
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Overall, these vowels show an increase in normalized F1 in suffix environments, a
further indication of the contraction of the vowel space as distance from the root
increases. Of importance, root-internal high vowels surface far more similarly to root [ʏ]
than other vowels.
The effect of root rounding on post-initial high front vowels is -.098z (SE = .017,
t = -5.76). As with non-high front vowels, this effect exceeds the across-the-board mean
effect of rounding. Noticeable in Figure 2-11, distance from the root is another
significant predictor of F2 (β = .078, SE = .017, t = 4.62). As distance from the root
increases, so does normalized F2. Root height does not appear to have major effect on
vowel realization. The roots /temIr/ ‘iron’, /kømIr/ ‘coal’, /tɪzIm/ ‘list’ and /ʒʏzIm/ ‘grape’
were used to test the effect of root height on root-internal high vowels. As in shown in
Figure 2-12, the second syllable vowels in /temIr/ and /kømIr/ are lowered and
centralized.
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Figure 2-12. Plot of normalized [+high, -back] root-internal vowels
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This centralization could correspond to r-coloring, where non-low vowels are backed
and lowered (Lindau 1978:553-556), although /r/ in coda is produced as a trill, and not
expected to affect adjacent vowel quality in the same way as bunched or retroflex
rhotics. On the other hand, this lowering of F2 could derive from the adjacent [m].
Within root-internal high vowels (N = 177), root roundness has a significant effect on F2
(β = -.126, SE = .036, t = -3.54), where /kømIr/ and /ʒʏzIm/ surface as [kømʏr] and
[ʒʏzʏm].
In contrast, second syllable vowels of monosyllabic roots tend to surface as
[-round], [ɪ], with several notable exceptions. When only the lateral intervenes between
the round root and the second syllable high vowel suffix, as in /kʏl-Ip/ ‘laugh-CVB’ and
/øl-Ip/ ‘die-CVB’, the suffix is often produced as [ʏ]. However, if another consonant
intervenes like in /øt-Iŋ/ ‘gall bladder-POSS.2S’, the vowel surfaces more frequently as
[ɪ]. In these instances, intervening consonants have a major impact of the rounding of
surface vowels. This distinction in surface rounding is attributable to temporal (i.e.
phonetic) constraints on coarticulation, and not phonological distinctions underlyingly.11
In first suffixes after monosyllabic roots, the high vowel is rounded more often when the
root is also high, like in /kʏn-NI/ → [kʏn-dʏ] ‘day-ACC’, but /øt-NI/ → [øt-tɪ] ‘gall bladderACC].
To summarize, high vowels after [-back, +round] roots may be rounded only in
the second syllable of the word. Root-internal high vowels surface as [+round] generally
but first suffix vowels after monosyllabic roots are also frequently produced as [ʏ] when
both the target and trigger vowels agree in height. Labial harmony is constrained by

11

This issue is addressed in more detail here, later in Chapter 2.
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morphology, where root-internal targets are the best targets, but also by syllabic
distance from the root, where third and fourth syllables are not effected by root
rounding.
Post-initial vowels: high back context
The high back root vowels, [əә] and [ʊ] resemble the high front vowels in that they
are acoustically proximate, with a mean ΔF2 of .only 469z, as shown in Figure 2-9. The
realization of these vowels, both as root vowels and as harmonic vowels is shown below
in Figure 2-13.
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Figure 2-13. Plot of normalized [+high, +back] post-initial vowels by position
In suffixes, vowels after both rounded and unrounded roots are fronted slightly. When
occurring in the second syllable in a disyllabic root, the high vowel is realized far
similarly to the high back rounded vowel, [ʊ], than in other morphological contexts. In
this environment (N = 734), the effect of root rounding on post-initial vowel F2 is -.139z,
SE = .028, t = -4.98. Additionally, distance from the root is highly significant, (β = .36,
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SE = .033, t = 10.92). As distance from the root increases, so does normalized F2. The
increased effect of round vowels is evident when root-internal high back vowels are
examined. Root-internally, the effect of vowel rounding on post-initial F2 is -.154z, SE =
.045, t = -3.43. Root internally, round vowels trigger a decrease in post-initial F2 by
.154z, whereas generally in all morphological contexts, rounding effects a .139z
decrease in F2. When standard errors are compared, there is a much higher standard
error for root-internal targets. Figure 2-14 shows the varied realization of second
syllable high vowels in disyllabic [+back] roots. It is clear from Figure 2-14 below that in
/qɑzI/ ‘sausage’ and /qozI/ ‘lamb’ that the high vowel surfaces much more like [əә] than
[ʊ].
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Figure 2-14. Plot of normalized [+high, +back] root-internal vowels
In contrast, the high vowels in /ɑɫIp/ ‘giant’, /qʊɫIp/~/qʊɫpI/ ‘lock’ surface more like [ʊ]
than [əә]. In Tatar (Comrie 1997:900), Baskhir (Poppe 1964:8), and in Kazakh spoken in
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Istanbul (Kirchner 1989:56) first syllable /ɑ/ vowels are often rounded, especially when
preceding the lateral approximant, which is velarized in [+back] environments.
If /ɑ/ in /ɑɫIp/ ‘giant’ surfaces as [ɒ], despite being phonologically [-round], then
the realization of the second syllable vowel is potentially a phonetic vowel-to-vowel
coarticulatory effect, as in Namangan Tatar (Harrison & Kaun 2003:204-205). However,
another potential explanation for the acoustic properties of the second syllable of /ɑɫIp/
is consonantal context, specifically adjacency to the velarized lateral approximant.
During and after elicitation the position of the lips during [ɑ] was inspected, and no
rounding was evident. Thus, I argue that the decrease in F2 for [əә] in [ɑɫəәp] is a result
of the preceding velarized lateral. This explains the difference in high vowel realization
between /qɑzI/ and in /ɑɫIp/, where the coronal fricative does not trigger tongue
retraction in the same way that [ɫ] does. Comparing mean normalized F2 for /qɑzI/, 0.26z (SD = 0.31) and /ɑɫIp/, -0.70z (SD = 0.15) shows the same reduction in F2 seen
in Figure 2-18. This holds for vowels after [+round] roots, too. When speakers produced
/qʊɫIp/, the variant with the adjacent velarized lateral (N = 38), mean F2 is -0.86z (SD =
0.30), but when speakers produce /qʊɫpI/, where [p] intervenes between the lateral and
the target vowel (N = 9), mean F2 is -0.70z (SD = 0.26). Importantly, the relatively low
F2 of the second vowel in /qʊɫpI/, in conjunction with articulatory data points to the
rounding of the second syllable vowel as a root-internal phenomenon without reference
to intervening consonants. Within disyllabic roots, second syllable high back vowels are
rounded if the first syllable vowel is high and round. If the first syllable vowel is round
but non-high rounding is far less robustly attested in the data.
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The generalizations presented above suggest a target preference for assimilation
within a monomorphemic domain, where the second vowel in /qʊɫpI/ ‘lock’ is more likely
to be rounded than the second vowel in words like /qʊs-NI/ ‘bird-ACC’ or /qʊr-DI/ ‘buildPST.3S/PL’ because harmony does not cross a morphemic boundary. While this
general tendency holds throughout the data there are two important exceptions to
mention: one, round diphthongal roots often trigger harmony across morpheme
boundaries, and two, if only a liquid (i.e. [ɫ] and [ɾ]12) intervenes between trigger and
target, regardless of morpheme boundaries, the target vowel is often rounded.
Diphthongs, like /qoj/ ‘sheep’, /qʊj/ ‘pour’, and /ʏj/ ‘house’ trigger rounding in
subsequent morphemes more often than words like /qos/ ‘add’ˌ and /qʊs/ ‘spit up’.
These off-glides, and not the vowel nucleus, trigger phonetic fronting of the next
syllable, but also rounding across morphemic boundaries. I attribute this effect to
perceptibility and height. In terms of syllable structure Kazakh is a strongly CVC
language, typically concatenating morphemes with consonantal onsets.13 Thus, when
complex words are formed harmony must span two consonants to reach the next vowel,
as in words like /qʊs-NI/ ‘bird-ACC’ or /kʏn-NIŋ/ ˈday-GEN’. Even in morphemes that
do not have an onset, harmony must span a consonant, like /kʏn-Iŋ/ ‘your day’.
However, glides, being more like vowels than other consonants, bear the round feature
of the preceding vowel more easily with greater perceptual effect. Labial harmony
appears to be strictly local in Kazakh (see Boyce 1988; Gafos 1999; Ní Chiosáin &
Padgett 2001), where this assimilatory process affects every segment within a harmonic
12

Intervocalically, /r/ surfaces as [ɾ], but as [r] elsewhere in the language.

13

There are a number of exceptions to this, like the possessive suffixes, the gerundial suffix, the converb
suffix, and the passive/reflexive suffix, among others.
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domain. For instance, /qʊs/ ‘bird’ surfaces as [qʷʊsʷ]. In these situations root-final
consonants often serve as “icy targets” in that they may bear the feature but do not
spread it (Jurgec 2013), as in /qus-NI/, which is realized as [qʷʊsʷtəә] ‘bird-ACC’. In
contrast, harmony is more frequent in words like /qoj-NI/, which may be produced as
[qʷojʷdʷʊ] ‘sheep-ACC’. Words like /qoj-NI/ spread harmony onto the second vowel far
more often than root-internal words like /qozI/. One reason for this is the ability of the
glide to bear the harmonic feature, which extends the harmonic span because the glide
is a better target for harmony (see Kaun 1995, 2004 for discussion of perceptual
salience in harmony). Glides, being more vowel-like than other segments are known to
interact with harmony in unique ways (see Rose & Walker 2011:272 and citations
therein; Hall-Lew 2006).
Secondly, these diphthongs effectively raise the height of [-high] vowels like /o/ to
make a better trigger for harmony. The root vowel itself isn’t raised, but the glide serves
as the most proximate vocalic trigger, with the feature specification [+high]. Whether
one argues that the glide is a consonant with a [+high] feature or a non-syllabic vowel
(in this case, [ɪ]~[ʏ]), the tongue body is raised and fronted. The most frequent trigger
for labial harmony in Kazakh is the high front rounded vowel, which is very similar to the
offset of [oj], and the most attested vowel sequence for rounding in the language is from
a high trigger to a high target. In this way harmony often spreads from a [-high] nucleus
through raising associated with the off-glide and onto a subsequent [+high] vowel.
Liquids also display an asymmetry, where labialization spreads onto vowels after
a liquid more commonly than after another consonant. In /qʊr-Ip/ ‘build-CVB’, rounding
spreads to the second vowel, [qʊɾʊp]ˌ but in /qʊs-Ip/ ‘spit up-CVB’ rounding does not
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spread, [qʊs-əәp]. One very real difference between the liquids, particularly the rhotic
and other consonants intervocalically is length. The rhotic surfaces as a flap
intervocalically, produced with a very brief obstruction to the oral cavity whereas the
fricative is marked by a much longer duration. Similar to the effect of the glide on
intervocalic clusters, the shorter duration of the liquids between vowels increase the
temporal proximity of vowels, increasing the frequency of assimilation in the language.
To illustrate this, the mean duration of the fricative and flapped rhotic in a sample of
words derived from /qʊr/ ‘built’ and /qʊs/ ˈspit upˈ spoken by Speaker 1 is 172 and 37
msec., respectively. Spectrograms of relevant productions are shown in Figure 2-15 and
Figure 2-16.
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Figure 2-15. Waveform and spectrogram of /qʊr-E-sIz/ ‘you will build’ produced by
Speaker 1.
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Figure 2-16. Waveform and spectrogram of /qʊs-E-sIz/ ‘you will spit up’ produced by
Speaker 1.
In some infrequent cases, rounding may spread even to a third vowel if the intervening
consonants are only liquids, as in [bʊɾʊɫʊp] ‘he/she/they turned (distant past)’. I
contend that labialization is constrained by the temporal factors of the production of
intervening segments, such that harmony is more likely to spread when two vowels are
temporally more proximate.14
This temporal definition of proximity is a phonetic (and not phonological) feature
of the language. If vowel harmony is the phonologization of a phonetic process, as has
been argued (Fowler 1986; Boyce 1988; Ohala 1994; Beddor et al. 2002) then when
vowel harmony breaks down, does this phonological process return to a phonetic one?
Disentangling the two is an important task that deserves significant work, particularly as
phonological theory has increasingly attempted to ground itself in phonetics (e.g.
Archangeli & Pulleyblank 1994). The increased spreading of [+round] after diphthongs
like /qoj/ and /qʊj/, is similarly an ephemeral articulatory effect, and not a phonologized
14

See Krämer 2001:11-16 for an instance of harmony blocked by consonant clusters.
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assimilatory process. The fronting of high vowels after the off-glide, while nearing front
vowel target F2, does not persist in subsequent vowels. Additionally, some speakers
produce the off-glide with a lowered F2, which I assume is a palatal assimilation to the
backness of the vowel nucleus. In these cases, diphthongal roots pattern like
monopthongal roots. Herein I assume that speech rate effects, durational differences
between segments, and ephemeral modulations to F2 are phonetic (Keating 1985,1988;
Hertrick & Ackermann 1995), and are therefore beyond the purview of this thesis.
Post-initial vowels: the GER suffix
In native and assimilated loans, the most frequent source for post-initial lip
rounding in Kazakh is a round vowel in the root syllable of a word. This, however, is not
the only way in which a vowel may surface as [+round] in the native lexicon. The
gerundial suffix (GER), variously described as /u/, or /U/, is always rounded with a
[back] feature determined by context (Vajda 1994:625-627; Kirchner 1998:327; Kara
2002:7). Bowman & Lokshin (2014:4-5) evaluate the realization of GER after front as
well as back vowels, finding varying degrees of F2 modulation based on preceding
vowel backness. No acoustic studies have examined the realization of high vowels
after GER, as in the word /qʊr-U-ʃI/ ‘builder’ from /qʊr-U/ ‘construct-GER’ plus the
agentive suffix /ʃI/ ‘AGT’15. In addition to determining whether the GER suffix
participates in palatal harmony, the concatenation of /Root-GER-AGT/ allows a deeper
look into the spread of both labial and palatal harmony. In contrast to Bowman &
Lokshin (2014), speakers produced two distinct phones whose acoustic realization was
determined by palatal harmonic context. Thus, after back vowels GER surfaced as [uw]

15

I will gloss this suffix as AGT, having found no standard gloss for this morpheme.
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after and [ʏw] after front vowels. A plot of the GER suffix after front and back roots is
shown in Figure 2-17. Figure 2-17 below shows that productions of GER after [-back]
roots do resemble root productions of [ʏ]. After [+back] vowels, GER is clearly back but
is slightly higher than root [ʊ], which supports transcription of GER as [uw].
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Figure 2-17. Vowel plot of GER suffix after front and back roots.
The realization of suffixes after GER is thus not as complicated as Bowman &
Lokshin (2014) argue because GER participates in the palatal harmony system. Thus,
the patterning of subsequent suffixes with the root is no case of transparency, but the
regular activity of palatal harmony in the language. The only issue remaining is the
spreading of the [+round] feature of GER to subsequent affixes. Figure 2-18 shows the
realization of AGT after GER, comparing its formant properties to those of post-initial [ɪ]
and [əә]. Even in words with only round preceding vowels, like /søjlE-U-ʃI/ ‘speak-GER-
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AGT’, AGT surfaces as [-round]. 16 After GER, here [ʏw], the speaker’s lips move to a
spread position during the AGT affix. This further supports the conclusion that AGT is
realized without lip rounding, surfacing rather as [ɪ] or [əә] after front and back roots,
respectively.
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Figure 2-18. Vowel plot of AGT after GER.
The realization of AGT after GER demonstrates that despite the gerundial affix
being underlying specified for [+round] like many root vowels, labial harmony does not
affect subsequent high vowels. This, in many ways, parallels the environments in which
labial harmony obtains in the language, when one high rounded vowel is followed by
another high vowel. The two most probable solutions to this asymmetry in labial
assimilation are: one, labial harmony is no longer active in the system, and all instances
of harmony are lexicalized, or two, labial harmony is bound by a domain that precludes

