
Introducing Phonology

David Odden
Department of Linguistics

Ohio State University
September, 2003

Penultimate draft: Comments welcome (odden@ling.ohio-state.edu)
To appear, Cambridge University Press



Foreword

This is an introductory textbook on phonological analysis, designed for a
first course in phonology which assumes only a very general introduction to
linguistics and phonological concepts. Insofar as it is a textook in phonology, it is
not a textbook in phonetics (although it does include the minimum coverage of
phonetics required to do basic phonology). The core of the book is intended to be
used in an undergraduate introduction to phonology, and the chapters which focus
specifically on analysis can be covered during a ten-week quarter. A brief and
more intensive discussions of theoretical issues along with suggested readings is to
found at the end of a number of chapters. The last two chapters, on abstractness
and non-linear representations, focus on problematic theoretical issues that arise in
analysing certain types of data, and thus provide both an introduction to some
fundamental theoretical issues, as well as presenting an extended discussion of
how data issues can influence theory. The chapter-end discussions and the more
theoretical chapters are particularly designed for inclusion in a graduate course,
where this text might serve as the main textbook and would be supplemented by
readings and discussion of theoretical issues.

It is not the goal of this book to cover current theory. The main emphasis
is developing foundational skills at analyzing phonological data. For this reason,
there is significantly less emphasis on exposition of the various theoretical
positions that phonologists have taken over the years. However, theory cannot be
entirely avoided, nor would it be desireable to entirely avoid theoretical issues. As
practicioners in the field will recognise, raw data makes no sense unless interpreted
in the context of a theory about what we expect data to look like, thus analysis
needs theory. Equally, theories are formal models which impose structure on data
˜ theories are theories about data ˜ so theories need data, hence analysis. The
theoretical issues which are discussed herein are chosen because they are issues
which have come up many times in phonology, because they are fundamental
issues, and especially because they allow exploration of the deeper philosophical
issues involved in theory construction and testing.

A number of colleagues have read and commented on versions of this
book. I would like to that Lee Bickmore, Patrik Bye, Chet Creider, Sharon Hargus,
Tsan Huang, Beth Hume, Keith Johnson, Ellen Kaisse, Susannah Levi, Marcelino
Liphola, Mary Paster, Charles Reiss and especially Mary Bradshaw for their
valuable comments. Andrew Winard and Juliet Berry-Davis have also provided
valuable comments during the stage of final revisions. I would also like to thank
students at the University of Western Ontario, University of Washigton, University
of Tromsø, Ohio State University, Kyungpook National University, Concordia
University and the 2003 LSA Summer Institute at MSU, for serving as a sounding
board for various parts of this book.

Data from my own field notes provide the basis for a number of the
examples, and I would like to thank my many language consultants for the data



which they have provided me, including Angas (Tamwakat Gofwen), Efik (Bassey
Irele), Ga (Edward Amo), Hehe (John Mtenge and the late Margaret Fivawo),
Kamba (Beatrice Mulala), Kenyang (Oben Ako), Kerewe (primarily Deo
Tungaraza), Kimatuumbi (primarily Emmanuel Manday), Kipsigis (Matthew
Kirui), Kotoko (Habi), Nkore (Patrick Bamwine), Shambaa (David Mndolwa),
Shona (Kokerai Rugara), Sundanese (Udin Saud) and Tibetan (Nawang Nornang).

Finally, I would like to thank professional colleagues for providing me or
otherwise helping me with data used in this book, including Grover Hudson
(Amharic), Bert Vaux (Armenian), David Payne (Axininca Campa), Nasiombe
Mutonyi (Bukusu), Anders Holmberg (Finnish), Lou Hohulin (Keley-i), Younghee
Chung, Noju Kim, and Misun Seo (Korean), Chacha Nyaigotti Chacha (Kuria),
Marcelino Liphola (Makonde), Karin Michelson (Mohawk), Ove Lorentz
(Norwegian), Berit Anne Bals (Saami), Nadya Vinokurova (Sakha / Yakut) and
Andrea Sims (Serbo-Croatian), all of whom are blameless for any misuse I have
made their languages and data.

Languages

The following is a (partial) list of languages used in the text. The name of
the language is given, followed by the genetic affiliation and location of the
language, finally the source of the data. This list is crude, and does not yet include
all languages used in the text or all sources drawn upon: this is being fixed.
Genetic affiliation typically gives the lowest level of the language tree that is likely
to be widely know, thus Bantu languages will be cited as “Bantu”, and Tiv will be
cited as “Benue-Congo”, even though “Bantu” is a part of Benue-Congo and
“Tiv” is a specific language in the Tivoid group of the Southern languages in
Bantoid. Any inspirations about the best way to give useful genetic information
will be appreciated. Locations will generally list one country but sometimes more;
since language boundaries rarely respect national boundaries, it is to be understood
that the listed country(s) are the primary locations where the language is spoken, or
at least historically originates from (thus the Yiddish-speaking population of the
US appears to be larger than that of any one country in Eastern Europe, due to
recent population movements). Finally, please note that work on the list of sources
is still in progress. The notation “FN” indicates that the data comes from my own
field notes.

Akan [Volta-Congo; Ghana]: Dolphyne 1988.
Amharic [Semitic; Ethiopia]: Obolensky, Zelelie & Andualem 1964.
Angas [Chadic; Nigeria]: FN.
Arabela [Zaparoan; Peru]: Rich 1963
Aramaic (Azerbaijani) [Semitic; Azerbaijan]: Hoberman 198x.
Araucanian [Araucanian; Argentina, Chile]



Armenian [Indo-European; Armenia, Iran, Turkey]: Vaux 1998 and p.c.
Axininca Campa [Arawakan; Peru]: Payne 1981 and p.c.
Bedouin Hijazi Arabic [Semitic; Saudi Arabia]: Al-Mozainy 1981.
Bukusu [Bantu; Kenya]: Nasiombe Mutonyi p.c.
Catalan [Romance; Spain]: Kenstowicz & Kisseberth 1979.
Chamorro [Austronesian; Guam]. Topping 1968, Topping & Dungca 1973, Chung

1983.
Chukchi [Chukotko-Kamchatkan; Russia]: Krauss 1981.
Digo [Bantu; Kenya & Tanzania]: Kisseberth 1984.
Efik [Benue-Congo; Nigeria]: FN.
Etsako [Edoid; Nigeria]: Elimelech 1978.
Evenki [Tungusic; Russia]: Konstantinova 1964, Nedjalkov 1997, Bulatova &

Grenoble 1999.
Ewe [Volta-Congo; Benin]: Clements 1978.
Farsi [Indo-European; Iran]: Obolensky, Panah & Nouri 1963
Finnish. [Uralic; Finland, Russia]: Whitney 1956, Lehtinen 1963.
Fula [West Atlantic; West Africa]: Paradis 1992.
Ga† [Volta-Congo; Ghana]: FN in collaboration with Mary Paster.
Ganda [Bantu; Uganda]: Cole 1967, Snoxall 1967.
Greek [Indo-European; Greece]
Hebrew [Semitic; Israel]: Kenstowicz & Kisseberth 1979.
Hehe [Bantu; Tanzania]: FN in collaboration with Mary Odden.
Holoholo [Bantu; Congo]; Coupez 1955.
Hungarian [Uralic; Hungary]: Kenesei, Vago & Fenyvesi 1998.
Icelandic [Germanic; Iceland]: Einarsson 1945, Jo −nsson 1966, Oresnik 1985.
Japanese [Japanese; Japan]: Martin 1975.
Kamba [Bantu; Kenya]: FN in collaboration with Ruth Roberts-Kohno.
Karok [Hokan; USA]; Bright 1957.
Keleyi [Austronesian; Phillipines]: Kenstowicz & Kisseberth 1979.
Kenyang [Bantu; Cameroun]: FN.
Kera [Chadic; Chad]: Ebert 1975.
Kerewe [Bantu; Tanzania]: FN.
Kikuyu [Bantu; Kenya]: Clements 1984.
Kimatuumbi [Bantu; Tanzania]: FN.
Kipsigis [Nilotic; Kenya]: FN.
Klamath [Penutian; USA]: Barker 1963, 1964.
Kolami [Dravidian; India]: Emeneau 1961.
Korean [Korean; Korea]: Martin 1992; YH Chung, NJ Kim and M Seo p.c.
Koromfe [Gur; Bourkina Fasso]: Rennison 1997.
Kotoko [Chadic; Cameroun]: FN.
Kuria [Bantu; Kenya]: FN.
Lamba [Bantu; Zambia]: Doke 1938.
Lardil [Pama-Nyungan; Australia]: Klokeid 1976.



Latin [Indo-European; Italy]
Lithuanian [Indo-European; Lithuania]: Dambriunas et al. 1966, Ambrazas 1997,

Mathiassen 1996
Lomongo [Bantu; Congo]: Hulstaert 1961.
Luluba [Nilo-Saharan; Sudan]: Andersen 1987.
Makonde [Bantu; Mozambique]: Marcelino Liphola p.c.
Maltese [Semitic; Malta]: Aquilina 1965, Borg & Azzopardi-Laexandre 1997,

Brame 1972, Hume 1994.
Manipuri [Sino-Tibetan; India, Myanmar, Bangaladesh]: Bhat & Ningomba 1997.
Margyi [Chadic; Nigeria]: Hoffmann 1963.
Mende [Mande; Liberia, Sierra Leone]
Mixtec [Mixtecan; Mexico]: Pike 1948.
Mohawk [Hokan; USA]: Postal, Michelson.
Mongolian [Altaic; Mongolia]: Hangin 1968.
Nkore [Bantu; Uganda]: FN in collaboration with Robert Poletto.
Norwegian [Germanic; Norway]: Ove Lorentz p.c.
Ossetic [Indo-European; Georgia, Russia]: Abaev 1964, Whitley 1978.
Palauan [Austronesian; Palau]: Josephs 1975, Flores.
Polish [Slavic; Poland]: Kenstowicz & Kisseberth 1979.
Quechua (Cuzco) [Quechua; Peru]: Bills et al. 1969, Cusihuaman 1976.
Russian [Slavic; Russia]
Saami [Uralic; Sa−pmi (Norway, Sweden, Finland, Russia)]: Berit Anne Bals p.c.
Samoan [Austronesian; Samoa]: Milner 1966.
Serbo-Croatian [Slavic; Yugoslavia]
Setswana [Bantu; Botswana]: Cole 1955, Snyman, Shole & Le Roux 1990.
Shambaa [Bantu; Tanzania]: FN.
Shona [Bantu; Zimbabwe]: FN.
Slave [Athapaskan; Canada]. Rice 1989.
Slovak [Slavic; Slovakia]: Kenstowicz 1972, Rubach 1993.
Somali [Cushitic; Somalia]: Andrzejewski 1964, Kenstowicz 199X, Saeed 1993,

Saeed 1999
Sundanese [Austronesian; Indonesia]: FN.
Syrian Arabic [Semitic; Syria]: Cowell 1964.
Tagalog [Austronesian; Phillipines]
Tera [Chadic; Nigeria]: Newman.
Thai [Daic; Thailand]
Tibetan [Sino-Tibetan; Tibet]: FN.
Tiv [Benue-Congo; Nigeria]
Tohono ’O’odham [Uto-Aztecan; USA]
Tonkawa [Coahuiltecan; USA]: Hoijer 1933.
Turkish [Altaic; Turkey]
Ukranian (Sadz‡ava, Standard) [Slavic; Ukraine]: Carlton 1971, Press & Pugh 1994

(Standard). Popova 1972 (Sadz‡ava).



Vata [Kru; Coˆte d’Ivoire]: Kaye 1982.
Votic [Uralic; Russia]: Ariste 1968.
Warao [Warao; Venezuela]
Wintu [Penutian; USA]: Pitkin 1984.
Woleaian [Austronesia; Micronesia]: Sohn 1975.
Yakut [Altaic; Russia]: Krueger 1962.
Yawelmani [Penutian; USA]. Newman 1944.
Yiddish [Germanic; Eastern Europe]
Yoruba [Kwa; Nigeria]: Akinlabi 1984.



How to use this book

Look words up in the glossary at the back if you don't know the word.
Look symbols up in the table if you forget what they mean.
Especially, learn the phonetic classifications of sounds, because there’s

nothing worse than puzzling over how to express a rule that applies before the
soulds {k,g,x,å,Ï} if you forget the meaning of the term “velar”.

<<this part needs to be written and the appendices need to be actually done>>
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What is phonology?

Phonology is one of the core fields that composes the discipline of linguis-
tics, which is defined as the scientific study of language structure. One way to un-
derstand what the subject matter of phonology is, is to contrast it with other fields
within linguistics. A very brief explanation is that phonology is the study of sound
structure in language, which is different from the study of sentence structure
(syntax) or word structure (morphology), or how languages change over time
(historical linguistics). This definition is very simple, and also inadequate. An im-
portant feature of the structure of a sentence is how it is pronounced ˜ its sound
structure. The pronunciation of a given word is also a fundamental part of the
structure of the word. And certainly the principles of pronunciation in a language
are subject to change over time. So the study of phonology eventually touches on
other domains of linguistics.

An important question is how phonology differs from the closely related
discipline of phonetics. Making a principled separation between phonetics and
phonology is difficult ˜ just as it is difficult to make a principled separation be-
tween physics and chemistry, or sociology and anthropology. A common charac-
terization of the difference between phonetics and phonology is that phonetics
deals with ‘actual’ physical sounds as they are manifested in human speech, such
as acoustic waveforms, formant values, duration measured in milliseconds, meas-
urements of amplitude and frequency, or in the physical principles underlying the
production of sounds, which involves the study of resonances and the study of the
muscles and other articulatory structures used to produce these physical sounds.

This chapter introduces phonology, the study of the sound systems of language. Its
key objective is to:

• Introduce the notion of phonological rule
• Explain the nature of sound as a physical object
• Highlight the tradeoff between accuracy and usefulness in representing sound
• Distinguish between phonetics and phonology
• Contrast the continuous and discrete aspects of linguistic sounds
• Introduce the notion of “sound as cognitive symbol”
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On the other hand, phonology, it is said, is a more abstract cognitive system deal-
ing with rules in a mental grammar, that is, principles of subconscious ‘thought’ as
they relate to language sound. Yet once we look into the central questions of pho-
nology in greater depth, we will find that the boundaries between the disciplines of
phonetics and phonology are not entirely clear-cut. As research in both of these
fields has progressed, it has become apparent that a better understanding of many
issues in phonology requires one to bring phonetics into consideration, just as a
phonological analysis is a prerequisite for any phonetic study of language.

1. Concerns of Phonology

As a step towards understanding what phonology is, and especially how it
differs from phonetics, we will consider some specific aspects of sound structure
that would be part of a phonological analysis. The point which is most important to
appreciate at this moment is that the ‘sounds’ which phonology is concerned with
are symbolic sounds ˜ they are cognitive abstractions, which represent physical
sounds.

The sounds of a language. One aspect of phonology considers what the ‘sounds’
of a language are. We would want to take note in a description of the phonology of
English that we lack a particular vowel that exists in German in words like scho‰n
‘beautiful’, a vowel which is also found in French (spelled eu, as in jeune
‘young’), or Norwegian (øl ‘beer’). Similarly, the consonant spelled th in English
thing, path is found in English (as well as in Icelandic where it is spelled with the
letter þ, or Modern Greek where it is spelled with È, or Saami where it is spelled t),
but this sound does not occur in German or French, and it is not used in Latin
American Spanish, although it does occur in Continental Spanish in words such as
cerveza ‘beer’, where by the spelling conventions of Spanish, the letters c and z
represent the same sound as the one spelled È (in Greek) or th (in English).

Rules for combining sounds. Another aspect of language sound which a pho-
nological analysis would take account of is that in any given language, certain
combinations of sounds are allowed, but other combinations are systematically
impossible. The fact that English has the words brick, break, bridge, bread is a
clear indication that there is no restriction against having words begin with the
consonant sequence br; besides these words, one can think of many more words
beginning with br such as bribe, brow and so on. Similarly, there are many words
which begin with bl, such as blue, blatant, blast, blend, blink, showing that there is
no rule against words beginning with bl. It is also a fact that there is no word
*blick1  in English, even though the similar words blink, brick do exist. The ques-
tion is, why is there no word *blick in English? The best explanation for the nonex-

                                             
1  The asterisk is used to indicate that a given word is non-existent or wrong.
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istence of this word is simply that it is an accidental gap ˜ that not every logically
possible combination of sounds which follows the rules of English phonology is
found as an actual word of the language.

Native speakers of English have the intuition that while blick is not actually
a word of English, it is a theoretically possible word of English, and such a word
might easily enter the language, for example via the introduction of a new brand of
detergent. 50 years ago the English language did not have any word pronounced
bick, but based on the existence of words like big and pick, that word would cer-
tainly have been included in the set of nonexistent but theoretically allowed words
of English. Contemporary English, of course, actually does contain that word ˜
spelled Bic ˜ which is a type of pen.

While the nonexistence of a word blick in English is an accidental gap, there
are many other imaginable but nonexistent words whose exclusion from English is
based on a principled restriction of the language. While there are words that begin
with sn like snake, snip and snort, there are no words beginning with bn, and thus
*bnick, *bnark, *bniddle are not words of English: there simply are no words in
English which begin with bn. Moreover, native speakers of English have a clear
intuition that hypothetical *bnick, *bnark, *bniddle simply could not be words of
English. Similarly, there are no words in English which are pronounced with pn at
the beginning, a fact which is not only demonstrated by the systematic lack of
words such as *pnark, *pnig, *pnilge, but also by the fact that the word spelled
pneumonia which derives from Greek (a language which does allow such conso-
nant combinations) is pronounced without p. A description of the phonology of
English would then provide a basis for characterising such restrictions on se-
quences of sounds.

Variations in pronunciation. In addition to providing an account of possible ver-
sus impossible words in a language, a phonological analysis will explain other
general patterns in the pronunciation of words. For example, there is a very general
rule of English phonology which dictates that the plural suffix on nouns will be
pronounced as [i �z], represented in spelling as es, when the preceding consonant is
one of a certain set of consonants including [s‡] (spelled sh) as in bushes, [c‡]
(spelled as ch) as in churches, and [j‡] (spelled j, ge, dge) as in cages, bridges. This
pattern of pronunciation is not limited to the plural, so despite the difference in
spelling, the possessive suffix s2  is also subject to the same rules of pronunciation:
thus, plural bushes is pronounced the same as the possessive bush’s, and plural
churches is pronounced the same as possessive church’s.

This is the sense in which phonology is about the sounds of language. From
the phonological perspective, a ‘sound’ is a specific unit which combines with
other such specific units, and which represent physical sounds.

                                             
2  This is the ‘apostrophe s’ suffix found in “The child’s shoe”, meaning “shoe owned by
the child”.
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2. Phonetics ˜ What is Physical Sound?

Phonetics, on the other hand, is about the concrete, instrumentally measur-
able physical properties and production of these cognitive speech sounds. That
being the case, we must ask a very basic question about phonetics (one which we
also raise about phonology). Given that phonetics and phonology both study
‘sound’ in language, what are sounds, and how does one represent the sounds of
languages? The question of the physical reality of an object, and how to represent
the object, is central in any science, and if we have no understanding of the physi-
cal reality, we have no way of talking meaningfully about it. Before deciding how
to represent a sound, we need to first consider what a sound is. To answer this
question, we will look at two basic aspects of speech sounds as they are studied in
phonetics, namely acoustics which is the study of the properties of the physical
sound wave that we hear, and articulation, which is the study of how to modify
the shape of the vocal tract, thereby producing a certain acoustic output (sound).

2.1. Acoustics

A ‘sound’ is a complex pattern of rapid variations in air pressure, traveling
from a sound source and striking the ear, which causes a series of neural signals to
be received in the brain: this is true of speech, music and random noises.

Waveforms. A concrete way to visually represent a sound is with an acoustic
waveform. A number of computer programs allow one to record sound into a file
and display the result on the screen. By this means one can visually inspect a rep-
resentation of the physical pattern of the variation in air pressure. Figure 1 gives
the waveforms of a particular instance of the English words seed and Sid.

Figure 1: Waveforms of speech

       
             Time                       •                   Time               •

“seed” “Sid”

The horizontal axis represents time, with the beginning of each word at the left and
the end of the word at the right. The vertical axis represents displacement of air
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particles and correlates with the variations in atmospheric pressure that affect the
ear. Positions with little variation from the vertical center of the graph represent
smaller displacements of air particles, such as the portion that almost seems to be a
straight line at the right side of each graph. Such minimal displacements from the
center correspond to lower amplitude sounds. The portion in the middle where
there much greater vertical movement in the graph indicates that the sound at that
point in time has higher amplitude. While such a direct representation of sounds is
extremely accurate, it is also fairly uninformative.

The difference between these words lies in their vowels (ee versus i), which
is the part in the middle that where the fluctuations in the graph are greatest. It is
difficult to see a consistent difference just looking at these pictures ˜ though
since these two vowels are systematically distinguished in English, it cannot be
impossible. It is also very difficult to see similarities looking at actual waveforms.
Consider Figure 2 which gives different repetitions of these same words by the
same speaker.

Figure 2: Different Repetitions of Words

  
                         Time                •            Time             •

“seed” “Sid”

Visual inspection gives you no reason to think that these sets of graphs are the
same words said on different occasions. The problem is that while a physical
waveform is a very accurate representation of the words, it provides so much in-
formation that we cannot tell what is important and what is not.

Since we are interested in the part which makes these two words sound dif-
ferent, we might get a clearer picture of the physical difference by expanding the
scale and looking just at a part of the vowel. Vowels are periodic, which means
that the pattern of their waveform repeats over time. The display in Figure 3 gives
a portion of the vowels from the middle of the words seed and Sid, involving
around 20 milliseconds (ms) of each of the words (the entire word in each of these
two examples actually lasts approximately 500 ms, so this is a small part of the
entire word). We can indeed see that there is a pattern which is repeated (although
successive repetitions are not perfect reproductions).
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Absolute accuracy is
impossible, both in
recording and meas-
urement. Scientific
instruments discard
information: micro-
phones have limits on
what they can capture,
as do recording or
digitizing devices. Any
representation of a
sound is a measure-
ment, which is an
idealisation about an
actual physical event
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FIGURE 3:   Waveform of seed, Sid

       
seed              Sid

Though there are visible differences between the waveforms, the basis for distin-
guishing these vowels remains unclear.

Sound spectra. We need a better analytical technique than just looking at raw
sound, to be able to talk precisely about properties of these sounds. We therefore
need to understand some basic properties of physical sounds. All sound waves are
definable in terms of three properties that characterise a sine wave familiar from
trigonometry, namely frequency measured in cycles per second also known as
Hertz (Hz), amplitude measured in decibels (dB), and phase measured in the an-
gular measure radians. These characteristics suffice to define any sine wave, which
is the analytic basis of sounds. The property phase, which describes how far into
the infinite cycle of repetition a particular sine wave is, turns out to be unimportant
for the study of speech sounds, so it can be ignored. Simple sine waves (termed
‘pure tones’ when speaking of sounds) made up of a single frequency are not
commonly encountered in the real world, but can be created by a tuning fork or by
electronic equiptment.

Speech sounds (indeed all sounds) are complex waveforms which are vir-
tually impossible to describe on their own terms. Fortunately, a complex waveform
can be mathematically related to a series of simple waves which have different
amplitudes at different frequencies (and phases), so that we can say that a complex
waveform is ‘built from’ a set of simple waves. Figure 4 shows a complex wave on
the left which is constructed mathematically by just adding together the three sim-
ple waveforms of different frequencies and amplitudes that you see on the right.
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FIGURE 4: Complex wave and the component simple waves defining it

The complex wave on the left is made from simple sine waves at 100, 200, and
300Hz, and the individual components defining the complex wave are graphed on
the right. The most prominent component (the one with the highest amplitude) is
the one at 100 Hz, the thinnest line which makes one cycle in the chart: it has an
amplitude of 60 dB. By comparison, the component at 200 Hz (graphed with a
medium-weight line, which makes two cycles in the chart on the right) has the
lowest amplitude, 50 dB. The 300 Hz component, graphed with the thickest line,
has an intermediate amplitude of 50 dB. It is the amplitudes of the individual com-
ponents which determine the overall shape of the resulting complex wave.

Now we will see what happens when we change this artificial sound to make
the 200 Hz component be the most prominent component and the 100 Hz one be
less prominent ˜ if we simply switch the amplitudes of the 100 Hz and 200 Hz
components, we get the wave Figure 5.

FIGURE 5: Effect of changing component amplitude

Changing the amplitude of one such component changes the overall character of
the waveform. A complex wave is mathematically equivalent to a corresponding
series of sine wave components, so describing a complex wave directly is equiva-
lent to describing the individual components. If we see two differently-shaped
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complex waves and we can’t describe their differences directly in terms of the
complex waves themselves, we can instead focus on the equivalent series of sine
wave components, and describe the differences in terms of very simple information
about differences in frequency and amplitude of components.

Just as a single complex waveform can be constructed mathematically from
a series of simple waves at different frequencies and amplitudes, a single complex
waveform can also be mathematically broken down into a series of components
which have different frequencies and amplitudes. Rather than graph the full shape
of each specific sine wave component ˜ which becomes very hard to understand
if there are more than a handful of components ˜ we can simply graph the two
important values for each of the component sine waves, the amplitude and fre-
quency. This is known as a spectrum: it is the defining frequency and amplitude
components of a complex waveform, over a fixed period of time. The spectrum of
the waveform in Figure 4 is plotted in Figure 6, where the horizontal axis corre-
sponds to frequency from 0 to 7,000 Hz  and the vertical axis corresponds to am-
plitude from 0 to 60 dB. Note that in this display, time is not represented: the
spectrum simply describes amplitude and frequency, and information about how
long a particular complex waveform lasts would have to be represented somewhere
else.

FIGURE 6: Spectrum

0 Hz                                                        7000 Hz

This is a very simple spectrum, representing an artificially constructed sound con-
taining only three components. Naturally occurring sounds have many more com-
ponents than this.

Since complex sounds can be mathematically broken down into a series of
simple components, we can use this very useful tool to look at the vowel sounds of
seed and Sid: we look at the physical properties of the component frequencies that
define the two vowels that we were interested in. Figure 7 provides the spectrum of
the portion from the middle of the vowels of Sid and seed which we looked at in
Figure 3. The horizontal axis again represents frequency, ranging from 0 to 7000

60dB

0dB
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Hz, and the vertical axis represents amplitude in decibels. Here, the spectrum is
represented as a continuous set of amplitude values for all frequencies in this fre-
quency range, and not just 5 discrete frequencies as seen in the constructed sound
of Figure 6.

FIGURE 7: Spectrum of the vowels of seed, Sid
    F1               F2   F3      F1      F2     F3

  
0Hz                                         7000 Hz 0Hz                                         7000 Hz

seed Sid

In these spectra, certain frequency regions are more prominent than others,
due to resonances in the vocal tract. Resonances are frequency regions where
sound amplitude is enhanced. These frequencies are perceptually more prominent
than other lower-amplitude frequencies. The frequencies at which these resonances
occur is related to the length of various parts of the vocal tract (ultimately related
to the position of the tongue and lips as specific sounds are made). The relation
between size and frequency is simple and familiar: a large bottle has a low reso-
nance frequency and a small bottle has a higher resonance frequency. The first
three of these prominent frequency regions, called formants, are indicated with
pointed vertical lines in the graphs. You can see that in the spectrum for seed on
the right, the first formant (F1) occurs at a lower frequency than does the first for-
mant of the vowel in Sid. However, the second and third formants (F2, F3) of seed
occur at somewhat higher frequencies than do F2 and F3 of Sid. By comparing the
frequencies at which these formants occur, one can begin to systematically de-
scribe the physical properties of the vowels in seed and Sid. One of the most im-
portant properties which allows a listener to distinguish speech sounds, such as the
vowels of “seed” versus “Sid”, is the frequencies of these formants.

Viewing the waveform versus the spectrum of a sound involves a trade-off
between accuracy and usefulness. While the spectrum is more informative since it
allows us to focus on certain specific properties (formant frequencies), it is a less
accurate representation of reality than the original waveform. Another very signifi-
cant limitation of this type of spectral display is that it only characterizes a single
brief moment in the utterance: speech is made up of more than just little 20 milli-
second bits of steady sound. We need to include information about changes over
time in a sound.
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Inaccuracy in spectral
data has three main
sources. Half of the
information in the origi-
nal signal, phase, has
been discarded. Fre-
quency information is
only approximate and is
related to how much
speech is analysed. Fi-
nally, a spectrum as-
sumes that sound prop-
erties are constant dur-
ing the period being
analysed. If too large a
piece of speech is taken
for analysis, a misrepre-
sentative blending of a
continuously changing
signal results.
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Spectrograms. Another display, the spectrogram, shows both frequency and
amplitude properties as they change over time, by adding a third dimension of in-
formation to the display. Figure 8 provides spectrograms of the entirety of the two
words seed and Sid. In this display, the horizontal axis represents the time dimen-
sion where the utterance begins at the left and ends at the right. The vertical axis
represents frequency information, lower frequencies appearing at the bottom and
higher frequencies at the top. Amplitude is represented as darkness: higher ampli-
tudes are darker and lower amplitudes are lighter.

  FIGURE 8: Spectrograms
            seed       sid

The initial portion of the spectrogram represents the consonant s, and the second
portion with the series of minute vertical striations represents the vowel (the con-
sonant d is visible as a broad but short, light horizontal band at around 400 ms near
the lower righthand corner of Sid, and is not visible at all in this example of seed).
The formants which characterize the difference between the vowels of seed and Sid
are represented as dark bands, the first formant being the darker lower band and
the second and third formants being the two lighter bands appearing approximately
one-third of the way up the display. The third formant in the word seed is some-
what hard to distinguish from the second formant in this display.

Looking at these spectrograms, we learn two other things about these vow-
els that we would not have suspected from looking at the spectrum in Figure 7
taken from a single point in time. First, notice that the vowel portion of seed is
much longer than in Sid. Second, the frequencies of the formants change over time,
so in seed the first two formants start out much closer together than they do in Sid,
and then in seed the second formant rises over the first half of the vowel whereas
in sid where the second formant falls.

7000
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  0 100 200 300 400 500 600 msc   0 100 200 300 400 500 600 msc

F3
F2

F1

F3

F2

F1

A spectrogram can be
made by a mechanical
spectrograph, which uses
an adjustable filter to
select different fre-
quency ranges and dis-
play the changes in
amplitude at each fre-
quency range; or, it can
be created by a computer
program, which uses
Fourier analysis to de-
termine these component
amplitudes.
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A spectrogram is a reasonably informative and accurate display of properties
of sound. It is less accurate than the spectrum at a single point, such as Figure 7. A
spectrogram is nothing more than a series of such spectra, where the more detailed
amplitude information represented on the vertical axis in Figure 7 is simplified to a
less detailed and less reliable visual difference in darkness. It is also inefficient as a
representation of the sound in two ways. First, as represented on a computer, it is
bulky in comparison to a waveform, so that the above spectrogram is around eight
times the size of the original waveform. Second, it is still difficult to interpret.
While one can learn how to read a spectrogram of a word in a familiar language,
and be fairly certain from inspecting certain properties of the display what word
the spectrogram represents, even the most skilled of spectrogram readers require
tens of seconds to interpret the display; the average person who has learned the
basics of spectrogram reading would require a number of minutes and may not be
able to correctly identify the utterance at all. Another limitation of the spectrogram
is that, at least until recently, they required expensive specialized machinery to
produce (machinery which did not exist until after World War II). The recent pro-
liferation of inexpensive personal computers potentially brings spectrographic
analysis into the hands of many more people, but nevertheless, good and inexpen-
sive spectrogram software is not easy to find; and in many economically disadvan-
taged parts of the world, computers are an extreme luxury. It is therefore quite im-
practical to base the scientific study of language sound systems exclusively on
spectrograms.

2.2. Articulation

Another way to analyse speech sounds is in terms of the arrangement of ar-
ticulators ˜ the lips, tongue and other organs of the vocal tract required to pro-
duce a particular speech sound. By appropriate positioning of articulators, the
shape of the vocal tract can be changed, and consequently the sound which
emerges from the vocal tract can be changed (much as different sized bottles pro-
duce different tones when you blow across the top). For the purpose of studying
the production of speech, the most important articulators are the lips, teeth, tongue,
palate, velum, pharynx and larynx.

Figure 9 illustrates the anatomical landmarks which are most important for
the study of speech production.
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Figure 9: Speech Anatomy

Because sound production involves the manipulation of airflow, production
of speech generally begins with the lungs which drive the air coming out of our
mouths. Air is forced out of the lungs through the vocal folds, which acts as a
valve that goes through a repeated cycle of allowing air to pass from the lungs to
the vocal tract, versus blocking the flow of air. This repeated movement of air
would produce a waveform that looks something like Figure 10, which represents
air flow through the vocal folds when a voiced sound (such as a vowel) is pro-
duced.

FIGURE 10: Airflow through glottis

This wave is further shaped by the geometry of the vocal tract, which em-
phasizes certain frequencies and supresses others. Thus the particular tongue shape
that is characteristic of the vowel in seed ˜ a higher and fronter position of the

Larynx: top view
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tongue ˜ is responsible for the acoustic difference between that vowel and the
vowel of Sid.

Figure 11: Tongue position differences between “ee” and “i”

It is a general principle of physics that a longer tube has a lower resonating fre-
quency than a shorter tube. The vocal tract can be treated as as a series of tubes,
where the resonance frequencies of different tubes correspond to different fre-
quencies of formants. By placing the tongue in various positions or by protruding
the lips, sections of the vocal tract are lengthened or shortened, and thus their reso-
nating frequencies ˜ formant frequencies ˜ are lowered or raised. For example,
the length of the vocal tract in front of the constriction formed with the tongue de-
termines the frequency of the second formant. When the tongue is advanced as it is
for the vowel in seed, the portion of the vocal tract in front of the tongue is rather
short, and therefore this front part of the vocal tract has a high resonating fre-
quency: and thus the vowel has a high value for F2. On the other hand, the vowel
in “pool” is produced with the tongue positioned further back, which means that
the part of the vocal tract in front of the tongue is relatively long ˜ it is made even
longer because when [u] is produced, the lips are also protruded, which lengthens
the entire vocal tract. The effect of lengthening the front part of the vocal tract is
that the resonating frequency is lowered, and thus the vowel in “pool” has a very
low value of F2.

How vocal tract shape determines the acoustic output is the domain of pho-
netics. While the acoustic and articulatory properties of speech are important in
understanding phonology, indeed constitute the foundation on which phonology is
built, it is just that ˜ the foundation. Phonology looks at how these physical as-
pects of manifested speech are represented as part of the mental entity ‘language’.

“ee”
    “i”
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3. The symbolic representation of speech

The English word ‘ground’ is composed of six letters, and by happy coinci-
dence, six distinct phonological sounds or, as they are called by phonologists,
segments. But an inspection of what we can measure objectively in the acoustic
signal, such as found in a spectrogram, shows no such clear physical boundaries in
the stream of sound pointing to exactly six distinct sound events. Instead, we find a
continuously changing stream of sound patterns, with the amplitude of the signal
being stronger at a given time at certain frequencies than at others ˜ correspond-
ing to formant frequencies ˜ where the frequencies of these peaks are constantly
changing. For example, looking at the spectrogram in Figure 12, one can see a
sliver of a darker area in the lower quarter at the very left edge of the spectrogram,
which is followed by a light area, and then a pattern of closely spaced vertical
striations. Below the spectrogram, one can see arrows giving approximate indica-
tions where each segment begins and ends, and this initial dark sliver followed by
a light sliver constitutes the acoustic energy of the initial consonant [g]. While
there seems to be a relatively clear break between the initial [g] and the following
[r], the same cannot be said for any of the other adjacent sounds in this word.

          Figure 12: Spectrogram                         Acoustic Waveform

            
                              ^  g   ^      r          ^         £        ^         w             ^      n                  ^             d        ^

This points to one of the most basic properties of phonology, and clarifies
another essential difference between phonetics and phonology. Phonetics studies
language sound as a continuous property. A phonological analysis relies on an im-
portant idealization of language sound, that the continuous speech signal can be
analysed as a series of discrete segments with constant properties. It is evident,
looking at the portion of the spectrogram corresponding to “r”, that the physical
properties of the “r” change continuously over time ˜ this is true of the entire
spectrogram. Yet the transcription simply indicated a single unit “r”, implying a
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clear beginning and end, and not suggesting that there is time-varying structure
within “r”.

Both phonetics and phonology involve representations of sound. A phonetic
representation can be given as a series of numbers, representing the three acoustic
essentials ˜ amplitude, frequency and time ˜ or as an analogous description of
the complex and continuously changing internal geometry of the vocal tract. Such
a representation would be highly accurate, and is appropriate if the goal is to un-
derstand the fine-grained details of speech sounds as physical objects. For the pur-
poses of grammar, physical sound contains way too much information to allow us
to make meaningful and general statements about language sound, and we require
a way to represent just the essentials of language sounds. A phonological represen-
tation of an utterance reduces this great mass of phonetic information to a cogni-
tively-based minimum, a sequence of discrete segments.

The basic tool behind this conversion of the continuous stream of speech
sound into units is the phonetic transcription. The philosophy behind a transcrip-
tion is that one can adequately represent all of the linguistically important details
of an utterance by symbols whose interpretation is predefined. Phonology then can
be defined as the study of higher-level patterns of language sound, conceived in
terms of discrete and simple mental symbols, whereas phonetics can be defined as
the study of how those mental symbols are physically manifested as continuous
muscular contractions and acoustic waveforms.

By way of introduction to the nature of a symbolic transcription, let us take
the case of the word ‘ground’ given above. The spelling ‘ground’ is a poor repre-
sentation of the pronunciation of the word, for scientific purposes. If one were to
follow rules for pronunciation in other languages such as Portuguese, Spanish or
Italian, one might think that the word spelled ‘ground’ would be pronounced like
‘groaned’. The problem with spelling is that the letter sequence ‘ou’ is pronounced
in one way in Portuguese, another way in French (the word would be pronounced
more like “grooned” if French pronunciation rules were followed), and a third way
according to English rules. We need a system for representing sounds which is
neutral with respect to the choice of language being studied ˜ a system which
could be used to discuss not only languages with a long written history like Greek
or Chinese, but also languages like Ekoti (a Bantu language spoken in Mozam-
bique) which remains to this day largely unwritten.

In addition, English spelling is imprecise in many cases. The consonant in
the middle of “ether” is not the same as the one in the middle of the word “either”
(if it were, these words would be pronounced the same, and they are not). English
has two distinct kinds of “th” sound, but both are represented the same way in
spelling. Linguists adopt special symbols which are better suited to accurately rep-
resenting speech in an objective manner, so that anyone who knows the pronun-
ciation of the symbols could pronounce a word of English (or Portuguese, Chinese,
or Ekoti) written using those symbols with a high degree of accuracy. Thus, we
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would represent the word ‘ground’ (as spoken by this author) as [gr£wnd], where
[£] represents the vowel found in ‘hat’.

The goal of phonology is not to provide accurate symbolic representations
of speech. Rather, the goal is to understand the linguistic rules which operate on
sounds mentally represented as symbols, and the transcription is our means of rep-
resenting the data which we discuss. As it happens, the transcription [gr£wnd]
does not really tell the scientist everything they need to know, in order to pro-
nounce this word the same way as in Figure 12. A transcription is, essentially, a
measurement of a physical phenomenon, and like all measurements can be made
with greater or less precision. This particular transcription is quite sufficient for
most purposes (such as a phonetic dictionary of English, where knowledge of the
systematic principles of the language’s sound system might be assumed to be
known). A more precise transcription such as [kãw£†:w†nd] could be required for
another purpose, such as conveying information about pronunciation independent
of general knowledge of rules of phonetic realization that exist in English.

The very idea of trying to render a highly information-rich structure such as
an acoustic waveform in terms of a rather small repertoire of discrete symbols is
based on a very important assumption, one which has proven to have immeasur-
able utility in phonological research, namely that there are systematic limits on
what constitutes a possible speech sound in human language. Some such limita-
tions may be explained in terms of physical limits on the vocal tract, so humans are
not physically capable of producing the sound emitted by a dentist’s high-speed
drill, nor can humans produce the sound of a ton of dynamite exploding, but even
restricting our attention to sounds which can be produced by the human vocal tract,
there are very many sounds which humans can produce which are nevertheless not
part of language. The basis for this limitation on speech sounds will be taken up in
more detail in later chapters.