16

The second syllable vowel of the root does not surface in /søjlE-U-ʃI/ due to a constraint on vowel
j
hiatus, but the increased palatalization of front vowels before [e] is still observed on the lateral in [søjl ʏʃɪ].
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the spreading of the round feature of GER to subsequent suffixes. I explore this further
possibilities in Chapter 3, arguing that in contemporary Kazakh labial harmony functions
within a restricted domain, and that although lexicalization of harmony is one potential
result of harmonic decay labial harmony still shows signs of vitality in the language, as
evidenced by the spreading across laterals and glides. The magnitude of spreading in
these contexts exceeds the coarticulatory effect found in non-harmonic languages (e.g.
Majors 2006), and seems to be the declining remnant of a historical phonological
process.
In Chapter 2 I’ve reported methods and results from fieldwork elicitation along
with analysis of acoustic and articulatory data. I’ve observed herein that labial harmony
is restricted to high vowel targets in the second syllable of disyllabic roots when the first
syllable vowel is [+high, +round], or when the root vowel is [-back, +round]. This
preference for [-back] contexts is also evident in the ability of harmony to pass through a
morphemic boundary if front vowel roots are also [+high]. Chapter 3 takes these results
and develops a theoretical basis for understanding harmony and harmonic change as
perception-driven phenomena within Optimality Theory.
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CHAPTER 3
VOWEL HARMONY AND PERCEPTION
Introduction
Chapter 3 uses the findings from Chapter 2 to model the current state of Kazakh
vowel harmony and the theoretical issues that emerge within Optimality Theory (Prince
& Smolensky 1993, henceforth OT). Herein I extend Kaun’s (2004) perception-based
approach to harmony by incorporating phonetic information into underlying
representations as well as constraints. This enrichment of information available to
phonology allows a more transparent account for the complexities of labial harmony in
contemporary Kazakh.
Preliminaries
Markedness and Surface Asymmetries
In order to describe the asymmetries in Turkic (and other) vowel harmony
systems, phonologists have often employed markedness constraints like *RoLo
(Kirchner 1993), which prohibits a non-high round vowel, and UNIFORM (Linker 1983;
Kaun 1995) which prohibits distinct articulatory rounding gestures, in effect banning
cross-height harmony in systems like Kyrgyz and Khalka Mongolian. Both of these are
instances of phonological grounding, where phonetics, acquisition, and psycholinguistic
tendencies are utilized to provide some real-world backing for the constraints employed.
The first of these, *RoLo is a feature co-occurrence restriction that prohibits
marked segments, like *[o] and *[ø] in Turkish while the second establishes a
relationship between trigger and target. The environment least likely to undergo
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rounding in Turkic is [-high, +back]1. This is evident when various grammars are
compared, as Kyrgyz and Yakut are the only languages that allow [o] to surface postinitially.2 Moreover, Yakut and one dialect of Kyrgyz only round harmonic vowels in this
environment when target and trigger agree in height (i.e. when UNIFORM is satisfied).
In contrast, the vast majority of Turkic languages allow significantly more labialization of
post-initial high vowels, regardless of backness specification (Kaun 1995:87-89). Thus,
there is first a typological tendency within the language family to prefer [+high, +round]
vowels over [-high, +round] vowels, captured by *RoLo. This is overarchingly the case,
as no Turkic language shows a preference for [-high] targets (e.g. Clements & Sezer
1982:216; Anderson & Harrison 1999:5; Harrison 2008:261-262). In one case, the
dialect of Kyrgyz reported in Comrie (1981), labial harmony is unrestricted, but
otherwise [+high] vowels serve as better targets for harmony.
One other important feature co-occurrence asymmetry pervasive in the Turkic
languages is the harmonic preference for [-back] vowels (Binnick 1991:35-37). Many
systems show no clear asymmetry between backness specifications, but in Kazakh, one
dialect of Kyrgyz (Herbert & Poppe 1963), Karakalpak (Menges 1947) , Kyzyl Khakass,
and Chulym Tatar (Korn 1969) all allow far more pervasive rounding post-initially when
the palatal domain is [-back]. Front vowels are typically preferred in Turkic, not just for
labial harmony, but also as a means of signaling foreignness in the lexicon. In a subset
of Turkish loan words, front vowel suffixes are selected for loans irrespective of surface
backness specifications of the lexemes themselves, like [hɑrf-ler] ‘letter-PL’, *[hɑrf-lɑr]
1

I will transcribe the [-high, +back, +round] vowel in Turkic as [o] despite variation between [o] and [ɔ],
both in Kazakh and throughout the language family.
2

There are some lexically-specified exceptions to this, like the progressive suffix /jor/ in Turkish.
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and [dikkɑt-ler] ‘attention-PL’, *[dikkɑt-lɑr] (Clements & Sezer 1982). Moreover, Kazakh
shows a clear tendency to assimilate loanwords via fronting, like Russian /maʃina/ →
[mæʃɪnʲe] ‘car’, while in other loans, root vowels are not affected, but suffixes surface as
[-back], even after back roots, as in [χɑɫ-der] ‘condition-PL’ *[χɑɫ-dɑr], and [bɑŋk-ɪ]
‘bank-POSS’ *[bɑŋk-əә].3 The preference for [-back] segments is also noticeable in the
contraction of the vowel space post-initially. Figure 2-7 shows a contraction of the vowel
space on all sides, but a very distinct centralization of back vowels that far exceeds the
contraction of other dimensions of the acoustic vowel space.
These two generalizations, in conjunction with the lesser asymmetry favoring
uniform height in the trigger-target relationship form a typological framework from which
to view the data from Chapter 2. The preference for high vowels and front vowels in
contemporary Kazakh is borne out in the data, exemplified below:

3

Clements & Sezer argue that these alternations are due to an underlying backness specification in at
least one of the word-final consonants (1982:233-243). That being said, Kazakh /l/ is still velarized in
[χɑɫ-der], and thus not a cue for front suffixes.
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Previously (based on Korn 1969):

My findings:

Gloss:

[kømʏr]

[kømʏr]

‘coal’

[ʒʏzʏm]

[ʒʏzʏm]

‘grape’

[øt-tʏ]

[øt-tɪ]

‘gall bladder-ACC’

[kʏn-dʏ]

[kʏn-dʏ] ~ [kʏn-dɪ] ‘sun-ACC’

[tøbø]

[tøbe]

‘hill’

[øt-tø]

[øt-te]

‘gall bladder-LOC’

[kʏn-dø]

[kʏn-de]

‘sun-LOC’

[qozʊ]

[qozəә]

‘lamb’

[qʊɫʊp] ~ [qʊɫpʊ]

[qʊɫʊp] ~ [qʊɫpʊ]

‘lock’

[qoj-dʊ]

[qoj-dəә]

‘sheep-ACC’

[qʊs-tʊ]

[qʊs-təә]

‘bird-ACC’

[qoj-dɑ] *qoj-do

[qoj-dɑ]

‘sheep-LOC’

[qʊs-tɑ] *qʊs-to

[qʊs-tɑ]

‘bird-LOC’

Formulated in terms of constraints, these data prompt the following markedness
hierarchy: *o >> *ø >> *ʊ >> *ʏ,4 where back vowels and non-high vowels are more
marked. This picture of segmental markedness, when confined to the Turkic languages
is not particularly problematic, but when cross-linguistic tendencies are compared, a
paradox emerges. The most marked vowel in the above hierarchy [o] is actually the
most prevalent of these in the languages of the world. Moreover, [ʏ] is quite marked in
the world’s languages, but still is preferred in Turkic. When the frequency of these four

4

The markedess of [o] relative to [ø] is seen in the relative frequency with which they surface. The front
vowel surfaces rarely, but much more frequently than the back vowel in harmonic contexts. The back
rounded vowel, [o] only surfaced once as a harmonic vowel during all elicitation sessions.
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vowels is compared across languages, it becomes clear that this ranking does not
reflect a wider preference for these vowels. Rather, these preferences are language
family-specific, and potentially emerge as a result of the underlying motivation for
harmony in the language.
Across the world’s languages there are several clearly attested tendencies that
contrast with the Turkic preference for high and front rounded vowels. First and most
evident in the languages of the world, back vowels are typically rounded, but front
vowels are not. Since tongue backness and lip rounding both result in a decrease in
F2, these two gestures complementarily accentuate the backness of back vowels,
making them more perceptually distinct than front rounded vowels (e.g. Terbeek 1977;
Suomi 1983; Stevens et al. 1986; Stevens 1998:294; Flemming 1995). A second
generalization that emerges is the cross-linguistic preference for high round vowels over
non-high round vowels (Schane 1984; Stevens 1998:293). Since most vowel
inventories prefer back round vowels, this height preference is most clearly
demonstrable in the [+back] vowel context. The most common vowel inventory /i u a/
has the round vowel, /u/, which is both back and high. The high back round vowel
occurs in 87% of the languages recorded on phoible.org (Moran et al. 2014). The mid
back round vowel, /o/, occurs in 68% of recorded languages, and the open-mid round
vowel, /ɔ/, occurs in 41% of the 2155 languages recorded on phoible.org. In contrast,
the low back round vowel /ɒ/ occurs in only 2% of the world’s languages (Moran et al.
2014).
These numbers indicate a decided preference for high rounded vowels over low
rounded vowels in the world’s language. This preference is, in part, the motivation for
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Kirchner’s constraint on non-high rounded vowels, *RoLo (1993:4-8; see also Chomsky
& Halle 1968:405, rule XI). In the spirit of Grounded Phonology, this constraint reflects
what has been argued to be an antagonistic relationship between jaw lowering and lip
rounding (Archangeli & Pulleyblank 1994: 77-78; see also Kaun 1995:121). Kaun
(1995:121-125) notes that in many languages mid back rounded vowels are higher than
their mid front unrounded counterparts. Kaun limits this generalization to systems
where no other non-high vowels are present in the front or back vowel space because
additional vowels may effect an altered phonetic realization of F1 as a dispersion of
contrast in the height dimension. No comparison with Kazakh is possible for precisely
this reason, because a number of phonetically non-high vowels are present in addition
to [o] and [e]. That being said, when [±round] pairs are considered, no [+round] vowels
are clearly lower than their [-round] counterpart (see Figure 2-5). In all cases except [e]
– [ø] the round vowel is clearly higher, but in this case [e] is .04z (approximately 10 Hz)
higher, a difference well below the threshold for perception (Flanagan 1955:616).
Linker (1982:104) also corroborates the general preference for higher rounded vowels,
arguing that higher vowels exhibit higher degrees of horizontal lip opening as well as
vertical lip protrusion. Building on these findings, Kaun (1995, 2004) argues that
rounding of high vowels and back vowels imparts a greater degree of perceptual effect
than rounding of non-high and front vowels.
Using inventory data from phoible.org in Table 3-1, it is clear that among the
eight harmonic vowels in Kazakh, /ɑ o əә ʊ e ø ɪ ʏ/ that cross-linguistic diagnostics of
segmental markedness account for much of the trajectory of change in Kazakh,
specifically the preference for the high front round vowel post-initially. In some [±round]
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pairs, excepting the [-high, +back] vowels5, there has been an assimilation towards the
less marked segment in each pair.6 If there is assimilation to the unmarked, then across
the entire inventory this would predict the loss of the most marked segments, e.g. [ʏ],
first, which is somewhat problematic, and will be addressed later. The [±back] high
harmonic vowels surface as [əә] or [ɪ] regardless of root roundness in all but a few
contexts. Moreover, after [-back] roots the non-high harmonic vowel almost always
surfaces as [e] regardless of root rounding. In these three harmonic environments, the
more typologically frequent segment tends to surface when rounding is neutralized.
This component of harmonic change is handled nicely if markedness is a segmental
property that is reflected by the traditionally defined properties of markedness, ease of
articulation, perception, acquisition, and cross-linguistic frequency (Schane 1984:142;
see also Prince & Smolensky 1993:205). With this in mind it is reasonable to propose
segment-specific markedness, (e.g. *ʏ, *ø) constraints that reflect the preferences
demonstrable in the languages of the world. However, in order to reflect the
generalizations more economically I will employ the following constraints, following
Kaun (2004):

5

It is entirely possible to label the low back round vowel as /ɔ/ rather than /o/, and there is definite
variation between the two in colloquial speech. This distinction, however, has no bearing on the analysis
herein, although referenced in Table 3-1 for comparison.
6

Since the historical participation or non-participation of the low back vowels in labial harmony is
unknown, I don’t intend to propose why the neutralization of rounding in the low back environment, if it
happened at all, historically favored what is now the more marked segment, /ɑ/, rather than the less
marked segment /o/. However, it is worth noting that if these two vowels had been neutralized postinitially to the less marked of the two, neutralization to [o] would have resulted in a harmonic vowel
system with no low vowels. While some languages of the world have either no or minimal backness
distinctions in their vowel inventory, e.g. Kabardian (Colarusso 1992), and Marshallese (Choi 1992), no
known language exists without a height distinction among its vowels.
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*RoLo

assign a violation for every occurrence of the featural
combination [-high, +round] in the output (Kirchner 1993)

*RoFro

assign a violation for every occurrence of the featural
combination [-back, +round] in the output (Kaun 2004)

Within a correspondence framework (McCarthy & Prince 1995a), a positional
faithfulness constraint banning changes to input specifications in root (i.e. first syllable)
vowels is proposed to capture the neutralization of rounding post-initially in OT.
IDENT-IOσ1

assign a violation for every featural change in the output of a
vowel in syllable 1 (Beckman 1998).

IDENT-IO

assign a violation for every featural change in the output of a
vowel.

Tableau 3-1
/ʏ…ʏ…ø/ IDENT-IOσ1 *RoLo *RoFro IDENT-IO
[ʏ…ʏ…ø]

☞

*

*!**

[ʏ…ʏ…e]

**!

*

[ʏ…ɪ…e]

*

**

[ɪ…ɪ…e]

*!

***
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Tableau 3-2
/ʊ…ʊ…o/ IDENT-IOσ1 *RoLo *RoFro IDENT-IO
[ʊ…ʊ…o]

*!

☞ [ʊ…ʊ…ɑ]

*
**!

[ʊ…əә…ɑ]
[əә…əә…ɑ]

*!