Summary

Phonetics and phonology both study language sound. Phonology examines lan-
guage sound as a mental unit, encapsulated symbolically for example as [£] or [g],
and focuses on how these units function in grammars. Phonetics examines how
symbolic sound is manifested as a continuous physical object. The conversion
from physically continuous event to symbolic representation requires focusing on
the information that is important, which is possible because not all physical prop-
erties of speech sounds are cognitively important. One of the goals of phonology is
then to to discover exactly what these cognitively important properties are, and
how they function in expressing regularities about languages.

Interestingly, humans
(especially standup
comics) are capable of
producing sounds
which we understand as
representing such
sounds, even though
they are not the actual
sounds themselves.
Even such sounds-
representing-sounds are
not part of the set of
human speech sounds.
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Exercises

These exercises are intended to be a framework for discussion of the points made
in this chapter, rather than being a test of knowledge and technical skills.

1. Examine the following true statements and decide if each best falls into the
realm of phonetics or phonology.

a. The sounds in the word “frame” change continuously.
b. The word “frame” is composed of four segments.
c. Towards the end of the word “frame”, the velum is lowered.
d. The last consonant in the word “frame” is a bilabial nasal.

2. Explain what a “symbol” is; how is a symbol different from a letter?

3. Give four rules of the phonological system of English, other than the ones
already discussed in this chapter. Important: these should be rules about segments
in English and not about spelling rules.

4. How many segments (not letters) are there in the following words (in actual
pronunciation)?

sit trap fish
bite ball up
ox through often

5. Why would it be undesirable to use the most accurate representation of a
spoken word that can be created under current technology in discussing rules of
phonology?

Suggestions for further reading
A more detailed introduction to issues in linguistic phonetics can be found in Lade-
foged 2001. Fry 1979 provides a good foundation in topics of physics relevant to
understanding acoustics, such as the nature of waves and resonances. For a basic
survey of the issues in acoustics which are important to the study of language
sound, as well as an introduction to the topic of sound perception, see Johnson
1997. A more advanced treatment of acoustics is presented in Stevens 1998. Zem-
lin 1981 gives an extensive account of anatomy of the articulatory organs for
speech, and Levelt 1989 covers articulation (the cognitive aspects of controlling
the movement of speech organs). Kelly & Local 1989 discuss techniques for tran-
scribing speech and in particular the varying degrees of detail that may be provided
in a transcription. Finally, Liberman 1983 discusses some general issues relating to
the distinction between phonetics and phonology.
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Phonetic Transcriptions

In phonetic transcription, speech is represented by a small set of symbols
with a standard interpretation. This chapter looks at the different systems for pho-
netic transcription. There are two major schemes, the informal American scheme
used primarily in North America sometimes known as APA (American Phonetic
Alphabet), and the IPA (International Phonetic Alphabet), promulgated by the In-
ternational Phonetic Association. The primary difference between these systems is
that in certain cases the American scheme uses a regular letter plus a diacritic
where IPA tends to use separate special characters. Thus the sound spelled <sh> at
the beginning of ‘ship’ would be transcribed as [s‡] in the American system, but
with the separate letter [×] in IPA. There are relatively few differences between the
two systems, and you should become familiar with both systems (actively with one
and passively with the other). This text uses APA: the distinctly IPA symbols are
given in section 3. In this chapter, we will aim for a general overview of transcrip-
tion and articulation. The goal is not to have a complete account of of these topics,
but rather to mention the important phonetic symbols, so that the student has a
working knowledge of basic transcription, as well as an introduction to the articu-
latory basis for speech sounds which will be referred to in discussing phonological
processes.

1. Vowels: their symbols and properties

Conventionally, the first division in speech sounds is made between vow-
els and consonants. Symbols for vowels will be considered first, because there are
fewer vowels than consonants. American English has a fairly rich vowel inventory,
so we can illustrate most of the vowel symbols with English words.

This chapter gives an overview of phonetic transcriptions. It:

• Gives the important transcriptional symbols
• Introduces the two major schemes of phonetic transcriptions
• Presents the main articulatory classifications of sounds
• Surveys the main variations in phonetic properties exploited by languages
• Further developes the relevance of phonetics for the study of phonology

Angled brackets
represents spelling
and square brackets,
viz. [s‡Ÿp] are for
phonetic represen-
tation. Underlying
forms, found in later
chapters are placed
in slanted brackets,
viz. /s‡ip/.
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(1) symbol English equivalent
i ‘beat’ [biyt]
Ÿ ‘bit’ [bŸt]
e ‘bait’ [beyt]
¢ ‘bet’ [b¢t]
£ ‘bat’ [b£t]
a ‘cot’ [kat]
¥ ‘caught’ [k¥t]
o ‘coat’ [kowt]
¡ ‘could’ [k¡d]
u ‘cooed’ [kuwd]
§ ‘cud’ [k§d]
¦ (unstressed vowel in) ‘array’ [¦re−y]

The glides y and w in the transcription of tense vowels in English reflects the pho-
netic diphthongal quality of these vowels, which is especially evident when one
compares the pronunciation of English “say” and Spanish “se”. There are many
different ways of transcribing that vowel, e.g. [se], [se:], [sei], [seI], [seI] and [sey].
Transcriptions like [se] or [se:] are much broader, that is, reveal less of the pho-
netic details of English because they suppress the information that they are diph-
thongs ˜ which can be predicted by a rule ˜ whereas [sei], [seI], [seI] and [sey]
report this phonetic property. There is little scientific basis for picking a specific
one of these latter four transcriptions as a representation of how the word is pro-
nounced, and you are likely to encounter all of them in one source or another.

Some dialects of English make is no distinction in the pronunciation of the
words ‘cot’ and ‘caught’; even among speakers who distinguish the pronunciation
of ‘cot’ and ‘caught’, the precise pronunciation of the two vowels differs consid-
erably. An important point developed in this book is that transcriptional symbols
are approximations representing a range of similar values, and that symbols do not
always have absolute universal phonetic values.

Tongue and lip position in vowels. Values of phonetic symbols are defined in
terms of a variety of primarily articulatorily-defined phonetic dimensions as in (2).

(2) tense i u                     high

lax Ÿ ¡
tense e ¦ o
lax ¢ § ¥           mid

£ a           low
Front              Central          Back
unrounded                  unrounded        rounded

The three most important properties for defining vowels are height, back-
ness, and roundness. The height of a vowel refers to the fact that the tongue is

A diphthong is a
sequence of vowel-
like elements ˜
vowels and glides
˜ in one syllable
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higher when producing the vowel [i] than when producing [e] (which is higher
than that used for [£]), and the same holds for the relation between [u], [o] and [a].

Figure 11: Tongue position of vowels

Three primary heights are generally recognized, namely high, mid and low, with
secondary distinctions introduced either under the name tense ~ lax or close ~ open
to distinguish vowel pairs such as [i] (“seed”) vs. [Ÿ] (“Sid”), [e] (“late”) vs. [¢]
(“let”) or [u] (“food”) vs. [¡] (“foot”), where [ieu] are tense (close) and [Ÿ¢¡] are
lax (open). Tense vowels are higher and often less centralized compared to their
lax counterparts.

Independent of height, vowels can differ in their relative frontness of the
tongue. The vowel [i] is produced with a relatively front tongue position, whereas
[u] is produced with a relatively back tongue position. In addition, [u] is produced
with rounding of the lips: it is common but by no means universal for back vowels
to also be produced with lip rounding. Three phonetic degrees of horizontal tongue
positioning are generally recognized: front, central and back. Finally, any vowel
can be pronounced with protrusion (rounding) of the lips, and thus [o], [u] are
rounded vowels whereas [i], [£] are non-rounded vowels.

With these independently controllable phonetic parameters ˜ five degrees
of height, three degrees of fronting, and rounding versus non-rounding ˜ one
predicts the possibility of up to thirty vowels, which is many more vowels than are
found in English. Many of these vowels are lacking in English, but can be found in
other languages. Here are a few examples:

(3) u‰ high front round vowel (found in German, French, Turkish)
¡‰ lax high front round vowel (found in Icelandic)
o‰ mid front round vowel (found in German, French, Turkish)
¥‰ lax mid front round vowel (found in Swiss German)
¤ low front round vowel (found in French)
i½, ¬ central (or back) unrounded vowel (found in Turkish, Russian)

All of these vowels can be characterized in terms of the three basic vowel
properties of height, backness and rounding. A more complete listing of vowel
symbols is given below. It should be borne in mind that the exact phonetic defini-

i
e
£

u
o
a
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tions of certain symbols, especially those for low vowels, central vowels, and back
unrounded vowels, can vary somewhat in actual usage. Therefore, the symbol <a>
might be used to denote a back vowel rather than a central vowel in many pub-
lished sources; it may also be used for a low front vowel, one which is phonetically
lower than [£].

(4) tense i i½ ¬                    high

lax Ÿ
tense e ¦ 
lax ¢ §             mid

£ a,© ¨            low
Front             Central            Back
unrounded                  unrounded          unrounded

tense u‰ u� u                     high

lax ¡‰ ¡
tense o‰  o
lax ¥‰ ¥           mid

¤            low
Front             Central              Back
rounded             rounded             rounded

While this yields a fairly symmetrical system of symbols and articulatory classifi-
cations, there are gaps such as the lack of tense/lax distinctions among low vowels
or central vowels except for the [§] ~ [¦] distinction.

These properties of tongue and lip position are the ones most commonly
exploited for making vowels, but there are a number of other phonetic properties
that play a role in defining vowels, and we turn to those properties next.

Nasalization. Typical vowels are produced with air flowing from the lungs though
the mouth, but any vowel can be produced with nasalization, where air flows
through the nose as well as through the mouth, by lowering the velum. Nasalized
vowels occur in French, Portuguese, Hindi and a number of other languages.
Rather than representing each nasalized vowel with its own symbol, the property
of nasalization is symbolized with a tilde diacritic (~) placed over the vowel, so the
phonetic transcription of French bon would be [b¥†].

Length. Vowels (as well as consonants) may also be either long or short, that is,
produced with relatively greater versus lesser duration, and length can be repre-
sented with a colon (:), a macron ( ƒ), a raised dot (.) or a pair of points which re-
semble a colon () placed after the appropriate symbol. Thus a long version of the
vowel [a] may be symbolised as [a:], [aƒ], [a.] or [a]. Equally common is the prac-
tice of doubling the vowel or consonant symbol, so long [a] could be represented
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as [aa]. Examples of languages which systematically exploit the difference be-
tween long and short vowels include Japanese ([go] ‘5’, [goo] ‘issue’) and the
Bantu language Kikerewe ([ihuna] ‘owl’ versus [ihuuna] ‘hut’). Languages with
long and short consonants include Japanese ([ita] ‘was’ versus [itta] ‘went’) and
Saami ([miella] ‘intention (nominative)’ versus [miela] ‘intention (accusative)’).

Stress. The marking of stress generally encompasses the distinction between pri-
mary stress, notated with an acute accent (  −), and secondary stress, marked with a
grave accent (  �); alternatively, raised and lowered ticks (, ) may be placed before
the consonants of a stressed syllable. The first syllable of the English word
“telegraphic” has a secondary stress and the third syllable has the primary stress:
thus the word could be transcribed either as [t¢�l¦gr£ −fŸk] or as [t¢l¦gr£fŸk]. It is
notoriously difficult to give any simple definition of the acoustics or articulation of
stress, and indeed the phonetic realization of stress seems to vary considerably
across languages, being expressed in terms of amplitude, pitch, duration, vowel
quality, as well as a host of other properties. Typically, though, stressed syllables
have higher pitch and greater duration and amplitude.

Tone. Tone differences, as found in many Asian, American and African languages
and in addition a few European languages such as Norwegian and Swedish, are
also typically transcribed with accent marks. The articulatory basis for producing
tone is the rate of vocal fold vibration, which we perceive in terms of pitch, so that
the vocal folds might vibrate at the rate of 120 cycles per second (120 Hertz, ab-
breviated Hz) for the production of a low-pitched vowel and at the rate of 170 Hz
for the production of a high-pitched vowel. The actual frequency of vibration of a
given tone varies from language to language, and also varies from speaker to
speaker (depending on age, size, and gender inter alia), and even varies within a
speaker depending on mood, emphasis and so on. Thus tones do not represent
specific frequency values, but are defined relative to the given pitch range being
used. A high tone is relatively high within the range that a speaker is using, and if
the physical range is raised or lowered, the actual pitch of a high tone is raised or
lowered. The traditions for marking tone are rather varied. Accents are generally
used to mark tones, and the following examples illustrate the most common us-
ages. As many as five distinct levels are distinguished, arranged in (5) from highest
to lowest in pitch.

(5) a„ superhigh toned [a]
a− high toned [a]
aƒ or a‚ mid toned [a]
a� low toned [a]
a… superlow toned [a]
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The characteristic property of a contour toned vowel is that pitch changes during
the vowel, and we can characterize the contour in terms of the tonal values at the
beginning and ending points. The diacritic for rising tone is a ‘hacek’, as in [a‡],
which combines grave accent (as in [a�]) followed by acute accent (as in [a−]), re-
flecting the fact that a rising tone begins low and ends high. Falling tone is analo-
gously symbolized with a circumflex, as in [â] since it starts high (acute accent)
and ends low (grave accent). Many other combinations are possible, for example a
midòtoòhigh rising tone which combines the accents for mid and high as in [aƒ −]:
you can see that rather than defining a large number of special symbols to indicate
the 20 possible contour tones, it is simpler to define symbols for specific levels and
describe contours as movement between levels. Another convention for marking
tones is to write a superscripted number refering to the pitch level, e.g. ta3, and
combinations of numbers to mark contours e.g. ta31. Traditions for languages in
different parts of the world, such as Africa vs. Asia or Mexico differ as to whether
1 refers to the highest or lowest pitch level.

Another pitch property of importance to phonological analysis is downstep
and upstep, which are the systematic lowering and raising of the overall pitch
space for lexical and grammatical purposes. When a downstep occurs (symbolized
by a raised exclamation mark as in (6)), it indicates that all subsequent tones are
produced with the upper and lower values of the pitch range decreased. An exam-
ple comes from Akan, a language of Ghana. Phonologically, each vowel after the
first syllable [me�] has a high tone. However, as indicated by the downstep marker,
the actual pitch level of a high tone is lower on the third vowel than it is on the
second vowel; the pitch of the fifth high-toned vowel is lower than that of the
sixth, and so on ˜ in principle, this process can continue infinitely, the only limit
being the speaker’s ability to actually produce lower pitches.

(6) me� ko−!f™− ¢ −!d¥− a−!bo −a − da −!de−¢ − m−!pa−

[ 
_
  

_

  
_
 
_
  
_
 
_
  
_
 
_
  
_
  _ _ _ _ ] “My Kofi’s love’s pet iron bed”

Analogous to downstep, upstep involves raising the pitch range. Upstep, symbol-
ised with a raised inverted exclamation mark, is rare in comparison to downstep,
but is found in Krachi, another language of Ghana: the upstep appears between the
third and fourth vowels.

(7) a�l™− k¥−¡t¡−!na− “our mat”

[ _ _ _ 
_
  _]

Downstep and upstep may also be symbolized with downward and upward arrows,
viz. [a−!pa−] = [a−pa−], [a−¡pa−] = [a−pa−].
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Phonation type. A number of languages such as Ju /’hoansi, Dinka, Hmong and
Mazateco employ distinctive patterns of vocal fold vibration or phonation in the
production of certain vowels. One such phonation, known as creaky voicing or
laryngealization, is produced by closing the vocal folds abruptly and gives vowels
a particularly ‘sharp’ sound, which is notated by placing a tilde beneath the vowel.
The other type of phonation, know as breathy voice, is produced by more gradual
and even incomplete closure of the vocal folds giving vowels a ‘soft’ quality, and
is marked with two dots below the vowel.

(8) aë creaky [a]
aì breathy [a]

These modes of phonation are probably familiar to most people (but the labels as-
signed to these phonations are unfamiliar), since some individuals systematically
speak with a creaky quality to their voice (for example, the actor Edward G. Rob-
inson), or with a breathy quality (Marilyn Monroe). What is special about these
phonations in languages such as Ju /’hoansi is that they can be used as a meaning-
ful property of specific words realised on single segments, not just as general voice
quality properties of all sounds coming from a particular speaker.

Glides. Standing between consonants and vowels in terms of their phonological
function and phonetic properties are the glides, also known as semi-vowels. The
typical glides are [y] and [w] as in English “yes”, “wet”, termed “palatal” and
“labial” or “labio-velar”. These glides are very similar to the high vowels [i], [u],
but are shorter and have a greater degree of constriction than the corresponding
vowels. It is often very difficult to distinguish glides and vowels based solely on
what they sound like, and one often has to consideration the rules of the language
in order to decide whether to transcribe e.g. [kau] or [kaw], [tua] or [twa]. In addi-
tion, some languages such as French, Chinese and Kotoko have a “labio-palatal”
glide, with the tongue position of [y] and the lip position of [w], transcribed as [w‰]:
an example from French is huit “eight” which is transcribed as [w‰it]. Like vowels,
glide may also be nasalized, breathy, or creaky.

2. Consonants: their symbols and properties

There are many more consonants found in languages than there are vow-
els. English only has a fraction of the full range of possible consonants, so illustra-
tion of many of these symbols involves more extensive consideration of languages
other than English. Most English dialects systematically use the following conso-
nants:
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(9) p ‘pig’ b ‘big’
m ‘mug’ f ‘fog’
v ‘varmint’ È ‘thing’
Å ‘this’ t ‘top’
s ‘sop’ d ‘dog’
n ‘nog’ c‡ ‘chuck’
s‡ ‘shuck’ j‡ ‘jug’
z‡ ‘measure’ k ‘cot’
g ‘got’ Ï ‘hang’
h ‘horse’

There are a few additional phonetic segments found in English which, because
they only arise due to general rules of the type to be discussed in the next chapter,
are not immediately obvious:

(10) Ç voiceless bilabial fricative; variant of p found in words like ‘rasps’
in casual speech.

x variant of k found in words like ‘masks’ in casual speech; also
found in German, Russian, Greek, Scots (English).

Î labio-dental nasal; variant of m found before [f] and [v] as in
‘comfort’.

t» dental ‘t’. Found in English before [È]: the word ‘width’ is actu-
ally pronounced [wŸt»È]. Also how ‘t’ is pronounced in French.

n‹ dental ‘n’; found in English before [È] as in ‘panther’.
Ü glottal stop; found in most dialects of American English (except in

certain parts of the American south, such as Texas) as the pro-
nunciation of ‘t’ before syllable ‘n’, i.e. ‘button’. Also
stereotypical of British ‘Cockney’ pronunciation ‘bottle’,
‘coulda’.

Some other consonants found in European languages, for instance, are the follow-
ing.

(11) pf, ts voiceless labiodental and alveolar affricates found in German
(<Pfanne> [pfan¦]‘pan’, <Zeit> [tsait] ‘time’)

Ä voiced bilabial fricative, found phonetically in Spanish (<huevo>
[weÄo] ‘egg’)

Æ voiced velar fricative, found in Modern Greek ([aÆapo] ‘love’) and
Spanish (<fuego> [fweåo] ‘fire’)

Many consonants are only encountered in typically unfamiliar languages, such as
retroflex consonants (tä etc.) found in Hindi, Tamil and Ekoti, or uvulars and pha-
ryngeals such as q, É, h� found in Arabic.
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Consonant symbols are traditionally given in tabular form, treating the
place of articulation where the major constriction occurs as one axis, and treating
properties such as voicing, being a continuant, or nasality as the other axis. Eleven
places of articulation for consonants are usually recognized: bilabial, labiodental,
dental, alveolar, alveopalatal, retroflex, palatal, velar, uvular, pharyngeal and la-
ryngeal, an arrangement which proceeds from the furthest forward to furthest back
points of the vocal tract: see fig. 9 of Chapter 1 for anatomical landmarks. Manner
of articulation refers to the way in which a consonant at a certain place of articula-
tion is produced, indicating how airflow is controlled: the standard manners in-
clude stops, fricatives, nasals and affricates. A further property typically repre-
sented in these charts is whether the sound is voiced or voiceless. The following
table of consonants illustrates some of the consonants found in various languages,
organized along those lines.1 

(12) Consonant symbols
vcls. vcls vcls. vcd. vcd. vcd. nasal
stop affric. fric. stop affric. fric.

bilabial p (pÇ) Ç b (bÄ) Ä m
labiodental pf f bv v Î
dental t» tÈ È d‹ dÅ Å n‹
alveolar t ts s d dz z n
alveopalatal c‡, ts‡ s‡ j‡, dz‡ z‡ n†
retroflex tä täsä sä dä däzä zä nä
palatal c (cc�) c� Í (Í)  n†
velar k kx x g gÆ Æ Ï
uvular q qÉ É G G

Æä, G Æ.,  Ï., N
pharyngeal h� Û
laryngeal~ Ü h Ú
glottal

2.1. Place of articulation

The place of articulation of consonants is divided into primary place of articulation
˜ something that every consonant has ˜ and secondary place of articulation ˜
something that some consonants may add to a primary place of articulation. We
begin with primary place. Proceeding from the furthest-forward articulation (the
top row of (12)) to the furthest-back articulation (the bottom row of (12)), the
bilabial consonants such as m involve a constriction involving both lips. This clo-
sure of the lips is not just a property of m, it is a defining characteristic of the

                                             
1  Exception for c‡, j‡, affricates are symbolized by combining the relevant stop and fricative compo-
nent. Some theoretically expected affricates have not been observed and are placed in parentheses.
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whole bilabial row p, pÇ, Ç, b, bÄ, Ä and m. A labio-dental constriction as found in f
is formed with a constriction between the lower lip and the upper teeth.

Lingual consonants. The tip or blade of the tongue is the active (moveable) articu-
lator in the production of many consonants, including dental, alveolar, alveopala-
tal, retroflex and palatal consonants. These consonants form a constriction involv-
ing the tongue and an appropriate place on the teeth, or hard or soft palate. The
contact is with the teeth in the case of dentals, on the hard palate behind the teeth
in the case of alveolars, behind the alveolar ridge in the case of alveopalatals and
retroflex consonants, and with the blade of the tongue at the boundary between the
hard and soft palate in the case of palatals. In many traditional organisations of
segments, retroflex consonants are classified as a separate place of articulation
from alveolars and alveopalatals. This traditional concept of “place of articulation”
combines properties of both active (moveable) articulators and a passive articulator
˜ the target towards which an active articulator moves. What unifies the various
kinds of retroflex consonants across languages is not the specific location of the
constriction on the hard palate, but rather the manner in which just the tongue tip
approaches the palate.

Figure 12: Lingual places of articulation

The terminology used for “palatal” sounds may be particularly confusing. Al-
veopalatals (sometimes termed “palatoalveolars”) are exemplified by the English
consonants [s‡ z‡ c‡ j‡] (“sheep”, “measure”, “watch”, “judge”, and (“true”) palatals
are found in Norwegian kjøpe [c�o‰:pe] “buy” and German ich [ic�] “I”. The term
“palatalized” refers to a secondary articulation (discussed below), but in some lin-
guistic traditions such consonants may also be called “palatals”. In addition, al-
veopalatals may be palatalised or not: the Russian fricatives <0 T> [s‡ z‡] are non-
palatalized whereas the affricate <R> [c‡y] is a palatalised alveopalatal.

“Back” consonants. The body of the tongue can also be positioned in a number of
places in the back of the vocal tract to form a constriction, so if the tongue is re-

dentals    alveolars

alveopalatals,
retroflex

palatals
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tracted and raised a velar consonant such as k (“cool”) is formed; if the tongue is
retracted but not raised so that it approaches the uvula, a uvular such as q is
formed, and if the tongue is retracted and lowered toward the pharynx, a pharyn-
geal such as Û is formed. Finally, a consonant can be formed with no constriction
above the glottis, when the constriction is made with the vocal folds as in the case
of the laryngeal consonants h, Ü.

Secondary articulations. Consonants may have more than one point of constric-
tion: generally, one of these constrictions is the major (most radical) constriction
and the other constrictions are less radical ˜ more vowel-like in nature. The most
common of these secondary constrictions are given in (13). Secondary articulations
are notated by combining the appropriate symbol for the primary place with the
symbol representing a kind of glide at the secondary place of articulation.

(13) secondary example
articulation language

p t  (plain) English
py ty palatalized Russian
pw tw rounded Lushootseed
p¬,pÆ,px,p~ t¬,tÆ,tx,t~ velarized Marshallese
pÛ tÛ pharyngealized Arabic
pw‰ tw‰ rounded and fronted Baule

Plain consonants are those produced with only a single, narrow constriction. Pala-
talized consonants are formed by combining the basic constriction of the consonant
with a less radical vowel-like constriction of the kind that is found in the glide y or
the vowel i; secondarily articulated consonants sound essentially like combinations
of consonant plus a glide y, w. Rounded consonants analogously involve a protru-
sion of the lips (as do round vowels and the glide w). Velarized consonants are
produced by combining the narrower primary articulation of a consonant with a
raised, retracted tongue position which is similar to the back unrounded vowel [¬]
or the velar fricative [Æ], and pharyngealized consonants combine a consonantal
constriction with a retracted and lowered tongue position, appropriate for a pha-
ryngeal consonant such as [Û]. Rounding of the lips and fronting of the tongue can
be combined simultaneously in a secondary articulation, e.g. [tw‰].

Consonants formed with two major constrictions. In a number of languages of
Africa (Yoruba, Nupe, Konni, Kuku, and others), as well as some languages of
New Guinea (Amele), there are consonants typically transcribed as kp, gb, Ïm,
which are phonologically single consonants produced with two (virtually) simulta-
neous complete constrictions, one at the lips and the other formed by raising the
body of the tongue to the soft palate, as in the production of a velar. Occasionally,
to make clear that this is a single consonant, a ‘tie’ character is written over the
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two components, viz. kp, b. This would be especially necessary in a language like
Eggon, which phonetically distinguishes the consonant cluster k+p, g+b from sin-
gle consonants with simultaneous labial and velar constrictions, for example [k pu]
“die” with a single consonant at the beginning versus [kpu] “kneel” with a cluster;
[g bu] “arrive” with a labiovelar, and [gba] “divide” with a cluster of a velar fol-
lowed by a labial.

If consonants can be formed by simultaneously combining both complete
labial and velar constrictions, one would reasonably expect there to exist other
such consonants with lingual and velar constrictions, or lingual and labial con-
strictions. In fact, clicks such as lateral [], alveolar [!], palatoalveolar [≠] or dental
[|] which are found in Khoisan language such as !Xo†o and Khoekhoe or southern
Bantu languages such as Zulu and Xhosa are exactly such lingual-velar conso-
nants. These consonants are formed by raising the back of the tongue to form a
constriction at the velar place of articulation, and raising the tip or blade of the
tongue to make an appropriate constriction on the palate. The middle of the tongue
is lowered, creating a vacuum. When the lingual constriction is released, a very
loud noise results, which is the typical sound of a click. Finally, lingual-labial con-
sonants i.e. t p, which involve simultaneous complete constrictions with the tongue
and lips are found in the New Guinean language Yeletnye.

2.2. Manner of articulation

Stops, fricatives and affricates. Largely independent of the place where a conso-
nant’s constriction is formed, the manner in which the constriction is formed can
be manipulated in various ways. If a constriction is formed which completely
blocks the flow of air, the resulting sound, such as t, is called a stop. A consonant
can also be produced by forming a narrow constriction which still allows air to
pass through the vocal tract resulting in noise at the constriction, and such conso-
nants, for example s and v, are called fricatives. A combination of complete con-
striction followed by a period of partial constriction is termed an affricate, as in c‡.
From a phonetic perspective, such consonants can generally be thought of as a se-
quence of a stop plus a fricative at the same place of articulation (a homorganic
sequence). From a phonological perspective, they function as single stop conso-
nants, and are considered to be a particular kind of stop consonant, one with an
affricated release. Even from a phonetic perspective, the characterization of af-
fricates as sequence of stop plus fricative is not completely adequate, since there
are cases where there is a phonetic difference between stop plus fricative, versus
affricate. The most well-known case of this type is Polish, which contrasts the af-
fricate [c‡] versus the stop-plus-fricative sequence [ts‡] in the words [c‡i½] ‘whether’
versus [ts‡i½] ‘three’.
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Liquids, glides and approximants. Additionally, languages typically have some
kind of liquid consonants, a class of consonants involving the blade or tip of the
tongue in their production. The typical examples of liquids are [r] and [l]. The
symbol [r] is generally used to refer to “trilled r” as found in Italian. The variety of
“r” used in American English is, phonetically speaking, a glide or approximant,
which is a segment involving very little constriction in the vocal tract, and would
be transcribed as []. Some languages also have a type of “r” which is produced by
quickly tapping the tongue against the alveolar ridge: this flapped “r” would be
transcribed as []. English actually has this segment, which is a phonetic variant of
/t/ and /d/ in words such as “motto” which is phonetically [m¥ow]. The flapped
variant of /t,d/ is also often transcribed as [D]. The uvular “r” found in French,
German and the Bergen dialect of Norwegian is transcribed as [].

Laterals. Consonants produced with the blade of the tongue may be produced in
such a way that air flows over the sides of the teeth, and such consonants are re-
ferred to as laterals. English l is an archetypical example of a lateral; languages
can have lateral fricatives such as voiceless [Þ] (or [l �]) which appears in Welsh,
Lushootseed, Zulu and Xhosa, and voiced [ß] found in Zulu and Xhosa, affricates
such as [à] (also transcribed [tl]) found in nmany languages of the Pacific North-
west, and lateral clicks such as [||].

Nasalization. There are other phonetic properties which relate to the manner in
which consonants are produced, apart from the location of the constriction. One
such modification, which we have already considered since it is applicable to
vowels, is nasalization. Consonants such as [m,n,n†,Ï] are the archetypical nasals;
however, one can produce other nasal consonants (or, ‘nasalized’ consonants) by
lowering the velum during the production of the consonant. Such nasalized conso-
nants are rare, due to the fact that it is quite difficult to distinguish them from from
their oral counterparts, but nasalized versions of fricatives and approximates such
as [h], [Ä], [v], [Æ], [r], [l] do exist in the world’s languages. Nasalized fricatives
are extremely rare, but the fricative [v†] is attested in Umbundu (Schadeberg 1982),
and voiceless nasal fricatives are found in Coatzospan Mixtec (Gerfen 2001). It is
also claimed that various languages have ‘prenasalised’ consonants, transcribed mb,
nd, Ïg, but it is controversial whether these are truly single segments, and not just
clusters of nasal plus consonant, i.e. mb, nd, Ïg.

2.3. Laryngeal properties

Different actions of the larynx result in a considerable number of conso-
nantal distinctions. The following examples illustrate the major consonant differ-
ences which are due to the action of the larynx.

The concept
“approximate”,
which is not widely
used in the pho-
nological literature,
is a broader category
that includes glides
and liquids. The
phonetic literature
tends not to use the
term “glide”.
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(14) p t k unaspirated voiceless
b d g unaspirated voiced
ph th kh aspirated voiceless
bh~bÚ~bìÚ dh~dÚ~dìÚ gh~gÚ~gìÚ aspirated voiced
p’ t’ k’ ejective
Ë Ì Ê implosive

Voiced stops are produced with vibration of the vocal folds during their produc-
tion, whereas voiceless stops are produced with no such vocal fold vibration.
Voiceless aspirated stops differ from voiceless unaspirated stops by the presence,
in aspirated stops, of a significant delay between the moment when the constriction
for the consonant is released and the moment when voicing begins. Such sounds
are typically perceived as having a ‘puff of air’ at their release, due to the high
volume of air flow during their production. Voiced aspirated consonants, on the
other hand, maintain vocal fold vibration, but also are produced with spread vocal
folds, resulting in high air flow and a ‘murmured’ quality. Implosives and ejectives
are produced by one basic glottal gesture, but they are differentiated in terms of
supplementary laryngeal actions. In the case of ejectives, the glottis is first con-
stricted, then the larynx is raised resulting in high pressure in the vocal tract behind
the main consonantal constriction; when that constriction is released, a loud high-
pitched popping sound results. In the case of implosives, the glottis is also con-
stricted, but is then lowered resulting in a vacuum within the oral cavity. When the
constriction is released, a dull, lower-pitched sound results.

A final property of stop consonants, partially related to laryngeal activity,
is the property of release. In some languages, stop consonants in certain positions
(before other consonants or at the end of a word) are produced without audibly
releasing the consonantal constriction. This property of consonants is notated with
the symbol []. In American English, voiceless consonants, especially t, are often
unreleased at the end of the word, and thus ‘hit’ may be realised phonetically as
[hŸt]. This generally involves cutting off the flow of air at the glottis during or
somewhat before the time when the consonant closure is made. When pronounced
with release, as [hŸt], there is a brief burst of noise as the consonant constriction is
released and air begins to flow again, which sounds like aspiration.

2.4. Syllabicity

A further phonetic property of consonants that may be transcribed is
whether the consonant is syllabic. There is a phonetic difference between the n of
American English ‘cotton’ and that of ‘con’: the n of ‘cotton’ is syllabic, whereas
the n of ‘con’ is non-syllabic. A syllabic consonant is indicated by placing a verti-
cal tick under the consonant, so ‘cotton’ is transcribed [kaÜn �] and ‘con’ is tran-
scribed [kan]. There is no simple definition of ‘syllabic consonant’ versus
‘nonsyllabic consonant’, save that a syllabic consonant forms the peak of a syllable
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and a nonsyllabic consonant does not. Given that ‘cotton’ has two syllables, and
taking it for the moment to be a principle that every syllable has a peak, then n
must be the peak of the second syllable in ‘cotton’. The main phonetic correlate of
the distinction between syllabic and non-syllabic consonant is duration, where
syllabic consonants are generally longer than their nonsyllabic counterparts. Espe-
cially in tone languages, syllabic consonants can have distinctive tone, for example
Kihehe [n − �dage] “chase me!”.

Because the concept “syllabic consonant” depends on the notion
“syllable”, we also need to consider the syllable itself, and how to indicate it in a
transcription. It is generally agreed that in English, the words spring, sixths and
Mike have one syllable, and osprey, happy and atone have two. The syllable is
made up of a contiguous sequence of segments, so the main issue regarding sylla-
bles is where the syllable begins and ends. The conventional symbol for marking
the beginning and end of a syllable is a period, which can be unambiguously as-
signed in the monosyllabic words [.sprŸÏ.], [.sŸksÈs.] and [.mayk.]. There is also no
problem in deciding where the syllable breaks are in [.¦.l£ −w.]. However, in dealing
with words having certain clusters of consonants or certain stress patterns, the
question becomes more complicated. It would be reasonable to transcribe “osprey”
either as [.a−s.pri.] or [.a−.spri.] (whereas *[.a−sp.ri.] would almost certainly be wrong
for any speaker of English), and research on the organisation of syllables has in
fact proposed both [.h£−.pi.] and [.h£ −p.i.] as transcriptions for the word “happy”.
Determining syllable boundaries is thus not trivial.

A number of sonorant consonants of English can be syllabic: [baDl �]
‘bottle’, [fr�] ‘fur’, [l¢sn �] ‘lesson’. There is even a special phonetic symbol for syl-
labic [r �] called ‘schwar’, written either as [ª] or [«]. Syllabic sonorants also exist
in other languages, such as Sanskrit, Serbo-Croatian, and many African languages.
Generally, one finds syllabic sonorants only between consonants, or between a
consonant and the beginning or end of a word. Thus in English, final [r] is non-
syllabic when it is preceded by a vowel, as in [kar] ‘car’, and syllabic when pre-
ceded by a consonant, as in [kapr�] ‘copper’. One can almost completely predict the
difference between syllabic and nonsyllabic sonorant in English from surrounding
segments. However, in normal speech American English [t¦reyn] “terrain” is pro-
nounced as [tr �eyn] distinct from “train” which is [treyn], and [p¦layt] “polite” is
pronounced as [pl �ayt] which is different from [playt] “plight”. Still, the syllabic
consonants can be predicted by a rule in English. In some languages this is not
possible: in Serbo-Croatian the word groze ‘fear (genitive)’ has a nonsyllabic [r]
before a vowel and gr�oce ‘little throat; larynx’ has syllabic [r] in the same context.
In Swahili, the word [mbuni] ‘ostrich’ has a nonsyllabic [m], and [m �buni] ‘coffee
plant’ has a syllabic [m] in the same position.
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2.5. Symmetry in consonants

There would be gaps in what might otherwise be a symmetrical universal
table of consonants, were we to list all of the consonants found in human lan-
guages. In some instances, the gap reflects physiological impossibility, such as the
fact that one cannot produce a nasal pharyngeal, analogous to velar nasal [Ï] but at
a pharyngeal place of articulation. A nasal involves making a complete obstruction
at a given point of articulation and also requires air to flow through the velum. In
order to make a pharyngeal nasal, it would be necessary to make a complete con-
striction at the pharynx. But since the pharynx lies below the velum, no air can
flow through the nasal passages if the pharynx is totally constricted. However a
nasalized pharyngeal continuant, i.e. the consonant [Û] produced with simultaneous
nasal airflow, would not be a physical impossibility, since that consonant does not
require complete constriction of the pharynx. In other cases, the gap indicates that
no such sound has been found, but there is no immutable physical reason for such
a sound not to exist. Thus bilabial affricates do not seem to be attested, nor do
plain non-affricated alveopalatal stops ˜ nor do nasalised pharyngeal fricatives.
Similarly, while pharyngealised consonants exist, and rounded consonants exist,
there are apparently no cases of consonants which are both rounded and pharyn-
gealized, though such segments are not logically impossible. These lacunae may be
an indication of a deeper constraint on sound systems; however, it is also possible
that these segments do exist in some language which has not been studied yet,
since there are many languages in the world which remain uninvestigated.

3. IPA Symbols

The main difference between the preceding system of transcription and the
International Phonetic Alphabet (IPA) lies in differences in the symbols used to
transcribe vowels. The IPA system for transcribing vowels can be described in
terms of the following chart (when vowels are presented in pairs, the first vowel in
the pair is unrounded and the second is rounded).

(15) Front Central Back
close      i     y i�   u �                     ¬  u

I Y               ¡
close-mid          e   ø                      o

   ¦
open-mid   ¢  ¤                                     §   ¥

   £    ©
open      a                 ¨   

The most important differences between the vowels of the two systems are the
following.

This does not mean
that it is impossible
to lower the velum
and make a com-
plete pharyngeal
constriction at the
same time; it
means that the air
will not flow
through the nose,
which is a defining
property of a nasal
consonant, so you
could not tell from
the sound itself

IPA requires close
adherence to the
graphic design of
letters. The IPA
symbol for a
voiced velar stop
is specifically []
not [g], and the
voiced velar
fricative is [] not
[å]. Such fine
distinctions in
letter shape are
irrrelevant  in
APA tradition.
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(16) IPA APA
ø o‰ mid front rounded vowel
¤ ¤ or ¥‰ open-mid front rounded vowel (in

APA, ¤ tends to imply a low
vowel whereas ¥‰ represents a
lax mid vowel)

Y ¡‰ or Y lax front rounded vowel
y u‰ front round vowel

In the American tradition, fewer vowel distinctions are generally made, so where
IPA treats the members of the following sets as different vowels, APA usage tends
to treat these as notational variants of a single vowel. If a distinction needs to be
made in some language between nonback unrounded vowels or low vowels, the
appropriate IPA symbol will be called upon. APA usage tends to treat [¬], [i½] and
[™‰] as graphic variants, whereas in IPA they have distinct interpretations.

(17) ¬ = high back unrounded
i½ =  high central unrounded
™‰ = high centralized unrounded (between i and i½)

Where IPA systematically distinguishes the use of the symbols [£ a © ¨ ], APA
usage typically only distinguishes front [£] and non-front [a].

(18) £ = not fully open front unrounded
a = low front unrounded
© = not fully open central unrounded
¨ = low back unrounded
 = low back rounded vowel
(usually all of these are represented as [a] in American usage ex-

cept for [£] which represents front low unrounded vowels)

Another more significant difference between the two systems is the difference in
terminology for classifying vowels: note that a three-way division into high, mid
and low vowels is assumed in the American system, with subdivisions into tense
and lax sets, whereas in the IPA, a basic four-way division into close, close-mid,
open-mid and open vowels is adopted, where the distinction between close-mid [e]
and open-mid [¢] is treated as being on a par with the distinction between high [i]
and close-mid [e]. High lax vowels are not treated as having a distinct descriptive
category, but are treated as being variants within the category of high vowels.

IPA consonant symbols. The following IPA symbols, which are the most impor-
tant differences between IPA and APA symbols for consonants, should be noted:
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(19) IPA APA
j y palatal glide
Á w‰ front rounded glide
dØ š‡ voiced alveopalatal affricate; <j> is also used
t× c‡ voiceless alveopalatal affricate
× s‡ voiceless alveopalatal fricative
Ø z‡ voiced alveopalatal fricative
Ù n† palatal nasal

,,æ,ç,è,Ð,Ñ sä,zä,rä,lä,nä,dä,tä retroflex s,z,r,l,n,d,t,
â â,D voiced alveolar flap
Þ l �,Þ voiceless lateral fricative
l l/, l� velarized l
c ky voiceless palatal stop
c� xy voiceless palatal fricative
dl à voiced lateral affricate
tl à � voiceless lateral affricate

This represents the current IPA standard. The IPA has developed over a
period of more than a hundred years, and has been subject to numerous revisions.
For example in the 1900 version of the IPA, the symbols <u‰ ™‰ o‰ e‰ ¥‰ a‰ > indicated
central vowels, as opposed to their contemporary counterparts <u � i � o �   ©> (the
diacritic [ ‰] is still used to represent a vowel variant that is closer to the center).
The letters [F] and [] were used for the voiceless and voiced bilabial fricatives, in
contrast to contemporary [Ç] and [Ä] (or [] and [], using the officially sanctioned
letter shapes). In the 1914 version, the fricative trill (found in Czech) was tran-
scribed as [r‡], in 1947 this was replaced with [�], and in contemporary useage, [r] is
used. The high lax vowels have been transcribed with the symbols <Ÿ, I> and <U, ¡,
ê> in the history of the IPA. In reading older works with phonetic transcriptions,
the student may thus encounter unfamiliar symbols or unfamiliar uses of familiar
symbols. The best solution to uncertainty regarding symbols is to consult a refer-
ence source such as Pullum & Ladusaw 1986.

4. Illustrations with English transcription

To further illustrate these symbols, we consider the transcription of some
words of English, using a broad phonetic transcription, that is, one which does not
include a lot of predictable phonetic detail ˜ the issue of predictable features of
speech will be taken up in more detail in subsequent chapters. Consider first the
transcription of the words [k§t] ‘cut’, [siys] ‘cease’ and [sŸk] ‘sick’. These exam-
ples show that phonetic [s] may be spelled in a number of ways, and that the letter
<c> in spelling may have a number of phonetic realizations. The example [baks]
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‘box’ further makes the point that one has to be careful of not inadvertently im-
porting English orthography into phonetic transcriptions. A transcription such as
[bax] might be appropriate for the name of the composer Bach (since many people
do pronounce the name with a velar fricative, as it is pronounced in German), but
otherwise (barring careful transcriptions of casual speech where k is actually pro-
nounced as the fricative [x] in some contexts), [x] does not occur in (standard
American) English ˜ it would be appropriate for transcribing Scots Loch [l¥x].

Examples like [sŸÏ] ‘sing’, [sŸÏgy¦lr �] ‘singular’, [§ngluwd] ‘unglued’,
[sŸÏk] ‘sink’ and [dŸÏiy] ‘dinghy’ show that <ng> may represent a single segment
[Ï] or a sequence [Ïg] or [ng], and that [Ï] need not be spelled <ng>. In the word
[f¦n¢DŸk] ‘phonetic’, there may be some temptation to transcribe the word with the
full vowel [o] in the first syllable. This is (almost always) a spelling pronunciation
˜ the first unstressed vowel is pronounced as schwa ([¦]) in American English.

The vowel [e] in words such as ‘same’ in English is noticeably different
from the pronunciation of [e] in French, Spanish, Italian or German. In English, the
‘pure’ vowels [e], [o], [i] and [u] do not exist by themselves, and are always com-
bined with a glide of similar phonetic quality, forming what is referred to as a
diphthong. Thus the transcriptions [seym] ‘same’, [town] ‘tone’, [tiym] ‘team’ and
[tuwn] ‘tune’ are more phonetically accurate characterizations of the pronuncia-
tions of these words. These diphthongs are sometimes also written as [ei], [ou] or
[eI], [oU]. The glide element is also frequently omitted, since it can be predicted by
a rule, and thus these words might also be transcribed as [sem], [ton], [tim] and
[tun]. However, in [t£wn] (or [tawn], depending on which dialect you speak)
‘town’, [taym] ‘time’ and [toyl] ‘toil’, the glide element of the diphthong is not
predictable by rule and must be included in any transcription.

In the words [riyDŸÏ] ‘reading’ and [skeyDŸÏ] ‘skating’, both orthographic
<t> and <d> are pronounced the same, with the flap [D]. Some dialects of English
maintain a phonetic difference between ‘riding’ and ‘writing’, either via a differ-
ence in vowel length ([ra:yDŸÏ] ‘riding’ vs. [rayDŸÏ] ‘writing’) and/or by a vowel
quality difference ([r§yDŸÏ] ‘riding’  vs. [rayDŸÏ] ‘writing’).

The word [hr �t] ‘hurt’ has a ‘vowel’ ˜ a syllable peak ˜ which is essen-
tially equivalent to the consonant [r]. Sonorant consonants can function as vowels,
thus this ‘vowel’ is referred to as ‘syllabic r’, as indicated by a tick under the con-
sonant. The IPA provides a separate symbol for this particular sound: [ª]. Simi-
larly, English has syllabic [l �] as in [p£Dl �] ‘paddle’, syllabic [n �] as in [b§Ün �]
‘button’ and syllabic [m�] as in [skŸzm�] ‘schism’ (which have no separate IPA
symbols). Sometimes the syllabic sonorants are transcribed as the combination of
schwa plus a consonant, as in [h¦rt], [p£d¦l], [b§Ü¦n] and [skŸz¦m]. It is possible
that there are some dialects of English where these words are actually pronounced
with a real schwa followed by a sonorant, but in most dialects of American Eng-
lish, they are not pronounced in this way (this is particularly clear is you compare
the pronunciation of such English words with that of other languages which do
have clear phonetic [¦n], [¦r] sequences). In addition, as we will discover when we
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discuss the rule for glottal stop in English, the presence of glottal stop in [b§Ün �]
can only be explained if there is no schwa before the sonorant.

Appendix 1: Phonetic Symbols (APA)

Vowels
tense i i½ ¬                    high

lax Ÿ
tense e ¦ 
lax ¢ §             mid

£ a,© ¨            low
Front             Central            Back
unrounded                  unrounded          unrounded

tense u‰ u� u                     high

lax ¡‰ ¡
tense o‰  o
lax ¥‰ ¥           mid

¤            low
Front             Central              Back
rounded             rounded             rounded

Summary

Because phonology views speech sounds symbolically, knowledge of the system of
symbols for representing speech is a prerequisite to doing a phonological analysis. It is
also vital to know the  phonetic parameters for describing the sounds of human lan-
guages which have been presented here. The main characteristics of vowels involve
fronting of the tongue (front, central and back), rounding, and vowel height (high, mid
and low, with tense and lax variants of high and mid vowels). Other properties of vowels
include stress, tone (including downstep and upstep) and the phonation types creaky and
breathy voice. Primary consonantal places of articulation include bilabial, labiodental,
dental, alveolar, alveopalatal, retroflex, palatal, velar, uvular, pharyngeal and laryn-
geal. These may be supplemented by vowel-like secondary articulations including pala-
talization, velarization, pharyngealization and rounding. Consonants may be produced
with a number of constriction and release types, and may be  stops, fricatives or nasals,
and stop consonants may be unreleased or released, the latter type allowing plain versus
affricate release. Differences in the laryngeal component for consonants includes voic-
ing and aspiration, and the distinction between ejectives and implosives. Vowels and
consonants may also exploit differences in nasalization and length.
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Vowel diacritics
a† nasalized a: long
aë creaky aì breathy
a−, a primary stress a�, a secondary stress
a„ superhigh tone a− high tone
aƒ, a‚ mid tone a� low tone a… superlow tone

Consonants
vcls. vcls vcls. vcd. vcd. vcd. nasal
stop affric. fric. stop affric. fric.

bilabial p (pÇ) Ç b (bÄ) Ä m
labiodental pf f bv v Î
dental t» tÈ È d‹ dÅ Å n‹
alveolar t ts s d dz z n
alveopalatal c‡ s‡ j‡ z‡ n†
retroflex tä täsä sä dä däzä zä nä
palatal c (cc�) c� Í (Í)  n†
velar k kx x g gÆ Æ Ï
uvular q qÉ É G G

Æä, G Æ.,  Ï., N
pharyngeal h� Û
laryngeal Ü h Ú

clicks:  labial | dental
 lateral ! alveolar

 ≠ postalveolar

implosives: Ë Ì Ê

liquids: r trill or tap â flap ã approximant
Þ v’less lateral spirant ß vd lateral spirant
á palatal lateral à lateral affricate

glides: w labio-velar y palatal w‰ labio-palatal

Consonant diacritics
py palatalized pw rounded
p¬ velarized pÛ pharyngealized
pw‰ rounded and fronted tä retroflex
ph aspirated voiceless bh~bÚ aspirated voiced
p’ ejective p unreleased
m� syllabic mŒ voiceless
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Appendix 2: IPA Symbols

Vowels
Front Central Back

close      i     y i�   u �                     ¬  u
I Y               ¡

close-mid          e   ø                      o
   ¦

open-mid   ¢  ¤                                     §   ¥
   £    ©

open      a                 ¨   

Consonants
bilab. labio-

dent.
dent. alveo. post-

alveo.
retr. palat. vel. uvular phar. glott.

plosive p   b t    d Ñ  Ð c   Í k   q   G Ü
nasal      m     Î      n     è      Ù     Ï       N

trill        B      r        R

tap, flap           æ
fricative   Ä f   v È   Å s   z ×    Ø    c�    x  É        Û h    Ú
lateral
fricative

      Þ     ß

approx.                j   
lateral
approx.

    l      ç     á     L

Exercises

1. Give the phonetic symbols for the following segments:

voiceless alveopalatal affricate
voiceless dental fricative
front lax high unrounded vowel
central mid lax unrounded vowel
voiced velar fricative
front unrounded low vowel
voiced dental fricative
high front rounded tense vowel
front mid lax unrounded vowel
voiced alveolar stop
voiceless laryngeal fricative
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2. Give words in English containing the following sounds

(a) j‡ (b) r� (c) Ï
(d) s‡ (e) È (f) ¢

3. Transcribe the following words phonetically. If you are a fluent first-
language speaker of English, represent your own pronunciation. Other-
wise, use the pronunciation of someone else who is a fluent first-language
speaker of English.

push alphabet collapse
punish Jurassic salmonella
diphthong women flood

4. From the following pairs of symbols, select the symbol which matches the
articulatory description.

¬  i� high central unrounded vowel
a† aë creaky [a]
G g voiced uvular stop
Ÿ i lax front high vowel
Û Ü glottal stop
¤ o‰ low front round vowel
È tÈ dental affricate
z‡  alveopalatal fricative
a− a� low-toned [a]

5. Provide the phonetic symbols for the following sounds.

voiced bilabial fricative
high back unrounded vowel
voiceless uvular ejective stop
front round mid oral tense vowel
voiceless labiodental fricative
rounded voiceless dental stop
low front unrounded vowel
alveolar nasal
voiced retroflex stop
voiced pharyngeal fricative
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voiceless alveolar stop
back low unrounded vowel

6. Provide the articulatory description of the following segments (assume the
Americanist system of transcription, in case some symbol is ambiguous
between the two systems). Example:

È voiceless interdental fricative

¥ ________________________________________

¦ ________________________________________

a ________________________________________

Î ________________________________________

d‹ ________________________________________

¡ ________________________________________

u‰ ________________________________________

£ ________________________________________

¤ ________________________________________

ts ________________________________________

c‡ ________________________________________

sä ________________________________________

Í ________________________________________

kx ________________________________________

x ________________________________________

Ÿ ________________________________________

Ç ________________________________________

bv ________________________________________

gw ________________________________________

gÆ ________________________________________

Ü ________________________________________
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7. Transcribe the following English words phonetically.

listen [ ] pleasure [ ]

unique [ ] who [ ]

attack [ ] geriatric [ ]

significant [ ] sample [ ]

contagious [ ] journal [ ]

resident [ ] philosophy [ ]

pile [ ] resign [ ]

attic [ ] punishment [ ]

Advanced Topics and Readings

Symbols and their sounds. The current standard of the IPA is published by the
International Phonetic Association (1999) in Handbook of the International Pho-
netic Association: see Albright 1958 for a historical survey of the IPA. The main
reference source for comparative information on the use of phonetic symbols,
spanning various traditions and periods, is Pullum & Ladusaw 1986. Pike 1947 is
an influential source in establishing Americanist transcription practices.

Ladefoged & Maddieson 1996 gives an extensive discussion of the range
of phonetically distinct segments found in languages of the world, and of the pho-
netic parameters involved, based on the authors’ decades of firsthand investigation
into the phonetic properties of human language. Along with Ladefoged 2001a,b
this will provide the student with an excellent understanding of the range of pho-
netic variation found in language.

Introductory books in phonetics often explain the production of conso-
nants and vowels, but an explicit articulatory description of how a symbol is pro-
duced hardly gives the student much of substance to hang the symbol on. A tradi-
tional out-of-print solution to this problem is Smalley 1964 and the accompanying
tapes, which give students a recording of the sound that may make the nature of
some of these phonetic distinctions more vivid. Digitized examples of various
sounds are available on the CD which accompanies Ladefoged 2001a,b, online at
http://hctv.humnet.ucla.edu/departments/linguistics/VowelsandConsonants. Other
examples of IPA symbols and corresponding sounds may be found at
http://web.uvic.ca/ling/ipa/handbook.

Variation in the use of symbols. It might strike the student as peculiar that there
are (at least) two systems of transcription ˜ you might think that a single uniform
scientific system could be agreed on and used by all linguists. There are a number
of reasons why this has not been the case. There is simple tradition: when one has
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been brought up to use one system of notation, it is very difficult to suddenly
switch to another by decree. Neither system is philosophically more sound or sci-
entifically more accurate than the other, and the choice between systems is based
on sociological considerations.

This book uses standard phonetic symbols (following the American prac-
tice, which the author has used for years), and exceptions will be explicitly noted
when they arise. However, transcriptional ambiguities and inconsistencies abound
in the literature, and one must be careful in taking for granted the phonetic inter-
pretation of given data. Published data on languages, especially grammars and
other descriptions of language structure, rarely use systems of standard universal
systems of phonetic transcription consistently. For example the symbol <c> may
be used to represent a palatal stop [ky], an alveopalatal affricate [c‡], an alveolar
affricate [ts], an alveopalatal fricative [s‡], a voiced alveopalatal affricate ([š‡], in
Turkish), a voiced pharyngeal fricative [Û] (in Somali), a dental click ([|], in Zulu
and Xhosa), not to mention a voiceless velar stop in many European languages and
other languages with orthographic traditions influenced by European languages.
The symbol [tä] will generally represent a retroflex t, but in the description of most
Semitic languages ˜ which do not have retroflex consonants ˜ it represents a
pharyngeal secondary articulation i.e. [tÛ]; but in some Ethiopian Semitic lan-
guages it is used to represent glottalised [t’]. In dealing with original sources (and
any linguistic literature based on those sources), it is always wise to check the ac-
tual phonetic values of graphemes. The use of a special phonetic symbol such as
[×] or [c‡] is rarely ambiguous, but the use of plain letters such as <y>, <c> and
even occasionally <p>2  may represent the simple practical expedient that it is eas-
ier to type ‘c’ than ‘Û’. This is why it is important, in looking at language data
sources, to carefully check the phonetic descriptions of segments and not just
automatically assume that the source is rigorously following a particular linguistic
transcription system.

Practical issues have played a major role in the symbols which are used to
phonetically represent data. Using “funny” symbols such as [¬   aì Û Ú  Ë Ñ Þ]
can significantly increase the cost of typesetting since such symbols cost money to
produce and will not be available at all publishing houses. It can also be a consid-
erable nuisance to an author to have to go to various lengths to insert such symbols
in a manuscript, hence there is a natural tendency to reduce the number of special
symbols used. Practical issues dictated by the need to develop orthographies for
unwritten languages quite often lead a descriptive linguist to pick a particular sym-
bol for transcription. Consider the fact that in the spelling of Somali, the consonant
[Û] is represented with the letter <c> and [h�] is spelled as <x>. It may be inconven-
ient to have to remember such a parochial orthographic rule for Somali data, but
for speakers of Somali this is a tremendous help, because it means that Somali can
be written using standard typewriter symbols. Typewriters can be rigged to include

                                             
2  The letter <p> is used in Yoruba to represent the labiovelar [kp].
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these phonetic symbols, but only at great cost. Even when the inclusion of some
phonetic symbol is inevitable, the choice of transcriptional system can be influ-
enced by the desire to reduce the number of additional symbols, so in a number of
languages spoken in West Africa, the phonetic vowel system [i Ÿ e ¢ o ¥ u ¡] is of-
ten transcribed as [i iä e eä o oä u uä], by the addition of a single diacritic rather than
the introduction of four new vowel symbols.

English vowel transcription and the conflicting goals of transcription. Tran-
scription of English vowels can be confusing, since different sources present an
inconsistent picture of “correct” transcription of words. In some cases, this is due
to different symbol systems ˜ IPA vs. APA ˜ so the difference [fejl] vs. [feyl]
for “fail” would be exactly of this nature. Another reason for differences in tran-
scriptions is that the dialect represented may differ in how vowels (to a lesser ex-
tent, consonants) are pronounced. This is very clear in the difference between
British and American English, and even within these two dialect groups there are
major differences in pronunciation so that the vowel of “suit” might be pro-
nounced as [u:], [uw], [u �], or [Ÿw‰]. The dialect of this author does not distinguish
“caught” and “cot”, so naturally these words are transcribed the same. In that dia-
lect, “root” is pronounced [r¡t], and “route” and “rout” are pronounced [r£wt],
whereas in other dialects “root” and “route” are pronounced as [ruwt] and “rout”
is pronounced [rawt].

A third and little-discussed cause of variation in the transcription of Eng-
lish vowels is different implicit goals and assumptions that authors have in creating
a transcription. As discussed in the first chapter, information can be added to a
transcription to make it a more accurate rendering of a pronunciation: close re-
semblance to pronunciation is one common goal. Sometimes, though, certain types
of information are not only unimportant, but can obscure the cognitive status of
certain sounds, by focusing too much on different physical manifestations and
deepmphasizing the unity behind the sounds. Chapter 3 discusses a way of remov-
ing such information from a transcription, by eliminating properties that can be
supplied via automatic rule. Thus another goal of a transcription is to capture and
highlight just the important information.

No one has ever believed that a totally accurate phonetic transcription is
possible (any more than anyone has ever thought that a totally accurate measure-
ment of weight is possible). It is generally accepted that the primary goal of tran-
scription is to provide the information which is important, especially information
that could not be supplied by applying a general rule. Since there are multiple sys-
tems of rules which could relate a less-accurate transcription that focuses only on
important properties of speech to a highly accurate transcription that closely mim-
ics actual speech, more than one transcription of “important” details is possible
since there is more than one theory of which aspects are “important”.

As an example, the word “soy” could be transcribed as [soy] or [s¥y],
[s¥y] being somewhat closer to phonetic reality than [soy]. It may not be immedi-
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ately obvious that [s¥y] is a phonetically more accurate transcription, but there is a
simple instrumental way to address this question. By digitally recording sample
words containing the relevant vowels and playing back just the center part of the
vowel with a speech editing and playback program, one can compare the quality of
the vowel [o] in words like “soap”, “soak” with the vowel [¥] in “sought”, and the
round vowel in question in “soy”. By eliminating distracting consonants, you can
concentrate on the differences in vowel quality, and will probably conclude that
the vowel in the middle of “soy” is closer to that of “sought” than it is to that of
“soak”.

There is no contrast (see the discussion in the next chapter) between [oy]
and [¥y] in English ˜ no words are distinguished by having [oy] versus [¥y] ˜ so
it is possible to transcribe this diphthong either way and relate that transcription to
actual pronunciation by rule. In terms of satisfying the minimal criterion of accu-
racy ˜ including all information which cannot be predicted ˜ either transcription
is as good as the other.

Since the transcription [s¥y] is closer to the phonetic output, that might
decide the matter in favor of [s¥y]. Some countervailing considerations legitimise
the transcription [soy]. First, [s¥y] is a somewhat closer-to-accurate transcription,
but the quality of the vowel in this diphthong is still not the same as the quality of
the vowel of “sought”, “law”, so to be fully faithful to the idea of representing
pronunciations accurately, the transcription of “soy” should indicate that the vowel
is somewhat tenser, something like [¥] (using the IPA diacritic for a raised vowel
variant): but this is a vowel with no independent existence in English. Thus the
choice between [soy] and [s¥y] is not a choice between a phonetically accurate and
a phonetically inaccurate transcription insofar as neither transcription accurately
captures the nature of the round vowel in this diphthong. Once we grant the legiti-
macy of relating the phonetic form [s¥y] to a transcription [s¥y] which is not the
same as the phonetic form, there is no reason in terms of phonetic accuracy to re-
ject [soy] as an equally good transcription.

Second, the preference for [¥] in the transcription is predicated on the in-
dependent necessity of using both [a] and [¥] in transcriptions. But as we know,
some dialects do not distinguish those vowels ˜ “sot” and “sought” are pro-
nounced the same in that dialect. The choice of writing [a] vs. [¥] for the vowel of
these words is relatively arbitrary.3  While the phonetic quality of “oy” in this dia-
lect is also closer to [¥y], there is no vowel [¥]. But we cannot write “oy” as [ay],
since in this dialect [¥y] is clearly different from [ay] (“buy” ≠ “boy”).

Similar problems surround the transcription of “o” before “r”: is the vowel
in “core” better transcribed as [¥] or [o]. This question becomes particularly perti-
nent in dialects which do not have a difference between [¥] and [a]. Should the first

                                             
3  The vowel which the author uses is phonetically distinct from both of the vowels [a] (more accu-
rately the low central vowel [©]) and [¥] used by speakers of dialects making the contrast, and is
closer to ˜ but still distinct from ˜ the low back vowel [¨], found in Norwegian.
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vowel in the diphthong “ay” be transcribed with the same vowel as in “hot”? Close
inspection of pronunciation reveals that the vowel portion of the diphthong is
closer to (IPA) [©] in contrast to the vowel of “hot” which is closer to (IPA) [¨].
Similarly, there is no absolute necessity of distinguishing the vowels [¦] and [§] in
English: [¦] appears in unstressed syllables and [§] appears in stressed syllables.
While it would suffice to use a single vowel symbol to represent the vowels of
“abutt”, the transcription [¦b§−t] more accurately reflects actual pronunciation,
since the actual vowel quality is significantly affected by whether the vowel is
stressed. Whether that fact is sufficient to warrant use of an additional symbolic
distinction must rest on decisions about one’s goal in transcription.
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Allophonic Relations

While a phonetically accurate representation of pronunciation is useful to
phonology, the focus of phonology is not transcription of words, but is rather the
mental rules which govern the pronunciation of words in a given language. Certain
facts about pronunciation simply cannot be predicted by rule, for example that in
English the word ‘sick’ is pronounced [sŸk] and ‘sip’ is pronounced [sŸp]. Hence
one fundamental component of a language is a lexicon, which contains a list of
words (or morphemes ˜ parts of words), which must at the very least give any
information which cannot be predicted by rules in the language. However there is
often much about the pronunciation of words which can be predicted. For example,
consider the pronunciation of the word ‘tick’ in English. The initial voiceless con-
sonant ‘t’ in this word is phonetically aspirated, so this word would be transcribed
phonetically as [thŸk]. The presence of aspiration can be demonstrated visually by
dangling a tissue in front of the mouth when saying this word: notice that when
you pronounce ‘t’, the tissue is blown forward. In comparison, ‘t’ in the word
‘stick’ is not aspirated (thus, the tissue is not blown forward), so this word would
be transcribed phonetically as [stŸk]. This fact of pronunciation can be predicted by
rule, and we shall now consider how that prediction is made.

1. English consonantal allophones

Minimal pairs and contrasts. While the physical difference between t and th in
English is just as real as the difference between t and d, there is a fundamental lin-
guistic difference between these two relationship. The selection of t versus d may

This chapter begins the analysis of phonological processes. You will:

• learn of predictable variants of basic sounds in English
• learn about the concepts ‘phoneme’ and ‘allophone’
• discover that similar relations between sounds exist in other languages
• begin to learn the general technique for inducing phonological rules from

data that come from a language which you do not know
• introduces the formalization of phonological rules
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constitute the sole difference between many different words in English: such
words, where two words are differentiated exclusively by a choice between one of
two segments, are referred to as minimal pairs.

(1) [d] [t]
dire tire
do two
Dick tick
dork torque
had hat
said set
bend bent

The difference between [t] and [d] is contrastive (also termed distinctive) in Eng-
lish, since it can form the sole basis for distinguishing different words (and thus, [t]
and [d] contrast). The basis of that distinction is voicing. (English voiced stops do
not always have phonetic vocal fold vibration, which depends on many factors,
such as distance from the glottis to the consonantal contriction, or state of the glot-
tis in neighboring sounds. These factors are in the domain of phonetics).

Phonemes and allophones. The choice of a voiceless aspirated stop versus a
voiceless unaspirated stop, on the other hand, never defines the sole basis for dif-
ferentiating words in English. The occurrence of [t] versus [th] (also [k] versus [kh],
and [p] versus [ph]) follows a rule that aspirated stops are used in one phonological
context, and unaspirated stops are used in all other contexts. In English, [t] and [th]
are predictable variants of a single abstract segment, a phoneme, which we repre-
sent as /t/. These predictable variants are termed allophones ˜ the sounds are in
complementary distribution because the context where one variant appears is the
complement of the context where the other sound appears. As we have empha-
sized, one concern of phonology is determining valid relations between surface
phonetic segments and the abstract mental constructs, the phonemes, which repre-
sent the unity behind observed [t]~[th] etc. The implicit claim is that despite physi-
cal differences, [t] and [th] (idem [k] and [kh], [p] and [ph]) are in a fundamental
sense ‘the same thing’: reducing physically realised [t th k kh p ph] to /t k p/ and
supplying the information “realised as [t] vs. [th]” recognises these regularities.

1.1. Aspiration

We will turn our attention to some such rules of pronunciation in English,
starting with aspiration, to see what some of these regularities are. In the first set of
words below, the phonemes /p,t,k/ are aspirated whereas they are not aspirated in
the second set of words.
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(2) Aspirated stops
pool [phuwl] tooth [thuwÈ] coop [khuwp]
pit [phŸt] tin [thŸn] kill [khŸl]
apply [¦phlay] atomic [¦thamŸk] account [¦kh£wnt]
prawn [phran] truth [thruwÈ] crab [khr£b]
pueblo [phw¢blow] twine [thwayn] quill [khwŸl]
play [phley] clay [khley]
puce [phyuws] cube [khyuwb]

(3) Unaspirated stops
spool [spuwl] stool [stuwl] school [skuwl]
spit [spŸt] stick [stŸk] skid [skŸd]
sap [s£p] sat [s£t] sack [s£k]
spray [sprey] stray [strey] screw [skruw]
split [splŸt] sclerosis [skl¦rowsŸs]
spew [spyuw] skew [skyuw]

The selection of an aspirated versus an unaspirated voiceless stop is determined by
the context in which the stop appears. Aspirated stops appear at the beginning of a
word, whereas unaspirated stops appear after [s]; aspirated stops appear before a
vowel or a sonorant consonant, whereas unaspirated stops appear at the end of a
word. This collection of contexts can be expressed succinctly by referring to the
position of the consonant in the syllable: aspirated stops appear at the beginning of
the syllable1  and unaspirated stops appear elsewhere.

We assume that the voiceless stops are basically unaspirated in English,
and explain where aspirated segments appear by having a rule that assigns aspira-
tion to voiceless stops, when the stop is at the beginning of the syllable: the rule
can be stated as ‘voiceless stops become aspirated at the beginning of a syllable’.
We don’t need a second special rule to derive unaspirated stops in other environ-
ments, because that follows directly from our assumption that the basic or under-
lying form of the voiceless stops in English is unaspirated, and they will therefore
be pronounced as such unless they are specifically changed by a rule. We investi-
gate the idea of underlying representations in greater details in Chapter 4.

Actually, the issue of aspiration in English is a bit more complex. Notice
that in the following words, [p], [t] and [k] in the middle of the word are not aspi-
rated, even though the consonant is between vowels or syllabic sonorants ˜ be-
tween syllable peaks ˜ and therefore is presumably at the beginning of a syllable.

                                             
1  See the Advanced Topics section at the end of the chapter for discussion of the status of the sylla-
ble as an phonetic property.
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(4) h£ −piy ‘happy’ kh£−mpŸÏ ‘camping’ h¢−lpŸÏ ‘helping’
l§−kiy ‘lucky’ s§−kr� ‘sucker’ sa−ltiy ‘salty’

Compare these words with seemingly analogous words where there is aspiration on
the stop between vowels, such as [¦th£ −k] ‘attack’, [¦khyu −wmy¦leyt] ‘accumulate’,
[le−yth¢�ks] ‘latex’, [¦ph¢−ndŸks] ‘appendix’. The important difference in these words
is the location of stress. In all of the words in (4), where a voiceless consonant is
not aspirated in syllable-initial position, the consonant is followed by an unstressed
vowel. In other words, these data force us to refine our statement of the rule for
assignment of aspiration, to be ‘voiceless stops become aspirated at the beginning
of a stressed syllable’.

Alternations involving aspiration. The dependence of aspiration on the location
of stress leads to discovering further evidence for the aspiration rule. Certain word-
formation processes in English change the location of stress, for example in ‘atom’
the stress is on the first syllable of the root and in the related adjective ‘atomic’ the
stress is on the second syllable. The pairs of words in (5) further illustrate the
property of stress shifting, where the verbs on the left have stress on the second
syllable of the root but the nouns derived from these verbs on the right have no
stress on the second syllable.

(5) [¦phla−y] ‘apply’ [£�pl¦khe−ys‡n�] ‘application’
[s¦pho−wz] ‘suppose’ [s§�p¦zŸ−s‡n�] ‘supposition’
[¦khwa−yr] ‘acquire’ [£�kw¦zŸ −s‡n�] ‘acquisition’

As predicted by our rule for aspiration, the phonetic presence or absence of aspira-
tion on the medial stop of the root may alternate within a given root, according to
where the stress appears in the root.

Another set of examples involves the word-formation process adding -ee
to a verb, to form a noun referring to the direct object of the action. That suffix
must be stressed, unlike the subject-nominalization suffix -er.

(6) verb subject noun object noun
gr£ −nt gr£ −ntr� gr£ �nth™® “grant”
s‡Ÿ −ft  s‡Ÿ −ftr� s‡Ÿ �fth™® “shift”
h¢ −lp h¢ −lpr� h¢ �lph™® “help”
c‡o−wk c‡o−wkr� c‡o�wkh™® “choke”
stra−yk stra−ykr�  stra�ykh™® “strike”
¦th£−k ¦th£−kr� ¦th£�kh™® “attack”

Again, as our rule predicts, when the stress shifts to the suffix vowel, the pronun-
ciation of the preceding consonant changes to become aspirated.
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Pronunciation of novel utterances. Not only does the existence of this aspiration
rule explain why all voiceless stops are aspirated at the beginning of a stressed
syllable in English words, it also explains facts of language behavior by English
speakers outside the domain of pronouncing ordinary English words. First, when
English speakers are faced with a new word which they have never heard before,
for example one coming from a foreign language, voiceless consonants will be as-
pirated or unaspirated according to the general rule for the distribution of aspira-
tion. The pronunciation of unfamiliar foreign place names provides one simple
demonstration. The place names Stord (Norway) and Palma (Mozambique) will be
pronounced by English speakers as [st¥rd] and [phalm¦], as predicted by the aspi-
ration rule. The name Stavanger (Norway) may be pronounced many ways ˜
[st¦v£ −Ïr �], [st£ −v¦nj‡r �], [st¦v£ −nj‡r �], [st£ −v¦Ïr �] and so on, but consistent throughout
this variation, the /t/ will remain unaspirated because of its position in the syllable.
In the English pronunciation of Rapallo (Italy), stress could either be in the first
syllable in [r£ −p¦lo], with no aspiration because /p/ is at the beginning of an un-
stressed syllable, or on the second syllable as in [r¦pha−lo] ˜ again the choice of
aspirated versus unaspirated consonant being determined by the rule of aspiration.

Second, when English speakers attempt to learn a language which does not
have the same distribution of aspirated and unaspirated consonants as in English,
they encounter difficulties in pronunciation that reflect the effect of the rule of as-
piration. Hindi has both aspirated and unaspirated voiceless stops at the beginning
of syllables, as well as after /s/. Words such as [phal] “fruit” and [stan] “breast” are
not difficult for English speakers to pronounce; accurate pronunciation of [pal]
“want” and [sthal] “place” on the other hand are. This is due to the fact that the
rule of aspiration from English interferes in the pronunciation of other languages.

Finally, even in native English words, unaspirated stops can show the ef-
fect of the aspiration rule in hyper-slow, syllable by syllable pronunciation. Notice
that in the normal pronunciation of ‘happy’ [h£ −piy], only the first syllable is
stressed and therefore [p] remains unaspirated. However, if this word is pro-
nounced very slowly, drawing out each vowel, then both syllables become
stressed, and as predicted the stop p is aspirated ˜ [h£ −::]...[ph™¯::y]. All of these
facts are explained by one simple hypothesis, that in English the occurrence of as-
piration on stops derives from applying a rule.

1.2. Flapping

We now turn to another such phonological rule. A phonetic characteristic
of many North American dialects of English is the phenomenon of ‘flapping’,
where /t/ and /d/ become the flap [D] in certain contexts, for example [wa−Dr �]
“water”. It is clear that there is no contrast between the flap [D] and any other con-
sonant of English: there are no minimal pairs such as hypothetical [hŸt] and *[hŸD],
or *[b¦tr �] and [b¦Dr �] whose existence would establish that the flap is a distinct
phoneme of English. Moreover, the contexts where the flap appears in English are
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quite restricted. In our previous examples of non-aspiration in the context v−Cv in
(4) and (5), no examples included [t] as an intervocalic consonant. Now consider
the following words:

(7) a. wa−Dr� “water” we −yDr� “waiter; wader”
£−Dm� “atom; Adam”  £ −D¦thu�wd “attitude”

b. hŸ −t “hit” hŸ −DŸÏ “hitting”
p¡ −t “put” p¡ −DŸÏ “putting”
s¢ −t “set” s¢ −DŸÏ “setting”

In the first group of examples, orthographic <t> is phonetically realized as the flap
[D] in the context V −_V, that is, when it is followed by a vowel or syllabic sonorant
˜ represented as V ˜ and preceded by a stressed vowel or syllabic sonorant. We
could contemplate the possibility that we have uncovered an orthographic defect of
English, since we have no letter which represents a flap (just as no single letter
represents /È/ vs. /Å/) and some important distinctions in pronunciation are lost in
spelling. The second set of examples show even more clearly that underlying t be-
comes a flap in this context. We can convince ourselves that the verbs [hŸt], [p¡t]
and [s¢t] end in [t], simply by looking at the uninflected form of the verb, or the
3rd person singular forms [hŸts] [p¡ts] and [s¢ts], where the consonant is pro-
nounced as [t]. Then when we consider the gerund, which combines the root with
the suffix -ŸÏ, we see that /t/ has become the flap [D]. This provides direct evidence
that there must be a rule which derives flaps from plain /t/, since the pronunciation
of root morphemes may actually change, depending on whether or not the rule for
flapping applies (which depends on whether a vowel follows the root).

There is analogous evidence for an underlying /t/ in the word [£ −Dm�]
‘atom’, since, again, the alveolar consonant in this root may either appear as [th] or
[D], depending on the phonetic context where the segment appears. Flapping only
takes place before an unstressed vowel, and thus in /£tm�/ the consonant /t/ is pro-
nounced as [D]; but in the related form [¦tha−mŸk] where stress has shifted to the
second syllable of the root, we can see that the underlying /t/ surfaces phonetically
(as an aspirate, following the previously discussed rule of aspiration).

We may state the rule of flapping as follows: ‘an alveolar stop becomes a
flap when it is followed by an unstressed syllabic and is preceded by a vowel or
glide’. It is again important to note that the notion of ‘vowel’ used in this rule must
include syllabic sonorants such as [r�] for the preceding segment, and [r�] or [m�] for
the following segment. Flapping is not limited to the voiceless alveolar stop /t/:
underlying /d/ also becomes [D] in this same context.

(8) Bare verbs ‘One who V’s’ ‘Ving’
bŸ −d bŸ −Dr� bŸ −DŸÏ “bid”
ha −yd ha−yDr� ha−yDŸÏ “hide”
we−yd we−yDr� we−yDŸÏ “wade”

Vowels and syllabic
sonorants often function
together in phonology,
and we unify them with
the term syllabic.

The theory of dis-
tinctive features
given in Chapter 6
makes it easier to
distinguish different
notions of vowel
and glide
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1.3. Glottal stop

There is one context where flapping of /t/ does not occur when preceded
by a vowel and followed by an unstressed syllabic segment (vowel or syllabic so-
norant), and that is when /t/ is followed by a syllabic [n�]. Consider, first, examples
such as [b§ −Ün �] ‘button’ and [ka−Ün �] ‘cotton’. Instead of the flap that we expect,
based on our understanding of the context where flapping takes place, we find
glottal stop before syllabic [n �]. Consider the following pairs of words.

(9) [rat] ‘rot’ [raÜn�] ‘rotten’
[hayt] ‘height’ [hayÜn�] ‘heighten’
[layt] ‘light’ [layÜn�] ‘lighten’
[f£t] ‘fat’ [f£Ün�] ‘fatten’

The bare roots on the left show the underlying /t/ which has not changed to glottal
stop, and on the right, we observe that the addition of the suffix /n �/ conditions the
change of /t/ to [Ü] in the context V −_n, i.e. when t is preceded by a stressed vowel
and followed by an alveolar nasal. Words like [£−Dm�] “atom” show that the glottal
stop rule does not apply before all nasals, just alveolar nasals.

Finally, notice that in casual speech, the gerundive suffix -ŸÏ may be pro-
nounced as [n �]. When the verb root ends in /t/, that /t/ becomes [Ü] just in case the
suffix becomes [n �], and thus provides the crucial context required for the glottal
stop creation rule.

(10) Base verb careful speech casual speech
hŸs hŸsŸÏ hŸsn �
rat raDŸÏ raÜn �
flowt flowDŸÏ flowÜn �

In the examples considered so far, the environment for appearance of glottal stop
has been a following syllabic [n �]. Is it crucial that the triggering nasal segment be
specifically a syllabic nasal? We also find glottal stop before nonsyllabic nasals in
words such as Whitney [ÀŸÜniy] and fatness [f£Ün¦s], which shows that the t-
glottalization rule does not care about the syllabicity of the following nasal. The
presence of glottal stop in these examples can be explained by the existence of a
rule which turns /t/ into glottal stop before [n] or [n �]. Notice that this rule applies
before a set of segments, but not a random set: it applies before alveolar nasals,
without mention of syllabicity. As we will repeatedly see, the conditioning context
of phonological rules is stated in terms of phonetic properties.