***

Tableau 3-1 and 3-2 above predict some very important aspects of harmony in Kazakh,
which are evident even under the very simple assumption that all rounding post-initially
is neutralized to [-round]. These tableaux reflect the typological frequency data in Table
3-1 below, and the cross-linguistic tendencies noted above, both of which indicate that
rounding should target high vowels and back vowels. Additionally, the low ranking of
IDENT-IO reflects the fact that post-initial vowel realization is regularly driven by
harmony, and not by their input specification.
Table 3-1. Kazakh harmonic vowels and their cross-linguistic frequency (Moran et al.
2014)
Number of languages
Frequency ratio
Percentage of
attested in (out of
for each [±round]
Vowel
2155)
language attested in
pair
ɑ
126
5.85
11.58 / 7.1x less
o/ɔ
1459 / 894
67.7 / 41.48
frequent
əә
508
23.57
1.49x more
ʊ
341
15.82
frequent
e
1458
67.66
28.04 / 104.14x
ø/ө
52 / 14
2.42 / 0.65
more frequent
ɪ
362
16.8
30.17x more
ʏ
12
0.57
frequent

The problem is that this is not the case. Post-initially, rounding surfaces more
frequently among front vowels, which any fixed ranking of segments or featural
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combinations like *RoFro cannot predict. The problem is the grammatical outworking of
a perceptual principle that Kaun calls “Bad Vowels Spread” (1995:12).
Kaun argues that the best triggers are vowels whose identification is improved by
the extension of the rounding gesture to subsequent vowels, i.e. perceptually weak
vowels (1995). Following Suomi (1983), she uses several important typological
generalizations to develop a more thorough sense of perceptual salience in harmony
systems. First, non-high vowels are typically better triggers than high vowel triggers
(Kaun 2004:94-97; Finley 2008:313-319, 2012). As jaw opening increases, lip rounding
is diminished, and non-high vowels are therefore less perceptually salient than high
round vowels (Terbeek 1977; Linker 1982). Additionally, shorter vowels are often better
triggers than long vowels because shorter vowels are harder to perceive (Crosswhite
2004:197; Kaun 2004:100-101). Kaun notes that in Tuvan, Evenki, and Baiyina
Orochen short vowels trigger labial harmony but long vowels do not. In effect, both
duration and the articulatory/acoustic distinctness of vowels contribute to the larger
perceptual salience of each segment in the harmony system.
In contrast, targets for harmony are more frequently high vowels. Terbeek and
Linker’s studies show that high vowels are perceived as more rounded than non-high
vowels, offering better cues to the identification of the root (i.e. trigger) vowel. In effect,
trigger and target asymmetries are described by the same perceptual impetus. The
best triggers are perceptually weak, and the best targets are more perceptually salient.
This offers an explanation for the frequent preference for [+high] targets in harmony
systems like Turkish.
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A third motivating force in harmony is outlined as gestural uniformity (Kaun 1995:
125-129). She argues that lip gestures necessary for the articulation of high versus
non-high vowels are inherently distinct because as jaw opening increases the amount of
lip contact (an articulatory goal of round vowels) is diminished, resulting in a gestural
readjustment for adjacent vowels that disagree in height. This gestural readjustment is
articulatorily dispreferred, and therefore, cross-height harmony is constrained (i.e.
marked). Kaun lists a number of languages wherein labial harmony is parasitic upon
height agreement, like eastern Mongolian dialects, Tungusic languages, Yokuts,
Khachinn Khakass, Yakut, and Hixkaryarna (1995: 87). Gestural uniformity is more
articulatory in nature than the trigger-target asymmetries outlined above, offering an
integrated approach to harmony that considers both articulation and perception as
significant forces in the development and application of harmony.
Specification and Harmony
Despite being a crucial aspect of most vowel harmony analyses since the advent
of autosegmental representations (see Clements 1976), underspecification is eschewed
by canonical Optimality Theory (Prince & Smolensky 1993) in two ways. Firstly, as
argued by Smolensky (1996:3), the Richness of the Base hypothesis, encapsulated by
OT, construes variation in human language as the product of constraint reranking, and
by implication, not the byproduct of representational differences underlyingly.
Connected to this, a second hypothesis, Lexicon Optimization (Prince & Smolensky
1993:209-214), contends that output-to-input mappings select the most harmonic input
from surface form. Thus, the input most faithful to the surface form is selected by the
hearer because it incurs the fewest violations. These two principles within OT have
militated against the general use of underspecification, and as a result, more
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information, often phonetic, has made its way into underlying representations, as well as
constraints, (e.g. Kirchner 1997; Escudero & Boersma 2004; Benus 2005; Flemming
2001, 2008).
Moreoever, Bakovic (2000) argues that vowel harmony is a feature-changing,
and not a feature-filling phenomenon, an assumption of most autosegmental
approaches to harmony, which crucially rely on underspecification. That being said,
underspecification as a formal device, has been argued to be perfectly congruent with
OT (Inkelas 1994; Harrison & Kaun 2000, 2001) under the general assumption that
features that alternate in predictable ways are underlyingly underspecified while nonalternating and unpredictably surfacing segments are fully specified in the input (Inkelas
1994:7). Harrison & Kaun (2001) suggest that root-internal segments, despite the
absence of surface alternation, are underspecified. Further, they argue that
disharmonic roots behave differently in Tuvan reduplication and language games, which
must motivate either a co-phonological approach to the data (e.g. Ito & Mester 1995) or
underspecification of harmonic inputs. Under many autosegmental approaches, any
underlying specified harmonic feature becomes the head of a harmonic span. Postinitially, this means that specified features are opaque while underspecified features
participate in harmony. According to the No-Gapping Constraint, the spreading of the
harmonic feature may not skip a segment, enforcing this feature-filling conception of
harmony while preventing widespread transparency in the formalism (Archangeli &
Pulleyblank 1992; Kirchner 1993).
I have previously argued that if harmony is a perception-motivated phenomenon
whereby the psychological prominence of the root vowel(s) is heightened at the

93

expense of post-initial vowels (Suomi 1983), underspecification may, in fact, provide a
fairly transparent theoretical device to portray this aspect of harmony systems
(McCollum 2015 a, forthcoming). This redistribution of featural prominence contra
Lexicon Optimization may be an underlying factor in the proposed instability of harmony
systems (Binnick 1991). Word-initial segments have been argued to be more
psychologically prominent (see Beckman 1998 and citations therein). In essence,
harmony is a grammatical system whereby post-initial segments are further
psychologically impoverished. They are entirely dependent upon a harmonic trigger for
their surface realization, and thus inextricably linked to that trigger. This state of affairs
runs counter to Lexicon Optimization, which stresses the harmonic preference for fully
faithful input-to-output mappings. Lexicon Optimization thereby dictates against any
representational hierarchy of perceptual or psychological prominence in the input, which
is assumed in an underspecification framework, where fully-specified inputs are more
prominent than underspecified inputs.
When harmony is diminished, either by the proliferation of invariant morphemes,
an influx of loanwords, or any other contact-induced or language-internal causes, the
specification of inputs necessarily increases within a feature-filling approach to
harmony. According to Inkelas’ typology of segments, as predictability and alternation
of harmonic feature realization diminishes, so the full-specification of inputs increases
(1994:7). In the Kazakh case, the non-alternation of affixes and many root-internal
vowels for the round feature supports a more fully-specified input. I will thus assume full
specification of inputs, specifically for backness and rounding, in the analysis to follow.
One result of this choice is the abandonment of any unified analysis of unassimilated
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loanwords and native lexical items. When loans are incorporated into the harmonic
language’s lexicon one of two general pathways, assimilation to the native phonology or
preservation of non-native phonology, is selected. When loans are assimilated, their
post-initial vowels are altered to obey vowel harmony. However, when loans are not
assimilated, the non-native system, wherein the features of the root are not invariably
recoverable from the features of subsequent vowels, is maintained. Thus, harmony has
little to contribute to the perception of unassimilated polysyllabic loans, like [magnitəәfɔn]
‘recorder’ or [tuwalet] ‘toilet’ because within these loans vowels may freely co-occur.
This division of the lexicon is also reflected by the tendency to front suffix vowels
regardless of root vowel quality in loan words noted above.
The representational choice to specify inputs, and its resultant leveling of input
featural prominence, necessitates an increase in constraints, where invariant
morphemes are protected by morphologically-indexed faithfulness constraints that, in
effect, parallel the full specification of opaque suffixes like the well-known Turkish
progressive suffix /jor/ (Bakovic 2000:73). Additionally, full-specification prompts the
question of which feature value to select as underlying. For Kazakh (and Turkic
generally), affix vowels are specified for height, while backness (and previously,
rounding) is dictated by root vowel features. For instance, the vowel in the accusative
suffix is always [+high] while the locative is always [-high]. In addition to intrinsic height
specification for affix morphemes, backness and roundness features need to be
determined. In the case of rounding, the recent decay of labial harmony supports the
conclusion that round segments are more marked than their unrounded counterparts.
Additionally, the tendency to assimilate loans by fronting and concatenation of front
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vowel suffixes supports [-back] as the default feature value. This is further supported by
the phonetic tendency to centralize affix vowels after back vowel roots. Thus, the
features [-round] and [-back] are unmarked in the language.
Features: Privative or Equipollent?
Following Cole & Kisseberth (1994) I assume that the feature [round] is privative.
Although Cole & Kisseberth treat backness as privative, they specify [palatal] versus
[velar], i.e. front versus back7, in their analysis. This move undermines the privativity of
backness, assuming that two feature values are in some way active in the language.
When the preference for loanword assimilation by fronting and the suffixation of front
vowels in unassimilated loans is considered (for this general tendency, see Johanson
1998:33,93), it is reasonable to assume that backness spreads over and against an
underlying (i.e. default) feature specification of [-back]. That being said, I will treat
backness as equipollent, both in order to follow the spirit of Cole & Kisseberth’s
analysis, as well as Kaun’s treatment of the data. In addition to this motivation, the
privativity of [back] seems an entirely more problematic assertion than the privativity of
[voice] or [round], for instance. These two factors incline me towards a binary
conception of backness.8 Thus, the application of harmony, according to Bakovic
(2000), is feature-changing. As a result, the strength of labial or palatal harmony is its
ability to alter the input features of a post-initial vowel. Against the backdrop of
7

This specification, unfortunately, is subject to the widespread assumption that Turkic languages mirror
(or worse, are derivative from) Turkish. In Turkish, the common [velar] – [uvular] contrast has been
shifted to [palatal] – [velar]. Thus, this particular specification of features is irrelevant for most Turkic
languages (Johanson 1998:89).
8

While the arguments that have been made for and against feature privativity in the literature (e.g.
Steriade 1995, Cohn 1995) are potentially important theoretically, and do inform my treatment of the data,
I intend to approach the data from a more “bottom-up” perspective” (Hyman 2002). As for the analysis to
follow, privative versus equipollent backness features makes minimal difference.
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historical Turkic phonology, the development of labial harmony as a secondary addition
to palatal harmony (Johanson 1998:73,108) is nicely represented if suffixes are
underyingly unrounded. Labial harmony is vacuously satisfied when the root is
unrounded, and actively satisfied when the feature [round] triggers a featural change to
post-initial vowels.
One more feature of my analysis that deserves mention is the sphere of
harmony. This may seem straightforward, where harmony spreads from roots to
suffixes, but Clements & Sezer argue that within Turkish roots the level of disharmony
tolerated suggests that harmony is only active in suffixes (1982:222-227). In contrast,
Harrison & Kaun contend that post-initial vowels in polysyllabic Tuvan and Turkish roots
do actively harmonize with the first vowel of the word (2000, 2001). Compared to
Kazakh and Tuvan, Turkish tolerates far more root-internal disharmony. Perhaps
unsurprisingly, the Turkish lexicon has been far more widely affected by unassimilated
(or partially assimilated) loans from Arabic, Persian, and a variety of European
languages. I construe the leniency of Turkish to an erosion of a Turkic assimilatory
stringency still found in the relatively isolated languages of the Central Asian steppe and
Siberian taiga. As a result, I assume that harmony targets all post-initial vowels, and
not just suffixes. Even if it is suggested that these root-internal targets have been
lexicalized, and are thus non-participants in the contemporary application of harmony,
the question remains why root-internal high vowels after front roots and after [ʊ] surface
as round, but root-internal non-high vowels and high vowels after [o] do not. The
perceptual approach to Kazakh harmony advocated below offers a unified answer to the
rounding of root-internal as well as suffix vowels.
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Kaun’s Analysis
Kaun (2004) develops a set of alignment constraints (McCarthy & Prince 1995b) to
model the various manifestations of labial harmony. Of note, she assumes the
underspecification of harmonic vowels, as well as [round] as a privative feature
(Steriade 1995). When her set of constraints is employed on representative portions of
the Kazakh data above, the traditional conception of markedness once again emerges
as a problem for this treatment of harmony. She utilizes the following versions of
McCarthy & Prince’s ALIGN constraint, with one significant modification, referencing
word-internal morphological structure (Archangeli & Pulleyblank 2002):9
ALIGN-R ([RD], PRWD)

align the feature [round] with the right edge of the
prosodic word10

ALIGN-R ([RD], RT)

align the feature [round] with the right edge of the
morphological root

ALIGN-R ([RD/-HI], RT)

align the feature [round] of a [-high] trigger with the
right edge of the morphological root

ALIGN-R ([RD/-BK], RT)

align the feature [round] of a [-back] trigger with the
right edge of the morphological root

To achieve the domain effect observed in Chapter 2, ALIGN-R ([RD], ROOT) must outrank
ALIGN-R ([RD], PRWD). Additionally, the fact that [round] segments do surface in the

9

Kaun’s constraints enforce bidirectional harmony to reflect epenthetic vowel harmony in Turkish clusters
(2000,2004). For simplicity’s sake I will avoid any leftward directionality, which will be important when the
gerundial suffix is introduced.
10

All segments within a rounding domain are rounded in Kazakh, but labialization of consonants is noncontrastive, and will thus not be reflected in the tableaux to follow. Strict-locality (e.g. Gafos 1996; Ni
Choisain & Padgett 2001) is obeyed, but because consonants are beyond the purview of this work
adjacency is defined herein as vowel-to-vowel, and not segment-to-segment.
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second syllables of disyllabic roots only when the second syllable vowel is [+high], but
not elsewhere forces the following ranking:
*ROLO >> ALIGN-R ([RD], ROOT) >> ALIGN-R ([RD], PRWD).
Of note, *RoFo, although useful for Kaun’s typology, is not necessary to model the
Kazakh data, both for previous descriptions of Kazakh and the description presented in
Chapter 2. Kaun (2004:90,106) lists Karakalpak, and thus Kazakh, as a Type 8
language, using the following general set of constraint to model harmony:
ALIGN-R [RD/-BK] >> GESTUNI [RD] >> ALIGN-R [RD] >> others
Based on cross-linguistic frequency, one might suggest a fixed ranking of *RoFro
>>*RoLo (cf. De Lacy 2006:30-31), but Kaun does not implement this requirement, so
for the sake of parallelism, I will follow Kaun. For this analysis, *RoLo must outrank
ALIGN-R ([RD], ROOT) to prevent [-high] vowels from surfacing as [round] within roots, as
in Tableau 3-3 below.
Tableau 3-3

/tøbe/

☞

IDENTIOσ1

*RoLo

[tøbø]

**!

[tøbe]

*

[tebe]

ALIGNR
([RD/
-BK],
RT)

ALIGNR
([RD/
-HI],
RT)

ALIGN-R
([RD],RT)

IDENTIO

ALIGN-R
([RD],PRWD)

*
*

*

*

*

*!