Some speakers have [Ü]
only before syllabic [n �],
so their rule is different.
Not all American dialects
have this rule ˜ it is
lacking in certain South-
ern dialects, and instead
the flapping rule applies.
Some British dialects
have a rule which applies
in a rather different con-
text e.g. [l¢Ü¦] “letter”.
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2. Allophony in other languages

Allophonic rules of pronunciation are found in most human languages, if
not indeed all languages. What constitutes a subtle contextual variation in one lan-
guage may constitute a wholesale radical change in phonemes in another. The dif-
ference between unaspirated and aspirated voiceless stops in English is a com-
pletely predictable, allophonic one which speakers are not aware of, but in Hindi
the contrast between aspirated and unaspirated voiceless consonants forms the ba-
sis of phonemic contrasts, e.g. [pal] “want”, [phal] “fruit”. Unlike the situation in
English, aspiration in Hindi is an important, distinctive property of stops which
cannot be supplied by a rule. The consonants [l] and [d] are clearly separate pho-
nemes in English, since the choice between these consonants is the only difference
between words such as lie and die (speakers who contrast the vowels a and ¥ may
further distinguish these words by choice of vowel), log and dog or mill and mid.

l and d in Setswana. However, in Setswana, there is no contrast between [l] and
[d]. Phonetic [l] and [d] are contextually determined variants of a single phoneme:
surface [l] appears before non-high vowels, and [d] appears before high vowels
(neither consonant may come at the end of a word or before another consonant).

(11) lefifi ‘darkness’ loleme ‘tongue’
sel¢p¢ ‘axe’ mol¥mo ‘mouth’
xobala ‘to read’ mmadi ‘reader’
medisa ‘make swallow’ lerum¥ ‘spear’
xoÙala ‘to marry’ leÏ ‘when?’
loxadima ‘lightning flash’ diš‡¥ ‘food’
dum¢la ‘greetings’ feedi ‘sweeper’
lokwal¥ ‘letter’ khudu ‘tortoise’
mosadi ‘woman’ podi ‘goat’
badisa ‘the herd’ hudi ‘wild duck’

Thus, Setswana has a rule which can be stated as ‘/l/ becomes [d] before high
vowels’.

(12) l • d / ___ high vowel

This statement introduces the standard formalism for giving rules which will be
used in the book. Rules generally take the form “A•B/C__D”, where A, C, D are
variables that stand for classes of sounds (single segments like [l] or [d], or pho-
netic classes such as ‘high vowel’), and B describes the nature of the change, either
a phonetic parameter such as ‘voiceless’ or ‘nasal’, or simply a specific segment
like [d]. The conditioning context might involve only a preceding element in
which case “D” would be null, it might involve only a following element in which
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case “C” would be null, or the applicability of the rule might depend on both what
precedes and what follows. The arrow means ‘becomes’, the slash means ‘in the
environment’ where the context is what follows the slash. The dash indicates the
position of the affected segment in the relevant environment, so the environment
‘C__D’ means “when the affected segment is preceded by C and followed by D”.
Thus, rule (12) says “l becomes d when it stands before a high vowel” (and it does
not matter what precedes l, since the rule says nothing about what precedes).

An equally accurate and general statement of the distribution or [l] and [d]
would be ‘/d/ becomes [l] before non-high vowels’.

(13) d • l / ___ nonhigh vowel

There is no evidence to show whether the underlying segment is basically /l/ or /d/
in Setswana, so we would be equally justified in assuming either rule (12) or rule
(13). Sometimes, a language does not provide enough evidence to allow us to de-
cide which of two (or more) analyses in correct.

Tohono ’o’odham affricates. In the language Tohono ’o’odham (formerly known
as Papago), there is no contrast between [d] and [š‡], or between [t] and [c‡]. The
task is to inspect the examples in (14) and discover what factor governs the choice
between plain alveolar [d,t] versus the alveopalatal affricates [š‡,c‡]. In these exam-
ples, word-final sonorants are devoiced by a regular rule which we disregard, ex-
plaining the devoiced m in examples like [wahc‡umŒ]

(14) š‡ihsk ‘aunt’ d¥ÜaÜk ‘mountain’
c‡u:liŒ ‘corner’ c‡¬waÜgiŒ ‘clouds’
wahc‡umŒ ‘drown’ taht ‘foot’
š‡¬w¬hk¥h ‘cut hair’ ÜahidaÜk ‘year’
t¥n¥mŒ ‘be thirsty’ h¬htahpspc‡uŒ ‘make it 5’
h¬š‡¬liŒ ‘self’ c‡ihkpanŒ ‘work’
staht¥n¥m:ah ‘thirsty times’ Üi:daŒ ‘this’
m¬dä¬damŒ ‘runner’ t¥hnt¥Œ ‘degenerate’
t¥dsid ‘frighten’ c‡¬p¥sid ‘brand’
gahtwiŒ ‘to shoot’ c‡¬hc‡iŒ ‘name’
g¬Ü¬dtaŒ ‘get big’ š‡umaliŒ ‘low’
tobidk ‘White Clay’ waÜš‡iwih ‘swim’
spadmahkamŒ ‘lazy one’ š‡u:ÜwŒ ‘rabbits’

We do not know, at the outset, what factor conditions the choice of [t,d]
versus [c‡,j‡] (indeed in the world of actual analysis we do not know in advance that
there is any such relationship; but to make your task easier, we will at least start
with the knowledge that there is a predictable relationship, and concentrate on dis-
covering the rule governing that choice). To begin solving the problem, we explore
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two possibilities: the triggering context may be the segment which immediately
precedes the consonant, or it may be the segment which immediately follows it.

Let us start with the hypothesis that it is the immediately preceding seg-
ment which determines how the consonant is pronounced. In order to organise the
data so as to reveal what rule might be at work, we can simply list the preceding
environments where stops versus affricates appear, so ‘h__’ means ‘when [h] pre-
cedes’ ˜ here, the symbol ‘#’ represents the beginning or end of a word. Looking
at the examples in (14) and taking note of what comes immediately before any [t,d]
versus [c‡,j‡] we arrive at the following list of contexts.

(15) [t,d]: #__, h__, ¬__, i:__, s__, i__, n__, ¥__
[c‡,š‡]: #__,  h__, ¬__, Ü__, p__

Since both types of consonants appear at the beginning of the word, or when pre-
ceded by [h] or [¬], it is obvious that the preceding context cannot be the crucial
determining factor. We therefore reject the idea that the preceding element deter-
mines how the phoneme is pronounced.

Focusing next on what follows the consonant, the list of contexts corre-
lated with plain stops versus affricates is much simpler.

(16) [t,d]: __¥, __a, __aŒ, __#, __s, __t,  __k,  __m,  __w
[c‡,j‡]: __i, __iŒ, __u, __uŒ, __¬

Only the vowels [i,u,¬] (and their devoiced counterparts) follow [c‡] and [š‡], and
the vowels [a,¥] follow [t] and [d]. Moreover, when no vowel follows, i.e. at the
end of the word or before another consonant, the plain alveolar appears (taht,
t¥dsid). The vowels [i,u,¬] have in common the property that they are high vowels,
which allows us to state the context for this rule very simply: /t/ and /d/ become
alveopalatal affricates before high vowels, i.e.

(17) alveolar • alveopalatal /  ___ high vowel
stop         affricate

The retroflex consonant [dä] does not undergo this process, as seen in [m¬dä¬damŒ].
This account of the distribution of alveolars versus alveopalatals assumes

that underlyingly the consonants are alveolars, and that just in case a high vowel
follows, the consonant becomes an alveopalatal affricate. It is important to also
consider the competing hypothesis that underlyingly the consonants are al-
veopalatals and that they become alveolars in a context which is complementary to
that stated in rule (17). The problem with that hypothesis is that there is no natural
statement of that complementary context, which includes nonhigh vowels, conso-
nants, and the end of the word.



Allophonic Relations 57

(18)   alveopalatal affricate  alveolar stop /       
nonhigh V
     C
     #

 →

















The brace notation is a device used to force a disjunction of unrelated contexts into
a single rule, so this rule states that alveopalatal affricates becomes alveolar stops
when they are followed either by a nonhigh vowel, a consonant, or are at the end
of the word, i.e. there is no coherent generalization. Since the alternative hypothe-
sis that the consonants in question are underlyingly alveopalatals leads to a much
more complicated and less enlightening statement of the distribution of the conso-
nants, we reject the alternative hypothesis and assume that the consonants are un-
derlyingly alveolar.

Obstruent voicing in Kipsigis. In the Kipsigis language of Kenya, there is no
phonemic contrast between voiced and voiceless obstruents as there is in English.
No words are distinguished by the selection of voiced versus voiceless consonants:
nevertheless, phonetic voiced obstruents do exist in the language.

(19) kuur ‘call!’ ke-guur ‘to call’
Ïok-ta ‘dog’ Ïog-iik ‘dogs’
k¢-t¢p ‘request’ i-teb-e ‘you are requesting’
ker ‘look at!’ ke-ger ‘to look at’
put ‘break up!’ ke-but ‘to break up’
poor ‘thresh maize!’ ke-boor ‘to thresh maize’
Ïelyep-ta ‘tongue’ Ïelyeb-wek ‘tongues’
kisipc‡i ‘to follow for’ iÏgurwet ‘pig’
kipkirui (name) ke-baakpaak ‘to strip repeatedly’
p¡nb¡n ‘soft’ til¨kse ‘it is cuttable’
kirgit ‘bull’ kagyam ‘we ate’
taapt¢¢t ‘flower type’ kebrit¨m¢¢t ‘to fall asleep’
kŸblaÏat (name) peec‡iÏge ‘they are going

 for themselves’

In these examples, we can see that the ‘peripheral’ consonants ˜ labials and ve-
lars ˜ become voiced when they are both preceded and followed by vowels, liq-
uids, nasals and glides: these are all sounds which are voiced.

(20) voiceless peripheral consonant • voiced / voiced ___ voiced

In stating the context, we do not need to say ‘voiced vowel, liquid, nasal or glide’,
since by saying ‘voiced’ alone, we refer to the entire class of voiced segments. It is
only when we need to specifically restrict the rule so that it applies just between
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voiced consonants, for example, that we would need to further specify the condi-
tioning class of segments.

While you have been told that there is no contrast between [k] and [g] or
between [p] and [b] in this language, children learning the language do not use
explicit instructions, so an important question arises: how can you arrive at the
conclusion that the choice [k,p] versus [g,b] is predictable? Two facts lead to this
conclusion. First, analyzing the distribution of consonants in the language would
lead to discovering the regularities that no word begins or ends in [b,g] and no
word has [b,g] in combination with another consonant, except in combination with
the voiced sonorants. We would also discover that [p,k] do not appear between
vowels, or more generally between voiced segments. If there were no rule govern-
ing the distribution of consonants in this language, then the distribution is pre-
sumed to be random, which would mean that we should find examples of [b,g] at
the begining or end of words, or [p,k] between vowels. (A student of phonology
has a disadvantage compared to the child learning the language, since the lan-
guage-learning child has access to a vastly larger set of examples and a much
longer time to figure out the system).

Another very important clue in understanding the system is the fact that
the actual pronunciation of morphemes changes according to the context that they
appear in. Notice, for example, that the imperative form [kuur] ‘call!’ has a voice-
less stop, but the same root is pronounced as [guur] in the infinitive [ke-guur] ‘to
call’. In other words, when learning words in the language, the child is faced with
changes in the actual pronunciation of words and word-parts ˜ sometimes the
root ‘call’ is pronounced [kuur] and sometimes it is pronounced [guur]. Similarly,
in trying to figure out the root for the word ‘dog’, the child will observe that in the
singular the root portion of the word is pronounced [Ïok] and in the plural it is
pronounced [Ïog]. From observing that there is an alternation between [k] and [g],
or [p] and [b], it is a relatively simple matter to arrive at the hypothesis that there is
a systematic relation between these sounds, which leads to an investigation of
when [k,p] appear, versus [g,b].

Implosive and plain voiced stops in Kimatuumbi. The distinction between im-
plosive and plain voiced consonants in Kimatuumbi can be predicted by a rule.

(21) Ë¢Ë¢¢lu ‘male goat’ Êundumuka ‘be scared’
Ëutuka ‘flow’ Êaala ‘storage in roof’
k¥Ë¥kwa ‘unfold’ Ëw¡¡mŸ ‘life’
k¥¥ndwa ‘dig clay’ Ïgaambal¢ ‘fish sp.’
Ëalaka ‘luck’ Ê¡l¡ya ‘drive fast’
lis¢¢Ïg¢l¢ ‘dowry’ Ëila ‘without’
Ê¥l¥ya ‘straighten’ Êuna ‘murmur’
kiË¡la ‘towards Mecca’ kit¡¡mbŸ ‘hill’
kyaaÏgi ‘sand’ Ë¥mwaana ‘destroy’
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lik¡¡Ïgwa ‘storage structure’ Ë¡¡ka ‘leave’
Ê¥¥mba ‘shoot a gun’ Ê¡l¡ka ‘fly’
ËalaaÏga ‘count’ aliËika ‘be out of order’

Upon consideration of consonant distribution in these data, you will see that im-
plosives appear in word-initial position and after vowels, whereas plain voiced
consonants appear exclusively after nasals.

There is further clinching evidence that this generalization is valid. In this
language, the first person singular form of the verb has a nasal consonant prefix
(there is also a change in the final vowel, where you get -a in the infinitive and -¢
in the “should” form, the second column below).

(22) to V I should V
Ê¡l¡ka Ïg¡l¡k¢ ‘fly’
Ê¡l¡ya Ïg¡l¡y¢ ‘drive fast’
Ê¥¥mba Ïg¥¥mb¢ ‘shoot a gun’
Ê¥l¥ya Ïg¥l¥y¢ ‘straighten’
Êuna Ïgun¢ ‘murmur’
Êundumuka Ïgundumuk¢ ‘be scared’
ËalaaÏga mbalaaÏg¢ ‘count’
Ëutuka mbutuk¢ ‘flow’
Ë¡¡ka mb¡¡k¢ ‘leave’
Ìuumu nduumu ‘continue’

Thus the pronunciation of the root for ‘fly’ alternates between [Ê¡l¡k] and [g¡l¡k],
depending on whether a nasal precedes.

Having determined that implosives and plain voiced stops are allophoni-
cally related in the grammar of Kimatuumbi, it remains to decide whether the lan-
guage has basically only plain voiced consonants, with implosives appearing in a
special environment; or should we assume that Kimatuumbi voiced stops are basi-
cally implosive, and plain voiced consonants appear only in a complementary en-
vironment. The matter boils down to the following question: is it easier to state the
context where imposives appear, or is it easier to state the context where plain
voiced consonants appear? We generally assume that the variant with the most-
easily stated distributional context is the variant derived by applying a rule. How-
ever, as we saw with the case of [l] and [d] in Setswana, a language may not pro-
vide empirical evidence which is the correct solution.

Now let us compare the two possible rules for Kimatuumbi: ‘implosives
appear word initially and after a vowel’,

(23) C implosive /  
V

#
     →
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versus ‘plain consonants appear after a nasal’:

(24) C • nonimplosive / nasal ___

It is simpler to state the context where plain consonants appear, since their distri-
bution requires a single context ˜ after a nasal ˜ whereas describing the process
as replacement of plain consonants by implosives would require a more complex
disjunction ‘either after a vowel, or in word initial position’. A concise description
of contexts results if we assume that voiced consonants in Kimatuumbi are basi-
cally implosive, and that the non-implosive variants which appear after nasals are
derived by a simple rule: implosives become plain voiced consonants after nasals.

It is worth noting that another statement of the implosive-to-plain process
is possible, since sequences of consonants are quite restricted in Kimatuumbi. Only
a nasal may precede another “true” consonant, i.e. a consonant other than a glide.
A different statement of the distribution of implosives versus plain voiced conso-
nants for Kimatuumbi is that plain voiced consonants appear only after other con-
sonants ˜ due to the rules for permissible consonant combination in the language,
the first of two true consonants is necessarily a nasal, so it is unnecessary to ex-
plicitly state that the preceding consonant in the implosive-to-plain-C rule is a na-
sal. Phonological theory does not always give a single solution for any given data-
set, so we must accept that there are at least two ways of describing this pattern.
One of the goals of the theory, towards which considerable research energy is be-
ing expended, is developing a principled basis for making a unique and correct
choice in such cases where the data cannot show which solution is right.

Velar and uvular stops in Kenyang. In Kenyang, there is no contrast between the
velar consonant k and uvular q.

(25) en¥q ‘tree’ enoq ‘drum’
eket ‘house’ nc‡iku ‘I am buying’
nek ‘rope’ eyw¨rek ‘sweet potato’
Ïg¨q ‘knife’ ek¨q ‘leg’
et¥q ‘town’ nyoq ‘porcupine’
m¦k ‘dirt’ n¨q ‘brother in law’
ndek ‘European’ p¥brik ‘work project’
bet¦k ‘job’ bep¦k ‘to capsize’
tiku (name) ku ‘buy!’
¨yuk (name) esik¥Ï ‘pipe’
kebwep ‘stammering’ Ïk¥q ‘chicken’
Ïk¨p ‘monet’ k¥ ‘walk!’
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What determines the selection of k versus q is the nature of the vowel which pre-
cedes the consonant. The uvular consonant q is always preceded by one of the back
non-high vowels o, ¥ or ¨, whereas velar k appears anywhere else.

(26) voiceless velar • uvular / back nonhigh vowel __

This relation between vowels and consonants is phonetically natural. The vowels
triggering the change have a common place of articulation: they are produced at
the lower back region of the pharynx, where q (as opposed to k) is articulated.

An alternative is that the underlying segment is a uvular, and velar conso-
nants are derived by rule. But under that assumption, the rule which derives velars
is very complex. Velars would be preceded by front or central vowels, by high
back vowels, by a consonant (Ï), or by a word boundary. We would then end up
with a disjunction of contexts in our statement of the rule.

(27) q  k /  

  front V
  central V
high back V
      C
      #

         →



























The considerably more complex rule deriving velars from uvulars leads us to reject
the hypothesis that these segments are underlyingly uvular. Again, we are faced
with one way of capturing the generalization exploiting phonetically defined
classed, and an alternative that involves a disjunctive list, where there is nothing
that unifies the contexts: we select the alternative which allows a rule to be stated
that refers to a simple, phonetically defineable context. This decision reflects an
important discovery regarding the nature of phonogical rules which will be dis-
cussed in greater detail in Chapter 6, namely that phonological rules operate in
terms of phonetic classes of segments.

Arabela nasalization. Nasalization of vowels and glides is predictable in Arabela.

(28) ne†e†ky££Ü ‘lying on back’ mo†nu†Ü  ‘kill’
tukuruÜ ‘palm leaf’ sowakaÜ ‘wall’
ny†£†£†riÜ ‘he laid it down’ suroÜ ‘monkey’
n™†™†ky££Ü ‘is pouring out’ suwakaÜ ‘fish’
n™†ty£nu†Ü ‘carry on back’ s‡iyokwaÜ ‘grease’
posuna†h†a†Ü ‘short person’ kuw¥xoÜ ‘hole’
no†o†nu†Ü ‘be pained’ h†e†e†giÜ ‘termites’
na†na†a†Ü ‘he is bathing’ t£weÜ ‘foreigner’
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ma†a†nu†Ü ‘woodpecker’ h†y†u†u†s‡s‡£no†Ü ‘where I fished’
n™†ny†u†Ü ‘to come’ my†£†nu†Ü ‘swallow’
nu†w†a†Ü ‘partridge’ h†u†w†a†Ü ‘a yellow bird’

Scanning the data in (28), we see nothing about the following phonetic context that
explains occurrence of nasalization: both oral and nasal vowels precede glottal stop
([t£weÜ] ‘foreigner’ versus [no†o†nu†Ü] ‘be pained’), [k] ([n™†™†ky££Ü] ‘is pouring
out’ versus [s‡iyokwaÜ] ‘grease’) or [n] ([my†a†nu†Ü] ‘swallow’ versus [posuna†h†a†Ü]
‘short person’). A regularity does emerge once we look at what precedes oral ver-
sus nasal vowels: when a vowel or glide is preceded by a nasal segment ˜ be it a
nasal consonant (including [h†] which is always nasal in this language), vowel, or
glide ˜ then a vowel or glide becomes nasalized. The rule for nasalization can be
stated as ‘a vowel or glide becomes nasalized after any nasal sound’. We discuss
how vowels and glides are unified in Chaoter 6: for the moment, we will use the
term vocoid to refer to the phonetic class of vowels and consonants.

(29) vocoid • nasal / nasal ___

The naturalness of this rule should be obvious ˜ the essential property that de-
fines the conditioning class of segment, nasality, is the very property that is added
to the vowel: such a process, where a segment becomes more like some neighbor-
ing segment, is known as an assimilation. Predictable nasalization of vowels al-
most always derives from a nasal consonant somewhere near the vowel.

Sundanese: a problem for the student to solve. Bearing this suggestion in mind,
where do nasalized vowels appear in Sundanese, given the following data?

(30) abot ‘heavy’ agi½Ï ‘big’
am™†s ‘sweet’ ano†m ‘young’
awon ‘bad’ basi½r ‘wet’
kone†Ï ‘yellow’ bi½ri½m ‘red’
eÏgal ‘new’ g¦dde ‘big’
gandula ‘purple’ ma†ha†l ‘expensive’
ma†h™†r ‘skillful’ m™†�ri½ ‘uncertain’
mo†he†he†d ‘poor’ bum™† ‘house’
m¦†rri ‘duck’ hampaÏ ‘lightweight’
ma†ha†siswa ‘student’ ma†nu†k ‘bird’
ma†u†Ï ‘tiger’ m™†a†sih ‘true love’
m™†liar ‘billion’ m™†n†a†k ‘oil’
mu†a†ra ‘confluence’ pamo†ha†lan ‘impossible’
ma†e†n ‘play’ ma†o†t ‘die’
buÜuk ‘hair’ na†Üa†s ‘get worse’
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ma†Üa†p ‘excuse me’ ma†h™† ‘enough’
ne†wak ‘catch’ tiÜis ‘cold’
c‡aÜaÏ ‘pale’ m™†Ü™†s ‘leak’

Since the focus at the moment is on finding phonological regularities, and not on
manipulating a particular formalism (which we have not yet presented completely),
you should concentrate on expressing the generalization in clear English.

We can also predict the occurrence of long (double) consonants in Sun-
danese, using the above data supplemented with the data in (31).

(31) abuabu ‘grey’ b¦ddil ‘gun’
g¦ttih ‘blood’ akar ‘root’
s¦ddih ‘sad’ asin ‘salty taste’
b¦rr¦kkah ‘useful’ bagoÏ ‘wild pig’
bulao ‘blue’ babi ‘pig’
kayas ‘pink’ kina† ‘quinine’
c‡¦ppil ‘ear’ t¦bbih ‘far’
bapa ‘father’ l¦bbu ‘ash’
bi½bi½r ‘belt’ Ï¦†ppel ‘sweep’
m¦†ssin ‘machine’ b¦nn¦†r ‘correct’
bulan ‘moon’ j¦nn¦†ÏÏa†n ‘name’
pana†s ‘hot’ m¦†dd¦m ‘dark’
hukum ‘law’ s¦rrat ‘letter’
s¦ppuh ‘old’ b¦kkeh ‘open a can’
g¦ddaÏ ‘papaya’ si½ki½t ‘sharp’
kame†j‡a ‘shirt’ pac‡ul ‘shovel’
b¦nna†Ï ‘thread’ dada ‘torso’
batu ‘stone’ mu†rid ‘student’
p¦ttis ‘fish sauce’ j‡aÏkuÏ ‘tall’
as¦m ‘tamarind’ waw¦s ‘tooth’

What rule determines the length of consonants in this language?

Vowel length in Mohawk. The context for predicting some variant of a phoneme
may include more than one factor. There is no contrast between long and short
vowels in Mohawk: what is the generalization regarding where long versus short
vowels appear (here, accent marks are used to indicate stressed vowels)?

(32) ranahe−:z§†s ‘he trusts her’ rage−:das ‘he scrapes’
™®:geks ‘I eat it’ oda−:we ‘flea’
gada −:dis ‘I talk’ §†khn™®:nu†Ü ‘I will buy it’
sdu† −:ha ‘a little bit’ apla−m ‘Abram’
§†ga−:radeÜ ‘I lay myself down’ d§† −:gehgweÜ ‘I’ll lift it’
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ray§† −thos ‘he plants’ ye−greks ‘I push it’
w™®sk ‘five’ royo−ÜdeÜ ‘he works’
awerya−hsa ‘heart’ ya−gwaks ‘they and I eat it’
™®sg§†s ‘you sg. see her’ gatga−hthos ‘I look at it’
yoke −khaÜ ‘it's burning’ §†g™®dyeÜ ‘I will fly around’

One property which holds true of all long vowels is that they appear in stressed
syllables: there are no unstressed long vowels. However, it would be incorrect to
state the rule as lengthening all stressed vowels, because there are stressed short
vowels as in [w™®sk]. We must find a further property which distinguishes those
stressed vowels which become lengthened from those which do not. Looking only
at stressed vowels, we can see that short vowels appear before two consonants and
long vowels appear before a consonant plus vowel sequence. It is the combination
two factors, being stressed and being before the sequence CV, which conditions
the appearance of long vowels: stressed vowels are lengthened if they precede CV,
and vowels remain short otherwise.

Since there is no lexical contrast between long and short vowels in Mo-
hawk, we assume that all vowels have the same underlying length: either all vow-
els are underlyingly long and are shortened in one context, or all vowels are under-
lyingly short and are lengthened in the complementary context. We cannot know
for certain what the underlying representation of words is, but certain hypotheses
about underlying forms in a given language result in simpler grammars which
capture generalizations about the language more directly than do other hypotheses
about underlying forms. If you assume that all vowels in Mohawk are underlyingly
long, you must devise a rule which derives short vowels. No single generalization
covers all contexts where supposed vowel shortening takes place, so your analysis
would require two rules, one to shorten unstressed vowels, and another to shorten
vowels followed by two consonants. In comparison, the single rule that stressed
vowels lengthen before CV account for vowel length under the hypothesis that
vowels in Mohawk are underlyingly short. No other rule is needed: short vowels
appear everywhere that they are not lengthened.

Aspiration in Ossetic. Aspiration of voiceless stops can be predicted in Ossetic.

(33) th¦É ‘strength’ kh¥ttag ‘linen’
thas ‘danger’ É¥st¥g ‘near’
¥ft¦n ‘be added’ l¥ppu ‘boy’
fadath ‘possibility’ khast¥n ‘I looked’
tsh¥st ‘eye’ kharkh ‘hen’
akkag ‘adequate’ d¦kkag ‘second’
tsh¦ppar ‘four’ tsh¦th ‘honor’
tsh¦Ét ‘cheese’ kh¥m ‘where’
f¥ste ‘behind’ khom ‘mouth’
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phir¦n ‘comb wool’ zaÉta ‘he told’
É¥skard ‘scissors’ É¥ston ‘military’
ph¥rr¥st ‘fluttering’

Since both aspirated and plain consonants can appear at the end of the word
([tsh¥st] ‘eye’ versus [tsh¦th] ‘honor’), the following context alone cannot be what
governs aspiration. Focusing on what precedes the consonant, we see that aspirates
appear in word initial position, or when preceded by a vowel or [r] (i.e. a sonorant)
at the end of the word; unaspirated consonants appear when preceded or followed
by an obstruent. Notice that it is easier to arrive at a unified generalization regard-
ing where the unaspirated consonants appear than it is to state the context for aspi-
ration. While it would be possible to start with underlying unaspirated consonants
(as we did for English) and predict where aspiration is assigned, a simpler descrip-
tion of the relation between aspirated and unaspirated consonants emerges if we
start from the assumption that all voiceless stops are basically aspirated in Ossetic,
and deaspirate a consonant if it is next to an obstruent.

Optional rules. Sometimes rules of pronunciation are optional, which means that
there will be two or more systematically related pronunciations for words, where
there is no linguisticically-determined conditioning factor controlling this choice:
this is often known as “free variation”. Thus in Shimakonde, the phoneme /s‡/ can
be pronounced as either [s] or [s‡] by speakers of the language: the same speaker
may use [s] one time and [s‡] another time. The verb ‘read’ is thus pronounced as
s‡oomya or as soomya, and ‘sell’ is pronounced as s‡uluus‡a or as suluusa. We will
indicate such variation in pronounciation by giving the examples as ‘s‡uluus‡a ~
suluusa’, meaning that the word is pronounceable either as s‡uluus‡a or as suluusa,
as the speaker chooses. Such apparently unconditioned fluctuations in pronuncia-
tion are the result of a rule in Shimakonde which turns /s‡/ into [s]: this rule is op-
tional. The optional nature of the rule is indicated simply by writing ‘optional’ to
the side of the rule.

(34) s‡ • s optional

Normally, any rule in the grammar always applies if its phonological conditions
are satisfied. An optional rule may either apply or not, so for any optional rule at
least two phonetic outcomes are possible: either the rule applies, or it does not ap-
ply. Assuming the underlying form /s‡oomya/, the pronunciation [s‡oomya] results if
the rule is not applied, and [soomya] results if the rule is applied.

Optional rules may have environmental conditions on them. In Ki-
matuumbi, as we have seen in (21), voiced stops are implosive except after a nasal.
The voiced velar stop exhibits a further complication, that after a vowel (but not
initially) underlying /Ê/ optionally becomes a fricative [å] (the symbol “~” indi-
cates “may also be pronounced as”).
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(35) ËaÊana ~ Ëaåana “divide”
ËiliÊana ~ Ëiliåana “wrestle”
ËulaÊa ~ Ëulaåa “kill”
Êalaambuka ~ (*åalaambuka) “change”

Hence the optional realisation of /Ê/ as [å], but only after a vowel, can be explained
by the following rule.

(36) Ê • å / V ___ (optional)

Typically the factors that determine which variant a speaker uses are indi-
vidual and sociological, reflecting the various social factors such as age, ethnicity,
gender, and geography, inter alia. A phonological account does not try to explain
why people make the choices they do: that task lies in the domain of sociolinguis-
tics. We are also only concerned with systematic options. Some speakers of Eng-
lish vary between [£ks] and [£sk] as their pronunciation of ‘ask’. This is an idio-
syncratic pattern of a particular word, and no speaker says [m£ks] for ‘mask’, or
[fŸsk] for ‘fix’.

It would also be  mistaken to think that there is one grammar for all speak-
ers of English (or German, or Kimatuumbi) and that dialect variation is expressed
via a number of optional rules. From the perspective of grammars as objects de-
scribing the linguistic competence of individuals, an optional rule is countenanced
only if the speak can actually pronounce words in multiple ways. In the case of
Shimakonde, some speakers actually pronounce /s‡oomya/ in two different ways.

Summary

Some aspects of pronunciation, which are contrastive, cannot be predicted by
rule, but other allophonic details can be supplied by rule. Allophonic changes
are one type of rule-governed phonological behavior, and phonology is con-
cerned with the study of rules. The practical concern of this chapter is under-
standing the method for discovering those rules. The linguist arrives at hy-
potheses by looking for regularities in the distribution of one sound versus oth-
ers, and attempts to reduce multiple surface segments to one basic segment, a
phoneme, the related segments being derived by applying a rule to the underly-
ing phoneme in some context. Going beyond static distribution of sounds, you
should look for cases where the pronunciation of morphemes changes, depend-
ing on the presence or absence of prefixes and suffixes.

Assuming that sounds are in complementary distribution, you need to
determine which variant is the “basic” underlying one, and which derives by
rule. The decision is made by comparing the consequences of alternative hy-
potheses. Sometimes, selecting underlying /X/ results in a very simple rule for
deriving the surface variant [Y] whereas selecting underlying /Y/ results in
very complex rules for deriving [X] from /Y/: in such a case, the choice of /X/
over /Y/ is well motivated. Sometimes, no definitive decision can be made.
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Exercises

1: Huichol
Inspect the distribution of [Ä] and [w], and see whether one segment can be pre-
dicted from the other by rule: state the rule, if it is possible.

wana ‘over there’ pakawi� ‘it is hanging’
pi�waki ‘it is dry’ kawaya ‘horse’
nakaÄe ‘earth deity’ Äiz‡arika ‘Huichol Indian’
wakaz‡i ‘cow’ netaÄi ‘my chest’
newarikai� ‘my mother in law’ ÄeÜeme ‘prominent person’
kamaÄi ‘sweet potato’ tiÄe ‘jaguar’
taÄekame ‘drunkard’ nekai�wari ‘my stepfather’
Äiki ‘bird’ niwa ‘come!’

2: Kikuria
Provide rules to explain the distribution of the consonants [Ä,r,Æ] and [b,d,g] in the
following data. Accents mark tone: acute is H tone and ‘hacek’ [ ‡] is rising tone.

aÄaa−nto ‘people’ aÄamu−ra ‘young men’
amah™®™®ndi ‘corn cobs’ amak¢−¢ −nd¥ ‘date fruits’
eÄa‡ ‘forget!’ eeÏgwe− ‘leopard’
eÆa‡ ‘learn!’ ekeÄw¢− ‘fox’
hoora − ‘thresh!’ iÄiÆu−ru−Äe ‘small pigs’
iÄiru −u −Ïgu −uri ‘soft porridges’ iÄitu −u −mbe ‘stools’
ichiinde−me ‘tongues’ Äa−inu ‘you (pl)’
ichiiÏg¢−na ‘grinding stones’ ichiiÏgu −ru −Äe ‘pig’
ÆaÄa‡ ‘share!’ ichiiÏgu−ta ‘walls’
Ä¢r¢ka − ‘carry a child!’ iÆitu−u−mbe ‘stool’
irih™®™®ndi ‘corn cob’ Äoryo − ‘on the right’
irik¢−¢ −nd¥ ‘date fruit’ mbaryoo−ma −na ‘they will quarrel’
mbaryoo −ra − ‘they will float’ Æu−u−ka− ‘ancestor’
o−Æa− ‘be sharp!’ oÄoÄe −e−Äe ‘badness’
r¢¢nta− ‘bring!’ oÄoÆa −a−ka− ‘male adulthood’
oÄote −e −nde −e −ru ‘smoothness’ okoÆe−e−mba− ‘to cause rain’
okoo −mba −ra ‘to count me’ okoo−nd¥ −Æa ‘to bewitch me’
okoo −Ïgo −ka‡ ‘to be clear’ omoÆo−o −ndo ‘plowed field’
ooÏgo −ka ‘be clear!’ rema‡ ‘weed!’
roma‡ ‘bite!’ teÆeta− ‘be late!’
uÄuku −u −Ïgu ‘female adulthood’ uÆus™®ri ‘huge rope’
ukuu −mbuurya − ‘to ask me’ uruÆu −ta ‘wall’
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3: Modern Greek
Determine whether the two segments [k] and [ky] are contrastive or are governed
by rule; similarly, determine whether the difference between [x] and [xy] is con-
trastive or predictable. If the distribution is rule-governed, what is the rule and
what do you assume to be the underlying consonants in these cases?

kano ‘do’ kori ‘daughter’
xano ‘lose’ xori ‘dances’
xyino ‘pour’ kyino ‘move’
krima ‘shame’ xrima ‘money’
xufta ‘handful’ kufeta ‘bonbons’
kali ‘charms’ xali ‘plight’
xyeli ‘eel’ kyeri ‘candle’
xyeri ‘hand’ okyi ‘a weight’
oxyi ‘no’

4: Farsi
Describe the distribution of the trill [r†] and the flap [r‡].