The constraints in Tableau 3-3 predict that non-high vowels, regardless of backness
specification, trigger the rounding of high vowels root-internally, which is incorrect.
Front vowel contexts are more likely to spread root rounding than back vowel contexts,
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as seen by the contrast between [kømʏr] ‘coal’ and [qozəә] ‘lamb’. Within disyllabic back
vowel roots, rounding of the second syllable is attested only in a [+high] – [+high] vowel
sequence. The inadequacy of this ranking of constraints in shown in Tableau 3-4 for
/qozɪ-ler/ ‘lamb-PL.’11
Tableau 3-4

/qozɪler/
[qozʊlor]

ALIGN- ALIGNR
R
IDENTALIGN-R IDENTALIGN-R
*RoLo ([RD/
([RD/
([RD],RT)
([RD],PRWD)
IOσ1
IO
-BK],
-HI],
RT)
RT)
**!
****

!

[qozʊlɑr]

*

☟

[qozəәlɑr]

*

[qɑzəәlɑr]

*!

*

*!

***

*

**

**

***

First, ALIGN-R ([RD/-HI], RT) selects in the incorrect candidate, *[qozʊlɑr], as optimal.
Reranking this constraint below ALIGN-R ([RD],RT) effectively removes the constraint
from the tableau, as a general constraint outranking a more specific version of the same
constraint nullifies the effect of the more specific constraint, according to Pāṇini’s
Theorem. Thus, data from this study contradicts Kaun (2004) and Finley (2008, 2012,
2015), specifically because high triggers are better triggers than their corresponding
non-high triggers in contemporary Kazakh.
The two most reasonable options for reconciling this (apparent) typological
anomaly are to demote the constraint, or to remove the constraint (which, is a more
extreme form of demotion). Demoting the constraint to any position conflated with or
11

In the tableau above and throughout Chapter 2, ! represents a candidate wrongly selected as
optimal, and ☟ represents the actual attested output that isn’t selected by the constraint set.
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ranked more highly than ALIGN-R [RD,RT] still predicts more spreading after non-high
triggers, which is inaccurate. Thus, removing this constraint from the analysis is
empirically and formally necessary. The question that remains, which I will address
later, is the motivation for this state of affairs. Second, these particular constraints do
not penalize trigger-target disagreement in height, which differentiates front and back
vowel application of harmony within Kazakh roots.
The preference for uniform height in the trigger-target relationship can be
represented by the constraint GESTUNI (Kaun 2004:105),
GESTUNI (RD)

the feature [round] must not be linked to distinct
articulatory gestures (i.e. segments with differing
height specifications)

Kaun construes GESTUNI as the preference for a round autosegment to be linked to
targets that agree in height. Building off of Boyce (1988), who found that rounding in
Turkish affects every segment in particular domain, and not just vowels, Kaun argues
that a particular phonetic rounding gesture is multiply-linked to all phonological
segments within a domain. An adjustment of the rounding gesture is necessary to
accommodate differences in height (Linker 1982), and this modulation of lip rounding is
what GESTUNI prohibits, rejecting *[qozʊ] and predicting the attested surface output,
[qozəә], which has a [-round] second syllable vowel. In order model the data from
Chapter 2 using Kaun’s general framework, ALIGN-R ([RD/-BK], RT) must outrank
GESTUNI (RD), allowing cross-height harmony among front vowels. GESTUNI (RD) must,
in turn, outrank ALIGN-R ([RD], RT) to prevent [+round] vowels from surfacing after
[+back, -high] roots, as shown in Tableau 3-5.
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Tableau 3-5

/qozɪler/

IDENTIOσ1

[qozʊlor]

☞

ALIGNR
GESTUNI
*RoLo ([RD/
(RD)
-BK],
RT)
**!
**

[qozʊlɑr]

*

[qozəәlɑr]

*

[qɑzəәlɑr]

ALIGN-R IDENT([RD],RT)
IO

ALIGN-R
([RD],PRWD)

****

*!
*

*!

***

*

**

**

****

In Tableau 3-6 the ranking of ALIGN-R([RD/-BK],RT) over GESTUNI is exemplified. If
GESTUNI outranked ALIGN-R([RD/-BK],RT) spreading after front vowels would be
predicted to occur only after high vowels, which is not the case.
Tableau 3-6

/kømɪrnɪ /

IDENTIOσ1

[kømʏrdʏ]
☞

ALIGNR
GESTUNI ALIGN-R IDENT*RoLo ([RD/
(RD)
([RD],RT)
IO
-BK],
RT)
*
*
**!

[kømʏrdɪ]

*

[kømɪrdɪ]

*

[kemɪrdɪ]

*
*!

*
*

*!

ALIGN-R
([RD],PRWD)

*
**

*

The importance of IDENT-IO is seen in Tableau 3-7 below, where a high back vowel
triggers spreading to other high vowels. Spreading is prohibited outside of roots by
IDENT’s ranking over ALIGN-R [RD, PRWD]. In Kaun’s analysis, spreading within roots is
confined by markedness, specifically *RoLo and GESTUNI, but spreading to suffixes is
constrained by faithfulness, i.e. underlying representations plus IDENT-IO.
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Tableau 3-7

/qʊɫəәpnəә/

IDENTIOσ1

[qʊɫʊptʊ]
☞

ALIGNR
GESTUNI ALIGN-R IDENT*RoLo ([RD/
(RD)
([RD],RT)
IO
-BK],
RT)
****!

[qʊɫʊptəә]
[qʊɫəәptəә]
[qəәɫəәptəә]

*!
*!

ALIGN-R
([RD],PRWD)

***

*

**

**

****

While Kaun’s analytical framework is able to capture the general facts of the
system, there are significant shortcomings of this analysis that necessitate a more
developed view of the interaction of perception and articulation in harmony. One reason
to question this treatment of harmony is the variety of alignment constraints necessary
to predict attested outputs. If perception is driving harmony, as Kaun argues, wouldn’t a
specifically perception-driven constraint more transparently model the harmonic
imperative? Alignment constraints could just as easily reflect articulatory motivations for
harmony, and the constraints themselves only specify that the feature in question is
spread throughout a particular domain without reference to the motivation for that
spreading. The number of harmony-driving constraints is not problematic per se,
(although four constraints driving harmony isn’t very economical), but the opaqueness
of the constraint itself weakens her analysis. Unfortunately, this is the general state of
affairs in constraint formulation. Widely-used constraint families, like AGREE (Bakovic
2000), ALIGN (McCarthy & Prince 1993), and LICENSE (Ito et al. 1995; Walker 2001), as
well as the Agreement-by-Correspondence approach to vowel harmony (e.g. Rose &
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Walker 2004; Hansson 2001; Rhodes 2008; Sasa 2009) specify only surface
phenomena without directly addressing motivations for the sound pattern.
In contrast to Kaun’s approach, I propose a phonetically-informed treatment of
labial harmony. By using language-specific inventory structure and dispersionary theory
of markedness, and constraints that more transparently reflect the perceptual
motivations for harmony I offer an analysis of fairly complex harmony patterns that falls
out from economical theoretical principles.
Extending Kaun’s Analysis
Perceptual Distance
The most important extension of Kaun’s perception-motivated argument into the
formalism is the direct and transparent implementation of a contrast-centric idea of
markedness. Flemming (1995, 2001 , 2004, 2005) argues that contrast between
segments provides a more useful conception of markedness than the traditional view,
which hinges upon certain combinations of binary features. He argues that dispersion
within the vowel space (e.g. Lindblom 1986; Schwartz et al. 1997; Boersma 1998), is
adequately modeled in Optimality Theory as the tension between maximizing contrasts
available to a language while simultaneously maximizing the perceptual distance
between those contrastive segments. Thus, the markedness of a vowel segment is not
defined by its featural specification, but by its relative position in the vowel space, where
more proximate vowels are more marked. Flemming’s framework abstracts away from
previous work that argues for the special status of the peripheral vowels /i u a/ and often
/y/ by focusing on distances in the F1-F2 space rather than quantal effects (Stevens
1989) or convergence of formant frequencies (Schwartz & Escudier 1987, 1989;
Schwartz et. al 1997).
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Following Lindblom (1986), Schwartz et al. (1997), and Padgett & Tabain (2004),
I use weighted Euclidean distances between mean formant values of underlying root
vowels as indicative, in some rough way, of perceptual distance between contrasts.
These distances are calculated using mean normalized values to allow comparison
across speakers in the study. While mean values cannot reflect the immense phonetic
variety typical in speech, Padgett & Tabain (2003) suggest that listeners may be
sensitive to cross-speaker averages.12 Raw formant values were transformed into
Equivalent Rectangular Bandwidth (ERB), a perceptual scale that models human
perception as theorized bandwidth filters, using the formula presented in Reetz &
Jongman (2008:245-246). As the ERB transformation provides only marginal
normalization across speakers (Adank et al. 2004:3102), ERB-transformed formant
values were then normalized (Labonov 1971) for comparison across all eleven
speakers.13 Conversion and subsequent normalization warp the vowel space, in effect,
weighting F1 differences more highly than raw formant values. In Hz, the range of F1
differences is approximately 700 Hz, while the range of possible F2 values for the
speakers reaches almost 2400 Hz. As has been argued by Lindblom (1986; also
Schwartz et. al 1997) the F2 vowel space must be warped to reflect findings that
suggest differences in F1 are more perceptually salient than differences in F2 (Flanagan
1955:616). Schwartz et al. suggest that the ratio of range of backness values to the
range of height values should equal between 1:2 and 3:4 (1997:275; also Padgett &

12

If this is the case, phonological representations may consist of much more information than mere binary
features, possibly exemplars of speech sounds. Padgett & Tabain’s claim follows exemplar-based
theories of memory and cognitive grammar (Kuhl 1991, 1995; Johnson 2006; Ettlinger & Johnson 2010)
13

Thank you to Grant McGuire for this suggestion, to avoid the undesirable need to scale normalized
formant data back into hertz before transformation into ERB for formulation of perceptual distances.
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Tabain 2003). After normalization, the range of backness values to height values is 1:1,
a much closer approximation than raw Hertz values. To effect the full warping of the F2
vowel space used by previous authors, normalized F2 were weighted by a factor of
0.625, a middle value on the continuum suggested by previous authors (see Herrick
2003 and Padgett & Tabain 2003). Normalized mean ERB values and perceptual
distances are presented in Table 3-2 and Figure 3-1 below
Triggers
As noted previously, [-back] vowels trigger post-initial rounding more than [+back]
vowels. Also, [+high] vowels, in contrast to Kaun’s typological generalization of [-high]
vowels, trigger rounding far more frequently in this study. When these claims are
compared with the data below it is evident that as perceptual distance between paired
segments decreases, the likeliness of triggering rounding post-initially increases.
Table 3-2. Mean normalized ERB values and perceptual distance
Vowel
F1 (SD)
F2 (SD)
ɑ
o
əә
ʊ
e
ø
ɪ
ʏ

1.339 (0.452)
-0.032 (0.354)
0.117 (0.657)
-0.007 (0.587)
-0.637 (0.375)
-0.595 (0.399)
-0.542 (0.532)
-0.788 (0.459)

-0.169 (0.298)
-0.828 (0.340)
0.103 (0.272)
-0.664 (0.353)
1.196 (0.265)
0.059 (0.482)
0.745 (0.227)
0.372 (0.388)
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Weighted Distance
(λ(F2)=0.625)
1.432
0.495
0.712
0.339

1.462

-1.168

e

0.339

0.712

-1.246

ø
o

0.495

Normalized
ERB F1

1.432

1.792
Normalized ERB F2

Figure 3-1. Vowel plot of mean normalized ERB F1-F2 with weighted Euclidean
distances.
If harmony is motivated by the need to extend the temporal span of less perceptually
salient vowels (Suomi 1983; Kaun 1995), these results, including deviations from
Kaun’s typology, are unsurprising. Phonetic detail like mean formant frequencies, and
not just categorical information constrains the application of rounding in Kazakh
(Flemming 1995). Using ultrasound data and EMMA (Perkel et al. 1992), Benus (2005)
argues that harmonic activity in Hungarian is modulated by articulatory phonetic detail.
Similarly, I contend that the integration of phonetic and phonological information affect
the application of labial harmony in Kazakh.
The question arises, then, how these two are integrated, especially in light of the
height shift that appears to be lowering Kazakh [+high] vowels and raising [-high]
vowels. An inversion of the vowel space is recorded for Tatar (Comrie 1997:900-901)
where historically high vowels are now mid vowels on the surface, and vice versa. For
instance, the Turkic root /kel/ ‘come’ is /kil/, and /quʃ/ ‘bird’ is /qoʃ/ in Tatar (Johanson
1998:94; Comrie 1997:904). Interestingly, both categories of height in Tatar have
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maintained their historical morphological function in the language. Furthermore, in Tofa
(Harrison & Anderson 2008:264), the merger of [±back] round vowels to /o/ and /u/ has
not changed the application of palatal harmony in the language. Younger speakers,
despite having merged the vowels on the surface, alternate suffixes according to the
historical backness of the root, as in the following:
Older Tofa speaker

Younger Tofa speaker

kør-væ-æn

kor-væ-æn

see-NEG-PST

see-NEG-PST

‘didn’t see’

‘didn’t see’

The historically [-back] root, /kør/ ‘see’, still selects [-back] suffixes despite being
merged on the surface with the [+back] vowel /o/. Korn (1969:103) notes that in WestSiberian dialects of Tatar non-high round vowels have raised (e.g. kør > kʏr ‘see’, ot >
ut ‘fire’), whereby both historically high and non-high vowels surface as high. Despite
this surface merger, the historically high vowels trigger harmony while the raised vowels
do not. In the Tatar and Tofa cases, abstract phonological information is preserved
despite surface inconsistencies in the synchronic vowel space. Similarly, despite the
diachronic lowering of high vowels in Kazakh (Johanson 1998:94), which has resulted in
the leveling of the mid and high vowels in the language, Kazakh speakers maintain the
historical height of morphological suffixes like in /-dɪ/ ‘PST’ versus /-de/ ‘LOC’. It is
unclear whether the systematic shift in vowels will follow the Tatar inventory or not, but it
is evident that speakers use categorical height distinctions and not surface F1 detail for
suffixation. In these related instances of abstraction in the changing harmony system,
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abstract inter-categorical information, i.e. height, is maintained while surface vowel
realization differentiates segments within a category, e.g. [-high, -back].
The centralization of /ø/ is another vowel shift relevant for our purposes
(Dzhunisbekov 1972:66-70; Vajda 1994:636-637). The front mid rounded vowel is
typically produced with a central tongue position, like [ө]. Another development, at least
partially related to the centralization of /ø/ is the development of a labio-velar onglide
that surfaces much of the time, especially in word-initial position. Thus, the phonetic
quality of this vowel is often diphthongal, as [w͡ ө]. The diphthongization and
centralization of this vowel has effected two changes relevant to labial harmony. First,
there is now a greater F2 distinction between the pairs /e/ - /ø/ than previously in the
language, which results in greater perceptual salience of these two contrastive
segments because phonetic distance has been increased in the vowel space. Second,
when the diphthongization of /e/ to [j͡ e] is additionally considered, the front mid vowels
are now distinguishable, not solely on perceptual distance between vowel nuclei, but by
the rounding of the on-glide. Thus, both the shift toward a central place of articulation
and the development of on-glides in the front mid vowel pair contribute to an increased
perceptual contrast between these two segments. With this in mind, the break from
Kaun’s typology is perfectly reasonable, since this weak contrast has been
strengthened by these two changes in the vowel pair, effecting a diminished need for
harmonic spreading to cue the roundness of the vowel in root position.
The harmonic inertness of the back round vowel, /o/, is also a product of
perceptual distance and recent vowel change. The heightened perceptual salience of
F1 contrasts renders the /ɑ/ - /o/ contrast easily distinguishable by hearers, reflected by