£r†tes‡ ‘army’ far†si ‘Persian’
q£dr†i ‘a little bit’ r†ah ‘road’
r†ast ‘right’ r†is‡ ‘beard’
ahar†Œ ‘starch’ ax£r†Œ ‘last’
h£r†towr†Œ ‘however’ s‡ir†Œ ‘lion’
ahar‡i ‘starched’ b£r‡ad£r†Œ ‘brother’
c‡er‡a ‘why?’ dar‡id ‘you have’
bir‡£ng ‘pale’ s‡ir‡ini ‘pastry’

5: Osage
What rule governs the distribution of [d] versus [Å] in the following data?

da−br™́ ‘three’ a−Åikha† z‡a† ‘he lay down’
dac‡pe− ‘to eat’ c‡Üe−Åe ‘he killed it’
dakÜe− ‘to dig’ Åe−ze ‘tongue’
da−l™́ ‘good’ Å™®e ‘you’
das‡tu− ‘to bite’ Å™®s‡ki ‘to wash’
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6: Amharic
Is there a phonemic contrast between the vowels [¦] and [¢] in Amharic? If not, say
what rule governs the distribution of these vowels, and what the underlying value
of the vowel is.

f¦r¦s ‘horse’ t¦n¦sa ‘stand up!’
y¢li½š‡li½š‡ ‘grandchild’ may¢t ‘see’
g¦nz¦b ‘money’ š‡¢gna ‘brave’
n¦n† ‘I am’ m¦wd¦d ‘to like’
m¦nn¦sat ‘get up’ m¦mk¦r ‘advise’
z‡¢le ‘unarmed’ y¢ll¦m ‘no’
m¦c‡ ‘when’ m¦st’¦t ‘give’
f¦ll¦g¦ ‘he wanted’ ag¦n†n†¢ ‘he found’
t¦m¦c‡c‡¢ ‘it got comfortable’ mokk¦r¦ ‘he tried’
k’az‡z‡¢ ‘he talked in his sleep’ z‡¢mm¦r¦ ‘he started’
lac‡c‡’¢ ‘he shaved’ as‡s‡¢ ‘he rubbed’
b¦kk’¦l¦ ‘it germinated’ s‡¢m¦gg¦l¦ ‘he became old’

7: Gen
Determine the rule which accounts for the distribution of [r] and [l] in the follow-
ing data.

agble ‘farm’ agoÏglo ‘lizard’
aÏ¥li ‘ghost’ akpl¥ ‘spear’
sabul¢ ‘onion’ sra ‘strain’
al¥ ‘hand’ atitrw¢ ‘red billed wood dove’
avl¥ ‘bait’ blafogbe ‘pineapple’
dr¢ ‘stretch arms’ edr¥ ‘dream’
exl¥ ‘friend’ exle ‘flea’
hl¢ ‘read’ Ïl¥ ‘write’
c‡r¥† ‘exterminate’ n†ra† ‘be ugly’
kl¥ ‘wash’ tre ‘glue’
vlu ‘stretch a rope’ l¥ ‘like’
mla ‘pound a drum’ pleplelu ‘laughing dove’
wla ‘hide’ zro ‘fly’
esr¥ ‘spouse’ etro ‘scale’
en†r¥† ‘spitting cobra’ j‡ro ‘hint’
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8: Kishambaa
Describe the distribution of voiced versus voiceless nasals (voiceless nasals are
written with a circle under the letter, as in mŒ), and voiceless aspirated, voiceless
unaspirated and voiced stops in Kishambaa.

tagi ‘egg’ kitabu ‘book’ paalika ‘fly!’
ni ‘it is’ Ïombe ‘cow’ matagi ‘eggs’
dodoa ‘pick up’ gos‡a ‘sleep!’ babu ‘skin’
ndimi ‘tongues’ Ïgoto ‘heart’ mbeu ‘seed’
nŒthumbii ‘monkey’ Ï

o

khuÏguni ‘bedbug’ mŒpheho ‘wind’

9: Thai
The obstruents of Thai are illustrated below. Determine what the obstruent pho-
nemes of Thai are ([p, t and k] are unreleased stops). Are [p, t, k] distinct pho-
nemes, or can they be treated as positional variants of some other phoneme? If so,
which ones, and what evidence supports your decision? Note that no words begin
with [g].

bil ‘Bill’ mu‰u‰ ‘hand’
rak ‘love’ baa ‘crazy’
loÏ ‘go down’ bru‰u‰ ‘extremely fast’
haa ‘five’ plaa ‘fish’
dii ‘good’ c‡aan ‘dish’
thee ‘pour’ thruum¢¢n ‘Truman’
kh¢Ï ‘hard’ panyaa ‘brains’
l¦¦y ‘pass’ phyaa [title]
lu‰ak ‘choose’ klaaÏ ‘middle’
c‡hat ‘clear’ traa ‘stamp’
riip ‘hurry’ ¥¥k ‘exit’
phr¢¢ ‘silk cloth’ ki¦ ‘wooden shoes’
khwaa ‘right side’ k¢¢ ‘old’
dray ‘drive (golf)’ du‰Ï ‘pull’
kan ‘ward off’ c‡u¦k ‘pure white’
phleeÏ ‘song’ c‡han ‘me’
staaÏ ‘money’ rap ‘take’
yiisip ‘twenty’ phaa ‘cloth’
khaa ‘kill’ dam ‘black’
raay ‘case’ tit ‘get stuck’
sip ‘ten’ pen ‘alive’
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10: Palauan
Analyse the distribution of Å, È and d in the following data. Examples of the type
‘X ~ Y’ mean that the word can be pronounced either as X or as Y, in free varia-
tion.

k¦Å¦ ‘we (inclusive)’ b¦Åuk ‘my stone’
Åiak ~ diak ‘negative verb’ maÈ ‘eye’
tÏoÈ ‘tattoo needle’ Åe:l ~ de:l ‘nail’
Åios¦Ü ~ dios¦Ü ‘place to bathe’ Åik ~ dik ‘wedge’
kuÈ ‘louse’ ÜoÅiÏ¦l ‘visit’
koaÈ ‘visit’ eaÏ¦È ‘sky’
Ï¦rar¦Å¦ ‘a village’ baÈ ‘stone’
ieÅl ‘mango’ Ü¦Åip ‘ant’
k¦Åeb ‘short’ m¦Å¦Ïei ‘knew’
uÅouÈ ‘money’ olÅak ‘put together’

11: Quechua (Cuzco dialect) (advanced)
Describe the distribution of the following four sets of segments: k, x, q, É;

Ï, N; i, e; u, o. Some pairs of these segments are allophones (positional variants) of
a single segment. You should state which contrasts are phonemic (unpredictable)
and which could be predicted by a rule. For segments which you think are posi-
tional variants of a single phoneme, state which phoneme you think is the underly-
ing variant (and explain why you think so), and provide a rule which accounts for
all occurrences of the predictable variant. {Reminder: N is a uvular nasal}

qori ‘gold’ c‡oÉlu ‘corn on the cob’
q’omir ‘green’ niÏri ‘ear’
moqo ‘runt’ hoq’ara ‘deaf’
phulyu ‘blanket’ yuyaÏ ‘he recalls’
tulyu ‘bone’ api ‘take’
suti ‘name’ oNqoy ‘be sick!’
c‡ilwi ‘baby chick’ c‡hic‡iÏ ‘be whispers’
c‡haNqay  ‘granulate’ aNqosay ‘toast’
qec‡uÏ ‘he disputes’ p’isqo ‘bird’
musoÉ ‘new’ c‡uÏka ‘ten’
yaNqaÏ ‘for free’ c‡ulyu ‘ice’
qhelya ‘lazy’ q’eNqo ‘zigzagged’
c‡eqaÏ ‘straight’ qaÏ ‘you’
noqa ‘I’ c‡axra ‘field’
c‡eÉniÏ ‘he hates’ soÉta ‘six’
aÉna ‘thus’ lyixlya ‘small shawl’
qosa ‘husband’ qara ‘skin’
alqo ‘dog’ seNqa ‘nose’
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karu ‘far’ atoÉ ‘fox’
qaÏkuna ‘you pl.’ pusaÉ ‘eight’
t’eÉway ‘pluck’ c‡’aki ‘dry’
wateÉ ‘again’ aÏka ‘eagle’
waÉtay ‘hit!’ haku ‘let’s go’
waqay ‘tears’ kaÏka ‘roasted’
waxc‡a ‘poor’ waleÉ ‘poor’
thakay ‘drop’ reÉsisqa ‘known’

12: Lhasa Tibetan (advanced)
There is no underlying contrast in this language between velars and uvu-

lars, or between voiced or voiceless stops or fricatives (except /s/, which exists un-
derlyingly). State what the underlying segments are, and give rules which account
for the surface distribution of these consonant types. [Notational reminder: [G] rep-
resents a voiced uvular stop]

aÏgu ‘pigeon’ aÏtäa†a† ‘a number’ aÏba ‘duck’
apsoo ‘shaggy dog’ amc‡¥¥ ‘ear’ tuktäu‰u‰ ‘poison snake’
amto ‘a province’ i½Æu ‘uncle’ i½mc‡i ‘doctor’
utäi½ ‘hair’ uÄŸŸ ‘forehead’ ea ‘bells’
embo ‘deserted’ ¡¡tsi ‘oh-oh’ qa ‘saddle’
qaa ‘alphabet’ qaÏba ‘foot’ qamba ‘pliers’
qam ‘to dry’ qamtoo ‘overland’ qaaÄo ‘white’
ki½ktäi ‘belch’ ki½Äu ‘crawl’ ki½i½Ïguu ‘trip’
kik ‘rubber’ kitäuu ‘student’ kŸŸcuu ‘translator’
kŸŸrii ‘roll over’ kiiÆuu ‘window’ ku ‘nine’
kupci½ ‘900’ kupcaa ‘chair’ k¢nca ‘contract’
k¢mbo ‘headman’ keÆo‰o‰ ‘head monk’ kerÄa ‘aristrocrat’
qo ‘head’ qomba ‘monastery’ q¥r ‘coat’
q¥¥¥¥ ‘round’ c‡hea ‘half’ c‡huÆum ‘cheese’
topcaa ‘stairs’ thoo†o† ‘tonight’ täaaa†a† ‘post office’
täuÆi½ ‘harbor’ täuNGo ‘China’ n¢NGaa ‘important’
paNG¥¥ ‘chest’ p¢¢Äa†a† ‘frog’ simGa†a† ‘build a house’

Suggestions for further reading

Harris 1994 and Kahn 1976 provide more discussion of English consonant allo-
phones. Sapir 1925 is the classic work discussing the phoneme as a mental
representation of physical sound.
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Advanced Topics and Readings

The Phoneme. The invention of the term ‘phoneme’ is generally credited to Bau-
doin de Courtenay (1895). Concepts along this line have been attributed to the In-
dic grammarian Patanjali (appr. 3rd century BC), the anonymous author of Fyrsta
Ma −lfrøÅiritgerÅin (“The First Grammatical Treatise”), a treatise on Icelandic writ-
ten around 1150, and to King Sejong, the inventor of the Korean alphabet in the
15th century. The conceptual content of the term has been the subject of tremen-
dous controversy. Sapir viewed the phoneme as a psychological entity, stating
(1925) “This is the inner configuration of the sound system of a language, the in-
tuitive ‘placing’ of the sounds with reference to one another”. But Twaddell 1935
rejects the mentalist definition of the phoneme, stating “Such a definition is invalid
because (i) we have no right to guess about the linguistic workings of an inacces-
sible ‘mind’...”. The operational versus a psychological characterization of the
phoneme has played a major role in phonological theory.

The conception of “phoneme” which played the most important (negative)
role in the development of contemporary phonology is that of the so-called
“taxonomic phoneme”, the view prevalent in American structuralist linguistics
prior to the 1960’s. The historical importance of this conception of phoneme is that
it was the target of attacks by Halle 1959, Chomsky 1964, Chomsky & Halle 1965
and Postal 1968, inter alii, in works establishing the basis for generative phonol-
ogy. The taxonomists essentially viewed the phoneme as just a means of organis-
ing data ˜ as behaviorists, they attribute no mental status to phonemes (indeed,
the concept ‘mind’ was outside the purview of behaviorism). In that school of lin-
guistics, special emphasis is put on analytic procedures and formal analysis
(befitting its roots in logical positivism, which swept science in the 1930’s). Under
this view, primary emphasis was put on formally defining analytic levels, stating
the formal alphabet of symbols used at a given level of analysis, and stating the
mathematical relation between levels. It was assumed that, given suitable techno-
logical progress, a phonemic analysis could be arrived at automatically from a
large enough corpus. Bloch 1948, fn.7 states “Given a sufficient sample of the
dialect ˜ say twenty or thirty hours of connected speech by an informant, re-
corded either on a high-fidelity machine or in a minutely accurate phonetic tran-
scription ˜ a linguist could probably work out the phonemic system without
knowing what any part of the sample meant, or even whether any two parts meant
the same things of different things”.

Under this view, ‘phones’ are the objects closest to physical sound waves:
they are, essentially, narrow phonetic transcriptions.2  ‘Phonemes’ are objects at
the next most abstract level, and are seen as sets of phones. Thus Hockett 1942

                                             
2 The development of this theory largely predates the development of instrumental techniques for
measuring the physical properties of speech, so relatively little could be said about physical proper-
ties of speech at that time.
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says that “A phoneme is a class of phones determined by six criteria”, using a lo-
gician’s term “class” that is similar to the concept “set”. The relation between
phonemes and phones is (for some analysts) said to be subject to the formal condi-
tion biuniqueness (Harris 1944) which guarantees free interchangeability of letters
across levels. This condition requires that any phoneme in a given context be rep-
resented by one phone, and that a given phone be a member of exactly one pho-
neme: phonemes must not intersect (Bloch 1948). This guarantees that you can
predict the actual pronunciation of a word from the phonemic transcription aided
with knowledge of the allophonic rules in the language. Just based on hearing a
sound and knowing the mapping between phones and phonemes in a language, you
can determine what phoneme it is a member of. The phoneme /t/ in English in
word-initial position always maps to an aspirated [th], and the phone [th] always
maps to the phoneme /t/.

The analytical acid test for determining phonemic status, then as now, is
the minimal pair. Thus [p] and [ph] are not distinct phonemes in English: the con-
texts where [p] appears are the complement of those where [ph] appears; therefore,
the phones [p] and [ph] are members of one phoneme, /p/ (and [p], [ph] are the al-
lophones of /p/). A comparison of /p/ and [p] is meaningless in this theory, since
/p/ is an object at the phonemic level but [p] is an object at the phonetic level:
comparisons of objects is possible only within a level. The pair /p/ and /b/, are
separate phonemes, as shown by minimal pairs such as /pŸl/ vs. /bŸl/, distinguished
only by selection of /p/ versus /b/.

While this seems straightforward, problems arose in attempting to define
the analytic procedures for phonemic versus allophonic status. Chao 1934 noted
that in Beijing Mandarin, the palatalized alveopalatal phones [c‡y c‡hy s‡y] only ap-
pears before the high front vowels [i,u‰], whereas the velar [k kh x], alveolar [ts tsh s]
and plain alveopalatal phones [c‡ c‡h s‡] do not appear before these vowels. In other
words, [c‡y c‡hy s‡y] are in complementary distribution with [k kh x], but they are also
in complementary distribution with [ts tsh s] and [c‡ c‡h s‡]. Grouping of phones which
are in complementary distribution into a single phoneme was not an optional ana-
lytical step within the taxonomic framework. Reduction of the size of the phone-
mic inventory was considered to be one of the most important goals of analysis (an
assumption which has, for better or worse, been largely carried over into contem-
porary phonology). Therefore, the option of granting [c‡y c‡hy s‡y] the status of being
phonemes themselves was not available. The theory provides no other means of
deciding what phoneme [c‡y c‡hy s‡y] belong to, so an arbitrary decision has to be
made as to what phonemes these sounds represent: but arbitrary decisions are as
much anathema to science as unwanted complexity is.

A problem pointed out by Halle 1959 is that this view of phonemes leads
to a disunified treatment of phonological processes which should intuitvely be
unified. Russian has a regressive voicing process where obstruents agree in voicing
with the following obstruent. Accordingly, the velar fricative x is pronounced [å]
and the alveolar fricative s is pronounced [z] before a voiced obstruent. Russian
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does not have a voiced velar fricative phoneme: [å] is in complementary distribu-
tion with [x], and these phones are members of the same phoneme. But /s/ and /z/
are contrasting phonemes of Russian. According to existing taxonomic analytic
procedures, the rule relating [x] and [å] is an allophonic rule on one level, and the
rule which accounts for the alternation between s and z must be at a separate level
˜ it is a “morphophonemic” rule.

Another problem faced by this particular concept of the phoneme is the
flapping process in English. It is generally held that the flap [D] is not a phoneme
of English. However, flapping affects both t and d, so that (in some dialects)
“writer” and “rider” are homophonous. The principle of biuniqueness disallows a
surface phone from being a member of one phoneme (t) in some words but another
phoneme (d) in other words: many-to-one mapping are allowed only between mor-
phophonemes and phonemes.

Joos 1957 contains a collection of essential readings covering more than
30 years of the American structuralist tradition, and original sources should be
consulted to understand the development of the phoneme, since “American Struc-
turalism” is not a single monolithic theory. The problem of Russian voicing would
probably not have been so serious for Bloomfield’s view of the phoneme as for
Bloch’s. Other conceptions of phoneme existed as well, exemplified by Trubetz-
koy 1939, Firth 1939, Jakobson 1949, Jones 1950, Martinet 1952 and others.

Generative phonology largely rejected the phoneme as a significant unit of
analysis, replacing it instead with concepts like the “bundle of distinctive feature
values” which defines the symbolic sound unit distinct from physical sound waves
(see Chapter 6), and “underlying form” (see Chapter 4) which covers the distinc-
tion between sounds that can form lexical distinctions such as /t/ versus /d/, and
those that do not ([t] and [th], the latter always arising by a rule in English). Vari-
ous scholars working in the generative tradition have suggested that the phoneme
has some utility, for example Schane 1971, but it remains unclear exactly which
concept of phoneme will turn out to be most useful, and to what extent “phoneme”
is a part of grammatical theory.

Allophonic rule versus phonetic implementation. Another important question
regarding allophonic rules and the distinction between phonetics and phonology is
whether all allophonic rules are indeed part of phonology, which brings us back to
asking whether a dividing line can be drawn between phonetics and phonology. In
some versions of generative phonology, for example Chomsky & Halle 1968, no
such line is drawn, and what might now be considered “rules of phonetic imple-
mentation” would be seen as just another kind of phonological rule (the primary
import of Halle’s argument against the taxonomic phoneme was that there is no
fundamental difference between phonetics and phonology).

Under the conception of the phonology / phonetics distinction proposed
here, a process which operates in terms of continuous values and actual physical
properties would be in the domain of phonetics, and one which operates in terms of
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discrete symbolic units is in the domain of phonology. A rule which makes the
voiceless units p, t, k become voiced units b, d, g between vowels would be a pho-
nological process, whereas a process which decreases the size of a glottal opening
gesture and increases the speed of a constriction-forming gesture would be a pho-
netic process. The difficulty lies in determining which is a better characterisation
of a given process, since the phonological process of intervocalic voicing could
also be described in terms of the physical conseqences of symbol substitution.

The implication behind a phonological account of a process is that the
grammar definitively selects one of two different outputs ˜ [t] or [th] ˜ befitting
the discrete nature of phonological processes. Since the physical output is a con-
tinuum, and since phonetics is particularly about how discrete symbols are realised
in continuous physical reality, the discovery that the proper description of a proc-
ess accesses a continuum of values precludes the process from being treated pho-
nologically. As emphasised in the preceding chapters, phonology considers lan-
guage sounds as being drawn from a small inventory of possibilities: a phonologi-
cal description does not countenance the postulation of an unlimited set of entities,
such as [t] versus [th], [th], [th], [th] and so on, with different sized h’s iconically
representing greater degrees of aspiration (See Chapter 6 for the theoretical basis
for restricting the number of distinctions in a phonological account).

Regardless of how this theoretical matter is resolved, you should be aware
that processes which have been represented as categorical choices between one
segment versus another might in reality be an analysist’s imposition of categorial-
ity on an actually continuous process. It is often presumed that English has an allo-
phonic rule of regressive nasalization, whereby /d¢n/ becomes [d¢†n], changing an
oral vowel into a nasal vowel. However Cohn 1993 shows that the timing of nasal
airflow in English /d¢n/ is quite different from the timing of nasal airflow in
French, which has phonemically contrastive oral and nasal vowels ˜ where na-
sality is incontroversially phonological. The prediction of the phonological account
of English vowel nasalisation is that the vowel should be completely nasal, but
Cohn’s results show that the vowel is only nasal on the second half. It is simply the
limited precision of impressionistic transcriptions that has caused scholars to con-
clude that a pre-nasal vowel in English has “become nasal”, in a categorical sense.

One analysis of the Marshallese vowel system (Bender 1963) assumes a
large inventory of vowels, including [i e ¢ ¬ § a u o ¥] plus various diphthongs.
Bender 1968 reanalyses the system as having just a set of phonological central un-
rounded vowels, deriving the remaining surface vowels by allophonic rules,
whereby surface vowel quality is parasitic off of secondary articulations of the pre-
ceding and following consonant (thus, [e] only appears between palatalised conso-
nants, [o] only appears between rounded consonants). Choi 1992 in a phonetic
study of Marshallese argues that the most accurate description derives the sup-
posed vowels [e], [o] and various diphthongs from the surface vowel (symbolically
speaking) [§]. Thus, [e], [o] and so on are not actually part of the phonological
grammar of Marshallese, and the quality perceived as [e] arised because the pattern
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of phonetic timing of articulators. Under Choi’s view, all that the grammar of Mar-
shallese (i.e. the symbolic, categorical computations) contains is a set of palatal-
ized, rounded and velarized consonants, and the vowels [¬ § a] (not “definitely
unrounded and central”, rather “not definitively round or non-round” etc. ˜ a set
of “vague” vowels lacking conventional symbols). In the phonetic-implementation
approach to Marshallese vowels, as far as the grammar is concerned what sounds
like lw¥Ïw “housefly” is just surface phonologically [lwaÏw], but because of the way
articulator movement works in this language, this sounds like [lw¥Ïw].

English consonant allophones. Kahn 1976 is a basic reference on the relevance of
the syllable to aspiration, flapping and glottalization in English. Since the point of
our discussion of consonant allophones in section 1 is to familiarize the student
with the notion of allophonic variation, the full range of conditions on these rules
are not investigated. For example, aspirated and flapped /t/ actually contrast in
‘capitalistic’ [kh£ �p¦D¦lŸ −stŸk] versus ‘militaristic’ [mŸ �l¦tr�rŸ −stŸk], the reasons pre-
sumably having to do with the difference between stress (hence aspiration) in
‘ca−pital’ versus ‘m™ −lita�ry’. Other contemporary references on English consonant
allophony include Kiparsky 1979, Selkirk 1982, Withgott 1982, Harris 1994, and
de Jong 1998. There are numerous traditional descriptions of English pronuncia-
tion, including Jones 1956, Trager & Smith 1951, and Gimson 1962.

Syllable position is important in understanding English allophony, but the
syllable has an uncertain status in phonology. Unlike ‘voicing’ or ‘nazalization’
which have fairly clear acoustic and articulatory definitions, the syllable is an ab-
stract organisation of sequences of segments. The number of syllables in a word
and what are the boundaries of each syllable is not resolvable by close observation.
Arguments for the syllable instead focus on what is explained by positing the syl-
lable (and positing particular organisations of segments into syllables.

In the case of word like sit, it is generally accepted that there is a single
syllable, which begins with s and ends with t ˜ however, the theory of Govern-
ment Phonology (Kaye, Lowenstamm & Vergnaud 1990) opens the possibility that
this word is disyllabic with an empty nucleaus after t. In the case of a single con-
sonant between vowels, such as the m in amount, we will assume that m belongs to
the second syllable. One way to determine where syllables begin and end is to have
a native speaker of English pronounce a word very slowly, in which case typically
one would hear [¦]....[m£wnt] and not *[¦m]....[£wnt]. Such a procedure does not
directly reflect grammar, so these results have to be filtered through a theory of
“what speakers are doing”; such an extralinguistic theory would explain why some
speakers of Amharic have the intuition that [g¦nz¦b] ‘money’ has four syllables ˜
it has four letters in the standard writing system, and Amharic speakers understand
that they have a “syllabic” writing system.

The best arguments for the syllable then are those ˜ such as given in
Kahn 1976 ˜ which show that the assumption of a syllable provides a simple ex-
planation for rules of consonant allophony in English.
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Underlying Representations

A fundamental characteristic of the rules discussed up to this point is that
they have been totally predictable allophonic processes, such as aspiration in Eng-
lish or vowel nasalization in Sundanese. For such rules, the question of the exact
underlying form of a word has not been so crucial, and in some cases a clear deci-
sion could not be made. We saw that in Sundanese every vowel becomes nasalized
after a nasal sound, and every phonetic nasal vowel appears after a nasal. Nasality
of vowels can always be predicted by a rule in this language: all nasal vowels ap-
pear in one predictable context, and all vowels are predictably nasal in that context.
It was therefore not crucial to indicate whether a given vowel is underlyingly nasal
or underlyingly oral. If you assume that vowels are underlyingly oral you can write
a rule to derive all of the nasal vowels, and if you contrarily assumes that vowels
are all underlyingly nasal you could write a rule to derive all of the oral vowels.
The choice of underlying sound may make a considerable difference in terms of
simplicity and elegance of the solution, and this is an important consideration in
evaluating a phonological analysis, but it is possible to come up with rules which
will grind out the correct forms no matter what one assumes about underlying rep-
resentations in these cases. This is not always the case.

1. The Importance of Correct Underlying Forms

Neutralizing rules, on the other hand, are ones where two or more under-
lyingly distinct segments have the same phonetic realization in some context due
to the application of some rule ˜ thus the distinction of sounds is neutralized.
This means that if you consider the word just in the neutralizing context, it is im-
possible to know which one the underlying segment is. Such processes require that

This chapter looks deeper into the nature of underlying forms by

• introducing contrast-neutralizing rules
• seeing how unpredictable information must be part of the underlying form
• learning what factors are most important in establishing an underlying rep-

resentation
• understanding how underlying forms are different from actually pro-

nounced words
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one pay particular attention to maintaining appropriate distinctions in underlying
forms.

Consider the following examples of nominative and genitive forms of
nouns in Russian, focusing on the final consonant found in the nominative.

(1) Nominative singular Genitive singular Meaning
vagon vagona ‘wagon’
avtomobily avtomobilya ‘car’
vec‡er vec‡era ‘evening’
mus‡ muz‡a ‘husband’
karandas‡ karandas‡a ‘pencil’
glas glaza ‘eye’
golos golosa ‘voice’
ras raza ‘time’
les lesa ‘forest’
porok poroga ‘threshold’
vrak vraga ‘enemy’
urok uroka ‘lesson’
porok poroka ‘vice’
tsvet tsveta ‘color’
prut pruda ‘pond’
soldat soldata ‘soldier’
zavot zavoda ‘factory’
xlep xleba ‘bread’
grip griba ‘mushroom’
trup trupa ‘corpse’

To give an explanation for the phonological processes at work in these data, we
must take on the preliminary task of describing the morphology of noun declen-
sion, on the basis of the information we have available. While morphological
analysis is not part of phonology per se, it is inescapable that a phonologist must
do a morphological analysis of a language, in order to motivate phonological un-
derlying forms.

In each of the examples above, the genitive form is nearly the same as the
nominative, except that the genitive also has the vowel [a] which is the genitive
singular suffix. We will therefore assume as our initial hypothesis that the bare
root of the noun is used to form the nominative case, and the combination of a root
plus the suffix -a forms the genitive. Nothing more needs to be said about exam-
ples such as vagon ~ vagona, avtomobily ~ avtomobilya or vec‡er ~ vec‡era, where,
as it happens, the root ends with a sonorant consonant. The underlying forms of
these noun stems are /vagon/, /avtomobily/ and /vec‡er/, and these underlying forms
are identical to the nominative form. With the addition of the genitive suffix -a this
will also give the correct form of the genitive.
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There are other stems where that portion of the word which corresponds to
the root is the same: karandas‡ ~ karandas‡a, golos ~ golosa, les ~ lesa, urok ~
uroka, porok ~ poroka, tsvet ~ tsveta, soldat ~ soldata and trup ~ trupa. However,
in some stems, there are differences in the final consonant of the consonant, de-
pending on whether we are considering the nominative and the genitive. Thus, we
find the differences mus‡ ~ muz‡a, glas ~ glaza, porok ~ poroga, vrak ~ vraga, prut
~ pruda and xlep ~ xleba. Such variation in the phonetic content of a morpheme
(such as a root) are known as alternations. We can easily recognise the phonetic
relation between the consonant found in the nominative and the consonant found in
the genitive as involving voicing: the consonant found in the nominative is the
voiceless counterpart of the consonant found in the genitive. Not all noun stems
have such an alternation, as we can see by pairs such as karandas‡ ~ karandas‡a, les
~ lesa, urok ~ uroka, soldat ~ soldata and trup ~ trupa. We have now identified a
phonological problem to be solved: why does the final consonant of some stems
alternate in voicing? And why do we find this alternation with some stems, but not
others?

The next two steps in the analysis are intimately connected; we must de-
vise a rule to explain the alternations in voicing, and we must set up appropriate
underlying representations for these nouns. In order to determine the correct under-
lying forms, we will consider two competing hypotheses regarding the underlying
form, and in comparing the predictions of those two hypotheses, we will see that
one of those hypotheses is clearly wrong.

Suppose, first, that we decide that the form of the noun stem which we see
in the nominative is also the underlying form. Such an assumption is reasonable (it
is, also, not automatically correct), since the nominative is grammatically speaking
a more ‘basic’ form of a noun. In that case, we would assume the underlying stems
/glas/ ‘eye’, /golos/  ‘voice’, /ras/ ‘time’ and /les/ ‘forest’. The problem with this
hypothesis is that we would have no way to explain the genitive forms glaza, go-
losa, raza and lesa: the combination of the assumed underlying roots plus the
genitive suffix -a would give us *glasa, golosa, *rasa and lesa, so we would be
right only about half the time. The important step here is that we test the hypothe-
sis by combining the supposed root and the affix in a very literal-minded way,
whereupon we discover that the predicted forms and the actual forms are different.

We could hypothesize that there is also a rule voicing consonants between
vowels (a rule like one which we have previously seen in Kipsigis, Ch. 3):

(2) C • voiced / V ___ V

While applying this rule to the assumed underlying forms /glas-a/, /golos-a/, /ras-a/
and /les-a/ would give the correct form glaza, it would also give incorrect surface
forms such as *goloza, raza and *leza. Thus, not only is our first hypothesis about
underlying forms wrong, it also cannot be fixed by positing a rule of consonant
voicing.
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The student may be tempted to posit a rule that only applies in certain
words, such as the words for “eye”, “time” and so on, but not “voice”, “forest”
and so on. This misconstrues the nature of phonological rules, which are general
principles that apply to all words of a particular class ˜ most generally, these
classes are defined in terms of phonological properties, such as “obstruent”, “in
word-final position”. Rules which are stated as “only applying in the following
words” are almost always wrong, and the student should reconsider the question of
what the underlying form is, rather than contemplating a rule that only applies to
some stipulated list of words.

What is wrong with our “nominate is underlying” analysis is that this fun-
damental assumption is wrong. In the nominative form of the noun, there is a con-
sistent phonetic property, namely that any root-final obstruent (which is therefore
word-final) is always voiceless, whereas in the genitive form there is no such con-
sistency. If one looks at the genitive column, the last consonant of the root portion
of the word may be either voiced or a voiceless. The reason why we had to reject
the idea that the nominative is the underlying form is that we could not come up
with a consistent rule to predict when certain consonants become voiced.

We now consider a second hypothesis, since we were unable to predict the
form of certain nouns in the genitive. Instead, we will set up underlying represen-
tations which make a distinction between some stems which have a voiced obstru-
ent in the genitive versus those which have a voiceless obstruent. We will therefore
assuming the following underlying roots.

(3) Final voiced obstruent Final voiceless obstruent
/muz‡/ ‘husband’ /karandas‡/ ‘pencil’
/glaz/ ‘eye’ /golos/ ‘voice’
/raz/ ‘time’ /les/ ‘forest’
/porog/ ‘threshold’ /porok/ ‘vice’
/vrag/ ‘enemy’ /urok/ ‘lesson’
/prud/ ‘pond’ /tsvet/ ‘color’
/zavod/ ‘factory’ /soldat/ ‘soldier’
/grib/ ‘mushroom’ /trup/ ‘corpse’
/xleb/ ‘bread’

Under this hypothesis, the genitive form can be derived trivially. The genitive form
is the stem hypothesized in (3) followed by the suffix -a. No rule is required to
derive voiced versus voiceless consonants in the genitive. That issue has been re-
solved by our choice of underlying representations where some stems end in
voiced consonants and others end in voiceless consonants. By our hypothesis, the
nominative form is simply the underlying form of the noun stem, with no suffix.

However, a phonological rule must apply to the nominative form, in order
to derive the correct phonetic output. We have noted that no word in Russian ends
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phonetically with a voiced obstruent. This regular fact allows us to posit the fol-
lowing rule, which devoices any word-final obstruent.

(4) Final devoicing
obstruent • voiceless / ___ #

By this rule, an obstruent is devoiced at the end of the word. As this example has
shown, an important first step in doing a phonological analysis for phenomena
such as word-final devoicing in Russian is to establish the correct underlying rep-
resentations, which encode unpredictable information.

The information whether a consonant is voiced cannot be predicted in
English ([d¢d] ‘dead’, [t¢d] ‘Ted’, [d¢t] ‘debt]), and thus must be part of the under-
lying form. In Russian, since one cannot predict by any rule whether a root ends in
a voiced or a voiceless consonant in the genitive, that information must be part of
the underlying form of the root. Moreover, that information cannot be determined
by looking only at the surface form of the word which undergoes the rule in ques-
tion ˜ the nominative, in this case ˜ but rather must be discovered by comparing
the nominative form of the noun with the genitive form.

2. What Is an Underlying Form?

It is important to understand what underlying forms are, and what they are
not. The nature of underlying forms can be best appreciated in the context of the
overall organization of a grammar, and how a given word is generated in a sen-
tence. The structure of a grammar can be represented in terms of the standard
block model.

(5) Syntax   •   Morphology   •   Phonology   •   Phonetics

This model implies that the output of one component forms the input to the next
component, so the phonological component starts with whatever the morphological
component gives it, and applies its own rules (which are then subject to principles
of physical interpretation in the phonetic component). The output from the mor-
phology, which is the input to the phonology, is definitionally the underlying form,
so we need to know a little bit about what the morphological component does, to
understand what is presented to the phonology.

The function of the morphological component is to assemble words, in the
sense of stating how roots and affixes combine to form a particular word. Thus the
morphological component is responsible for combining a noun root [dag] and a
plural affix [z] in English to give the word dog-s (i.e. /dag-z/), or in Russian the
morphology combines a noun root [vagon] with an inflectional ending [a] accord-
ing to rules of inflection for Russian, to give the genitive word vagon-a. Each
morpheme is assumed to have a single constant phonetically-defined shape coming
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out of the morphology (there are a few exceptions such as the fact that the third
person singular form of the verb ‘be’ in English is [Ÿz] and the first person singular
of that verb is [£m]). The phonetic realization of any morpheme is subject to rules
of phonology, so while the morphology provides the plural morpheme z (spelled
<s>), the application of phonological rules will make that that morpheme being
pronounced as [s] as in cats or [i½z] as in bushes.

It is very important to understand that the grammar does not formally de-
rive one word from another:1  rather, one word derives from a given abstract root
plus whatever affixes are relevant, and a related word derives by adding a different
set of affixes to the same abstract root. Accordingly, the plural of a noun in English
does not derive from the singular, rather, both the singular and the plural forms
derive from a common root: no suffix is added to the root in the singular, and the
suffix /z/ is added to the root in the plural. The Russian genitive [vagona] also does
not derive from the nominative, nor does the nominative derive from the genitive.
Rather, both derive from the root /vagon/, where the nominative adds no affix and
the genitive adds the affix -a.

The underlying form of a word is whatever comes out of the morphology
and is fed into the phonology, before any phonological rules have applied. The
underlying form of the word [k£ts] is /k£t-z/, since that is what results in the mor-
phology by applying the rule that combines a noun root such as ‘cat’ with the plu-
ral suffix. The underlying form of the plural word [k£ts] is not /k£t/, because the
plural word has to have the plural morpheme. However, /k£t/ is the underlying
form of the singular word [k£t]. There is no phonological rule which inserts z or s
in order to form a plural. The principles for combining roots and affixes are not
part of the phonology, and thus there is no need to include rules such as ‘insert [z]
in the plural’. Be explicit about what you assume about morphology in a language,
i.e. that there is a plural suffix -z in English or a genitive suffix -a in Russian. As
for the mechanics of phonological analysis, you should assume, for example, that
the plural suffix is already present in the underlying form, and therefore do not
write a rule to insert the plural suffix since that rule is part of morphology. A pho-
nological analysis states the underlying forms of morphemes, and describes
changes in the phonological shape of the root or suffix.

We have concuded that the underlying form of the Russian word [prut]
‘pond’ is /prud/. In arriving at that conclusion, we saw how important it is to dis-
tinguish the phonological concept of an underlying form from the morphological
concept ‘basic form’, where the singular form, or an uninflected nominative form
would be the  morphological ‘basic form’. An underlying form is a strictly pho-
nological concept and is not necessarily equivalent to an actually pronounced word
(even disregarding the fundamental fact that underlying forms are discrete sym-

                                             
1  Some languages seem to have exceptional morphological processes, which we will not be discuss-
ing here, that derive one word from another.
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bolic representations whereas actually pronounced words are acoustic waveforms).
It is a representation that is the foundation for explaininf the variety of actual pro-
nounciations found in the morpheme, as determined by phonological context.

The morphologically basic form of Russian “pond” is the unmarked nomi-
native, [prut], composed of just the root with no inflectional ending. In contrast,
the phonological underlying form of “pond” is /prud/, for as we have seen, if we
assume the underlying form to be */prut/, we cannot predict the genitive [pruda].
The word *[prud], with a voiced consonant at the end of the word, does not appear
as such in the language, and thus the supposition that the underlying form is /prud/
is an abstraction, given that [prud] by itself is never found in the language ˜ it
must be inferred, in order to explain the actual data. The basis for that inference is
the genitive form [pruda], which actually contains the hypothesized underlying
form as a subpart. It is important to understand, however, that the underlying form
of a root may not actually be directly attested in this way in any single word, and
we will discuss this point in section 6.

3. Finding the Underlying Form

A similar problem arises in explaining the partitive and nominative forms
of nouns in Finnish. The first step in understanding the phonological alternation
seen here is to do a standard preliminary morphological analysis of the data, which
involves identifying which parts of a word correlate with each aspect of word
structure (such as root meaning or grammatical case). The following examples il-
lustrate that the nominative singular suffix is ∅ (i.e. there is no overt suffix in the
nominative singular) and the partitive singular suffix is -£, which alternates with
-a if there is a back vowel somewhere before it in the word (we will not be con-
cerned with that vowel alternation in the partitive suffix).

(6) nominative sg. partitive sg. gloss
a. aamu aamua morning

hopea hopeaa silver
katto kattoa roof
kello kelloa clock
kirya kiryaa book
ku‰lm£ ku‰lm££ cold
koulu koulua school
lintu lintua bird
hu‰llu‰ hu‰llu‰£ shelf
ko‰mpelo‰ ko‰mpelo‰£ clumsy
n£ko‰ n£ko‰£ appearance
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b. yoki yokea river
kivi kive£ stone
muuri muuria wall
naapuri naapuria neighbor
nimi nime£ name
kaappi kaappia chest of drawers
kaikki kaikkea all
kiirehti kiirehti£ hurry
lehti lehte£ leaf
m£ki m£ke£ hill
ovi ovea door
posti postia mail
tukki tukkia log
£iti £iti£ mother
englanti englantia England
y£rvi y£rve£ lake
koski koskea waterfall
reki reke£ sledge
v£ki v£ke£ people

We might assume that the underlying form of the root is the same as the
nominative (which has no suffix). The problem which these data pose is that in
some nouns, the partitive appears to be simply the nominative plus the suffix -a‰ ~ -
a (for example muuri ~ muuria), but for other nouns the final vowel alternates,
with [i] in the nominative and [e] in the partitive (e.g. yoki ~ yokea). It is obvious
that the nature of the following vowel does not explain this alternation, since the
same surface quality suffix vowel can appear after either e or i ˜ cf. yokea, nime£
where [e] appears before both [a] and [£], versus muuria, kiirehti£ where [i] ap-
pears before these same vowels. Nor can the preceding consonant be called upon to
predict what vowel will appear in the partitive, as shown by pairs such as tukkia,
kaikkea versus lehte£, £iti£.

This is an area where there is (potentially) a difference between language
learning pedagogy and a formal linguistic analysis. Faced with the problem of
learning the inflectional distinction muuri ~ muuria versus yoki ~ yokea, a second-
language class on Finnish might simply have the student memorize a list of words
like yoki ~ yokea where the vowel changes in the inflectional paradigm. From the
point of view of linguistic analysis this is the wrong way to look at the question,
since it implies that this is not a rule-governed property of the language. However,
second language learning is not the same as linguistic analysis: a class in foreign
language instruction has a different goal from a class in analysis, and some stu-
dents in a language class may receive greater practical benefit from just memoriz-
ing a list of words. Thus it is important to distinguish the teaching method where
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one learns arbitrary lists, and a theoretically-based analysis. One simply cannot
predict what vowel will appear in the partitive form if you only consider the pro-
nunciation of the nominative. This means: nominative forms are not the same as
underlying forms (something that we also know ronm the previous Russian exam-
ple). The underlying representation must in some way contain that information
which determines whether there will be a vowel alternation in a given word.

In looking for the phonological basis for this vowel alternation, it is impor-
tant to realize that the alternation in stem-final vowels is not chaotic, for we find
precisely two possibilities, either i in the nominative paired with i in the partitive,
or i in the nominative paired with e in the partitive ˜ never, for example, i paired
with u or i paired with o. Moreover, only the vowel i enters into such a vowel al-
ternation in Finnish, so there are no nouns with o in the nominative which is re-
placed by u in the partitive, nor is u in the nominative ever replaced by o or any
other vowel in the partitive. One final fact about the data in (6) suggests exactly
how the right underlying representations that can explain this alternation: of the
eight vowels of Finnish (i, u‰, e, o‰, £, u, o, a), all of them appear at the end of the
word except the vowel e. Now, since the stem of ‘name’, which appears as nimi in
the nominative actually appears on the surface as nime- in the partitive, it is not at
all unreasonable to assume that the underlying form of the stem ‘name’ is in fact
/nime/. It would be a bit bizarre to assume an underlying form such as /nima/, since
the vowel [a] never appears in that position in any form of this word: the most
natural assumption to make is that the underlying form of a morpheme is com-
posed of actually segments found in some surface manifestation of the morpheme.
On the other hand, the stem of ‘wall’ is pronounced muuri in both the nominative
and the partitive, and therefore there is no reason to assume that it is underlyingly
anything other than /muuri/.

We will then assume that the underlying vowel at the end of the stem is
actually reflected by the partitive form, and thus we would assume underlying rep-
resentations such as /yoke/, /nime/, /kive/, /lehte/, /ove/ and so on, as well as
/muuri/, /naapuri/, /kaappi/, /tukki/ and so on. The underlying form of partitive
[yoke-a] would thus be /yoke-a/, that is, no rule at all is required to explain the
partitive. Instead, a rule is needed to explain the surface form of the nominative
[yoki], which derives from /yoke/. A very simple neutralizing rule can explain the
surface form of the nominative: underlying word-final e is raised to i.

(7) Final vowel raising
e • i / ___ #

This rule is neutralizing since the distinction between /i/ and /e/ is neutralised by
applying this rule: an underlying /e/ becomes phonetic [i].

Apart from illustrating how important correct underlying forms are, these
two examples have also shown that it is dangerous, and incorrect in these two
cases, to assume that the ‘most basic’ form of a word according to morphological

This is a natural assump-
tion but not an absolute
rule, as we see in Ch. 10.
Underlying forms can
contain segments not
found in any form of the
word. Only when there is
strong evidence for de-
parting from this as-
sumption are you justi-
fied in setting up underly-
ing forms with such ab-
stract elements.
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criteria is also the underlying form of the word. To reiterate: the underlying form
of a morpheme is a hypothesis set forth by the analyst, a claim that by assuming
such-and-such an underlying form, plus some simple set of rules (which need to be
discovered by the analyst), the observed variation in the shape of morphemes can
be explained.

Kikerewe. To better understand the reasoning that leads to correct underlying
forms, we investigate other examples. Consider the following data from Kikerewe.