109

the perceptual distance between these segments, 1.432z, a distance over four times
more salient than the /ɪ/ - /ʏ/ contrast. In and of itself, this may not necessarily account
for the diminished spread of [+round] after this segment, but the development of the
labio-velar on-glide (Vajda 1994:621-622) increases the salience of this contrast even
more than the intrinsic height distinction between /ɑ/ and /o/. Generally, the mid vowels,
which are typically less salient, and thus better triggers for rounding harmony, have
become more salient in Kazakh, which explains their trigger inertness.
With the vowel shift and diphthongization of the mid vowels in mind, the behavior
of high vowel triggers is entirely plausible. The high vowels have not developed any onglide segments to cue their roundness. Without diphthongization or centralization,
these vowel pairs are more phonetically proximate than the non-high vowel pairs.
Furthermore, these vowels are shorter in duration than the non-high vowels, typical of
high vowels in the languages of the world. Kaun (2004:100-101) observes that shorter
vowels are better triggers than long vowels, but the shorter duration of high vowels has
not generally produced trigger asymmetries in other Turkic languages. Therefore, why
should Kazakh be different? In addition to the monophthongal phonetic status of these
underlying segments, their drastic reduction might potentially cue increased harmonic
activity. In unstressed syllables, these high vowels are prone to significant reduction,
even to the point of deletion. The same phenomenon is attested in Crimean Tatar
(Kavitskaya 2010, 2014), and Chuvash (Kate Lindsey, personal communication). Since
the temporal span for a hearer to accurately identify these vowels is significantly
diminished, the perceptual need for harmony is reinforced in the high vowels. In
addition to internalizing mean formant values, I contend that speakers and hearers are
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aware of mean vowel duration data. These two metrics, perceptual salience and
duration, offer a means by which languages may vary in terms of trigger strength, and
as a result, the likeliness of harmony in target vowels.
Targets
As noted above, high targets cue rounding more effectively than non-high
targets. Given the results from Terbeek’s study (1977), [ʏ] is expected to cue rounding
less effectively than [ʊ], which, according to Linker (1982) involves a greater articulatory
magnitude as a back vowel. On the other hand, the high front rounded vowel is prone
to areal diffusion, which Blevins (forthcoming) argues is indicative of a perceptual
magnet effect. The Turkic vowel usually transcribed as [y], the subject of Blevins’
discussion, strongly resembles the F2 and F3 values associated with Kazakh [ʏ] (Türk
et al. 2004; Lafranca 2012), but without the historical lowering noted by Johanson
(1998:94). Schwartz & Escudier (1987, 1989) and Schwartz et al. (1997) argue that [y]
is perceptually stable due to a convergence of F2 and F3. Generally, both of the high
rounded vowels in Kazakh are perceptually salient in the sense that they both cue
rounding, although back vowels cue rounding via articulatory magnitude of the rounding
gesture while the front rounded vowel distinguishes itself from proximate vowels by the
acoustic convergence of F2 and F3. From a diachronic perspective, non-high vowels
may not cue harmony as effectively as high vowels because they are longer in duration.
If we assume that phonological harmony derives from phonetic coarticulation (Hyman
1976; Ohala 1994; Przezdziecki 2005), the extension of a rounding gesture into a
subsequent high vowel may impart a greater likelihood of miscategorization of that
vowel (Ohala 1994) as round precisely because the inherent duration of the high vowel
is less than the non-high vowel. More concretely, if we assume that the lip rounding of
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a certain vowel extends 30 msec into a following vowel, a vowel with a shorter intrinsic
duration (i.e. a high vowel), say 50 msec, has a far greater chance of being perceived
as round than a vowel with a longer duration, say 100 msec. Thus, in addition to the
findings from Terbeek and Linker’s study, inherent vowel duration may play a role in the
categorization of vowel harmony targets
Encoding these Findings in the Formalism
I utilize more specific, fine-grained constraints on the trigger of harmony while
invoking *ROLO to account for the preference for high targets. Thus, the two
dimensions of harmony, perceptual weakness in the trigger and perceptual strength in
the target, are separately constrained by the formalism. Using the perceptual distances
calculated in Table 3-2, the constraint driving labial harmony is formulated thusly:
ALIGN-R ([RD], PRWD) δ < x if the perceptual distance (δ) between the [round]
harmonic pairs is less than x, where x is any
value greater than zero, align the feature [round] with
the right edge of the prosodic word
I employ Kaun’s ALIGN constraints, noting however the pathological predictions that the
constraint generates (e.g. Wilson 2006; Finley 2008:26-28). The alignment constraint
above utilizes a richer underlying representation for contrastive segments, where
phonetic proximity, as a metric for perceptual similarity, directly motivates harmonic
spreading. If delta, (δ), exceeds the language-specific threshold, this constraint is not
activated. This explicitly encodes the perceptual basis for harmony, using languagespecific inventory data to modulate the application of harmony. Phonological features
are not employed, but rather mean formant values on the F1-F2 plane where
normalized F2 values are weighted by λ = 0.625. To capture the lack of harmony after
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/o/ relative to other vowels, δ is set to 1z (see Table 3-2) for this analysis. This
constraint is violated by the absence of harmony if δ does not reach the perceptual
threshold, but spreading even though δ exceeds the language-specific threshold is not
directly enforced by this particular constraint. As will be shown below, this enrichment
of representations (Keating 1985; Flemming 2001) allows a much more precise, yet
economical way to model harmony. In addition to ALIGN-R [RD] the following constraint
reflects the ability of harmony to target durational differences, and not merely formantbased phonetic detail:
ALIGN-R ([RD], PRWD) τ < x

if the mean duration (τ) of vowel y < x, where x is any
value greater than zero, align the feature [round] with
the right edge of the prosodic word

Like ALIGN-R ([RD], PRWD) δ < x, violations are incurred if a phonetically short vowel does
not trigger harmony. In languages were non-high triggers are preferred, if high vowels
are shorter in duration than non-high vowels, the duration-dependent constraint is
ranked lower than the perceptual distance constraint, ALIGN [ROUND] δ < x >> ALIGN
[ROUND] τ < x. I assume that the ranking of these two constraints is in no way fixed, and
languages may parametrically vary with respect to their ranking, where, for example,
ALIGN [ROUND] τ < x >> ALIGN [ROUND] δ < x is used by systems that prefer high triggers, like
Kachin Khakass and West-Siberian Tatar dialects (Korn 1969:102-103), but the order is
reversed, or ranking is irrespective for other systems. As a very rough approximation of
vowel length, four measurements of each vowel (N=32) in morphologically and
phonologically analogous environments were taken, and high vowels averaged 36 msec
([ʏ] = 22 msec, [ʊ]= 43 msec) in duration while the non-high vowels averaged 75 msec
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([ø] = 90 msec, [o] = 78 msec) in duration. Despite the small sample size, the durational
differences between high and non-high vowels was statistically significant using a
Welch’s two-sample t-test (t = -6.08, p < .0001). Thus, tau (τ) for this analysis could
semi-arbitrarily be set at 50msec. However, these two duration-dependent harmony
constraints are not necessary for the analysis of the data, and are not included in the
tableaux to follow. That being said, duration does aid in the understanding of trigger
asymmetries in the Kazakh, and its introduction as a fuller development of how
perception might inform a constraint-based approach to modeling harmony was useful.
Additionally, a constraint enforcing palatal harmony is necessary to account for
alternations in the data.
ALIGN-R ([±BK], PRWD)

align the feature [±back] with the right edge of the
prosodic word

Palatal harmony is far more pervasive, and occurs without the perceptual restrictions
that affect labial harmony. For these reasons no reference to roots or to perceptual
metrics is necessary for ALIGN-R ([±BK], PRWD).
Rounding harmony has typically been conceived of as parasitic upon some other
featural agreement between target and trigger (e.g. Cole & Trigo 1988:19-20; Moskal
2012). In contrast, Kaun (1995:138-152) proposes that no formal restriction on
harmony exists, but rather that palatal and labial harmony function to distinguish
between otherwise perceptually weak vowels. Kaun (1995, 2004) utilizes GESTUNI to
capture harmonic preferences for trigger-target agreement in height, evidenced by
languages like Yokuts or eastern Mongolian and Tungusic. She argues that this is
articulartorily grounded in the distinct lip gestures for varying vowel heights. However,
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this arguably imposes a formal restriction that labial harmony is, in fact, parasitic on
height. Whether Kaun successfully grounds GESTUNI in articulation or not, I do not use
it in the analysis to further demonstrate that perception can be used to model harmony
in an adequate and economical way. The functional explanation further developed
herein differs substantially from previous approaches in that phonetic information is
crucially available to the phonological grammar (cf. Malhoit & Reiss 2007).
To reflect the morphological domain effect noted in Chapter 2, where rootinternal targets are better targets than suffix targets (see also McPherson & Hayes
2014), I employ the following variant of the constraints introduced above:
ALIGN-R ([RD], ROOT) δ < x

if the perceptual distance (δ) between the [round]
harmonic pairs y and z is less than x, where x is any
value greater than zero, align the feature [round] with
the right edge of the morphological root.

In Tableau 3-8 below, ALIGN-R ([RD], ROOT), crucially, is ranked below *RoLo.
This particular ranking reflects the preference for root-internal harmony among high
targets only. If ALIGN-R ([RD], ROOT) were to outrank the markedness constraint, all rootinternal targets would be rounded.
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Tableau 3-8

/tøbe/
τ =90 msec,
δ =0.712z

☞

IDENTIOσ1

ALIGNR
([BK],
WD )

*RoLo

δ < 1z

[tøbø]

**!

[tøbe]

*
*!

[tøbo]
[tebe]

ALIGNR
IDENT([RD],
IO
RT )

ALIGNR
([RD],
WD )

*
*

**

*
**

*!

*

*

The pervasiveness of palatal harmony relative to labial harmony is shown in
Tableau 3-9 below, reflected by ALIGN-R ([BK], PRWD)’s dominance over ALIGN-R ([RD],
ROOt) is thus modeled in the formalism. The precedence of palatal harmony is further
demonstrated by the freedom of morpho-phonological restrictions on its application.
The ranking of *RoLo with respect to ALIGN-R ([BK],PRWD) is not of crucial importance,
and furthermore, no data on hand prompts the conclusion that these two must be
ranked in any fixed way. Therefore, I will rank these without respect to each other
throughout, but if one were to fix a particular ranking of these it would be of no
consequence for the analysis presented herein.
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Tableau 3-9
/kømɪrnɪ/
τ =90 msec,

IDENTIOσ1

δ = 0.712z

☞

ALIGN-R
([BK],
P R WD )

*ROLO

ALIGNR ([RD], IDENTROOT)
IO
δ < 1z

δ < 1z

[kømʏrdʏ]

*

**!

[kømʏrdɪ]

*

*

[kømɪrdɪ]

*

[kemɪrdɪ]

ALIGN-R
([RD],
PRWD)

*

*!

**

*!

*

The inertness of [o] is evident in Tableau 3-10 below, rounding prompted by
perceptual similarity is irrelevant for [o]. This leaves the ranking of IDENT versus ALIGNR ([RD], PRWD) to determine the amount of harmonic spreading. Since IDENT is more
highly ranked, spreading after [o] is actively constrained by faithfulness, and indirectly
by the alignment constraint, because [o] does not meet the proximity criterion necessary
to drive spreading of roundness.
Tableau 3-10
/qozɪ-nɪ/

ALIGN-R
ALIGN-R
*ROLO ([RD], ROOT)
([BK], PRWD)

IDENTIO

ALIGN-R ([RD],
PRWD) δ < 1z

[qozʊnʊ]

*

***!*

**

[qozʊnəә]

*

***!

*

☞ [qozəәnəә]

*

**

τ =78 msec,
δ = 1.432z

IDENTIOσ1

[qozɪnɪ]
[qɑzəәnəә]

δ < 1z

**!

*

*!

***
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When a less salient root like [ʊ] triggers harmony this set of constraints still
selects the attested output, as in Tableau 3-11. The realization of post-initial [ʊ] within
the root is driven by the perceptually-constrained, morphologically-indexed ALIGN
constraint, but suffixal [ʊ] (and the theoretically possible [u]) are prevented by the
underlying representation of suffix vowels and the ranking of IDENT-IO over ALIGN-R
([RD], PRWD). The featural changes necessary to generate a [round] vowel via
harmony, regardless of the relative (un)markedness of [u] or [ʊ], outside the root are too
costly, and as a consequence, unattested.
Tableau 3-11
/qʊɫpɪ-nɪ/
τ =43 msec,
δ = 0.495z

☞

IDENTIOσ1

ALIGN-R
([BK],
P R WD )

*ROLO

ALIGN-R
([RD],
ROOT)

IDENTIO

δ < 1z

ALIGN-R
([RD],
PRWD)
δ < 1z

[qʊɫpʊnʊ]

****!

[qʊɫpʊnəә]

***

*

**

**

*!

[qʊɫpəәnəә]
[qʊɫpɪnɪ]
[qəәɫpɪnɪ]

*!*

*

*!

**
*

The Gerundial Suffix
The only morpheme where a round vowel regularly surfaces outside of Kazakh
roots is the gerundial suffix, /u/. In contrast to other harmonic suffixes that I have
assumed to be specified with the features [-back] and devoid of the privative [round]
feature underlyingly, I assume that GER is underlyingly [+back, round] because in
literary productions GER often surfaces as [+back] regardless of root backness

118

(Bowman & Lokshin 2014; McCollum 2015b). Furthermore, there are no instances of
GER realized as unrounded, thus the specification as both [back] and [round]. As I
have shown (McCollum 2015b), the surface realization of GER in colloquial speech, as
opposed to higher register Kazakh, is determined by the backness of the root, as in the
following words:
/kel-u/

[kel-ʏ] ‘come-GER’

/qəәs-u/

[qəәs-u] ‘press-GER’

/qʊr-u/

[qʊr-u] ‘build-GER’

/øl-u/

[øl-ʏ] ‘die-GER’

Interestingly, a variety of suffixes may follow GER, such as case endings, /ler/ ‘PL’, and
/ʃɪ/ ‘AGT’. In these morphemes, though, labial harmony does not hold between GER
and subsequent affixes, as shown below.
/kʏl-u-ʃɪ/

[kʏl-ʏ-ʃɪ] ‘laugh-GER-AGT’

/qəәs-u-nɪ/

[qəәs-u-dɪ] ‘press-GER-ACC’

/qʊr-u-ler/

[qʊr-u-lɑr] ‘build-GER-PL’

/kel-u-den/

[kel-ʏ-den] ‘come-GER-ABL’

These examples are handled by the model presented above, so long as a lexicallyindexed IDENT-IO constraint is posited.
IDENT-IO(GER)

assign a violation for every featural change in the
output of the gerundial suffix.

The model developed herein permits the harmonic agreement of a round feature within
roots, predicting the absence of harmony after GER, as is attested. This is strikingly
different from the related language Kyrgyz, where labial harmony rounds suffixes after
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GER regardless of root rounding (Kara 2003:48-49; Washington 2006:5-6), as in [kel-ylør] ‘come-GER-PL’ or [ʤɑt-u-du] ‘lie down-GER-ACC’. The root-internal domain for
labial harmony, despite the presence of the underlying [round] vowel in GER, is shown
in Tableau 3-12.
Tableau 3-12
/kʏl-uʃɪ/
τ =22 msec,
δ = 0.339z

☞

ALIGNALIGNR
IDENTR
IDENT*RoLo
IO
([RD],
IOσ1
([BK],
R
OOT)
(GER)
P R WD )

IDENTIO

δ < 1z

δ < 1z

[kʏlʏʃʏ]

*

**!

[kʏlʏʃɪ]

*

*

[kʏluʃɪ]

*!*

[kʏləәʃəә]

*!*

[kɪlɪʃɪ]

*!

ALIGNR
([RD],
PRWD)

*
*

*

**

**

**

**

*

ALIGN-[BK] must outrank IDENT-IO (GER) to enforce palatal harmony in the gerundial suffix.
When this set of constraints is applied to an unrounded root, /qəәɫ/ ‘do’ in Tableau 3-13,
the attested output is selected, crucially because [əә] is favored over [ʊ] by IDENT-IO in
the same way that the unrounded (i.e. underlying) high front vowel is preferred in
Tableau 3-12 above. Two featural changes are required to generate [ʊ] from /ɪ/,
whereas only one featural change is necessary to generate [əә].
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Tableau 3-13
/qəәɫ-uʃɪ/
τ =22 msec,
δ = 0.339z

ALIGNR
IDENTIOσ1
([BK],
P R WD )

*RoLo

IDENTIO (GER)

☞ [qəәɫuʃəә]

[qəәɫəәʃɪ]

*!
*!

ALIGNR
([RD],
PRWD)
δ < 1z

**!

*

*

**

*!

[qəәɫəәʃəә]

[qʊɫuʃɪ]

IDENTIO

δ < 1z

[qəәɫuʃʊ]

[qəәɫuʃɪ]

ALIGNR
([RD],
ROOT)

**
*!

**

*

*

*

*

Even when [round] segments surface outside of native roots, like in GER, this set and
ranking of constraints is able to effectively model labial harmony in Kazakh. The
ranking of IDENT-IO above ALIGN-R ([RD], PRWD) prevents spreading from GER to
subsequent vowels, in contrast to the Kyrgyz examples above. Note that no leftward
application of harmony is found in the language. GER does not spread phonological
rounding leftward because harmony cues the morphological root. Because Turkic
languages are (almost) exclusively suffixing, the pattern of harmony is typically
rightward.
Phonetics and Phonology
Throughout this analysis I have addressed phonological vowel harmony over and
against coarticulatory phonetic processes in the language. It should be clear from
Chapter 2 that there are very real phonetic influences on vowel rounding in Kazakh. For
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instance, the increased rounding of suffix vowels after liquids is evidence of a phonetic
component to vowel realization, dependent on continuous variables like consonant
duration rather than binary, categorical variables. If we assume that the difference
between phonetics and phonology is therefore a difference between the continuous and
the categorical, how then does categorical phonology have access to the sort of
phonetic detail underlying this analysis of perception-driven harmony, particularly trigger
strength asymmetries?
Numerous authors have argued that categorical vowel harmony is a diachronic
product of phonetic coarticulation (Hyman 1976; Ohala 1994; Beddor & Yavuz 1995;
Beddor et al. 2001; Przezdziecki 2005; Nyugen & Fagyal 2008). Ohala (1994) assumes
that vowel-to-vowel coarticulation becomes categorical when hearers misperceive the
influence of the trigger vowel as categorical, and not gradient, but Hyman (2008) allows
for speaker-driven development of harmony along coarticulatory lines. Whether
speaker or hearer-driven, it is likely that the phonologization of phonetic coarticulation
primarily involves an increase in magnitude (Przezdziecki 2005). Przezdziecki
compares several varieties of Yoruba with various implementations of ATR vowel
harmony, arguing that the differentiating factor between the realization of vowels in
harmonizing vs. non-harmonizing varieties is increased acoustic (and presumably
articulatory) effect on the target vowel. In this way, phonetics and phonology are not
separated entities, but differing effect sizes in assimilatory processes, where larger
effects are phonological and smaller effects are deemed phonetic.
The evolution of harmony, then, is the augmentation of coarticulatory effect to a
degree that the resultant vowel is reliably perceived as a bearing the same feature value
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as the trigger. If labial harmony is perception-driven, it is thus presumed that
coarticulatory effect is increased after vowels whose realization is less reliably
perceived without additional cues. Suppose a speaker is regularly misunderstood when
producing a word like [ʏt-tɪ]. If hearers often mistake the round vowel for its unrounded
phonetically-proximate counterpart [ɪ], thus [ɪt-tɪ], it would be at least inefficient, and
probably frustrating to both parties involved. In order to remedy this, several salient
options present themselves: one, to affect the realization of the second vowel to cue the
identity of the first, and two, to affect the realization of the root vowel in such a way as to
more accurately cue its quality. The two options, the first being harmony, are both
utilized in Kazakh. Extending the [round] feature in question from the root vowel to
subsequent vowels is robustly attested. In addition, the development of on-glides
among the mid-vowels in Kazakh is another process by which the identity of a
perceptually weak contrast is cued. To whatever degree [e] and [ø] are perceptually
distinct, [ ͡ je] and [w͡ ø] are more distinct, as the glides cue the rounding of the two
vowels. Furthermore, the centralization of /ø/, potentially via the on-glide, to [ɵ]~[ø],
further enhances the contrast between /e/ and /ø/ by the increase in phonetic distance
between the two sounds. Thus, harmony, the advent of onglides, and dispersion of
contrast in the vowel space are all utilized to more reliably cue the identity of the vowel
in question.
If harmony develops along these lines, it is unsurprising if harmony first and more
faithfully develops among weak contrasts in the language. As this process becomes
phonologized it is extremely likely that it also becomes generalized to all sounds in the
inventory, where all [round] vowels cue post-initial rounding, without regard to the
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original perceptual motivations for harmony. This extension of harmony throughout the
vowel system by analogy may obscure the original basis for harmonic assimilation in a
fully functioning system. There appear to be two most propitious seasons in the lifecycle of harmony for the investigation of its motivations, then; during the evolution, and
during the decomposition of harmony. While it has been notoriously difficult to find
languages in the process of developing harmony, there are a number of languages with
declining harmony systems, like Kazakh, Crimean Tatar, and Tofa. In these languages
the magnitude of assimilatory effect is diminished, and thereby what was categorical
becomes gradient. In short, phonological harmony develops from phonetic
coarticulation, and when harmony diminishes it returns back to its coarticulatory roots.
If this hypothesis is valid, disentangling phonetics from phonology is expected to
be difficult in a decaying harmony system. For instance, I assume the phonetic effect of
the root vowel on first suffix morphemes is a residue of harmony whereas the increased
likelihood of rounding after a liquid is not. If we hold to the belief that harmony serves to
cue the morphological root, the rounding of suffixes aligns with that goal while the
asymmetrical rounding of vowels after certain classes of consonants does not neatly
conform to that aim. Within a rules-based framework, a rule that spreads rounding to
suffixes is both simple and effective at cuing word-initial vowel quality. However, a rule
that spreads rounding to suffixes only after liquids is phonetically natural, assuming the
short duration of liquids in Kazakh, but less helpful to the functional goal of facilitating
efficient (in this case, correctly perceived) speech.
At the purely synchronic level, the availability of phonetics raises the question of
what kinds of representations are stored in our memory. Following Chomsky & Halle
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(1968:5), many assume that features (usually binary) serve as the mental
representations of speech (e.g Fant 1973; Stevens 2002). However, other approaches
to representations have suggested that a far greater degree of depth may be encoded
in each sound’s mental representation (e.g. Nosofsky 1986). Nosofsky argues that
speech representations are stored as collections of heard tokens (1986, 1988), where a
vowel category would thus be conceived of as a collection of stored tokens that center
around a prototype, the inverse of distance from which defines the goodness of those
particular tokens (Kuhl 1991; Kuhl & Iverson 1995). For example, an [i] that is more
proximate to the center of the distribution of stored /i/ tokens would be judged to a better
/i/ than one that was more distant from the center of the collection of exemplars (Kuhl
1991). This assumes that speakers store a sufficient amount of information to in their
mental representations to allow an exemplar-based model of speech representation.
Various studies have shown just this, that speakers maintain high degrees of phonetic
detail in their lexical representations (e.g. Goldinger 1996, 1998; Johnson 1997;
Pierrehumbert 2001; Norris et al. 2003). Thus, the proposal advanced herein depends
upon a speaker’s access to the relative proximity of the vowels in his/her inventory
(Padgett & Tabain 2003). Interpreted strongly, one might infer that a speaker’s
individual rate of post-initial rounding corresponds to his/her specific vowel inventory. I
do not propose this, but rather than the language-specific inventory determines the rate
and magnitude of harmonic application. As speech is an interactive process, it seems
unlikely that speakers form their own vowel inventory-dependent harmony in ways
entirely distinct from the speakers with whom they interact. Specifically, this implies that
the speaker’s harmony system is affected by the vowels of the community, and not just
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by the vowels of the individual speaker. This corresponds to the exemplar claim that
vowel categories are formed based on heard (i.e. not only spoken) tokens (Nosofsky
1986, 1988; Kuhl 1991; Kuhl & Iverson 1995).
In summary, phonology has access to detailed phonetics because phonetic
information is what is stored in the mental representations of speech sounds (and not
just binary features). The various information encoded in mental representations incline
the perception-motivated harmony system to use assimilation to enhance what is
perceptually weak as one method of perceptual enhancement, along with dispersion of
vowel centroids throughout the vowel space, and augmentation of the underlying
phonemes with unique peripheral cues, like onglides, to vowel identity. All three of
these have been exploited by Kazakh speakers, the endgoal of which, I propose, is the
adequate and reliable perception of weak contrasts.
Conclusion
The complexity of labial harmony in contemporary Kazakh provides fertile testing
ground for the phonetically-informed perceptual model developed in this thesis. While
providing an adequate model of rounding harmony built from the bottom-up (Hyman
2002), this analysis economically extends a perceptual motivation for harmony
developed by Suomi (1983) and Kaun (1995, 2004) by explicitly encoding an acoustic
approximation of perceptual distance and (gratuitously) mean vowel duration into
underlying representations. By doing so, the number of alignment constraints needed
to model harmony is reduced from three, ALIGN-R [RD], ALIGN-R [RD/-BK], and ALIGN-R
[RD/-HI], to one, ALIGN-R[RD/δ < 1Z]. By incorporating phonetic detail into the constraint,
this analysis provides a unified imperative for harmony, as opposed to Kaun’s
assortment of constraints necessary to capture harmony if harmony hinges upon binary
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categorical features. Perceptual distance and duration both affect the perception of
vowels, offering a more detailed avenue through which to approach the typological
generalizations posited by previous writers (e.g. Kaun 1995, Finley 2008, 2012, 2015).
The question remains as to how many distinctions are possible along perceptual lines.
When compared to other labial harmony systems in the Turkic, Mongolic, and Tungusic
language families of Eurasia Kazakh is quite complex. Of the attested systems (Kaun
1995:87-89; Harrison 2004), only Kazakh, Karakalpak, one dialect of Kyrgyz, and two
Siberian Turkic languages are reported to have similarly complex systems. If phonetic
information is not taken into account harmony-enforcing constraints must proliferate, as
in Kaun’s analysis. The fact that the complexity of trigger asymmetries in this particular
system is reducible to one perceptual threshold is a welcome outcome, and a potential
avenue for continued exploration of vowel harmony. It seems probable that systems
may employ only one perceptual threshold to delimit harmony. In Kazakh, the inertness
of [o] is explained in terms of its relative perceptual salience relative to other round
vowels to their respective unrounded harmonic pair. Thus, one distinction is made,
which is encoded as δ < 1z. The numerical cutoff for δ used in this analysis is
somewhat arbitrary, only needing to distinguish the salience of [o] relative to other
vowels (see Schwartz et al. 1997 for similar use of a variable λ to weight F1 over higher
formants to predict vowel inventories). Without reference to a universal limitation, the
value of this thesis might largely be language-specific. In at least several other
languages, there is evidence that phonetic detail does inform harmony (Hansson &
Moore 2010; Lionnet 2014). Furthermore, Wayment argues for the availability of
phonetic detail for categorical harmony:
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it is clear that the forces which give rise to harmony systems have access to
phonetic information. Rejecting the availability of phonetics would leave the
classes of participants and the motivations for harmony in Finnish and Moba
Yoruba unexplained. Furthermore, the hypothesized features were corroborated
by phonetic studies that showed that the features relate to cues that are part of
the speakers’ knowledge. (2009:392)
If languages do employ harmony for perceptual reasons, as I have argued, further
research may unearth similar patterns in more languages, providing evidence for the
inclusion of phonetic information such as duration and perceptual salience in underlying
representations, and the subsequent use of those enriched representations in
phonology.
Another result of this study is the attestation of morphologically-determined
domain contraction. Kavitskaya’s work on Crimean Tatar reports a contraction of the
harmonic domain from the whole word to a two-syllable domain regardless of
morphological constituency (2010, 2014). In contrast, morphology appears to play a role
in other declining harmony systems. Anderson & Harrison (2004) report robust harmony
within roots but optional suffix rounding harmony in the closely related language,
Chulym Tatar.14 Moreover, McPherson & Hayes (2014) report morphologicallydetermined harmonic variation in Tommo So, a Dogon language of Mali. Clearly, the
domain of rounding is constrained by morphology in these cases, despite being syllablebound in Crimean Tatar. In declining harmony systems the pathways of decay appear
to be primarily neutralization of contrast within harmonic pairs and contraction of the
harmonic domain (McCollum forthcoming). While previous works have noted
neutralization along with diachronic vowel mergers, loan words, and other forces (e.g.

14

See also Harrison & Kaun (2003) for morphology’s interaction with rounding harmony in Namangan
Tatar.
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Binnick 1991; Harrison et al. 2002), this research brings to light the importance of
morphology for harmonic change.T
Lastly, one caveat to note is that just because perception is argued to undergird
the Kazakh harmony system, in no way does this necessarily imply that perception is
the primary motivating force in other harmony systems. It is very possible that the cooccurrence restriction commonly deemed vowel harmony is an emergent property that
derives from various sources, like articulation, perception, or some other historical
cause(s). As a brief example of the various forces at work in harmony, Essegbey
(2013) documents an extremely rare manifestation of harmony in Tutrugbu, where some
pronominal prefixes trigger changes in both root and affixes for the feature [round] (see
Bobuafor 2013:32 for a similar process in the related language, Tafi) . In addition to this
left-to-right application of labial harmony, ATR harmony proceeds outward from the root,
both to prefixes and suffixes. The alternations in Essegbey’s data are problematic for
most conceptions of harmony (Bakovic 2000; Bakovic & Rose 2014), and are observed
here in passing only to note the tenuousness of our knowledge of this cross-linguistic
phenomenon. The various instantiations of harmony throughout the world’s languages
have puzzled phonologists for years, and will continue to do so for some time, I imagine.
It is not my hope to offer the one explanation for harmony, but to offer an
explanation of the harmony system currently attested in Kazakh, with the hope that the
findings from this study may offer insight into other instantiations of vowel harmony.
Further use of the model developed here to describe harmony in other languages could
refine and (in)validate the model’s overall ability to formally model vowel harmony.
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Combined with the little-addressed topic of harmonic domains within the word, the
results from this study offer a meaningful springboard to further work.