(8) infinitive 1s habitual 3s habitual imperative gloss
kupaamba mpaamba apaamba paamba adorn
kupaaÏga mpaaÏga apaaÏga paaÏga line up
kupima mpima apima pima measure
kupuupa mpuupa apuupa puupa be light
kupekec‡a mpekec‡a apekec‡a pekec‡a make fire with stick
kupiinda mpiinda apiinda piinda be bent
kuhiiga mpiiga ahiiga hiiga hunt
kuheeka mpeeka aheeka heeka carry
kuhaaÏga mpaaÏga ahaaÏga haaÏga create
kuheeba mpeeba aheeba heeba guide
kuhiima mpiima ahiima hiima gasp
kuhuuha mpuuha ahuuha huuha breath into

We notice that every infinitive begins with ku-, which we surmise is the prefix for
the infinitive; the 3s. habitual form has the prefix a-, and the 1s. habitual has the
prefix m-; the imperative involves no prefix. In addition to segmental prefixes,
there is a change in the first consonant of the stem in some verbs, in some contexts.
The initial consonant of the verb meaning ‘guide’ alternates between [h] and [p],
with [p] appearing in the 1s. habitual after [m] and [h] appearing elsewhere. Since
this stem appears in two surface variants, [heeba] and [peeba], two plausible hy-
potheses are immediately possible: the stem is underlying /peeba/, or the stem is
underlying /heeba/. If we assume that the stem is underlying /heeba/, we require a
rule to explain the divergence between the predicted form of the 1s. habitual form
˜ we would expect *[mheeba], *[mhiima] etc. ˜ and the actual form of the verb,
[mpeeba], [mpiima] and so on. Since in fact we do not see the sequence /mh/ any-
where in the data, we might assume the following neutralizing rule.

(9) Post-nasal hardening
h • p / nasal ___

If, on the other hand, we assume that the root ‘guide’ is underlyingly
/peeba/, we would need a rule which changes /p/ into [h] when not preceded by a
nasal ˜ in other words, when preceded by a vowel or by nothing. There is no

We only have direct
evidence for the
change after m, so it
would be possible to
restrict our rule to the
more specific context
“after m”. But this
would run counter to
basic assumptions of
science, that we seek
the most general ex-
planations possible, not
the most restricted
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single property which groups together word initial position and vowels. Thus, the
supposed rule changing /p/ to [h] would have to be a disjunction of two separate
environments.

(10) p  h /  
#

V
            →









This suggests that rule (10) is wrong.
More important than the greater complexity of the rule entailed by assum-

ing that ‘guide’ is underlying /peeba/, that is simply wrong, empirically. Rule (10)
implicitly claims that /p/ should always become [h] word initially or after a vowel,
but this claim is falsified by forms such as kupaamba, apaamba, paamba ‘adorn’
and kupaaÏga, apaaÏga, paaÏga ‘line up’. If one assumes that all of these stems
uniformly begin with /p/, then one cannot predict whether the imperative or infini-
tive has [h] (kuhaaÏga) or [p] (kupaaÏga). On the other hand, if one assumes an
underlying contrast between initial /h/ and initial /p/ ˜ i.e. haaÏga ‘create’,
paaÏga ‘arrange’ ˜ then one can correctly distinguish those stems which begin
with /h/ from those which begin with /p/ when no nasal precedes, as well as cor-
rectly neutralizing that distinction just in case the stem is preceded by a nasal
(mpaaÏga ‘I create’; ‘I arrange’).

English plurals. A further illustration of how to determine the correct underlying
representation comes from English. As the following examples illustrate, the sur-
face form of the plural suffix varies between [s] and [z] (as well as [i½z], to be dis-
cussed later).

(11) k£ps ‘caps’ k£bz ‘cabs’ kl£mz ‘clams’
k£ts ‘cats’ k£dz ‘cads’ k£nz ‘cans’
kaks ‘cocks’ kagz ‘cogs’ karz ‘cars’
pruwfs ‘proofs’ h¡vz ‘hooves’ g¦lz ‘gulls’

fliyz ‘fleas’
pl£wz ‘plows’
pyr �ez ‘purees’

The generalization regarding distribution is straightforward: [s] appears after a
voiceless segment, and [z] appears after a voiced one (be it an obstruent, a liquid,
nasal or a vowel).

This same alternation can be found in the suffix marking the 3rd singular
present tense form of verbs.
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(12) sl£ps ‘slaps’ st£bz ‘stabs’ sl£mz ‘slams’
hŸts ‘hits’ haydz ‘hides’ k£nz ‘cans’
powks ‘pokes’ dŸgz ‘digs’ h£Ïz ‘hangs’
l£fs ‘laughs’ Èrayvz ‘thrives’ hiylz ‘heals’
pŸÈs ‘piths’ beyÅz ‘bathes’ hŸrz ‘hears’

flayz ‘flies’ viytowz ‘vetos’

If we suppose that the underlying form of the affixes for noun plural and
3rd singular present verbs are /z/, then we would assume the following rule to de-
rive the phonetic variant [s].

(13) obstruent • voiceless / voiceless ___

On the other hand, if we were to assume that these suffixes are underlyingly /s/, we
would assume the following rule.

(14) obstruent • voiced / voiced ___

In terms of the simplicity and generality of these two rules, the analyses
are comparable. Both fomulations require the same number of phonetic specifica-
tions to state the rule, and both formulations apply to general and phonetically
natural classes. However, the two analyses differ quite significantly in terms of
their overall predictions for English. The implicit prediction of the first rule (13) is
that there should be no voiced obstruents after voiceless segments in English, since
that rule would devoice all such obstruents. This generalization seems to be cor-
rect: there are no words like *[y¦kd], *[pŸvs], *[sdap]. The implicit prediction of
the second rule (14) is different: that rule implies that there should be no voiceless
segments after any voiced segments. This is manifestly incorrect, as shown by the
existence of words such as [hŸs] ‘hiss’, [p£È] ‘path’, [d£ns] ‘dance’, [fals] ‘false’.
We prefer a hypothesis which makes the correct prediction about the phonetic
structure of the language as a whole, and thus we select the underlying form /z/
and a rule devoicing obstruents after voiceless segments. Looking for such asym-
metries plays an important role in determining which of two hypotheses is the cor-
rect one.

The alternation z ~ s is not limited to the two affixes -z ‘plural’ and -z ‘3
sg. present tense’. The rule of devoicing can also be seen applying to the posses-
sive suffix -z.

(15) Noun Noun+poss.
k£t k£ts “cat”
sl¦g sl¦gz “slug”
kl£m kl£mz “clam”
snow snowz “snow”
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Moreover, certain auxiliary verbs such as has [h£z] and is [Ÿs] undergo a reduction
in casual speech, so that they appear simply as [s] or [z], the choice between these
two being determined by the devoicing rule which we have motivated.

(16) Noun + has reduced Noun + is reduced
š‡£k h£z iyÜn � š‡£ks iyÜn � š‡£k Ÿz iyDŸÏ š‡£ks iyDŸÏ “Jack”
p£t h£z iyÜn � p£ts iyÜn � p£t Ÿz iyDŸÏ p£ts iyDŸÏ “Pat”
š‡¢n h£z iyÜn � š‡¢nz iyÜn � š‡¢n Ÿz iyDŸÏ š‡¢nz iyDŸÏ “Jen”
bab h£z iyÜn � babz iyÜn � bab Ÿz iyDŸÏ babz iyDŸÏ “Bob”
š‡ow h£z iyÜn � š‡owz iyÜn � š‡ow Ÿz iyDŸÏ š‡owz iyDŸÏ “Joe”

The devoicing rule (13) automatically explains the alternation in the surface shape
of the consonant here as well.

Jita tone. It is important to look for correlations which may lead to causal expla-
nations, in analyzing data. Consider the following data from Jita, concentrating on
the tones of morphemes (H tone is marked with acute accent, L toned syllables are
unmarked).

(17) a. okuÄuma “to hit” okusiÄa “to block”
okuÄumira “to hit for” okusiÄira “to block for”
okuÄumana “to hit e.o.” okusiÄana “to block e. o.”
okuÄumirana “to hit for e.o.” okusiÄirana “to block for e.o.”

b. okulu −ma “to bite” okuku −Äa “to fold”
okulum™®ra “to bite for” okukuÄ™®ra “to fold for”
okuluma −na “to bite e.o.” okukuÄa −na “to fold e.o”
okulum™®rana “to bite for e.o.” okukuÄ™®rana “to fold for e.o”

We can conclude that there is a prefix oku- perhaps marking the infinitive, a suffix
-a appearing at the end of every verb, and two suffixes -ir- “for” and -an- “each
other”. There are also root morphemes: -Äum- “hit”, -siÄ- “block”, as well as -lu −m-
“bite” and -ku −Ä- “fold”. We decide that “bite” and “fold” underlyingly have H
tones in part based on the fact that there actually is a H tone on the vowels of these
roots in the simplest verb forms.

In addition, we observe that the suffixes -ir- and -an- have H tone when
they come immediately after these verb roots. The suffixes do not have H tone af-
ter the first set of roots: appearance of H on the suffix is correlated with which
morpheme immediately precedes the suffix. Since this unpredictable property is
correlated with the preceding root morpheme, it must therefore be an aspect of the
underlying form of the preceding morpheme.

We thus explain the H tone on these suffix morphemes by positing that
[oku-lum-a−n-a] derives from underlying /oku-lu −m-an-a/, by applying a rule of tone
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shift which shifts a H tone rightward to the following syllable, as long as the syl-
lable is not word-final. Because of the restriction that H does not shift to a final
syllable, the underlying H surfaces unchanged in [okulu−ma].

Now consider the following data.

(18) okumuÄu −ma “to hit him/her” okumus™®Äa “to block him/her”
okumuÄu −mira “to hit for him/her” okumus™®Äira “to block for him/her”
okuc‡iÄu −ma “to hit it” okuc‡is™®Äa “to block it”
okuc‡iÄu −mira “to hit for it” okuc‡is™®Äira “to block for it”

When the L-toned roots of (17a) stand after the object prefixes -mu- “him/her” and
-c‡i- “it”, they have a H tone at the beginning of the root. Again, since the presence
of the H is correlated unpredictably with the prefixes -mu- and -c‡i-, we hypothesize
that the tones are part of the underlying representation of the prefixes ˜ the pre-
fixes are /mu −/ and /c‡™®/, and the H tone shifts to the right by the tone shift rule which
we have already posited.

4. Practice at problem solving

You should now be able to apply this reasoning to data which pose analo-
gous problems; a series of examples are given in this section for practice.

Chamorro vowel alternations. There are alternations in the quality of vowels in
initial syllables in some contexts seen in the following data from Chamorro.

(19) gw™®h¦n ‘fish’ i gw™®h¦n ‘the fish’
gu−m¦Ü ‘house’ i g™®m¦Ü ‘the house’
cu−pa ‘cigarettes’ i c™®pa ‘the cigarettes’
f™®noÜ ‘talk’ mi f™®noÜ ‘lots of talk’
tu −nuÜ ‘to know’ en t™®nuÜ ‘you know’
cu−goÜ ‘juice’ mi c™®goÜ ‘lots of juice’
so −ÏsuÏ ‘village’ i se−ÏsuÏ ‘the village’
hu −luÜ ‘up’ s£n h™®luÜ ‘upward’
pe−cu ‘chest’ i pe−cu ‘the chest’
to−mu ‘knee’ i te−mu ‘the knee’
o −tdut ‘ant’ mi e−tdut ‘lots of ants’
o−ksuÜ ‘hill’ gi e−ksuÜ ‘at the hill’
da −Ïkulu ‘big one’ i d£−Ïkulu ‘the big one’
la−hi ‘male’ i l£−hi ‘the male’
la−gu ‘north’ s£n l£ −gu ‘toward north’
pulo −nnun ‘trigger fish’ i pulo −nnun ‘the trigger fish’
mundo −Ïgu ‘cow’s stomach’ i mundo−Ïgu ‘the cow’s stomach’
putamone −da ‘wallet’ i putamone−da ‘the wallet’
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What underlying representations, and what rule or rules, are required to account
for these data? In answering this question, you should consider two hypotheses
which differ especially about what form is taken to be underlying ˜ what are the
two most obvious ways of treating these alternations? One of these hypotheses is
clearly wrong; the other is the correct hypothesis.

Korean. Now consider the following data from Korean. The first column, that of
the infinitive, seems to involve a vowel suffix. One reason to think that there is an
infinitive suffix is that every infinitive ends either in the vowel a or in ¦ (the choice
between a versus ¦ is based of the vowel which precedes that suffix, /a/ or /o/ ver-
sus other vowels, and can be ignored here). A second reason for coming to this
conclusion comes from comparing the infinitive and the plain present forms. Com-
paring ana and anni½nta, or kama and kamni½nta, we can see that for each verb, the
portions common to both the infinitive and the plain present are respectively an-
and kam-. From this we deduce that there must be a suffix, either -a or -¦, which
marks the infinitive, and another suffix -ni½nta which marks the plain present.

(20) Infinitive Plain Present
ana anni½nta ‘hug’
kama kamni½nta ‘wind’
sin¦ sinni½nta ‘wear shoes’
t’ati½m¦ t’ati½mni½nta ‘trim’
n¦m¦ n¦mni½nta ‘overflow’
nama namni½nta ‘remain’
c‡hama c‡hamni½nta ‘endure’
ip¦ imni½nta ‘wear’
kup¦ kumni½nta ‘bend’
c‡¦p¦ c‡¦mni½nta ‘fold’
tat¦ tanni½nta ‘close’
puth¦ punni½nta ‘adhere’
c‡oc‡ha c‡onni½nta ‘follow’
m¦k¦ m¦Ïni½nta ‘eat’
s¦k’¦ s¦Ïni½nta ‘mix’
tak’a taÏni½nta ‘polish’
c‡uk¦ c‡uÏni½nta ‘die’
ik¦ iÏni½nta ‘ripen’

What is the underlying form of these verb stems, and what phonological rule or
rules are required to account for the variations that are seen in the surface shape of
the various stems?
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Koasati. What is the underlying form of the 1 sg. possessive prefix in Koasati, and
what phonological rule applies in these examples?

(21) noun my N
apahc‡a− amapahc‡a− ‘shadow’
asikc‡™® amasikc‡™® ‘muscle’
ilkano − amilkano − ‘right side’
ifa− amifa− ‘dog’
a:po− ama:po− ‘grandmother’
isk™® amisk™® ‘mother’
pac‡okko −:ka ampac‡okko −:ka ‘chair’
towa− antowa− ‘onion’
kasto− aÏkasto− ‘flea’
baya−:na ambaya−:na ‘stomach’
ta−:ta anta−:ta ‘father’
c‡ofkon™® an†c‡ofkon™® ‘bone’
kitil �ka − aÏkitil �ka − ‘hair bangs’
ton™® anton™® ‘hip’

Kimatuumbi. What phonological rules pertaining to consonants operate in the
following examples from Kimatuumbi. What are the underlying forms of the stems
for ‘rope’, ‘palm’, ‘tongue’, ‘piece of wood’, ‘pole’ and ‘covered’? Ignore tonal
changes.

(22) Singular Plural Gloss
lugo −i Ïgo −i ‘rope’
lugolo −ka − Ïgolo −ka − ‘straight’
luba −u mba−u ‘rib’
luba −galo mbaga−lo ‘lath’
luš‡ii®Ïgya − n†š‡ii®Ïgya − ‘entered’
lulaa−la ndaa−la ‘pepper’
lulŸ®mi® ndŸ®mi ‘tongue’
lulŸndŸ®Ÿla − ndŸndŸ®Ÿla − ‘guarded’
lupala−ai® mbala−ai® ‘bald head’
lupaa−la− mbaa−la− ‘wanted’
lute−ela− ndeela− ‘piece of wood’
luki®ligo Ïgili®go ‘place for initiates’
luki®li Ïgi®li ‘palm’
luyŸ®ma − n†š‡Ÿ®ma ‘pole’
luyo −ka n†š‡o −ka ‘stomach worm’
luyu −si® n†š‡u −si ‘bee’
luyu −we − n†š‡u−we ‘pumpkin plant’
luwŸkŸ®lya − ÏgwŸkŸ®lya − ‘covered’



94 Chapter 4

A certain degree of uncertainty regarding the exact underlying form of the plural
prefix is expected. However, the underlying form of the stem should be clear, and
should be the focus of your analysis.

5. Underlying forms and Sentence-Level Phonology

In the examples which we have considered so far, we have been compar-
ing morphologically related words, such as a nominative and a genitive, and we
have seen that an underlying distinction may be preserved in one word in a particu-
lar inflected form (because in that inflected form the conditions for applying the
phonological rule are not satisfied), but the difference is neutralised in a related
word where the conditions for the rule are present. We now consider two addi-
tional cases where underlying distinctions are neutralised depending on context,
and the neutralization takes place within one and the same word, depending on
where the word appears in a sentence. What this shows is that phonology is not
just about variations in pronunciation between words, but also includes variations
in the pronunciation of a word in different sentential contexts.

5.1. Korean final C’s

The first case is a rule of Korean that nasalizes stops before nasal conso-
nants (a rule that we have seen operating within words in the preceding section).
The first set of examples shows the word ‘rice’ when said alone, or when it is fol-
lowed by various words which begin with oral consonants and vowels. In these
data, the last consonant of the word ‘rice’ is pronounced as [p]. In the second set of
examples, the word which follows ‘rice’ begins with a nasal, and in that case the
final consonant of ‘rice’ is pronounced as [m].

(23) a. pap ‘rice’
pap anm¦k¦t’a ‘didn’t eat rice’
[rice     didn’t eat]

pap winmoge tu¦t’a ‘put rice on the upper floor’
rice      on-upper-floor put

pap sam¦k¦t’a ‘ate rice at a store’
rice     ate-at-store

pap totuki humc‡h¦gat’a ‘a thief stole rice’
rice     thief (subj)  stole

b. pam mani m¦k¦la ‘eat rice a lot’
rice       a lot        eat
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pam m¦ki�my´n ‘if eats rice’
rice        eat-if

pam n¦mu  masik’e m¦k¦t’a ‘I enjoyed rice quite a lot’
rice      very         deliciously      ate

pam n¦kho ‘add rice’
rice      add

Compare those examples with the following examples with the word ‘chestnut’.

(24) a. pam ‘chestnut’
pam anm¦k¦t’a ‘didn’t eat chestnut’
[chestnut     didn’t eat]

pam winmoge tu¦t’a ‘put chestnut on the upper floor’
chestnut      on-upper-floor put

pam sam¦k¦t’a ‘ate chestnut at a store’
chestnut     ate-at-store

pam totuki  humc‡h¦gat’a ‘a thief stole chestnut’
chestnut    thief (subj)  stole

b. pam mani m¦k¦la ‘eat chestnut a lot’
chestnut       a lot        eat

pam m¦ki�my´n ‘if eats chestnut’
chestnut        eat-if

pam n¦mu  masik’e m¦k¦t’a ‘I enjoyed chestnut quite a lot’
chestnut      very         deliciously      ate

pam n¦kho ‘add chestnut’
chestnut      add

In fact the (b) phrases above are actually ambiguous as to whether the word being
pronounces means ‘chestnut’ or ‘rice’.

The last consonant of the word ‘chestnut’ is always [m], so we would pre-
sume that the underlying form of that word is /pam/. Since ‘rice’ varies between
[pap] and [pam], and since we know that the underlying form cannot be /pam/ (this
is the underlying form of ‘chestnut’, and ‘chestnut’ cannot have the same underly-
ing form as ‘rice’ since they do not behave the same), we conclude that the under-
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lying form of ‘rice’ is /pap/, and that a nasalization rule changes /p/ (in fact, all
stops) to nasals before a nasal. Whether a word undergoes that rule depends on
what follows the final consonant. One and the same word can be pronounced dif-
ferently depending on the properties of the phrase in which it appears.

5.2. Kimatuumbi tone

In the Korean case which we just considered, it happens that the underly-
ing forms of the word is the same as the way the word is pronounced when it is
said alone. This situation does not hold in Kimatuumbi, where one has to know
how a word is pronounced when it is not at the end of an utterance, in order to de-
termine the underlying form of the word. The words in (25) have a H tone (marked
with an acute accent) on the second vowel from the beginning of the word when
said alone. When another word follows, they seem to lose that H tone.

(25) kiwŸ −kŸlyo ‘cover’ Ïga kiwŸkŸlyo l™® ‘it isn’t a cover’
luba −galo ‘lath’ Ïga lubagalo l™® ‘it isn’t a lath’
miko−ta ‘sugar canes’ Ïga mikota l™® ‘it isn’t sugar canes’
Ïguu −Ïguni ‘bedbug’ Ïga ÏguuÏguni l™® ‘it isn’t a bedbug’
luko −logo ‘brewery’ Ïga lukologo l™® ‘it isn’t a brewery’
maba−ando ‘thighs’ Ïga mabaando l™® ‘it isn’t thighs’
kiko −loombe ‘shell’ Ïga kikoloombe l™® ‘it isn’t a shell’
lipŸ −tan¡¡Ïg¡ ‘rainbow’ Ïga lipŸtan¡¡Ïg¡ l™® ‘it isn’t a rainbow’

In contrast, the words of (26), which also have a H tone on the second vowel from
the beginning of the word when the word is said alone, keep their H tone when
another word follows.

(26) luko −Ïgobe ‘wood’ Ïga luko −Ïgobe l™® ‘it’s not wood’
kit¡ −k¡t¡k¡ ‘quelea bird’ Ïga kit¡ −k¡t¡k¡ l™® ‘it’s not a quelea’
di™®wai ‘wine’ Ïga di™®wai l™® ‘it’s not wine’
luko −oÏgono ‘chicken leg’ Ïga luko −oÏgono l™® ‘it’s not a leg’
luko −oÏgowe ‘marble’ Ïga luko−oÏgowe l™® ‘it’s not marble’
mato −golo ‘waterbucks’ Ïga mato−golo l™® ‘it’s not waterbucks’
miv™®riiÏgo ‘circles’ Ïga miv™®riiÏgo l™® ‘it’s not circles’
kiyo −goyo ‘bird (sp.)’ Ïga kiyo−goyo l™® ‘it’s not a bird’
kika−laaÏgo ‘pan’ Ïga kika −laaÏgo l™® ‘it’s not a pan’

There are no words in Kimatuumbi which are toneless when said by them-
selves, thus *kitekelyo said by itself is an unattested kind of word. There is a clear
contrast in tonal behavior between the words in (25) where the presence of a H
tone on the second vowel depends on whether the word is said alone or is followed
by some word, and those in (26) where the second vowel always has a H. The so-
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lution to this puzzle is that the words in (26) have an underlying H tone on their
second vowel, and thus nothing happens to that tone; but the words in (25) have no
underlying H,  and instead get a H at the end of an utterance by a rule that assigns
a H tone to the second vowel of a toneless word which comes at the end of an ut-
terance. Thus in the case of Kimatuumbi tone, the contrast between underlyingly
toneless words and words with underlying H is best revealed by looking at the
word when it appears not by it self: it is the citation form of the word that under-
goes the neutralization rule, which is the opposite of the situation we just encoun-
tered in Korean.

6. Underlying Forms and Multiple Columns in the Paradigm

The following data from Samoan illustrate the very important point that it
is wrong to think of deriving underlying forms by chopping off affixes from some
single column of data. In the first set of examples, our initial task is to deduce the
underlying form of each of the verb roots and the affix for the perfective form.

(27) simple perfective gloss
olo oloia rub
lafo lafoia cast
aÏa aÏaia face
usu usuia get up and go early
tau tauia reach a destination
taui tauia repay
sa:Üili sa:Üilia look for
vaÏai vaÏaia face each other
paÜi paÜia touch
naumati naumatia be waterless
sa:uni sa:unia  prepare
seÏi seÏia be shy
lele lelea fly
suÜe suÜea  uncover
taÜe taÜea  smash
tafe tafea  flow
ta:upule ta:upulea confer
palepale palepalea  hold firm

Examples such as oloia, aÏaia, and usuia suggest that the perfective suffix is -ia,
and the simple form of the verb reflects the underlying form of the root. Examples
such as seÏi ~ seÏia or lele ~ lelea suggest a phonological rule, since the combina-
tion of the presumed stems ati and lele with the perfective affix -ia would result in
the incorrect forms *seÏiia, *leleia. However, this problem can be corrected by
positing a phonological rule which deletes a front vowel when it is preceded by a
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front vowel. In the formalization of the rule, we say that the second front vowel is
replaced by zero, which means that it is deleted.

(28) Vowel-cluster reduction
front vowel • ∅ / front vowel ___

An alternative hypothesis would be that [i] is inserted between a back vowel and
the vowel [a], if we were to presume that the perfective suffix is underlyingly /a/.

(29) ∅ • i / back vowel ____ a

This would be quite unlikely on grounds of naturalness. It is common across lan-
guages for one of two adjacent vowels to be eliminated, and no language has been
found with a rule that inserts a vowel between two other vowels. Additional data to
be considered below will show that, in addition, this would just be plain wrong.
We abandon the idea of inserting the vowel i and conclude that the underlying
form of the perfective suffix must be -ia, hence there must be a rule deleting a
front vowel after a front vowel. We would then conclude that the underlying repre-
sentation of roots is best revealed in the simple verb, rather than the perfective,
since the simple form of the verb shows whether the stems ends with /i/, a vowel
which may be deleted in the perfective.

A rather different conclusion about arriving at underlying forms would
have to be drawn from the following additional Samoan examples.

(30) simple perfective gloss
tu: tu:lia stand
au aulia flow on
tau taulia cost
ma:tau ma:taulia observe
Üalo Üalofia avoid
ili ilifia blow
oso osofia jump
ulu ulufia enter
sao saofia collect
taÏo taÏofia take hold
asu asuÏia smoke
soa soaÏia have a friend
pole poleÏia be anxious
fesili fesiliÏia question
ifo ifoÏia bow down
Üote ÜoteÏia scold
ula ulaÏia mock
tofu tofuÏia dive
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milo milosia twist
laÜa laÜasia step
valu valusia scrape
taÏi taÏisia cry
vela velasia be cooked
motu motusia break
api apitia be lodged
mataÜu mataÜutia fear
eÜe eÜetia be raised
sau sautia fall
lava: lava:tia be able
oÜo oÜotia arrive
u: u:tia grip
ufi ufitia cover
puni punitia  be blocked
tanu tanumia cover up
siÜo siÜomia be enclosed
moÜo moÜomia admire
Ïalo Ïalomia forget
tao taomia cover
sopo sopoÜia go across
fana fanaÜia shoot

Here, we see that the perfective form of the verb contains a consonant
which is not present in the simple form. That consonant can be any one of l, f, Ï, s,
t, m or Ü, given these data. An attempt to predict the nature of that consonant by an
insertion rule proves fruitless. We could attempt to insert an appropriate consonant
on the basis of the preceding vowel: but while l appears after u, so do f ([ulufia]), Ï
([tofuÏia]) and s ([valusia]); and while f appears after o, so do Ï ([ifoÏia]), m
([Ïalmoia]) and s ([milosia]). In short, it is simply impossible to predict from any-
thing in the environment what the consonant of the perfective is going to be, if we
start with the simple form as the underlying form: that consonant must be part of
the underlying representation of the root. Thus the underlying forms of this second
set of roots would be as follows.

(31) tu:l ‘stand’ aul ‘flow on’
taul ‘cost’ ma:taul ‘observe’
Üalof ‘avoid’ ilif ‘blow’
osof ‘jump’ uluf ‘enter’
saof ‘collect’   taÏof ‘take hold’
asuÏ ‘smoke’   soaÏ ‘have a friend’
poleÏ ‘be anxious’ fesiliÏ ‘question’
ifoÏ ‘bow down’ ÜoteÏ ‘scold’
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ulaÏ ‘mock’ tofuÏ ‘dive’
milos ‘twist’ laÜas ‘step’
valus ‘scrape’ taÏis ‘cry’
velas ‘be cooked’ motus ‘break’
apit ‘be lodged’ mataÜut ‘fear’
eÜet ‘be raised’ saut ‘fall’
lava:t ‘be able’   oÜot ‘arrive’
u:t ‘grip’ ufit ‘cover’
punit  ‘be blocked’ tanum ‘cover up’
siÜom ‘be enclosed’ moÜom ‘admire’
Ïalom ‘forget’ taom ‘cover’
sopoÜ ‘go across’ fanaÜ ‘shoot’

The postulation of underlying consonants at the end of these roots entails the addi-
tion of a phonological rule, in order to account for the surface form of the simple
verb where there is no final consonant. Noting that no word ends in a consonant
phonetically in these examples, we can postulate the following rule of final conso-
nant deletion.

(32) Final consonant deletion
C • ∅ / ___ #

The underlying forms of these verbs can be heuristically derived by eliminating the
perfective affix -ia from the perfective form. However, notice that we made a dif-
ferent heuristic assumption for the first group of roots, which underlying ended in
a vowel. The point is that an underlying representation is whatever is required to
correctly predict all of the surface variants of a given morpheme: it does not neces-
sarily derive from any one column in a paradigm.

It is also important to understand the difference between saying that the
underlying form is the simple form, or is the perfective form, and saying that we
may best learn what the underlying form is by looking at the perfective, or simple
for, or some other form. The underlying form of “stand” is /tu:l/. We learn that this
is the underlying form by comparing the simple form [tu:] and the perfective
[tu:lia] and understanding that the perfective form preserves important information
about the underlying form that is lost ni the simple form. But the perfective form
itself is [tu:lia] ˜ this is not the underlying form.

Palauan. The language Palauan provides a second clear illustration of the point
that one cannot always arrive at the correct underlying representation by looking at
any single column in the paradigm. In this language, the underlying form of the
word does not acually surface as such in any form of a word. Consider the follow-
ing examples
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(33) Present       Future Future Meaning
Middle Innovative Conservative
m¦da−Ï¦b d¦Ï¦ba −ll d¦Ïo −bl cover
m¦te−Ü¦b t¦Ü¦ba −ll t¦Ü™®bl pull out
m¦Ïe−t¦m Ï¦t¦ma−ll Ï¦to−ml lick
m¦ta−b¦k t¦b¦ka−ll t¦ba−kl patch
m¦Üa−r¦m Ü¦r¦ma−ll Ü¦ro −ml taste
m¦se−s¦b s¦s¦ba −ll s¦so−bl burn

The prefix for the present middle is apparently /m¦/, the future suffix (found in the
future conservative and the future innovative) is -l, and the innovative suffix is -al.
The position of stress can be predicted by a simple rule: the final syllable is
stressed if it ends in two consonants, otherwise the second to last (penultimate)
syllable is stressed.

The fundamental problem of Palauan is how to predict vowel quality in the
root. Notice that the root meaning ‘cover’ has three surface realizations: da −Ï¦b,
d¦Ï¦b and d¦Ïo −b. Looking at all of the data, we notice that the only full vowel in
the word is the stressed vowel, which suggests that unstressed vowels are neutral-
ized to schwa.

(34) Unstressed vowel reduction
unstressed V • ¦

Note that this rule has no context: it does not matter what precedes or follows the
unstressed vowel.

In order to predict that the stressed first vowel in ‘cover’ is [a], that choice
of vowel must be part of the underlying representation, giving the partial solution
/daÏVb/. In contrast, the first vowel of ‘pull out’ must be specified as [e], since
that is the vowel which appears in this word when the first vowel is stressed, giv-
ing /teÜVb/. By the same reasoning, the second vowel of ‘cover’ must be [o], since
that is the realization which the vowel has when it is stressed, and the second
vowel of ‘pull out’ must be [i]. Thus, the underlying forms of the stems given
above would be the following.

(35) daÏob ‘cover’ teÜib   ‘pull out’
Ïetom   ‘lick’ tabak   ‘patch’
Üarom   ‘taste’ sesob   ‘burn’

The underlying form of a verb in Palauan is a rather abstract object, something
which is never revealed in any single surface form. Rather, it must be deduced by
looking at information which is manifested in a number of different morphologi-
cally related words derived from a single stem.
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English. A similar example can be found in English, as the following examples
show. We will ignore other alternations and focus only on vowel alternations. Thus
for example, alternations such as the one between k and s can be ignored. Also,
there are many idiolectal differences in the pronunciation of certain words such as
‘economy’, where some people pronounce the word as [iyka −n¦miy] and others
pronounce it as [¦ka −n¦miy]: we will only attempt to account for the latter pronun-
ciation. Finally, the effect of low-level allophonic rules such as flapping and the
derivation of syllabic sonorants are not indicated.

(36) ma−n¦town ‘monotone’ m¦na−t¦niy ‘monotony’
t¢−l¦gr£f ‘telegraph’ t¦l¢−gr¦fiy ‘telegraphy’
¢ −p¦gr£f ‘epigraph’ ¦pŸ −gr¦fiy ‘epigraphy’
r¢ −l¦tŸv ‘relative’ r¦le−ys‡¦n ‘relation’
¦ka−n¦miy ‘economy’ ¢�k¦na−mŸk ‘economic’
d™®yf¢kt ‘defect’ d¦f¢−ktŸv ‘defective’
d¢ −m¦kr£t ‘democrat’ d¦ma−kr¦siy ‘democracy’
Ÿ −t¦liy ‘Italy’ ¦t£−ly¦n ‘Italian’
ha−m¦nŸm ‘homonym’ h¦ma−n¦miy ‘homonymy’
f¦n¢ −tŸks ‘phonetics’ fo �wn¦tŸ −s‡¦n ‘phonetician’
st¦tŸ−stŸks ‘statistics’ st£�t¦stŸ −s‡¦n ‘statistical’
r¦sŸ −pr¦k¦l ‘reciprocal’ r¢�s¦pra −s¦tiy ‘reciprocity’
f¦na−l¦š‡iy ‘phonology’ fo �wn¦la−š‡¦k¦l ‘phonological’
la −š‡Ÿk ‘logic’ l¦š‡Ÿ −s‡¦n ‘logician’
sŸ −n¦nŸm ‘synonym’ s¦na −n¦miy ‘synonnymy’
¦rŸ −st¦kr£t ‘aristocrat’ ¢�r¦sta−kr¦siy ‘aristocracy’

As in Palauan, there is an alternation between stressed full vowel and unstressed
schwa. We would therefore assume underlying stems with multiple full vowels,
e.g. /manatown/, /t¢l¢gr£f/, /¢pŸgr£f/, /d¢makr£t/, /fownalaj‡/ etc. However, not
every unstressed vowel is reduced: cf. for example r¢ −l¦tŸv, d™®yf¢kt, ma −n¦town where
the unstressed vowel is in a closed syllable (followed by one or more consonants
within that syllable).

Tonkawa: reaching the analysis step-by-step. Correct assumptions about under-
lying forms are crucial in understanding the variations found in the verb stem in
Tonkawa, as the following examples will illustrate. The first step in accounting for
these data is to provide a morphological analysis of the data, to determine what the
morphemes are for the progressive, the present, the 1s object, and the 3p object,
and to set forth hypotheses about the underlying forms of roots.
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(37) picnoÜ ‘he cuts’ picnanoÜ ‘he is cutting’
wepcenoÜ ‘he cuts them’ wepcenanoÜ ‘he is cutting them’
kepcenoÜ ‘he cuts me’ kepcenanoÜ ‘he is cutting me’
notxoÜ ‘he hoes’ notxonoÜ ‘he is hoeing’
wentoxoÜ ‘he hoes them’ wentoxonoÜ ‘he is hoeing them’
kentoxoÜ ‘he hoes me’ kentoxonoÜ ‘he is hoeing me’
netloÜ ‘he licks’ netlenoÜ ‘he is licking’
wentaloÜ ‘he licks them’ wentalenoÜ ‘he is licking them’
kentaloÜ ‘he licks me’ kentalenoÜ ‘he is licking me’
naxcoÜ ‘he makes fire’ naxcenoÜ ‘he is making fire’
wenxacoÜ ‘he makes them fire’ wenxacenoÜ ‘he is making them fire’
kenxacoÜ ‘he makes me fire’ kenxacenoÜ ‘he is making me fire’
yamxoÜ ‘he paints a face’ yamxanoÜ ‘he is painting a face’
weymaxoÜ ‘he paints their face’ weymaxanoÜ ‘he is painting their face’
keymaxoÜ ‘he paints my face’ keymaxanoÜ ‘he is painting my face’
nawloÜ ‘he spreads’ nawlenoÜ ‘he is spreading’
wenweloÜ ‘he spreads them’ wenwelenoÜ ‘he is spreading them’
kenweloÜ ‘he spreads me’ kenwelenoÜ ‘he is spreading me’

It will be noticed that every word in this set ends with oÜ, and that all of
these verb forms have a third person subject, which suggests that -oÜ is a suffix
marking a third person subject. Comparing the habitual present forms in the first
column with the corresponding present progressive form in the second column, it
is also obvious that the present progressive is marked by a suffix, -n- or -Vn-, or-
dered before the suffix -oÜ. Marking of an object on the verb is accomplished by a
prefix, we- for 3 pl. object and ke- for 1 sg. object. What remains is the verb stem.

Two problems now remain: determining whether the suffix for the pro-
gressive is -n-, or is there a vowel which is part of the suffix; and, what is the un-
derlying form of the verb root. To resolve the first question, we look just at the
forms of the verb with no object:

(38) picnoÜ picnanoÜ
notxoÜ notxonoÜ
netloÜ netlenoÜ
naxcoÜ naxcenoÜ
yamxoÜ yamxanoÜ
nawloÜ nawlenoÜ

We might think that the vowel before -n- is part of the progressive suffix, but if it
were part of that suffix, it should have a constant underlying form and all surface
variants of that vowel should be derived by some simple rule(s). It is obvious from
these examples that the vowel which appears before n does not have a single pho-
netic realization since in these examples it ranges over a, o and e, and that there is
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no reasonable way to predict (e.g. from surrounding consonants or vowels) what
vowel will appear before n. Since that information is unpredictable and is governed
by which root appears before the suffix, the vowel must actually be part of the un-
derlying form of the verb stem. Thus, we arrive at the following partial answer to
the question about the underlying forms of the verb roots:

(39) /picna/ ‘cut’
/notxo/ ‘hoe’
/netle/ ‘lick’
/naxce/ ‘make a fire’
/yamxa/ ‘paint a face’
/nawle/ ‘spread’

The progressive form of the verb can be derived straightforwardly by
adding the two affixes -n- and -oÜ. The habitual present involves the application of
a further phonological process. Based on our hypotheses regarding the underlying
forms of the verb stems, we predict the following underlying forms for the habitual
forms.

(40) predicted form actual surface form
picnaoÜ picnoÜ ‘cut’
notxooÜ notxoÜ ‘hoe’
netleoÜ netloÜ ‘lick’
naxceoÜ naxcoÜ ‘make a fire’
yamxaoÜ yamxoÜ ‘paint a face’
nawleoÜ nawloÜ ‘spread’

The underlying form is whatever is given by the morphological component, so in
this case it would be the root plus progressive suffix, followed by the suffix -oÜ.
Our initial hypothesis is that the underlying form should be identical to the surface
form until we have evidence that phonological rules change the underlying forms
in predictable ways. The difference between the predicted form and the actual sur-
face realization of the verb is that the underlying form has a cluster of vowels
which is not found in the surface form. The data do not provide any examples of
surface vowel clusters, and this fact allows us to state a very simple rule account-
ing for the surface form: the first of two consecutive vowels is deleted.

(41) Vowel cluster reduction
V • ∅ / ___ V

Now we turn to the alternations in the shape of the stem that arise between
the plain forms of the verb and the verb with an object prefix. Verbs with the pre-
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fix ke- behave exactly like verbs with the prefix we-. Disregarding the suffixes -n-
and -oÜ, we arrive at the following surface variations in the shape of the stem.

(42) stem without prefix stem with CV prefix
picna pcena ‘cut’
notxo ntoxo ‘hoe’
netle ntale ‘lick’
naxce nxace ‘make a fire’
yamxa ymaxa ‘paint a face’
nawle nwele ‘spread’

Notice that in the form which lacks a prefix there is a vowel between the first two
consonants and none between the second and third consonants. By contrast, in the
form with a CV prefix, there is no vowel between the first two consonants but
there is a vowel between the second and third consonants. One way to solve this
problem would be to assume that this vowel is epenthetic (inserted); the other is to
assume that the vowel is part of the underlying vowel of the stem and is deleted in
some phonological context. It is also obvious that just as there is no way to predict
what vowel will appear between the first and second consonants, it is also impos-
sible to predict what vowel will appear between the second and third consonants,
and therefore the vowel cannot be epenthetic. In short, the underlying representa-
tion must contain unpredictable vowels after each consonant.

(43) picena ‘cut’
notoxo ‘hoe’
netale ‘lick’
naxace ‘make a fire’
yamaxa ‘paint a face’
nawele ‘spread’

The underlying forms of prefixed and unprefixed forms would thus be as
follows (illustrating with the progressive form of the verb).

(44) unprefixed prefixed
/picenanoÜ/ /kepicenanoÜ/ ‘cut’
/notoxonoÜ/ /kenotoxonoÜ/ ‘hoe’
/netalenoÜ/ /kenetalenoÜ/ ‘lick’
/naxacenoÜ/ /kenaxacenoÜ/ ‘make a fire’
/yamaxanoÜ/ /keyamaxanoÜ/ ‘paint a face’
/nawelenoÜ/ /kenawelenoÜ/ ‘spread’

Compare this with the surface form of the verbs:
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(45) unprefixed prefixed
picnanoÜ kepcenanoÜ ‘cut’
notxonoÜ kentoxonoÜ ‘hoe’
netlenoÜ kentalenoÜ ‘lick’
naxcenoÜ kenxacenoÜ ‘make a fire’
yamxanoÜ keymaxanoÜ ‘paint a face’
nawlenoÜ kenwelenoÜ ‘spread’

The relation between the underlying forme in (44) and surface forms in (45) is
simple. Each is subject to a rule deleting the second vowel of the word.

(46) V • ∅ / # CVC __

Whether the first or second stem vowel is deleted depends on whether a prefix is
present.

Apart from illustrating the point that underlying forms of words may not
correspond to any single column in a word’s paradigm, this discussion of Tonkawa
illustrates two important characteristics of a phonological analysis. The first is that
one analyzes data by advancing an initial hypothesis, and then refining the hy-
pothesis as it becomes necessary. Thus we began with the hypothesis that the un-
derlying forms were /picna/, /notxo/, /netle/ and so on, and were able to acount for
a certain amount of data based on that hypothesis, but later modified our hypothe-
sis about underlying forms to be /picena/, /notoxo/, /netale/ and so on. In other
words, although our first hypothesis turned out to be wrong, it was close to right,
and we were able to identify the source of the problem in our hypothesis and cor-
rect it.

The second characteristic of our analyis is that we always seek ways to test
the predictions of our hypotheses. The hypothesis that the stems are underlying
/picna/, /notxo/, /netle/ etc. makes a prediction, that if a vowel were ever to appear
between the second and third consonants (for example due to a rule of vowel in-
sertion), it would always be a single consistent and predictable vowel (since we are
saying that it is not in the underlying form). The fact that a different vowel appears
in wepcenoÜ, wentoxoÜ, wentaloÜ and wenxacoÜ shows that the prediction of this
hypothesis is wrong, and this forced us to consider the alternative hypothesis that
the underlying form contains a vowel between the second and third consonants:
this hypothesis proved to be correct. The most basic form of hypothesis testing that
is done in phonology is combining presumed forms of roots and affixes, and me-
chanically applying the rules which you assume in the analysis. If the wrong form
is produced by this test, something is wrong with the hypothesis ˜ either the un-
derlying forms are wrong, or the rules are stated incorrectly (or the rules are being
applied in the wrong order, a point we get to in the next chapter).
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Exercises
1. Axininca Campa

Provide underlying representations and a phonological rule which will ac-
count for the following alternations.

toniro ‘palm’ notoniroti ‘my palm’
yaarato ‘black bee’ noyaaratoti ‘my black bee’
kanari ‘wild turkey’ noyanariti ‘my wild turkey’
kosiri ‘white monkey’ noyosiriti ‘my white monkey’
pisiro ‘small toucan’ nowisiroti ‘my small toucan’
porita ‘small hen’ noworitati ‘my small hen’

2. Kikuyu
What is the underlying form of the infinitive prefix in Kikuyu? Give a rule

that explains the non-underlying pronunciation of the prefix.

Æot¢Ï¢ra ‘to run’ Æokuua ‘to carry’
Æokoora ‘to root out’ koruÆa ‘to cook’
kooria ‘to ask’ kom¢Ùa ‘to know’
koh¥ta ‘to be able’ Æoc‡ina ‘to burn’
koÆeera ‘to fetch’ kohetoka ‘to pass’
koniina ‘to finish’ koina ‘to dance’
Æoc‡uuka ‘to slander’ Æokaya ‘to cut’
koÆaya ‘to divide’

Summary

Establishing the correct underlying representation for a morpheme is the most important first
step in giving a phonological analysis of data. A correct underlying representation unifies sur-
face variants of a morpheme, giving recognition of the basic “sameness” of a morpheme, re-
gardless of variations in pronunciation which arise because phonological rules have applied.
The underlying form and the system of rules are thus connected: by making the right choice of
underlying form, and given the right system of rules, the rules will correctly operate on just
those segments which participate in the alternation. The key to making the right decision
about underlying forms is to carefully consider different hypotheses: if a segment in a mor-
pheme has two or more surface realisations, it is often necessary to consider two or more pos-
sibilities for what is underlying ˜ is variant [a], [b] or [c] the right choice? The main issue
relevant to answering this question is knowing which variant preserves important distinctions
and which neutralises distinctions. The underlying form may not even be seen directly in any
one pronunciation of a morpheme: it may be a form inferred from considering a number of
specific instantiations of the morpheme.
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3: Korean
Give the underlying representations of each of the verb stems found be-

low; state what phonological rule applies to these data. [Note: there is a vowel
harmony rule which explains the variation between final a and ¦ in the infinitive,
which you do not need to be concerned with]

Infinitive Conjunctive
ip¦ ipk’o ‘wear’
kup¦ kupk’o ‘bend’
kapha kapk’o ‘pay back’
ciph¦ cipk’o ‘feel the pulse’
tat¦ tatk’o ‘close’
puth¦ putk’o ‘adhere’
m¦k¦ m¦kk’o ‘eat’
c‡uk¦ c‡ukk’o ‘die’
ik¦ ikk’o ‘ripen’
tak’a takk’o ‘polish’
k’ak’a k’akk’o ‘reduce expenses’
s¦k’¦ s¦kk’o ‘mix’

4: Hungarian
Explain what phonological process affects consonants in the following

data (there is a vowel harmony rule which makes vowel in suffixes be back after
back vowels and front after front vowels, which you do not need to account for).
State what the underlying forms are for all morphemes.

noun in N from N to N gloss
kalap kalabban kalapto:l kalapnak hat
ku:t ku:dban ku:tto:l ku:tnak well
z‡a:k z‡a:gban z‡a:kto:l z‡a:knak sack
re:s re:zben re:sto‰:l re:snek part
s‡ro:f s‡ro:vban s‡ro:fto:l s‡ro:fnak screw
laka:s‡ laka:z‡ban laka:s‡to:l laka:s‡nak apartment
ketrets ketredzben ketretsto‰:l ketretsnek cage
test tezdben testto‰:l testnek body
rab rabban rapto:l rabnak prisoner
ka:d ka:dban ka:tto:l ka:dnak tub
meleg melegben melekto‰:l melegnek warm
vi:z vi:zben vi:sto‰:l vi:znek water
vara:z‡ vara:z‡ban vara:s‡to:l vara:z‡nak magic
a:gy a:gyban a:kyto:l a:gynak bed
sem semben semto‰:l semnek eye
bu‰n bu‰nben bu‰nto‰:l bu‰nnek crime
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toron† toron†ban toron†to:l toron†nak tower
fal falban falto:l falnak wall
o‰:r o‰:rben o‰:rto‰:l o‰:rnek guard
sa:y sa:yban sa:yto:l sa:ynak mouth

5: Kikuria
Provide appropriate underlying representations and phonological rules

which will account for the following data.

verb verb for
suraaÏga suraaÏgera ‘praise’
taaÏgata taaÏgatera ‘lead’
baamba baambera ‘fit a drum head’
reenda reendera ‘guard’
rema remera ‘cultivate’
hoora hoorera ‘thresh’
roma romera ‘bite’
heetoka heetokera ‘remember’
sooka sookera ‘respect’
tegeta tegetera ‘be late’
tac‡ora tac‡orera ‘tear’
siika seekera ‘close’
tiga tegera ‘leave behind’
ruga rogera ‘cook’
suka  sokera ‘plait’
huuta hootera ‘blow’
riiÏga reeÏgera ‘fold’
siinda seendera ‘win’

6: Farsi
Give the underlying forms for the following nouns, and say what phonlogical rule
is necessary to explain the following data.

singular plural gloss
z£n z£nan woman
l£b l£ban lip
h£sud h£sudan envious
b£rad£r b£rad£ran brother
bozorg bozorgan big
m£leke m£lekean queen
valede valedean mother
k£bire k£birean big
ahu ahuan gazelle
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hamele hamelean pregnant
bac‡c‡e bac‡c‡egan child
setare setaregan star
b£nde b£ndegan slave
azade azadegan freeborn
divane divanegan insane

7: Tibetan
Numbers between 11 and 19 are formed by placing the appropriate digit after the
number 10, and multiples of 10 are formed by placing the appropriate multiplier
before the number 10. What are the underlying forms of the basic numerals, and
what phonological rule is involved in accounting for these data?

š‡u ‘10’ š‡ig ‘1’ š‡ugš‡ig ‘11’
s‡i ‘4’ š‡ubs‡i ‘14’ s‡ibš‡u ‘40’
gu ‘9’ š‡urgu ‘19’ gubš‡u ‘90’
Ïa ‘5’ š‡uÏa ‘15’ Ïabš‡u ‘50’

8: Makonde
Explain what phonological rules apply in the following examples (the acute accent
in these example marks stress, whose position is predictable).

repeated past imperative gloss
imperative
ama−Ïga am™®le a−−ma move
tava−Ïga tav™®le ta−va wrap
ana−Ïga an™®le a−na forge
aka−Ïga ak™®le a−ka hunt
pata−Ïga pat™®le po−ta twist
tata−Ïga tat™®le to−ta sew
daba−Ïga dab™®le do −ba get tired
ava−Ïga av™®le o−va miss
ama−Ïga am™®le o−ma pierce
tapa−Ïga tap™®le te−pa bend
pata−Ïga pat™®le pe−ta separate
ava−Ïga av™®le e−va separate
baba−Ïga bab™®le be−ba hold like a baby
aÏga−Ïga aÏg™®le e−Ïga cut
puta −Ïga put™®le pu−ta wash
uta−Ïga ut™®le u−ta smoke
luka −Ïga luk™®le lu−ka plait
luma−Ïga lum™®le lu−ma bite
uÏga−Ïga uÏg™®le u−Ïga tie
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iva−Ïga iv™®le ™®va steal
pita−Ïga pit™®le p™®ta pass
imba−Ïga imb™®le ™®mba dig
lima−Ïga lim™®le l™®ma cultivate

9: North Saami
Posit appropriate underlying forms and any rules needed to explain the following
alternations. The emphasis here should be on correctly identifying the underlying
form: the exact nature of the changes seen here is a more advanced problem.

Nominative sg. Essive
varit varihin “2 year old reindeer buck”
oahpis oahpisin “acquaintance”
c‡oarvus‡ c‡oarvus‡in “antlers & skullcap”
lottaas‡ lottaaj‡in “small bird”
c‡uoivvat c‡uoivvagin “yellow-brown reindeer”
ahhkut ahhkubin “grandchild of woman”
suohkat suohkaÅin “thick”
heej‡os‡ heej‡oj‡in “poor guy”
aaj‡j‡ut aaj‡j‡ubin “grandchild of man”
bes‡kos‡ bes‡koj‡in “roof swallow”
bissobeahtset bissobeahtsehin “butt of gun”
c‡eahtsit c‡eahtsibin “children of elder brother of man”
yaaÜmin yaaÜmimin “death”
c‡uoivat c‡uoivagin “yellow-grey reindeer”
laages‡ laagej‡in “mountain birch”
gahpir gahpirin “cap”
gaauhtsis gaauhtsisin “8 people”
aaslat aaslagin man’s name
baÅoos‡gaattset baÅoos‡gaattsebin “bird type”
ahhkit ahhkiÅin “boring”
bahaanaalat bahaanaalagin “badly behaved”
bes‡tor bes‡torin “bird type”
heevemeahhtun heevemeahhtunin “inappropriate”
beej‡ot beej‡ohin “white reindeer”
bissomeahtun bissomeahtumin “unstable”
laÅas laÅasin “something jointed”
heaiyusmielat heaiyusmielagin “unhappy”
heaÏkkan heaÏkkanin “hanger”
yaman yamanin “something that makes noise”

[Note: it is suggested that the student return to this example after reading Chapter
6, and consider the formalization of this process using distinctive features]
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Advanced Topics and Readings

The content of underlying representations. A basic issue regarding underlying
forms is: what are they made of? We have so far treated them as segments repre-
sented as letters. In Chapter 6 (and again in Chapter 11), representations are re-
visited, and it is shown that segments are not atomic units but are defined in terms
of a small set of phonetically defined universal features. Correspondingly, underly-
ing forms are composed of sets of features, and not unanalyzable segments per se.

Chapter 10 addresses the famous abstractness issue, concerning the extent
to which underlying forms can differ from surface forms. We have partially ad-
dressed that issue here, showing that the underlying form is not necessarily a sub-
string of any one word that contains the morpheme. Hence in Palauan, the two
vowels of /daÏob/ are never both present as full vowels in any single instantiation
of the root; in Tonkawa, the root /picena/ is never directly seen in that form, since
one of the vowels always deletes. The main question addressed in Chapter 10 is
whether an underlying form may even contain segments which are never pro-
nounced as such in the language.

Morphology and morphophonemics. In the taxonomic phonemic tradition, pho-
nological rules of the type discussed in this chapter were referred to as morpho-
phonemic rules (a name still used occasionally to describe phonological proc-
esses). The implication is that there is a connection between morphology and such
phonological processes. Allophonic rules do not neutralize distinctions between
underlying segments, so the underlying form can be automatically inferred from
the surface form ˜ per the condition of biuniqueness, an allophone is always a
member of exactly one phoneme, thus reconstruction of the phoneme which a sur-
face sound comes from is automatic if you know the rule. With the output of a
neutralizing rule (such as those presented in this chapter) it is impossible to know
which of two (or more) segments a surface segment X derives from if you only
look at the word itself, even if you know the system of rules. One must look at a
different instantiation of the segment, appearing in some other context, in order to
determine what the underlying segment is. Most often, the other context which
provides the crucial evidence must be a word with a morphological relation to the
word in question, such as an infinitive of a verb, compared to a 1sg present tense
form (as was needed to distinguish /h/ and /p/ in Kikerewe, which neutralize to [p]
after a nasal). For that reason, neutralizing phonological alternations are most often
associated with different morphological forms of words: hence the term
“morphophonemics”, which is the selection of a particular (taxonomic) phoneme
in some context.

In the taxonomic approach, morphophonemic rules are often seen as se-
lecting allomorphs of a morpheme. Analogous to the phoneme being seen as the
set of all phones that realise the phoneme, the morpheme is seen as being made up
of morphophonemes ˜ the phoneme-strings that realise the morpheme, as well as
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auxiliary symbols used to represent processes. As an example of the latter kind of
symbol, the morphophoneme ||~|| is used in Miller’s 1965 grammar of Acoma to
indicate that the preceding vowel is deleted; ||M|| indicates a labial nasal which is
retained before a particular list of suffixes and is deleted elsewhere; ||B|| symbol-
izes a consonant that is realised as [b] before certain vowel-initial suffixes, and
deletes otherwise. In the case of Tonkawa, the morpheme which might be symbol-
ized as ||notoxo|| “hoe”, using one of the notations for denoting a morphemic rep-
resentation, is realised by the set of allomorphs {/ntox/, /ntoxo/, /notx/, /notxo/},
and the morpheme ||picena|| represents the set {/pcen/, /pcena/, /picn/, /picna/}.
Morphophonemics would refer to some set of rules that select particular variants in
some context, just as there are rules that select the variants of the English verb
morpheme ||be||, namely {/Ÿz/, /w¦z/, /wr/, /£m/, /ar/}.

Not all neutralizing phonological rules involve changes in morphology: the
defining context for a rule might be surrounding words in a sentence. We saw this
in Korean, with a rule nasalizing stops before a nasal consonant. This rule applies
even at the sentence level, so the pronunciation of the word /pap/ “rice” varies
between [pap] and [pam], depending on which word follows: the morphological
form of the word /pap/ ˜ uninflected noun ˜ remains constant in [pam m¦k¦ra]
“eat rice” and [pap twemnita] “served rice”, even though the pronunciation  of the
word changes. There is a rich literature addressing such neutralizing phonological
rules at the sentence level: see for example Kisseberth & Abasheikh 1974,
Clements 1978, Odden 1987. Most examples of sentence-level phonology involve
just the consideration of a word an an immediately preceding or following word;
however, Odden & Robert-Kohno 1999 and Odden 2000 discuss phrasal processes
in Kikamba and Zinza which apply across unbounded sequences of words. See
Inkelas & Zec 1995 and references therein for various theoretical perspectives on
phrasal phonological rules.

The relation of phonology to morphology. A different view of the relationship
between phonology and morphology is presented in the theory of Lexical Phonol-
ogy (Kiparsky 1982, Kaisse & Shaw 1985, Mohanan 1986). In that model, pho-
nology and morphology are separate but bidirectionally interacting components in
a grammar. Rules are assigned to particular strata or levels in both phonology and
morphology. Certain morphological operations are defined for the first stratum of
the morphological component ˜ Level 1 ˜ so in English, affixation of the deri-
vational affixes -ion and -ity takes place at Level 1, and other operations such as
affixation of -ness and -ing are defined at Level 2. Similarly, certain phonological
rules are defined for Level 1 but not Level 2, for example stress assignment and
Trisyllabic Shortening (which accounts for the vowel alternation in profane ~
profanity) which apply only when Level 1 affixes are added.

Under this model, the output of Level 1 morphology undergoes the rules of
Level 1 phonology. The result derived from Level 1 phonology is then resubmitted
to the morphological component, and at Level 2 other affixes are added, with the
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resulting form again being run through the phonology. Thus the derivation of a
word, in the view of Lexical Phonology, involves a shuttling back and forth be-
tween the morphological component and the phonolological component. Accord-
ingly, each input to the phonology (at Level 1 vs. Level 2) would be the underlying
form, at that level.

Morpheme structure conditions and rules. One of the more resilient problems
regarding underlying forms is that they seem to exhibit regular properties. For in-
stance, there are no morphemes in English which begin with sequences such as
*bn, *km, *gn; in Korean, no noun stems end with the consonants p’, t’, k’, or, for
that matter, t; Russian has no underlying consonants plain /c‡/, palatalized /z‡y/, or
/å/. If all regularities about languages are to be stated in a grammar, how are these
facts to be expressed?

One answer, exemplified by Halle 1959, is that there are morpheme
structure rules (MSR) in a grammar which perform specific repairs on any string
not conforming to such rules. Thus there could be a rule of Russian that would
converts any non-palatalized (phonetically non-existent) /c‡/ into palatalised [c‡y].
Paired with the assumption that there are such rules is that certain properties are
left blank underlyingly, so in Russian the palatalization feature would not be un-
derlyingly specified for the alveopalatal affricate, and would be filled in by a rule.
An alternative to this is morpheme structure conditions (MSC) as proposed by
Stanley 1967 which do not ‘actively’ change underlying forms, but rather
‘passively’ impose requirements on what is a well-formed morphemes. In the MSC
approach, underlying representations will contain fully specified segments, thus
the voiceless alveopalatal affricate of Russian is definitively palatalized, and not
left in a “blank” state for palatalization.

The major criticism of the MSC approach is to so-called “duplication
problem” identified in Kenstowicz & Kisseberth 1977, that the MSC’s required
under the latter approach are often the same as active segment-changing rules mo-
tivated by the existence of paradigmatic alternations. For example in Kiruundi, all
vowels within roots are underlyingly long when followed by a sequence of a nasal
plus a consonant ˜ an example is [riinda] “watch”, which can be explained by a
MSC requiring vowels to be long before NC. There is also an active alternation in
vowel length triggered by combination of underlying short vowels plus NC se-
quences, which explains the variation in the length of the infinitive prefix /ku-/
seen between [ku-rora] “to look at” vs. [kuu-n-dora] “to look at me”. The MSC on
underlying length duplicates the phonological rule which must exist anyway.

It does not solve the problem to derive morpheme-internal vowel length in
[riinda] by simply applying this rule to an underlying short vowel, assuming that
all vowels are underlyingly short before tautomorphemic NC. Under the principle
that all regularities must be stated in the grammar, this just replaces the duplication
problem with a “mirror-image duplication” problem, that if there is a rule deriving
X in a context, there must be a MSC ruling out X in that context.
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One contemporary trend in phonology, Optimality Theory, theoretically
precludes the possibility of a grammar with statements about underlying forms.
This has resulted in the principle “Richness of the Base” (Prince & Smolensky
1993), variously understood as saying “any imagineable input must map to some
output” or “any string must map to a well-formed output”, ideas which have in
common the denial that a grammar states regularities about underlying forms. One
significant shift of emphasis in that approach, discussed under the rubric
“Stampean occultation” and “lexicon optimization” (see also Inkelas 1994), is that
some observable regularities may not be part of a formal grammar. The lack of any
underlying /u‰/ in the lexicon of English words might thus not be accounted for in
the formal theory of grammar, but emerges as a byproduct of language acquisition
˜ in a nutshell, there is no reason to assign /u‰/ to the underlying form of any
words of English. This seems to be a major break with previous tradition, since it
rejects the idea that all generalizations about a language need to be explicitly en-
coded in a grammar. This question remains unresolved at present.
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Interacting Processes

Phonological systems are not made up of isolated and unrelated pho-
nological rules: there are usually significant interactions between phonological
processes. This chapter concentrates on two related topics. First, the fact that a
seemingly complex set of alternations can often be given a simpler explanation if
one separates the effect of different rules which often happen to apply in the same
form. Second, applying rules in different orders can have a significant effect on the
way that a given underlying form is mapped onto a surface form.

1. Separating the Effects of Different Rules

Very often, when you analyze phonological alternations, insights into the
nature of these alternations are revealed once you realise that a word may be sub-
ject to more than one rule, both of which which can affect the same segment. If
you think just in terms of a direct statement of the relation between underlying
segments and their surface realisation, and that the environment is where each par-
ticular mapping takes place, the resulting description is likely to be confusing and
complex, and will miss a number of important generalizations. But if you look for
ways to decompose the problem into separate parts, which either have different
effects on a segment that accumulate to give a seemingly complex pattern of pho-
netic change, or which have different natural contexts that sum up to what looks

In this chapter, you will broaden your understanding of how phonological sys-
tems work by

• looking at more complex patterns of phonological alternation
• seeing how complex surface patterns of alternations result from the interac-

tion of different but related phonological rules
• understanding the effect of different rule orderings on how an underlying

form is changed into a surface form
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like an unnatural collection of conditioning environments, one can generally pro-
vide a simpler description of the language.

1.1. Votic Palatalization and Raising/Fronting

The following example from Votic illustrates one way in which the ac-
count of phonological alternations can be made tractable by analysing the alterna-
tions in terms of interaction between independent phonological processes. In these
examples, [l ] represents a velarized l.

(1) nominative partitive gloss
a. v¦rkko v¦rkkoa net

c‡ako c‡akoa cuckoo
lintu lintua bird
saatu saatua garden
yal ka yal kaa foot
boc‡ka boc‡kaa barrel
ein£ ein££ hay
v£vu‰ v£vu‰£ son-in-law

b. siili siili£ hedgehog
l usti l ustia pretty

c. yarvi yarv¦a lake
m£c‡i m£c‡e£ hill
c‡ivi c‡ive£ stone

d. kurc‡i kurk¦a stork
¦lc‡i ¦lk¦a straw
kahc‡i kahk¦a birch

The first group of examples (1a) show that the nominative has no suffix, and the
partitive has the suffix -a or -£ (the choice depends on the preceding vowels, de-
termined by a vowel harmony rule according to which a suffix vowel is front if the
preceding vowel is front. The rule ignores [i], but if no vowel other than [i] pre-
cedes, the harmony rule makes the suffix vowel be front). The second group of
examples (1b) illustrates this same point, specifically in roots which have /i/ as the
underlying final vowel of the root. The nouns in the third group (1c) illustrate a
phenomenon of final vowel raising and fronting (which we have previously seen in
closely related Finnish), whereby e and ¦ become [i] word-finally.

(2) Final fronting/raising
mid non-round vowel • front high / __ #
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The essential difference between the examples of (1b) and (1c) is that the forms in
(1b) underlyingly end in the vowel /i/, and those in (1c) end in /e/ or /¦/. In the last
set of examples (1d), the noun root underlyingly ends in the sequence /k¦/, which
can be seen directly in kurk¦-a. However, the final CV of the root appears as [c‡i] in
the nominative kurc‡i.

It would be unrevealing to posit a rule changing word final /k¦/ into [c‡i] in
one step. The problem with such a rule is that the change of a velar to a palatal
conditioned by following word-final schwa is not a process found in other lan-
guages, and depends on a very specific conjunction of facts, that is, not just schwa,
but word-final schwa. Such a rule treats it as a coincidence that the underlying fi-
nal schwa actually becomes [i] on the surface. This alternation makes more sense
once it is decomposed into the two constituent rules which govern it, namely final
raising (independently motivated by the data in (c)). Applying this rule alone to
final /k¦/ would result in the sequence [ki]. However, [ki] is not an allowed CV
sequence in this language, and a process of palatalization takes place, in accor-
dance with the following rule.

(3) Palatalization
k • c‡ / ___ i

We can thus account for the change of underlying /kurk¦/ and /¦l½k¦/ to
[kurc‡i] and [¦l½c‡i] by applying these two rules in a specific order, where the rule of
vowel raising applies before palatalization, so that vowel raising is allowed to cre-
ate new occurrences of the vowel [i], and those derived cases of [i] condition the
application of palatalization.

(4) /kurk¦/ underlying
kurki vowel raising
kurc‡i palatalization

1.2. Tagalog Syncope and o-raising

A similar example of the interaction between phonological processes is
seen in (5), which gives the uninflected form of certain roots in Tagalog, along
with derived forms involving the suffix -in and -an.

(5) bukas buksin buksan ‘open’
kapit kaptin kaptan ‘embrace’
damit damtin damtan ‘clothe’
laman lamnin lamnan ‘fill’
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putol putlin putlan ‘cut’
tobos tubsin tubsan ‘redeem’
opos upsin upsan ‘stop’
posod pusdin pusdan ‘tuft’

It is evident that there is a rule which deletes the second vowel of the root when it
is preceded by a VC (an open syllable) and followed by a CV sequence (is iteself
in an open syllable). This is an example of a process which is rather common
crosslinguistically and is referred to as syncope, formulated below in the fashion
that is appropriate for Tagalog.

(6) Syncope
V • ∅ / VC __ CV

Application of just this rule explains the variations in the form of the root
in bukas ~ buksin, putol ~ putlin and so on. The final three examples illustrate a
further complexity, which is that when the second vowel is deleted, the first vowel
changes from /o/ to [u]. Rather than attempting to construct a single rule which
both deletes the vowel of the second syllable and raises certain vowels in the first
syllable, or trying to incorporate a condition on a vowel raising rule such as “when
the second root vowel deletes”, it is simpler to let the syncope rule apply automati-
cally, and deal with any additional changes by independent rules. If the syncope
rule is applied to underlying /tobosan/, the result would be tobsan, and if the
grammar of Tagalog contained a syncope rule, this is how we predict the word
would be pronounced. In order to discover how to state the new rule which gets
from the intermediate form tobsan to [tubsan], we focus on what change in the
environment has been brought about by applying syncope. The actual phonetic
form [tubsan] differs in the height of the vowel in the first syllable ˜ the question
is, why does the first vowel raise just in case the second vowel deletes. The indi-
rect effect of the vowel deletion rule is that it creates a cluster of two consonants.
This observation, coupled with the further observation that the vowel [o] does not
appear before a cluster of consonants in our data, leads us to surmise that there is a
phonological rule which raises the vowel /o/ to [u] when it is followed by two con-
sonants.

(7) Pre-cluster o-raising
o • u / __ CC

Again, the derivation of the phonetic forms [tubsan], [upsan], [pusdan] and
so on involves the interaction of two rules. The rule of syncope deletes the second
root vowel, which creates the cluster of consonants that is crucial to the application
of vowel raising.
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(8) /tobosan/ underlying
tobsan syncope
tubsan o-raising

Our account of these alternations is rendered much simpler if these alternations are
accounted for by two independent processes which apply in a particular order. No-
tice that the order in which these processes apply is important, for if we were to
attempt to apply the rule of o-raising first, to underlying /tobosan/, the conditions
required by the rule are not satisfied: in order for the change to take place, there
must be a cluster of consonants, which has not yet been created. If we then proceed
to apply syncope, the incorrect form *[tobsan] would result, since the rule of vowel
raising would have already been bypassed.

1.3. Kikamba Palatalization and Glide Formation

There is a phonological process in Kikamba whereby the combination of a
velar consonant plus the glide y fuse into an alveopalatal affricate. This can be seen
in (9), which involves the plain and causative forms of verbs. In the examples on
the left, the verb is composed of the infinitive prefix /ko-/ (which undergoes a
process of glide formation before another vowel, becoming [w]) followed by the
verb root (e.g. -kam- ‘milk’), plus an inflectional suffix -a. In the righthand column
one can see the causative of the same verb, which is formed by suffixing -y- after
the verb root before the inflectional marker -a.

(9) plain causative gloss
a. koka„ma„ koka„mya„ milk

kokona � kokonya � hit
kok¢Åa � kok¢Åya � harvest
kok¥„ma„ kok¥„mya„ sleep
kola„a�mba� kola„a �mbya � lap
komi™¯na � komi™¯nya � finish
kota„la„ kota„lya„ count
kwaambata� kwaambatya� go up
kwaa�na� kwaa�nya� tell
kwaa�Åa� kwaa�Åya �  govern
kwe„e„ta„ kwe„e„tya„ answer
kw™„™„mba„      kw™„™„mbya„      swell

b. koÄika � koÄic‡a� arrive
koÄa −loka � koÄa −loc‡a� fall
kolika � kolic‡a� enter
kol¢„¢ �Ïga� kol¢„¢ �n†š‡a� aim
koso„o �Ïga � koso„o �n†š‡a � dance
kok¥l¥ka � kok¥l¥c‡a� stir
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kw¢„¢„Ïga„ kw¢„¢„n†š‡a„ clear a field
kwaaneka� kwaanec‡a� dry
kw¥„¥„ka„ kw¥„¥„c‡a„ gather coals
kwa„a„ka„ kwa„a„c‡a„ build
kweenoka � kweenoc‡a� go home

The examples in (a) illustrate the causative affix following various non-velar con-
sonants of the language. In (b), one can see the causative of various roots which
end in k or g, where by analogy to the data in (a) one predicts the causatives
/koÄikya�/, /koÄa−lokya�/, /kol¢„¢�ngya�/ and so on. Instead of the expected consonant
sequences ky, gy, one finds instead that the velar consonant has been replaced by
an alveopalatal affricate, due to the following rule.

(10) Palatalization
ky, gy • c‡, š‡

Examples of glide formation are seen in (9), where the vowel /o/ becomes
[w] before another vowel. This process of glide formation is further illustrated in
(11) and (12). In (11), we can see across all of the columns that the prefix for the
infinitive is /ko/, and appears phonetically as such when it stands before another
consonant. The last three data columns show that the prefixes marking different
classes of objects are /mo −/ for class 3, /me−/ for class 4, and /ke−/ for class 7
(Kikamba nouns have a dozen grammatical agreement classes, analogous to gender
in better-known European languages).

(11) to V to V it (cl.3) to V them (cl.4) to V it (cl.7)
koÅuka � komo −Åuka � kome −Åuka � koke −Åuka � churn
kokaa�Åa� komo−kaa�Åa� kome−kaa�Åa� koke −kaa �Åa � praise
koli™¯nda � komo −li™¯nda � kome −li™¯nda � koke −li™¯nda � cover
kom¢„na„ komo−m¢„na„ kome−m¢„na„ koke−m¢„na„ hate
kon†uÄa � komo −n†uÄa � kome−n†uÄa � koke −n†uÄa � choose

When the verb root begins with a vowel, one would predict a sequence of
vowels such as *koasya for ‘to lose’. Vowel sequences are avoided in Kikamba by
the application of the rule of glide formation, according to which any non-low
vowel becomes a glide before another vowel.1 

                                             
1  The stem-initial vowel in these examples becomes long, as a side-effect of the preceding
vowel becoming a glide: this is known as compensatory lengthening.
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(12) to V to V it (cl.3) to V them (cl.4) to V it (cl.7)
kwa„a„sya„ komwa„a„sya„ komya„a„sya„ koc‡a„a„sya„ lose
kwa„a„ka„ komwa„a„ka„ komya„a„ka„ koc‡a„a„ka„ build
kwaa�sa� komwa„a�sa� komya„a�sa� koc‡a„a�sa� carve
ko„o„mba„ komo„o„mba„ komyo„o„mba„ koc‡o„o„mba„ mold
kookelya � komo −okelya � komyo −okelya � koc‡o −okelya � lift
ku„u„na„ komu„u„na„ komyu„u„na„ koc‡u„u„na„ fetch
kuumbeka � komu −umbeka � komyu −umbeka � koc‡u −umbeka � bury
kw¢„¢„nza„ komw¢„¢„nza„ komy¢„¢„nza„ koc‡¢„¢„nza„ shave
kw¢¢ �nda� komw¢„¢ �nda� komy¢„¢ �nda � koc‡¢„¢ �nda� like
kw¥„¥„na„ komw¥„¥„na„ komy¥„¥„na„ koc‡¥„¥„na„ see
kw¥„¥„sa„ komw¥„¥„sa„ komy¥„¥„sa„ koc‡¥„¥„sa„ take
kw¥„¥„Äa„ komw¥„¥„Äa„ komy¥„¥„Äa„ koc‡¥„¥„Äa„ tie

The glide formation rule can be formalized as (13).

(13) Glide formation
e,o • y,w / ___ V

This rule would be expected to apply to underlying forms such as /ko-una/ ‘to
fetch’ and /ko-omba/ ‘to mould’, since those forms have an underlying sequence
of a vowel /o/ followed by another vowel. Applying that rule would result in
*[kwu„u„na„] and *[kwo„o„mba„], but these are not the correct forms. We can resolve
this problem once we observe that the glide [w] never appears between a conso-
nant and the two highest round vowels [u,o] (it can appear before the vowel [¥], as
seen in [kw¥„¥„na„] ‘to see’ from /ko-¥na/).

It does not help to restrict rule (13) so that it does not apply before /o,u/,
since the vowel /e/ does actually undergo glide formation before these vowels (/ko-
me-okelya/ becomes [komyo −okelya�] ‘to lift them’ and /ko-me−-u„na„/ becomes
[komyu„u„na„] ‘to fetch them’). The seeeming restriction on glide formation is highly
specific: the round vowel fails to surface as a glide only if the following vowel is o
or u. Furthermore, the round vowel does not merely fail to become a glide, it ac-
tually deletes, so we can’t just block (13) before [u,o] since that would give
*[kou„na„] and *[koo„mba„]). Two rules are required to account for these vowel plus
vowel combinations. A very simple solution to this problem is to allow the most
general form of the glide formation rule to apply, imposing no restrictions, and
derive the intermediate forms kwu„u„na„ and kwo„o„mba„. Since we have observed that
the surface sequences [Cwo] and [Cwu] (where “C” is “any consonant”) is lacking
in the language, we may posit the following rule of glide-deletion, which explains
both why such sequences are lacking and what happened to the expected glide in
the intermediate forms.
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(14) Homorganic glide deletion
w • ∅ / C ___ o,u

The interaction between these processes, that the general glide formation rule first
creates a glide, which is then deleted in a restricted subset of forms by (14), is ex-
pressed by ordering glide formation before glide deletion.

Another crucial rule interaction is between glide formation and palataliza-
tion. Palatalization specifically applies to the sequences ky and gy, which involve
glides, and glide formation creates glides from vowels, whose creating can trigger
application of palatalization. This is shown in the derivation of [koc‡a„a„sya„] from
/ko-ke−-a„a„sya„/.

(15) /ko-ke−-a„a„sya„/ underlying
kokya„a„sya„ glide formation
koc‡a„a„sya„ palatalization

Thus glide formation creates phonological structures which are crucially refer-
enced by other phonological rules.

1.4. Bukusu nasal+consonant combinations

The theme which we have been developing in this chapter is that pho-
nological grammars are composed of simpler elements that interact in sometimes
complex ways, and that this factoring-out of the fundamental processes is an es-
sential part of phonological analysis. In the examples which we have considered
above, such as vowel raising/fronting and velar palatalization in Votic, or syncope
and vowel raising in Tagalog, or glide formation and palatalization in Kikamba,
the phonological processes have been sufficiently different that it would be very
difficult to subsume these processes under one rule. Often, a language may have a
set of phonological changes which are very similar in nature, or which apply in
very similar or even identical environments, and the question arises whether the
alternations in question reflect a single phonological rule. Or, do the alternations
reflect the operation of more than one independent rule, with only accidental par-
tial similarity? Such a situation arises in Bukusu, where a number of phonological
changes affect the combination of a nasal plus a consonant. Here, we are faced
with a set of similar phonological changes ˜ changes in consonants which are
preceded by nasals ˜ and the question is whether these processes should be com-
bined into one rule?

Place assimilation and voicing. In the first set of examples in (16), a voicing rule
applies which makes all underlyingly voiceless consonants voiced when preceded
by a nasal, in this case the prefix for the 1s present tense subject which is /n/. The
underlying consonant at the beginning of the root is revealed directly when the
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root is preceded by the 3p. prefix Äa-, or when there is no prefix as in the impera-
tive.

(16) imperative 3p. pres. 1s. pres gloss
c‡a Äac‡a n†š‡a go
c‡exa Äac‡exa n†š‡exa laugh
c‡osa Äac‡osa n†š‡osa prick
c‡uc‡uuÏga Äac‡uc‡uuÏga n†š‡uc‡uuÏga sieve
c‡uxa Äac‡uxa n†š‡uxa pour out
taa Äataa ndaa draw water
talaanda Äatalaanda ndalaanda go around
teexa Äateexa ndeexa cook
tiira Äatiira ndiira get ahold of
paaÏga ÄapaaÏga mbaaÏga arrange
piima Äapiima mbiima weigh
pakala Äapakala mbakala writhe in pain
keenda Äakeenda Ïgeenda walk
ketulula Äaketulula Ïgetulula pour out
kisa Äakisa Ïgisa hide
kona Äakona Ïgona pass the night
kula Äakula Ïgula buy
kwa Äakwa Ïgwa fall

We can state this voicing rule as follows.

(17) Post-nasal voicing
voiceless • voiced / nasal ___

You will also note that a nasal consonant always agrees in place of articulation
with the following consonant, a process which we will notate informally as follows
(where ‘›place....›place’ means ‘the same place of articulation’: this will be dis-
cussed in more detail in later chapters).

(18) Nasal place assimilation

                                                 /   
place

 C
placenasal 








α

α→

The data considered so far have not given clear evidence as to what the
underlying place of articulation of the 1s. subject prefix is, since that nasal always
assimilates to the following consonant. To determine that the prefix is indeed /n/,
we turn to the form of stems which underlyingly begin with a vowel, where there
is no assimilation. In the imperative, where no prefix precedes the stem, the glide
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[y] is inserted before the initial vowel. (The data in (21) includes examples of un-
derlying initial /y/, which is generally retained). When the 3p. prefix /Äa/ precedes
the stem, the resulting vowel sequence is simplified to a single non-high vowel. No
rules apply to the 1s. prefix, which we can see surfaces as [n] before all vowels.

(19) imperative 3p. pres. 1s. pres gloss
yiixala Äeexala niixala sit
yaasama Äaasama naasama gape
yoola Äoola noola arrive
yeekesya Äeekesya neekesya show

One question that we ought to consider is the ordering of the rules of
voicing and place assimilation. In this case, the ordering of the rules does not mat-
ter: whether you apply voicing first and assimilation second, or assimilation first
and voicing second, the result is the same.