130

LIST OF REFERENCES
ABUOV, ZHOUMAGHALY. 1994. The phonetics of Kazakh and the theory of
synharmonism. UCLA working papers in phonetics 88: 39-54.
ADANK, PATTI; ROEL SMITS, and ROELAND VAN HOUT. 2004. A comparison of vowel
normalization procedures for language variation research. Journal of the
Acoustical Society of America 116.5: 3099-3107.
AMANZHOLOV, S. A. 1953. O dialektakh kazakhskogo jazyka. Voprosy jazykoznanija 6.
ANDERSON, GREORY D.S. 1998. Xakas. Munich: Lincom Europa.
ANDERSON, GREORY D.S. and K. DAVID HARRISON. 1999. Tyvan. Munich: Lincom Europa.
ANDERSON, GREGORY D.S. and K. DAVID HARRISON. 2004. Shaman and bear: Siberian
prehistory in two Middle Chulym texts. In Languages and Prehistory of Central
Siberia, ed. by Edward Vajda. John Benjamins: 179-198.
ARCHANGELI, DIANA and DOUGLAS PULLEYBLANK. 1994. Grounded phonology.
Cambridge, MA: MIT Press.
ARCHANGELI, DIANA and DOUGLAS PULLEYBLANK. 2002. Kinande vowel harmony:
Domains, grounded conditions, and one-sided alignment. Phonology 19:
139-188.
ARD, JOSHUA. 1983. A sketch of vowel harmony in the Tungus languages. Research on
Language & Social Interaction 16.3-4, 23-43.
BAKOVIC, ERIC. 2000. Harmony, dominance, and control. New Brunswick, NJ: Rutgers
dissertation
BAKOVIC, ERIC and SHARON ROSE. 2014. Directionality in distance effects. paper
presented at ABC⟷Conference, Berkeley, CA.
BATES D; M. MAECHLER, B BOLKER and S WALKER. 2014. lme4: Linear mixed-effects
models using Eigen and S4. R package version 1.1-7
BECKMAN, JILL N. 1998. Positional faithfulness: An Optimality Theoretic treatment of
phonological asymmetries. Amherst, MA: UMASS dissertation.
BEDDOR, PATRICE SPENCER; JAMES D. HARNSBERGER, and STEPHANIE LINDEMANN. 2002.
Language-specific patterns of vowel-to-vowel coarticulation: acoustic structures
and their perceptual correlates. Journal of phonetics 30:591-627.
BENUS, STEFAN. 2005. Dynamics and transparency in vowel harmony. New York, NY:
New York University dissertation.
131

BINNICK, ROBERT. 1991. Vowel Harmony Loss in Uralic and Altaic. Studies in the
Historical Phonology of Asian Languages. Amsterdam: John Benjamins.
BLEVINS, JULIETTE. 2004. Evolutionary phonology: The emergence of sound patterns.
Cambridge University Press.
BOBUAFOR, MERCY. 2013. A grammar of Tafi. Utrecht: LOT.
BOERSMA, PAUL. 1998. Functional phonology: Formalizing the interactions between
articulatory and perceptual drives. Holland Academic Graphics/IFOTT.
BOERSMA, PAUL and DAVID WEENINK. 2014. Praat: doing phonetics by computer
[Computer program]. Version 5.3.85.
BOLGHANBAEV, ASET (ed). 1999. Qazaq tilining sozdigi. Almaty: Dajk Press.
BOLKER, BENJAMIN M; MOLLIE E. BROOKS, CONNIE J. CLARK, SHANE W. GEANGE, JOHN R.
POULSEN, M. HENRY H. STEVENS, and JADA-SIMONE S. WHITE. 2009. Generalized
linear mixed models: a practical guide for ecology and evolution." Trends in
ecology & evolution 24.3: 127-135.
BOWMAN, SAMUEL R. and BENJAMIN LOKSHIN. 2014. Idiosyncratically Transparent Vowels
in Kazakh. Proceedings of the Annual Meetings on Phonology.
BOWMAN, SAMUEL R. 2014. Transparent vowels in ABC: open issues. paper presented at
ABC⟷Conference, Berkeley, CA.
BOYCE, SUZANNE E. 1988. The Influence of phonological structure on articulatory
organization in Turkish and in English: Vowel harmony and coarticulation. New
Haven, CT: Yale University dissertation.
CHOI, JOHN D. 1992. Phonetic underspecification and target interpolation: An acoustic
study of Marshallese vowel allophony. UCLA Working Papers in Phonetics 82.
CHOMSKY, NOAM and MORRIS HALLE. 1968. The sound pattern of English. Cambridge,
MA: MIT Press.
CLEMENTS, GEORGE N. 1976. Vowel harmony in nonlinear generative phonology.
Bloomington: Indiana University Linguistics Club.
CLEMENTS, GEORGE N. and ENGIN SEZER. 1982. Vowel and consonant disharmony in
Turkish. The structure of phonological representations 2: 213-255.
COHN, ABIGAIL. 1995. Privativity, underspecification, and consequences for an adequate
theory of phonetic implementation. Working Papers of the Cornell Phonetics
Laboratory 10: 39-65.
132

COLARUSSO, JOHN. 1992. A grammar of the Kabardian language. University of Calgary
Press.
COLE, JENNIFER and LOREN TRIGO. 1988. Parasitic harmony. Linguistic models:
Features, segmental structure and harmony processes (part II), ed. by Harry van
der Hulst and Norval Smith. Dordrecht: Foris Publications.
COLE, JENNIFER AND CHARLES KISSEBERTH. 1994. An Optimal Domains theory of
harmony. Studies in the linguistic sciences 24.2.
COMRIE, BERNARD. 1981. The languages of the Soviet Union. Cambridge University
Press.
COMRIE, BERNARD. 1997. Tatar (Volga Tatar, Kazan Tatar) phonology. Phonologies of
Asia and Africa, vol. 2. ed. by Alan S. Kaye. Winonan Lake, IN: Eisenbrauns.
CROSSWHITE, KATHERINE. 2004. Vowel reduction. In Phonetically based phonology, eds.
Bruce Hayes, Robert Kirchner, and Donca Steriade: 191-231.
CUMMING, GEOFF. 2014. The new statistics why and how. Psychological science
25.1:7-29.
DAVE, BHAVNA and PETER SINNOT. 2002. Demographic and language politics in the 1999
Kazakhstan census. The national council for Eurasian and eastern European
research. Washington DC.
DAVE, BHAVNA. 2004. Entitlement through numbers: Nationalities and language
categories in the first post-Soviet census in Kazakhstan. Nations and
Nationalism 10 (4): 439-459.
DELACY, PAUL. 2006. Markedness: Reduction and preservation in phonology.
Cambridge University Press.
DOMBROWSKI, ANDREW. 2013. Phonological aspects of language contact along the
Slavic periphery: An ecological approach. Chicago, IL: University of Chicago
dissertation.
DZHUNISBEKOV, A. 1972. Glasnye kazakhskogo jazyka. Alma-Ata: Nauka.
DZHUNISBEKOV, A. 1980. Singarmonizm v kazakhskom jazyke. Alma-Ata: Nauka.
DZHUNISBEKOV, A. 1987. Prosodika slova v kazakhskom jazyke. Alma-Ata: Nauka.
DZHUNISBEKOV, A. 1991. Stroj kazakhskogo jazyka. Alma-Ata: Nauka.

133

ESCUDERO, PAOLA and PAUL BOERSMA. 2004. Bridging the gap between L2 speech
perception research and phonological theory. Studies in second language
acquisition 26:551-585.
ESSEGBEY, JAMES. 2013. Vowel harmony in Tutrugbu. paper presented at the 44th
Annual Conference on African Linguistics..
FANT, GUNNAR. 1973. Speech sounds and features. Cambridge, MA: MIT Press.
FERGUSON, CHARLES A. 1975. Toward a characterization of English foreigner talk.
Anthropological linguistics, 1-14.
FINLEY, SARA. 2008. Formal and cognitive restrictions on vowel harmony. Baltimore, MD:
Johns Hopkins University dissertation.
FINLEY, SARA. 2012. Learning non-adjacent dependencies in phonology: Transparent
vowels in vowel harmony. Language 91:1,48-72.
FINLEY, SARA. 2015. Typological Asymmetries in Round Vowel Harmony: Support from
Artificial Grammar Learning. Language and Cognitive Processes, 27.10, 1550–
1562.
FLEMMING, EDWARD. 1995. Auditory representations in phonology. Los Angeles, CA:
UCLA dissertation.
FLEMMING, EDWARD. 2001. Scalar and categorical phenomena in a unified model of
phonetics and phonology. Phonology 18.1: 7-44.
FLEMMING, EDWARD. 2004. Contrast and perceptual distinctiveness. Phonetically based
phonology, eds. Bruce Hayes, Robert Kirchner, and Donca Steriade: 232-276.
Cambridge University Press.
FLEMMING, EDWARD. 2005. A phonetically-based model of vowel reduction.
unpublished ms.
FLEMMING, EDWARD. 2008. The realized input. unpublished ms.
FLYNN, NICHOLAS. 2011. Comparing vowel formant normalisation procedures. York
Working Papers in Linguistics 11: 1-28.
FOWLER, CAROL A. 1986. An event approach to the study of speech perception from a
direct-realist perspective." Journal of Phonetics 14.1: 3-28.
GAFOS, ADAMANTIOS. 1999. The articulatory basis of locality in phonology. New York:
Garland.

134

GASS, SUSAN M. 2003. Input and interaction. In The handbook of second language
acquisition. ed. by Catherine J. Doughty, and Michael H. Long. Malden, MA:
Blackwell.
GOLDINGER, STEPHEN D. 1996. Words and voices: episodic traces in spoken word
identification and recognition memory. Journal of experimental psychology:
Learning, memory, and cognition 22.5: 1166-1183.
GOLDINGER, STEPHEN D. 1998. Echoes of echoes? An episodic theory of lexical access.
Psychological review 105.2: 251-279.
GOUSKOVA, MARIA. 2004. Relational hierarchies in Optimality Theory: the case of
syllable contact." Phonology 21.2: 201-250.
GREENBERG, JOSEPH H. 1990. On the loss of vowel harmony in some Chukotian
languages, unpublished ms.
GRENOBLE, LENORE A. 2003. Language policy in the Soviet Union. Dordrecht: Kluwer.
HAHN, REINHARD F. 1991. Spoken Uyghur. Seattle, WA: University of Washington
Press.
HALL-LEW, LAUREN. 2006. Glides harmonize, too: Evidence from Akan dialects.
unpublished ms.
HANCOCK, MICHAEL, ed. 2009. Kazakh language manual. Peace corps Kazakhstan.
HANSSON, GUNNAR ÓLAFUR. 2001. Theoretical and typological issues in consonant
harmony. Berkeley, CA: University of California, Berkeley dissertation.
HANSSON, GUNNAR ÓLAFUR, and PATRICK J. MOORE. 2010. The phonetics of transparency
in Kaska vowel harmony. Working papers in Athabaskan languages, ed. by Siri
Tuttle, and Olga Lovick.
HARRISON, K. DAVID. 2004. South Siberian sound symbolism. Languages and prehistory
of central Siberia, ed. by Edward Vajda. Amsterdam: John Benjamins.
HARRISON, K. DAVID and GREGORY ANDERSON. 2008. Tofa language change and terminal
generation speakers. Lessons from documented endangered languages,
243-270. Amsterdam: John Benjamins.
HARRISON, K. DAVID and ABIGAIL KAUN. 2000. Pattern-responsive lexicon optimization.
presented at NELS 30.

135

HARRISON, K. DAVID and ABIGAIL KAUN. 2001. Patterns, pervasive patterns, and feature
specification. In Distinctive feature theory, ed. T.A. Hall. Berlin: de Gruyter:
211-236.
HARRISON, K. DAVID, and ABIGAIL KAUN. 2003. Vowels and Vowel Harmony in
Namangan Tatar. Current trends in Caucasian, East European and Inner Asian
linguistics: Papers in honor of Howard I. Aronson, ed. by Dee Ann Holisky and
Kevin Tuite, 193-206. Amsterdam: John Benjamins.
HARRISON, K. DAVID; MARK DRAS and BERK KAPICIOGLU. Agent-based modeling of the
evolution of vowel harmony. NELS proceedings 1.32: 217-232.
HERBERT, RAYMOND and NICHOLAS POPPE. 1963. Kirghiz manual. uralic and altaic series,
vol. 33. Bloomington, IN: Indiana University Press.
HERRICK, DYLAN. 2003. Variation, location, and inventory size: The case of Catalan
vowel reduction. Santa Cruz, CA: UC Santa Cruz dissertation.
HERTRICH, INGO, and HERMANN ACKERMANN. 1995. Coarticulation in slow speech:
durational and spectral analysis. Language and Speech 38.2: 159-187.
HILLENBRAND, JAMES, LAURA A. GETTY, MICHAEL J. CLARK, and KIMBERLEE WHEELER.
1995. Acoustic characteristics of American English vowels. The Journal of the
Acoustical Society of America 97.5: 3099-3111.
HYMAN, LARRY. 2002. “Abstract” vowel harmony in Kalong: A system-driven account.
paper presented at Théories Linguistiques et Langues Sub-Sahariennes,
Paris VIII.
INKELAS, SHARON. 1994. The consequences of optimization for underspecification.
Rutgers optimality archive.
ITO, JUNKO and ARMIN MESTER. 1995. The Core-periphery structure of the lexicon and
constraints on reranking. In UMASS Occasional Papers 18, eds. Jill Beckman,
Laura Walsh Dickey, and Suzanne Urbanczyk.
ITO, JUNKO; ARMIN MESTER, and JAYE PADGETT. 1995. Licensing and underspecification in
Optimality Theory. Linguistic Inquiry 26.4:571-613.
JANNEDY, STEFANIE. 1994. High vowel devoicing in Turkish. The Journal of the Acoustical
Society of America 96.5: 3327-3327.
JOHANSON, LARS, and ÉVA CSATÓ (eds.) 1998. The Turkic Languages. New York:
Routledge.

136

JOHANSON, LARS. 1998. The structure of Turkic. In The Turkic Languages, 30-66. New
York: Routledge.
JOHANSON, LARS. 1998. The history of Turkic. In The Turkic Languages, 81-125. New
York: Routledge
JOHNSON, C. DOUGLAS. 1980. Regular disharmony in Kirghiz. Issues in vowel harmony:
Proceedings of the CUNY linguistics conference on vowel harmony, ed. Robert
M. Vago, 89-99. Amsterdam: John Benjamins.
JOHNSON, KEITH. 1997. Speech perception without speaker normalization: An exemplar
model. Talker variability in speech processing: 145-165.
JURGEC, PETER. 2013. Two types of parasitic assimilation. Nordlyd 40.1: 108-135.
KADYRZHANOV, RUSTEM. 1999. The ruling elite of Kazakhstan in the transition period. In
The new elite in Post-Communist Eastern Europe: 144-161. College Station, TX:
Texas A & M University Press.
KANG, HIJO and SEONGYEON KO. 2012. In search of the acoustic correlates of tongue
root contrast in three Altaic languages, Western Buriat, Tsongol Buriat, and
Ewen. Altai hakpo 22, 179-203. The Altaic society of Korea.
KARA, DAVID SOMFAI. 2002. Kazak. Munich: Lincom Europa.
KARA, DAVID SOMFAI. 2003. Kyrgyz. Munich: Lincom Europa.
KARABALAYEVA, MUSLIMA; ALTYNBEK SHARIPBAYEV, and ZHANDOS YESSENBAEV. 2012.
Formant analysis and mathematical model of Kazakh vowels. 14th international
conference on modelling and simulation. Cambridge University Press.
KAUN, ABIGAIL R. 1995. The typology of rounding harmony: an optimality theoretic
approach. Los Angeles, CA: UCLA dissertation.
KAUN, ABIGAIL R. 2000. Epenthesis-driven harmony in Turkish. Proceedings of the 25th
Annual Meeting of the Berkeley Linguistics Society, 95-106.
KAUN, ABIGAIL R. 2004. The typology of rounding harmony. Phonetically based
phonology, eds. Bruce Hayes, Robert Kirchner, and Donca Steriade, 87-116.
Cambridge University Press.
KAVITSKAYA, DARYA. 2010. Crimean Tatar. Munich: Lincom Europa.
KAVITSKAYA, DARYA. 2014. Segmental inventory and the evolution of harmony in
Crimean Tatar. Turkic Languages 17:86-114.

137

KEATING, PATRICIA A. 1985. Universal phonetics and the organization of grammars. In
Phonetic linguistics: essays in honor of Peter Ladefoged. 115–132. New York:
Academic Press.
KEATING, PATRICIA A. 1988. Underspecification in phonetics. Phonology 5.2: 275-292.
KENESBAYEV, S. K. 1962. Sovrmennyj kazakhskij jazyk. Alma-Ata: Nauka.
KILIÇ, MEHMET AKIF and FATIH ÖĞÜT. 2004. The high unrounded vowel in Turkish: Is it a
central or a back vowel? Speech communication 43: 143-154.
KIRCHNER, MARK. 1989. Phonologie des Kasachischen: Untersuchungen anhand von
Sprachaufnahmen aus der kasachischen Exilgruppe in Istanbul. Otto
Harrassowitz Verlag.
KIRCHNER, MARK. 1998. Kazakh and Karakalpak. In The Turkic languages, Johanson
and Csato, eds, 318-332. New YorK: Routledge.
KIRCHNER, ROBERT. 1993. Turkish vowel harmony and disharmony: An Optimality
Theoretic account. Rutgers Optimality Workshop I. Vol. 22.
KORN, DAVID. 1969. Types of labial vowel harmony in the Turkic languages.
Anthropological Linguistics 11. 98–106.
KRÄMER, MARTIN. 2003. Vowel harmony and correspondence theory. Vol. 66. Berlin: de
Gruyter.
KRIPPES, KARL. 1994. Kazakh (Qazaq)-English Dictionary. Dunwoody Press:
Columbia, MD.
KRIPPES, KARL A. 1996. Kazakh grammar with affix list. Dunwoody Press: Columbia,
MD.
KUBAEVA, IRAIDA. 2003. Kazakh language made easy. Almaty.
KUHL, PATRICIA K. 1991. Human adults and human infants show a “perceptual magnet
effect” for the prototypes of speech categories, monkeys do not. Perception &
psychophysics 50.2: 93-107.
KUHL, PATRICIA K. and PAUL IVERSON. 1995. Linguistic experience and the “perceptual
Magnet Effect.” Speech perception and linguistic experience: Issues in crosslanguage research: 121-154.
LADEFOGED, PETER. 2001. Vowels and consonants. Blackwell.

138

LAHIRI, ADITI; LETITIA GEWIRTH, and SHEILA E. BLUMSTEIN. 1984. A reconsideration of
acoustic invariance for place of articulation in diffuse stop consonants: Evidence
from a cross-linguistic study. Journal of the Acoustical Society of America 76,
391-404.
LEWIS, M. PAUL; GARY F. SIMONS and CHARLES D. FENNIG, eds. 2014. Ethnologue:
Languages of the word, 18th ed. SIL International, online edition.
LINDAU, MONDA. 1978. Vowel features. Language 54.3:541-563.
LINDBLOM, BJÖRN. 1975. Experiments in sound structure. Revue de Phonetique
Appliquee 51: 155-189. Universite de l'Etat Mons, Belgique.
LINDBLOM, BJÖRN. 1986. Phonetic universals in vowel systems. Experimental phonology,
13-44.
LINKER, WENDY. 1982. Articulatory and acoustic correlates of labial activity in vowels: A
cross-linguistic study. UCLA Working Papers in Phonetics 56.
LIONNET, FLORIAN. 2014. Doubly triggered harmony in Laal as subphonemic Agreement
by Correspondence. Proceedings of the Annual Meetings on Phonology.
MAILHOT, FREDERIC and CHARLES REISS. 2007. Computing Long-Distance Dependencies
in Vowel Harmony. Biolinguistics 1. 28-48.
MAJORS, TIVOLI. 2006. The Development of Stress-Dependent Harmony. Southwest
Journal of Linguistics 25.1.
MCCARTHY, JOHN J. 2010. Agreement by correspondence without Corr constraints.
unpublished ms.
MCCARTHY, JOHN J. and ALAN PRINCE. 1995a. Faithfulness and reduplicative identity.
unpublished ms.
MCCARTHY, JOHN J. and ALAN PRINCE. 1995b. Generalized alignment. Springer.
MCCOLLUM, ADAM G. 2015a. On the decay of rounding harmony in Kazakh: A case of
contact-induced change? paper presented at CUNY Conference on Multilingual
Phonology.
MCCOLLUM, ADAM G. 2015b. The theoretical consequences of data collection practices:
A case study in vowel harmony. paper presented at The 1st Annual Student
Research Colloquium, University of Florida.

139

MCCOLLUM, ADAM G. forthcoming. Labial harmonic shift in Kazakh: Mapping the
pathways and motivations for change. In The Proceedings of the 41st Annual
Meeting of the Berkeley Linguistics Society.
MCPHERSON, LAURA, and BRUCE HAYES. 2014. Relating application frequency to
morphological structure: the case of Tommo So vowel harmony.
MENGES, KARL. 1947. Qaraqalpaq grammar. New York: King's Crown Press.
MORAN, STEVEN; DANIEL MCCLOY and RICHARD WRIGHT, eds. 2014. PHOIBLE ONLINE.
Leipzig: Max Planck Institute for Evolutionary Anthropology.
MOSKAL, BEATA. 2012. It is elementary my dear Watson! - Labial harmony in Turkic and
Tungusic languages. In The Proceedings of the 8th Workshop on Altaic
Linguistics (WAFL8): pp. 245-256.
NÍ CHIOSÁIN, MÁIRE, and JAYE PADGETT. 2001. Markedness, segment realization, and
locality in spreading. Segmental phonology in Optimality Theory: Constraints and
representations. ed. by Linda Lombardi, 118-156. Cambridge University Press.
NORRIS, DENNIS; JAMES M. MCQUEEN, and ANNE CUTLER. 2003. Perceptual learning in
speech. Cognitive psychology 47.2: 204-238.
NOSOFSKY, ROBERT M. 1986. Attention, similarity, and the identification-categorization
relationship. Journal of experimental psychology 115.1:39-57.
NOSOFSKY, ROBERT M. 1988. On exemplar-based exemplar representations: Reply to
Ennis. Journal of experimental psychology 117.4:412-414.
OHALA, J. J. 1994. Towards a universal, phonetically–based theory of vowel harmony.
Paper presented at the 3rd International Conference on Spoken Language
Processing, Yokohama, Japan.
OLCOTT, MARTHA BRILL. 1995. The Kazakhs, 2nd ed. Palo Alto, CA: Hoover Institutional
Press.
PADGETT, JAYE. 2004. Russian vowel reduction and Dispersion Theory. Phonological
studies 7: 81-96.
PADGETT, JAYE, and MARIJA TABAIN. 2005. Adaptive dispersion theory and phonological
vowel reduction in Russian. Phonetica 62.1,14-54.
PIERREHUMBERT, JANET B. 2001. Exemplar dynamics: Word frequency, lenition and
contrast. Frequency and the emergence of linguistic structure, ed. by Joan Bybee
and Paul Hopper, 137-157.

140

PINHEIRO, JOSÉ C., and DOUGLAS M. BATES. 2000. Mixed-effects models in S and SPLUS. Springer Science & Business Media.
POPPE, NICHOLAS. 1964. Bashkir manual: Descriptive grammar and texts with a BashkirEnglish glossary. Bloomington, IN: Indiana University Press.
PRZEZDZIECKI, MAREK. 2005. Vowel harmony and coarticulation in three dialects of
Yoruba: phonetics determining phonology. Cornell, NY: Cornell University
dissertation.
PRINCE, ALAN and PAUL SMOLENSKY. 1993. Optimality Theory: Constraint Interaction in
Generative Grammar. RuCCS Technical Report #1, Rutgers Center for Cognitive
Science, Rutgers University, Piscataway,NJ.
QUNANBAIULY, ABAI. 1898. Qara søzderi.
RADIO FREE EUROPE RADIO LIBERTY. 2015. Nearly one million Kazakhs have resettled in
Kazakhstan since 1991. http://www.rferl.org/content/kazakhstan-ethnic-kazakhsoralman-return-uzbekistan-turkmenistan-china/26796879.html.
REETZ, HENNING and ALLARD JONGMAN. 2008. Phonetics: Transcription, production,
acoustics, and perception. Malden, MA: Wiley-Blackwell.
RHODES, RUSSELL. 2008. Vowel harmony as agreement by correspondence. Annual
Report of the UC Berkeley Phonology Lab: 138-168.
ROSE, SHARON, and RACHEL WALKER. 2004. A typology of consonant agreement as
correspondence. Language: 475-531.
ROSE, SHARON, and RACHEL WALKER. 2011. Harmony Systems. The handbook of
phonological theory, second ed., ed. by John Goldsmith, Jason Riggle, and Alan
C. L. Yu, 240-290.
SABOL, STEVEN. 2003. Russian colonization and the genesis of Kazakh national
consciousness. New York: Palgrave Macmillan.
SASA, TOMOMOSA. 2009. Treatments of vowel harmony in Optimality Theory. Iowa City,
IA: University of Iowa dissertation.
SAURANBAYEV, N.T. 1982. Dialekty v sovremennom kazakhskom jazyke. Qazaq tilining
biliminig problemalary, 303-137. Alma-Ata: Nauka.
SCHANE, SANFORD. 1984. The fundamentals of particle phonology. Phonology 1:
129-155.

141

SCHATZ, EDWARD. 2004. Modern clan politics: The power of ‘blood’ in Kazakhstan and
beyond. Seattle, WA: University of Washington Press.
SCHWARTZ, JEAN LUC and PIERRE ESCUDIER. 1987 Does the human auditory system
include large scale spectral integration? In The psychophysics of speech
perception (M. E. H. Schouten, ed.), 284–292. Dordrecht: Martinus Nijhoff.
SCHWARTZ, JEAN LUC and PIERRE ESCUDIER. 1989. A strong evidence for the existence
of a large-scale integrated spectral representation in vowel perception, Speech
communication, 8: 235–259.
SCHWARTZ, JEAN-LUC; LOUIS-JEAN BOE, NATHALIE VALEE, and CHRISTIAN ABRY. 1997. The
dispersion-focalization theory of vowel systems. Journal of phonetics 25.3: 255286.
SCHWARZ, HENRY. 1984. The minorities of western China: A survey. Bellingham, WA:
Western Washington University.
SHARIPBAY, A.A. 2013. Problems and prospects of computer processing of the Kazakh
language. Proceedings of the 1st international conference on computer
processing of the Turkic languages, 18-22. Astana.
SMAILOV, A. A, ed. 2011. Results of the 2009 national population census of The Republic
of Kazakhstan: Analytical report. The agency on statistics of The Republic of
Kazakhstan: Astana.
SMOLENSKY, PAUL. 1996. The initial state and ‘richness of the base’ in Optimality Theory.
Rutgers optimality archive 293.
STERIADE, DONCA. 1995. Underspecification and markedness. The handbook of
phonological theory. Malden, MA: Blackwell.
STEVENS, KENNETH. 1989. On the quantal nature of speech, Journal of phonetics,
17: 3–45.
STEVENS, KENNETH. 1998. Acoustic phonetics. Cambridge, MA: MIT Press.
STEVENS, KENNETH. 2002. Toward a model for lexical access based on acoustic
landmarks and distinctive features. The Journal of the Acoustical Society of
America 111.4: 1872-1891.
SUOMI, KARI. Palatal vowel harmony: a perceptually motivated phenomenon? Nordic
Journal of Linguistics 6.1: 1-35.
TERBEEK, DALE. 1977. A cross-language multidimensional scaling study of vowel
perception. Los Angeles, CA: UCLA dissertation.

142

TÜRK, OYTUN; ÖMER ŞAYLI; A. SUMRU ÖZSOY and LEVENT M. ARSLAN. 2004. Türkçe'de
Ünlülerin Formant Frekans İncelemesi. paper presented at The 18th Ulusal
Dilbilim Kurultayı.
VAJDA, EDWARD. 1994. Kazakh phonology. Opuscula altaica, 603-650. Bellingham,
WA: Western Washington University.
VAUX, BERT. 1993. The origins of labial attraction. Harvard working papers 2, eds.
Holskuldur Thrainsson, Andrea Calabrese, Jill Carrier, Mark Hale, and Calvert
Watkins, 228-237.
VENABLES, W. N. and RIPLEY, B. D. 2002. Modern applied statistics with S. Fourth
edition. New York: Springer.
WALKER, RACHEL. 2001. Round licensing, harmony, and bisyllabic triggers in Altaic.
Natural Language and Linguistic Theory 19: 827-878.
WALKER, RACHEL. 2011. Vowel patterns in language. Cambridge University Press.
WAYMENT, ADAM. 2009. Assimilation as attraction: Computing distance, similarity, and
locality in phonology. Baltimore, MD: Johns Hopkins University dissertation.
WEINREICH, URIEL. 1953. The Russification of Soviet minority languages. Problems of
Communism 6.2:46-57. Washington D.C.
WILSON, COLIN. 2006. Learning phonology with substantive bias: An experimental and
computational study of velar palatalization. Cognitive Science 30: 945-982.
ZSIGA, ELIZABETH. 1997. Features, gestures, and Igbo vowels: An approach to the
phonology-phonetics interface. Language 73.2: 227-274.

143

BIOGRAPHICAL SKETCH
Adam McCollum attended Presbyterian College from 2001 to 2005, graduating
with a B.A. (with honors) in Religion, summa cum laude. During the years 2006-2012
he and his wife spent most of their time in Kazakhstan teaching English and working
with the Almaty Oblast Department of Education to improve the quality of English
education in the region. He began graduate studies in Linguistics at the University of
Florida in 2013, earning his M.A. in August 2015. At present, he and his family intend to
move to San Diego, California to continue his studies toward a Ph.D. in Linguistics from
the University of California-San Diego.

144