(20) /n-kwa/ /n-kwa/
voicing ngwa  assimilation Ïkwa
assimilation Ïgwa  voicing Ïgwa

The reason why the ordering does not matter is that the voicing rule does not refer
to the place of articulation of the nasal, and the assimilation rule does not refer to
the voicing of the following consonant.

Post-nasal hardening. There is another process of consonant hardening which
turns the voiced continuants into appropriate stops after a nasal: l and r become d,
Ä becomes b, and y becomes š‡.

(21) imperative 3p. pres. 1s. pres gloss
lola Äalola ndola look
lasa Äalasa ndasa shoot at
leÄa ÄaleÄa ndeÄa push
lela Äalela ndela nurse
loÄa ÄaloÄa ndoÄa refuse
lwaala Äalwaala ndwaala be sick
lya Äalya ndya eat
ra Äara nda put
rara Äarara ndara be stung
reeÄa ÄareeÄa ndeeÄa ask
roÄa ÄaroÄa ndoÄa ripen
roora Äaroora ndoora dream
rusya Äarusya ndusya vomit
rya Äarya ndya fear
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Äa ÄaÄa mba be
Äaaka ÄaÄaaka mbaaka skin
Äakala ÄaÄakala mbakala spread
Äala ÄaÄala mbala count
Äasa ÄaÄasa mbasa forge
Äoola ÄaÄoola mboola tell
Äukula ÄaÄukula mbukula take
yama Äayama n†š‡ama scout
yaaya Äayaaya n†š‡aaya scramble with
yoola Äayoola n†š‡oola scoop
yaan†š‡a Äayaan†š‡a n†š‡aan†š‡a favor
yuula Äayuula n†š‡uula snatch

These data can be accounted for by the following rule.

(22) Post-nasal hardening
voiced continuant • stop / nasal ___

This statement of the rule illustrates a simplification often made in the way
that rules are stated, that they are typically written to specify the bare essentials of
the phonological change, leaving the exact phonetic consequences of the rule to be
filled in by general conventions. Consider first the fact that /Ä/ becomes [b]: this
change is accurately described just by the statement that voiced continuants be-
come stops after nasals, since the only difference between [Ä] and [b] is that [Ä] is
a continuant. However, [r] and [d] differ in two respects: first, [r] is a continuant,
and second [r] is a sonorant whereas [d] is an obstruent. The question is, what
would it mean for /r/ to change into a stop which was still a sonorant (as is implied
by the rule statement (22))? Sonorant stops are not common in the languages of the
world, and are generally restricted to nasals.2  In analysing the change of /r/ to [d]
as nothing more than a change from continuant to stop, we take advantage of the
fact that some changes in phonetic value are automatic side effects of general
principles of possible language sounds, and need not be stated in the rule itself. In
the case of the change of /r/ to [d], the subsidiary change is from sonorant to ob-
struent status, being brought about by the fact the lack of oral sonorant stops in
languages.

Analogous reasoning is seen in the change of /l/ to [d] after a nasal. The
only other difference from the change of /r/ to [d] is that the resulting sound be-
comes non-lateral. What would be the result if /l/ were to simply change to being a
stop? We expect a change to obstruent status, but what is a lateral obstruent? There

                                             
2  The reason is the conflict between the aerodynamic requirements of sonorants and the
effect of oral stops on airflow: sonorants require unimpeded airflow, but oral stops have no
airflow.
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actually is such a segment in some languages: a voiced lateral affricate [dl] does
exist in Tlingit and Navaho. But such a segment is very rare, and in particular does
not exist in Bukusu. Given the knowledge that the segment [dl] does not exist in
Bukusu, one can preclude [dl] as being the actual output of a rule which makes /l/
be a stop.

This same approach explains why /y/ becomes [j‡]. As with r and l, we ex-
pect a change of /y/ to being an obstruent. There does exist an obstruent stop corre-
sponding to /y/ found in languages, namely [Ã]. As with the imediately preceding
case of /l/ becoming [d], we note that there is no segment [Ã] in Bukusu. We will
discover, as we investigate phonological patterns in various languages, that it is not
unusual to encounter such effects, where certain classes of segments that are the
output of phonological rule are subject to minor readjustments, to bring the result
of the rule into conformity with general properties of segments in the language.
When the results of a rule are subject to such adjustments, to bring the output into
conformity with the phonemic inventory of the language, the rule is said to be
structure preserving.

The independence of voicing and hardening. One might want to state these two
processes, rules (17) and (22),  as a single rule which both voices voiceless stops
and makes voiced continuants into stops after a nasal, since in both cases, the con-
sonant that appears after the nasal is a voiced stop. Rather than try to accomplish
all of this with a single rule, we will assume that there are two separate rules, one
which accounts for voicing and the other which turns continuants into stops. This
way, each rule will perform a single phonetic change in one unified context: the
question of just how much a single rule can actually do is discussed in more detail
in later chapters.

Post-nasal l-deletion. A third process affecting sequences of nasal plus consonant
can be seen in the following data.

(23) imperative 3p. pres. 1s. pres gloss
a. tima Äatima ndima run

taan†a Äataan†a ndaan†a hack
tiiÏa ÄatiiÏa ndiiÏa filter
rema Äarema ndema chop
riina Äariina ndiina run away
ruma Äaruma nduma send

b. laanda Äalaanda naanda go around
laaÏgwa ÄalaaÏgwa naaÏgwa be named
liinda Äaliinda niinda wait
loma Äaloma noma say
loondelela Äaloondelela noondelela follow
luma Äaluma numa bite
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The examples in (a) show the effect of rules of voicing and consonant-hardening,
applying as expected to /t/ and /r/. However, the examples in (b) show the deletion
of underlying /l/ after a nasal. These examples contrast with the first set of exam-
ples in (21), where the root also begins with underlying /l/: the difference between
the two sets of verbs is that in the second set, where /l/ deletes, the following con-
sonant is a nasal, whereas in the first set where /l/ does not delete, the next conso-
nant is not a nasal.

The significance of the examples in (23a) is that although underlying /t/, /l/
and /r/ all become [d] after a nasal, the deletion of an underlying consonant in the
environment N__VN only affects underlying /l/. Since the voicing and hardening
rules would neutralize the distinction between the three consonants after a nasal
but in fact /l/ acts differently from /t/ and /r/ in the context N__VN, we can deduce
that there must be a rule deleting /l/ ˜ but not /t/ or /r/ ˜ in this context.

(24) l-deletion
l • ∅ / nasal __  V nasal

Furthermore, this rule clearly must apply before the hardening rule changes /l/ into
[d] after a nasal, since otherwise there would be no way to restrict this rule to ap-
plying only to underlying /l/. Once the hardening rule (22) applies, underlying /n-
liinda/ would become n-diinda, but /n-riina/ would also become n-diina. Once that
has happened, there would be no way to predict the actual pronunciations [niinda]
and [ndiina].

On the other hand, if one were to apply the l-deletion rule first, the rule
could apply in the case of /n-liinda/ to give [niinda], but would not apply to /n-
riina/ because that form does not have an l: thus by crucially ordering the rules so
that l-deletion comes first, the distinction between /l/, which deletes, and /r/, which
does not delete, is preserved.

Nasal degemination. Another phonological process applies to consonants after
nasal consonants. When the root begins with a nasal consonant, the expected se-
quence of nasal consonants simplifies to a single consonant.

(25) imperative 3p. pres. 1s. pres gloss
mala Äamala mala finish
manya Äamanya manya know
meela Äameela meela get drunk
Ïoola ÄaÏoola Ïoola see into the spirit world
n†a Äan†a n†a defecate
n†aan†a Äan†aan†a n†aan†a chew
n†wa Äan†wa n†wa drink
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Thus, in the case of ‘I finish’, the underlying form would be /n-mala/ which would
undergo the place assimilation rule (18), resulting in mmala. According to the data
we have available to us, there are no sequences of identical consonants in the lan-
guage, so it is reasonable to posit the following rule.

(26) Degemination
CiCi • Ci

The information notation “CiCi” means “two consonants with the same value”.

Nasal deletion. The final process which applies to sequences of nasal plus conso-
nant is one deleting a nasal before a voiceless fricative.

(27) imperative 3p. pres. 1s. pres gloss
fuma Äafuma fuma spread
fuundixa Äafuundixa fuundixa knot
fwa Äafwa fwa die
xala Äaxala xala cut
xalaaÏga ÄaxalaaÏga xalaaÏga fry
xweesa Äaxweesa xweesa pull
seesa Äaseesa seesa winnow
siimbwa Äasiimbwa siimbwa have indigestion
somya Äasomya somya teach
sukuwa Äasukuwa sukuwa rub legs
sya Äasya sya grind

The predicted underlying form of “I spread” is /n-fuma/, which contains a se-
quence of nasal plus fricative. However, our data indicate that this sequence does
not appear anywhere in the language, so we may presume that such sequences are
eliminated by the following rule of nasal deletion.

(28) Nasal deletion
nasal • ∅ / __ voiceless continuant

Summary. We have found in Bukusu that there are a number of phonological
processes which affect N+C clusters, by voicing, hardening, or deleting the second
consonant, or deleting the nasal before a nasal or a voiceless fricative.
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(29) Post-nasal voicing (17)
voiceless • voiced / nasal ___

Nasal place assimilation (18)

                                                 /   
place

 C
placenasal 








α

α→

l-deletion (24)
l • ∅ / nasal __  V nasal

Post-nasal hardening (22)
voiced continuant • stop / nasal ___

Degemination (26)
CiCi • Ci

Nasal deletion (28)
nasal • ∅ / __ voiceless continuant

Despite some similarity in these processes, in that they apply in the same general
environment, there is no reasonable way to state these processes as one single rule.

In addition to showing how a complex system of phonological alternations
decomposes into simpler, independent and partially intersecting rules, the preced-
ing analyses reveal an important component of phonological analysis, which is
observing regularities in data, such as the fact that Bukusu lacks any consonant
sequences composed of a nasal plus a fricative on the surface. This raises the
question how one is supposed to determine that such observations about data are
empirically valid. The confidence with which such hypotheses can be made is a
function of size of the database available for testing the hypothesis. If a corpus
contains only one or two examples, it is hard to give any level of confidence to the
correctness of any observations made from such a small corpus; on the other hand,
if the available corpus contains tens of thousands of data points, a much higher
level of confidence can be assigned to inferences about the language (provided that
the datapoints are taken from various areas of the language: ten thousand examples
of verbs in the past tense will tell you little about what will be seen in plural
nouns). Even so, a hypothesis supported by tens of thousands of observations may
be falsified by the next observation. We can only assert that it is increasing less
likely that it will be falsified with a new observation.

This text is designed so that enough examples are provided that you can
confidently make assertions about the structure of the language in question. Inevi-
tably question may arise for which no data is available ˜ for instance, consulting
the data in (27), deletion of a nasal before [f] is only attested before the high round

After working for three
years on Kikerewe, I only
observed [b] after [m], and
given the tens of thousands
of available examples
concluded that [b] only
appears after a nasal. Three
more years of research
turned up four words with
[b] not preceded by [m].
The initial hypothesis was
falsified: but it was very
unlikely that the hypothesis
would be falsified.
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vocoids [u,w]. One may then wonder whether nasal deletion would still take place
with a hypothetical root such as fala. Since nasal deletion does apply to /n/ before
the actual root /xala/ in “I cut”, it is extremely unlikely that nasal deletion would
fail before the hypothetical root [fala]. A definitive answer to this question requires
a thorough search of the language.

1.5. Kimatuumbi

The following data from Kimatumbi illustrate the different surface reali-
zations of the noun class prefixes (nouns are assigned lexically or syntactically to
different classes, conventionally numbered between 1 and 21). What phonological
rule applies in these examples?

(30) Class C-initial noun gloss V-initial noun
4 mi-kaa−te ‘loaves’ my-oo−to − ‘fires’
5 li-kuÏuu −nda ‘filtered beer’ ly-oowa− ‘beehive’
7 ki-ka −laaÏgo ‘frying pan’ ky-uu −la − ‘frog’
8 i-ka −laaÏgo ‘frying pans’ y-uu −la − ‘frogs’
14 u-to −pe ‘mud’ w-ŸŸ −mbŸ ‘beer’
11 lu-too −ndwa ‘star’ lw-aate− ‘banana hand’
13 tu-to −ope − ‘little handles’ tw-aa−na ‘little children’
15 ku-suu −le ‘to school’ kw-iis™®wa− ‘to the islands’
16 mu-kiku − ‘in the navel’ mw-iiku− ‘in the navels’

The examples in (31) illustrate one of the results of an optional rule delet-
ing the vowel u after m, hence in these words, the prefix /mu/ can be pronounced
in two ways, one with u and one without u. There is an independent rule in the
language which assimilates a nasal to the place of articulation of the following
consonant (we have seen that rule in previous Kimatuumbi data in Chapters 3 and
4). What other phonological process is illustrated by the following data?

(31) unreduced form reduced form
mu-wesa... Ï-Ïwesa3 ‘you pl. can’
mu-wŸ −kŸliile Ï-ÏwŸ −kŸliile ‘you pl. covered’
mu-yŸ −kŸtiile n†-n†Ÿ −kŸtiile ‘you pl. agreed’
mu-y¡ −y¡¡tite n†-n†¡ −y¡¡tite ‘you pl. whispered’
mu-wuu −ngo Ï-Ïwuungo ‘in the civet’
mu-yŸŸ −ga n†-n†ŸŸ −ga ‘in the body’

                                             
3 An alternative transcription of this form would be ÏÏwesa: the point of writing this as
[Ïw] is to make clear that there is a change in the nature of the initial segment, and not the
addition of another segment.



132 Chapter 5

The examples in (32) illustrate the point that nouns which are in class 7 in
the singular (which is marked with the prefix ki-) have their plural in class 8 (with
the prefix i-). The plural locative form gives further illustration of a phonological
process which has previously been motivated for the language, in this section.

(32) singular (cl. 7) plural (cl. 8) plural locative
ki-ba −o i-ba−o mwii-ba−o ‘stool’
ki-bŸga − i-bŸga − mwii-bŸga − ‘pot’
ki-b™®li™®tu i-b™®liitu mwii-b™®liitu ‘box of matches’
ki-bo −goyo − i-bo −goyo − mwii-bo −goyo − ‘toothless person’

How do you explain the following examples of nouns, which also have singulars in
class 7 and plurals in class 8, given that the class prefixes in these examples are
underlyingly /ki-/ and /i/-?

(33) singular (cl. 7) plural (cl. 8) plural locative
kya−a™® ya−a™® muya −a™® ~ n†n†a −a™® soup pot
kyaa−ka yaa−ka muyaa−ka ~ n†n†aa −ka bush
kyŸŸkŸ − yŸŸkŸ − muyŸŸkŸ − ~ n†n†ŸŸkŸ − stump
kyuu −ba − yuu −ba − muyuu −ba − ~ n†n†uu −ba − chest

2. Different Effects of Rule Ordering

Besides showing how greater generality can often be achieved by splitting
a process into smaller pieces, these examples have illustrated that the application
of one rule can brings into existence new environments where the second rule can
apply, an environment which did not exist in the underlying form. What we ob-
served happening in these cases was that both of the rules applied. Not all interac-
tions between phonological processes are of this character, and in this section we
consider some of the effects of different rule orderings.

2.1. Harmony and palatalization in Lamba

The following data illustrate the interaction between a rule of vowel har-
mony and a palatalization rule in the language Lamba.

(34) plain passive neuter applied reciprocal gloss
c‡ita c‡itwa c‡itika c‡itila c‡itana ‘do’
tula tulwa tulika tulila tulana ‘dig’
c‡eta c‡etwa c‡eteka c‡etela c‡etana ‘spy’
soÏka soÏkwa soÏkeka soÏkela soÏkana ‘pay tax’
pata patwa patika patila patana ‘scold’
fisa fiswa fis‡ika fis‡ila fisana ‘hide’
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c‡esa c‡eswa c‡eseka c‡esela c‡esana ‘cut’
kosa koswa koseka kosela kosana ‘be strong’
lasa laswa las‡ika las‡ila lasana ‘wound’
masa maswa mas‡ika mas‡ila masana ‘plaster’
s‡ika s‡ikwa s‡ic‡ika s‡ic‡ila s‡ikana ‘bury’
seka sekwa sekeka sekela sekana ‘laugh at’
poka pokwa pokeka pokela pokana ‘receive’
kaka kakwa kac‡ika kac‡ila kakana ‘tie’
fuka fukwa fuc‡ika fuc‡ila fukana ‘creep’

In order to see what these data show, we must first understand the morpho-
logical structure of these words is, a step which leads us to realise that the pronun-
ciation of certain morphemes changes, depending on their phonetic context. Verbs
in Lamba are composed of a root of the form CV(C)C, an optional derivational
affix marking passive, neuter, applied or reciprocal, and a word-final suffix -a
which marks the form as being a verb. The underlying forms of the passive and
reciprocal suffixes are clearly -w- and -an-, since they exhibit no phonetic varia-
tions. The neuter and applied suffixes appear phonetically as -ik- and -ek-, -il- and
-el-. The choice of vowel in the suffix is determined by the vowel which precedes
the suffix: if the verb root contains the vowel i, u or a the suffix has the vowel i,
and if the root contains the vowel e or o the suffix has the vowel e. The group of
vowels i, u, a is not a natural phonetic class, so it is implausible that the suffixes
are underlyingly -el- and -ek- with -il- and -ik- being derived by a rule. The class of
vowels e, o is the phonetic class of mid vowels; it is thus evident that this language
has a vowel harmony rule which assimilates underlying high vowels (in the suffix-
ces /il/ and /ik/) to mid vowels when they are preceded by mid vowels.

(35) Height harmony
i • e / mid vowel ____

There is an alternation in the realization of certain root-final consonants.
As shown in examples such as kaka ~ kac‡ika and lasa ~ las‡ika, the velar conso-
nants and the alveolar continuant s become alveopalatals when they are followed
by the vowel i, by a process of palatalization.

(36) Palatalization
k,s • c‡, s‡ / ___ i

The interaction between these processes is seen in words which could in
principle undergo both of these processes: roots with the vowel e or o, and the final
consonant k or s. The example sekeka ‘laugh at’ from /sek-ik-a/ shows how these
processes interact. Suppose, first, that palatalization were to apply before vowel
harmony. Since the underlying representation has the sequence /ki/ which is re-
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quired by palatalization, that rule would apply. Subsequently, vowel harmony
would assimilate /i/ to [e] after /e/, giving the wrong surface result. This is illus-
trated below in a derivation which spells out the results of applying first palatali-
zation, then height harmony.

(37) /sek-ik-a/ underlying
sec‡ika palatalization
*sec‡eka height harmony

Thus, applying the rules in this order gives the wrong results: this order cannot be
correct.

On the other hand, if we apply the processes in the other order, with height
harmony applying before palatalization, then the correct form is generated.

(38) /sek-ik-a/ underlying
sekeka height harmony
(not applicable) palatalization

In other words, by first applying vowel harmony, we are altering a property of the
environment which is critical for palatalization ˜ a front high vowel ˜ by mak-
ing the vowel become a mid vowel (which does not trigger palatalization in this
language).

2.2. Voicing and epenthesis

Lithuanian. Another example which illustrates how an earlier rule can change a
form in such a way that a later rule can no longer apply is found in Lithuanian.
There is a process of voicing assimilation in Lithuanian whereby obstruents agree
in voicing with an immediately following obstruent. This rule applies in the fol-
lowing examples to the verbal prefixes /at/ and /ap/.

(39) a. /at/ at-eiti ‘to arrive’
at-imti ‘to take away’
at-nes‡ti ‘to bring’
at-leisti ‘to forgive’
at-likti ‘to complete’
at-ko:pti ‘to rise’
at-pras‡i:ti ‘to ask’
at-kurti ‘to reestablish’

/ap/ ap-eiti ‘to circumvent’
ap-ies‡ko:ti ‘to search everywhere’
ap-akti ‘to become blind’
ap-mo:ki:ti ‘to train’



Interacting Processes 135

ap-temd:ti ‘to obscure’
ap-s‡aukti ‘to proclaim’

b. /at/ ad-bekti ‘to run up’
ad-gauti ‘to get back’
ad-bukti ‘to become blunt’
ad-gimti ‘to be born again’

/ap/ ab-gauti ‘to deceive’
ab-z‡yureti ‘to have a look at’
ab-z‡elti ‘to become overgrown’
ab-dauz‡i:ti ‘to damage’
ab-draski:ti ‘to tear’

We would assume that the underlying forms of the prefixes are /at/ and /ap/, and
that there is a rule which voices obstruents before voiced obstruents.

(40) Voicing assimilation
obstruent • voiced / ___  voiced obstruent

The alternative hypothesis would be that the prefixes are underlyingly /ad/
and /ab/. However, there is no natural context for describing the process of devoic-
ing. Although devoicing of voiced obstruents before voiceless obstruents is quite
natural, assuming that the prefixes have underlying voiced obstruents would also
require the consonant to be devoiced before vowels and sonorant consonants, in
order to account for the supposed derivations /ad-eiti/ • [ateiti], /ab-eiti/ •
[apeiti], /ad-nes‡ti/ • [atnes‡ti] and /ab-mo:ki:ti/ • [apmo:ki:ti]. But there is clearly
no constraint against voiced obstruents before vowels and sonorants in this lan-
guage (in fact, no language has ever been attested with a rule of consonant devoic-
ing where the conditioning environment is a following vowel). On the basis of this
reasoning we conclude that the prefixes have underlying voiceless consonants.

When the initial consonant of the root is an alveolar stop, the vowel [i]
appears after the prefix /at/, and similarly when the initial consonant is a bilabial
stop, [i] is inserted after the consonant of /ap/.

(41) ati-duoti ‘to give back’
ati-dari:ti ‘to open’
ati-deti ‘to delay’
ati-teisti ‘to ajudicate’
api-berti ‘to strew all over’
api-begti ‘to run around’
api-puti ‘to grow rotten’
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Given just the voicing assimilation rule, you would expect forms such as
*[adduoti], *[abberti] by analogy to [adbekti] and [abdauz‡i:ti]. Lithuanian does not
allow sequences of identical consonants, so to prevent such a result, an epenthetic
vowel is inserted between homorganic obstruent stops (which is notated in the rule
by placing ‘›place’ under each of the consonants).

(42) Epenthesis
∅ • i / obstruent stop   ___  obstruent stop

       [›place]                  [›place]

The ordering of these rules is important: epenthesis (42) must apply before voicing
assimilation, since otherwise the prefix consonant would assimilate the voicing of
the root initial consonant and would then be separated from that consonant by the
epenthetic vowel. The result of applying the voicing assimilation rule first would
be to create [adduoti], [abberti], and then this would undergo vowel epenthesis to
give incorrect *[adiduoti], *[abiberti]. If, on the other hand, epenthesis is the first
rule applied, then underlying /at-duoti/ becomes [atiduoti] and /ap-berti/ becomes
[apiberti]. Epenthesis eliminates the underlying cluster of obstruents, preventing
the voicing rule from applying.

Armenian. Interestingly, a similar pair of rules exists in the New Julfa dialect of
Armenian, but they apply in the opposite order. The 1 sg. future prefix is underly-
ingly k-, as shown in (43a), where the prefix is added to a vowel-initial stem. That
/k/ assimilates voicing and aspiration from an obstruent which immediately follows
it underlyingly (but not across a vowel). In addition, initial consonant clusters are
broken up by an epenthetic schwa. As the data in (43b) show, the prefix consonant
first assimilates to the initial consonant of the root, and then is separated from that
consonant by schwa.

(43) a. k-ertham ‘I will go’
k-asiem ‘I will say’
k-aniem ‘I will do’
k-akaniem ‘I will watch
k-oxniem ‘I will bless’
k-urriem ‘I will swell’

b. k¦-tam ‘I will give’
k¦-kienam ‘I will exist’
g¦-b¦zzam ‘I will buzz’
g¦-lam ‘I will cry’
g¦-z¦ram ‘I will bray’
kh¦-thuoÆniem ‘I will allow’
kh¦-c‡haphiem ‘I will measure’
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gh¦-bhier‡iem ‘I will carry’
gh¦-ghuom ‘I will come’
gh¦-dzhieviem ‘I will form’

The difference between this dialect of Armenian and Lithuanian is that vowel
epenthesis applies before consonant assimilation in Lithuanian but after that rule in
Armenian, so that in Armenian both epenthesis and assimilation can apply to a
given word, whereas in Lithuanian applying epenthesis to a word means that as-
similation can no longer apply.

2.3. Lomongo: b-deletion and resolution of vowel hiatus

Sometimes, what needs to be remarked about the interaction between
processes is the failure of one rule to apply to the output of another rule. This is
illustrated in (44), (45) and (50) with examples from Lomongo. The first four ex-
amples demonstrate the shape of the various subject prefixes when they stand be-
fore a consonant

(44) imp.  1 sg.    2 sg.    3 sg.    1 pl.    2 pl.    3 pl. gloss
saÏga nsaÏga osaÏga asaÏga tosaÏga losaÏga basaÏga say
kamba Ïkamba okamba akamba tokamba lokamba bakamba work
m¢la  mm¢la ¥m¢la am¢la   t¥m¢la l¥m¢la bam¢la drink
š‡ila    nš‡ila   oš‡ila    aš‡ila    toš‡ila   loš‡ila   baš‡ila  wait

The underlying forms of the subject prefixes are /N/ (which stands for a nasal con-
sonant, whose exact place of articulation cannot be determined), /o/, /a/, /to/, /lo/
and /ba/. There is a vowel harmony process assimilating the closed vowel /o/ to the
open vowel [¥] when the following syllable contains either of the open vowels [¢]
or [¥], and the prefix for 1 sg. subject assimilates in place of articulation to the
following consonant.

The examples in (45) show how the subject prefixes are realized if the
verb root begins with a vowel.

(45) imp.  1 sg.    2 sg.    3 sg.    1 pl.    2 pl.    3 pl.    gloss
¢na     nš‡¢na   w¢na ¢na tsw¢na š‡w¢na   b¢na see
isa     nš‡isa   wisa isa tswisa š‡wisa   bisa hide
imeš‡a  nš‡imeš‡a wimeš‡a imeš‡a   tswimeš‡a š‡wimeš‡a bimeš‡a consent
usa     nš‡usa   wusa usa tswusa š‡wusa   busa throw
ina     nš‡ina   wina ina tswina š‡wina   bina  hate

When the 1s. subject prefix stands before the root, it has the shape [nš‡], which we
will treat as being the result of insertion of [š‡] between the prefix and a vowel ini-
tial root. (We might also assume the prefix /nj‡/, which simplifies before a conso-
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nant, since such three-consonant sequences, viz. /nj‡-saÏga/, do not exist in the lan-
guage).

(46) Consonant prosthesis
∅ • š‡ / n + __ V

The vowel /a/ deletes before another vowel, as shown by the 3 sg. and 3 pl.
forms /a-¢na/ • [¢na] and /ba-¢na/ • [b¢na].

(47) Vowel truncation
a • ∅ / ___ V

The prefixes /o/, /to/ and /lo/ undergo a process of glide formation where
/o/ becomes [w] before a vowel.

(48) Glide formation
o • w / __ V

In the case of /to/ and /lo/ a further process affricates these consonants before a
glide.

(49) Affrication
t,l • ts,j‡ / ___ w

This affrication process must apply after glide formation, since it applies to a se-
quence of consonant plus glide that is created by the application of glide formation
from an underlying consonant plus vowel sequence.

The final set of examples illustrate verb roots which underlyingly begin
with the consonant /b/. As these data show, when underlying /b/ is preceded by a
vowel, it is deleted.

(50) imp.  1 sg.    2 sg.    3 sg.    1 pl.    2 pl.    3 pl.    gloss
bina     mbina oina aina toina    loina   baina   dance
bota     mbota oota aota toota    loota   baota   beget

Thus, surface [oina] derives from /obina/ and [baina] derives from /babina/, via the
following rule.

(51) Labial elision
b • ∅ / V __ V

In this case, even though deletion of /b/ creates new sequences of o+V and
a+V which could in principle undergo the rules of a-deletion and glide formation,

Turning /l/ into an af-
fricate seem strange
from a functional per-
spective, but is ex-
plained by the fact that l
was originally /d/, so
this rule comes histori-
cally from the more
natural change /t,d/ •
[ts, dz]/__i.
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those rules do not in fact apply. In other words, in this case the grammar must
contain some kind of explicit statement regarding the interaction of these proc-
esses, such as an explicit ordering of the rules, which guarantees that the output of
b-deletion does not undergo glide-formation or a-deletion. By ordering the b-
deletion rule so that it applies after the glide formation and vowel truncation rules,
we explain why those two rules fail to apply, just in case the consonant b is deleted
intervocalically. The ordering where b-deletion precedes vowel truncation and
glide formation, illustrated in (52b), results in ungrammatical forms, which shows
that that ordering of the rules is incorrect. (“NA” means that the rule cannot apply,
because the conditions called for in the rule are not satisfied in the string).

(52) a. /o-bina/ /a-bina/ underlying
   NA    NA Glide Formation
   NA    NA Vowel Truncation
oina aina b-deletion

b. /o-bina/ /a-bina/ underlying
oina aina b-deletion
wina    NA Glide Formation
   NA  ina Vowel Truncation
*[wina] *[ina]

This is an example of the failure of a set of rules ˜ especially vowel truncation
and glide formation ˜ to apply to the output of b-deletion.

2.4. Examples for discussion

Karok. These data from Karok illustrate three interacting phonological processes.
Comment on the underlying forms of the following words, state what phonological
rules are motivated, and discuss the order in which these processes apply.

(53) imperative 1 sg. 3 sg.
pasip nipasip Üupasip ‘shoot’
si:tva nis‡i:tva Üusi:tva ‘steal’
kifnuk nikifnuk Üukifnuk ‘stoop’
suprih nis‡uprih Üusuprih ‘measure’
Üifik niÜifik ÜuÜifik ‘pick up’
Üi:ftih niÜi:ftih ÜuÜi:ftih ‘growing’
Üaktuv niÜaktuv ÜuÜaktuv ‘pluck at’
Üakrap niÜakrap ÜuÜakrap ‘slap’
Üarip niÜarip ÜuÜarip ‘cut a strip’
Üaxyar nixyar Üuxyar ‘fill’
Üis‡kak nis‡kak Üuskak ‘jump’
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Üimnis‡ nimnis‡ Üumnis‡ ‘cook’
Üiks‡ah niks‡ah Üuksah ‘laugh’
Üis‡riv nis‡riv Üusriv ‘shoot at a target’

Shona. Often, a seemingly complex problem can be significantly simplified by
breaking the problem up into a few interacting processes. If one looks at the pho-
netic realizations of the passive suffix in Shona, one will see that there are seven
different manifestations of this suffix. However, this considerable range of varia-
tion can be explained in terms of a much smaller set of very general phonological
rules, whose interaction results in many surface realizations of the suffix.

(54) active passive gloss active passive gloss
Ëika Ëikwa ‘cook’ diba dibÆa ‘dip’
pfugama pfugamÏa ‘kneel’ pepa pepxa ‘nurse’
ËuÌa ËuÌÆwa ‘go out’ ruma rumÏa ‘bite’
rova rovÆa ‘stay away’ mìan†a mìan†Ïwa ‘run’
suÏga suÏgwa ‘tie’ kwas‡a kwas‡xwa ‘hunt’
teÏga teÏgwa ‘buy’ fuÏga fuÏgwa ‘think’
tamba tambÆa ‘play’ bvunza bvunzÆwa ‘ask’
imba imbÆa ‘sing’ gara garÆwa ‘stay’
setsa setsxwa ‘amuse’ redäzäa redäzäÆwa ‘lengthen’
tapa tapxa ‘capture’ Äeza ÄezÆwa ‘carve’
rega regwa ‘leave’ ibva ibvÆa ‘ripen’
s‡uz‡a s‡uz‡Æwa ‘store grain’ tasäa tasäxwa ‘ride’
peta petxwa ‘fold’ dana danÏwa ‘call’
ona onÏwa ‘see’ ita itxwa ‘do’
doka dokwa ‘set’ seka sekwa ‘laugh’
fesa fesxwa ‘prick’ rasa rasxwa ‘throw away’
ranìa ranìÏwa ‘kick’ pemìa pemìÏa ‘beg food’
goc‡a goc‡xwa ‘roast’ säika säikwa ‘arrive’
dzidza dzidzÆwa ‘learn’ fuka fukwa ‘cover’
famba fambÆa ‘walk’ nandza nandzÆwa ‘lick’
gada gadÆwa ‘mount’ Ëata Ëatxwa ‘hold’
tuma tumÏa ‘send’ tora torÆwa ‘take’
oÏa oÏwa ‘growl’ rima rimÏa ‘plow’
sefa sefxa ‘sieve’ kwezäa kwezäÆwa ‘attract’
š‡uš‡a š‡uš‡Æwa ‘leak’ guruva guruvÆa ‘deceive’
maÏga maÏgwa ‘arrest’ min†a min†Ïwa ‘swallow’

The precise rules which you postulate will depend on what you assume to be the
underlying form of the passive suffix, since there are two plausible underlying
forms for the suffix, based on the data above. The phonological alternations seen in
the following examples are relevant to deciding what the underlying form of the
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passive suffix is (and therefore exactly how these phonological alternations are to
be analyzed). These inflected forms involve a prefix marking the subject, followed
by one of various tense markers such as -c‡a-, -no- and -a-, or no marker, finally
followed by the verb stem.

(55) subjunctive future
urime ‘that you sg. plow’ uc‡arima ‘you sg. will plow’
murime ‘that you pl. plow’ muc‡arima ‘you pl. will plow’
turime ‘that they (tiny) plow’ tuc‡arima ‘they (tiny) will plow’
kunatse ‘that there be nice’ kuc‡anatsa ‘there will be nice’

habitual recent past
unorima ‘you sg. plow’ warima ‘you sg. plowed’
munorima ‘you pl. plow’ mÏarima ‘you pl. plowed’
tunorima ‘they (tiny) plow’ txwarima ‘they (tiny) plowed’
kunonatsa ‘there is nice’ kwanatsa ‘there was nice’

A further fact which is relevant to deciding on the correct analysis is that [å], [x] do
not appear after vowels or at the beginning of a word.

Klamath. The data in (56)-(60) from Klamath illustrate two processes. The first
deaspirates and deglottalizes consonants before obstruents, before glottalized and
voiceless resonants, as well as in word-final positions. The examples in (56) illus-
trate plain voiceless obstruents, which do not undergo any phonetic alternations.
The data below involve a range of inflectionally and derivationally related word
forms: the common root is underlined (the last form in this set also illustrates an
alternation between i and y’, which is not crucial).

(56) la:p-a ‘two (obj.)’ la:p ‘two’
skhot-a ‘puts on a blanket’ skhot-pli ‘puts on a blanket again’
sÜap-a ‘tells’ sÜap-s ‘the telling’
q’la:c‡-aksi ‘Blueberry Place’ q’la:c‡ ‘blueberry (sp.)’
wonc‡-am ‘fir species’ wonc‡ ‘fir dugout canoe’
poq-a ‘bakes camas’ poq-s ‘camas root’
qlek-atk ‘corpse’ qlek-s ‘death’
monk-am ‘gopher’s’ monk ‘gopher’
laqi ‘is rich’ laqy’-a:ka ‘little chief’

The data in (57) provide examples of underlyingly glottalized obstruents, which
become plain voiceless consonants unless they are followed by a vowel or plain
sonorant.
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(57) p’ak’-a ‘smashes’ p’ak-ska ‘chips off (intr.)’
p’elq’-a ‘licks’ p’elq-papq’a ‘licks someone’s face’

p’elq-ska ‘licks off’
Üe:t’-a ‘distributes’ se-Üe:t-s ‘Saturday’
poq-poq’-a ‘becomes dusty’ po:q-tki ‘becomes dusty’
c‡ha:k’-a ‘melts (intr)’ c‡ha:k-tki ‘melts (as butter)’
Üi-c‡hi:c‡’-a ‘makes shavings’ k-c‡hic‡-ta ‘scrapes ones foot on’
c‡hlo:q’-a ‘is smooth’ c‡hlo:q-tki ‘becomes slick’
kha-c‡’a:q’-a ‘mixes’ hoc‡-c‡’aq-tha ‘tangles self into a knot’
n-qi:c‡’-atthanÜa ‘is a tight fit on’ qic‡-qic‡ ‘tightly’
qit’-lqa ‘pours down’ qit-qha ‘pours out’
l�o:p’-a ‘eats soup’ l�o:p-s ‘soup’
mpe-mpat’-lqa ‘distrib. sinks’ mpet-tqi ‘floats down’

Finally, the data in (58) show that aspirated consonants deaspirate in this same
context.

(58) lic‡h-lic‡-l’i ‘strong’ li:c‡-tki ‘becomes strong’
l’o-l’ac‡h-lqa ‘kneels down’ l’oc‡-pka ‘is kneeling’
makh-lqa ‘sets up camp’ makh-wal ‘camps on top of’

mak-pka ‘is camping’
ponw-o:th-a ‘while drinking’ ponw-o:t-s ‘something to drink with’
so:c‡h-a ‘kindles a fire’ so:c‡-ti:la ‘lights a fire under’
si:yo:th-a ‘trades pl. obj si:yo:t-pli ‘trade back pl. obj’

 with each other’
c‡oqh-li:na ‘puts buttocks c‡oq-paqpqa ‘holds buttocks

 overboard’  in someone’s face’
n’iqh-o:wa ‘keeps putting’ n’iq-tpa ‘reaches and touches’

 a hand in water’

The second process, a kind of syncope, deletes a short vowel from the first
syllable of a stem when preceded by a CV prefix and followed by CV.

(59) laqi:ta ‘suspects s.o.’ sa-lqita ‘suspects each other
mac‡ha:t-ka ‘listens’ sna-mc‡ha:t-i:la ‘causes to hear’

ma-mc‡ha:t-i:la ‘dist. eavesdrop’
mec‡’a ‘moves camp’ me-mc‡’a ‘dist. moves’
moq’o:ka ‘mouse’ mo-mq’o:k-aÜa:k ‘dist. little mice’
saqo:tka ‘ask for s.t’ sa-sqo:tqa ‘dist. ask for s.t’
sic‡aqhwa ‘wash hands’ hi-sc‡aq-tha ‘are angry with e.o’
som ‘mouth’ so-sm’-a:k ‘dist. little mouths’
som’alw’a ‘writes’ so-sm’alw’a ‘dist. writes’
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What do the following examples show about the interaction of these two proc-
esses?

(60) q’oc‡’a ‘bends’ yo-qc‡’a ‘bends with the feet’
qhew’a ‘breaks’ c‡he-qw’a ‘sit on and break’
thew’a ‘surface cracks’ ye-tw’a ‘steps on and cracks surface’
thit’a ‘splits open c‡hli-tt’a ‘cuts open a bulbous object

 a bulbous object’  with a round object’
s-c‡’iq’a ‘squash with a yi-c‡q’a ‘squash by pressure with

 pointed instrument’  the feet’
n-t’el’a ‘squashes with swi-tl’a ‘cinches’

 a round instrument’
w-k’al’a ‘cuts with a long kin-kl’a ‘makes a mark with pointer’

 instrument’
w-p’eq’a ‘hits in the face hom-pq’a ‘flies in the face’

 with a long instrument’

Exercises

1: Kerewe

What two rules are motivated by the following data; explain what order the rules
apply in.

Summary

Systems of phonological alternations in most languages involve a number of rules.
This interaction means that one must discern the effects of individual rules, rather
than subsume all alternations under one complex do-everything rule. A rule
changes a given set of segments in a uniform manner, in a specified environment.
So even when a language like Bukusu has a number of rules pertaining to se-
quences of nasal plus consonant ˜ rules which have in common a single context
NC ˜ there may be quite a number of specific rules that apply in that context.
Besides identifying what rules exist in a language, one must also determine what
the proper ordering of those rules is. The correct order of a pair of rules can be
determined by applying the rules very literal-mindedly in both of the logically
possible orders.
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to V to V e.o to V for to V for e.o
kubala kubalana kubalila kubalilana “count”
kugaya kugayana kugayila kugayilana “despise”
kugula kugulana kugulila kugulilana “buy”
kuba −la kuba −la −na kuba −l™®la kuba −l™®lana “kick”
kulu −ma kulu −ma −na kulu −m™®la kulu −m™®lana “bite”
kusu −na kusu −na −na kusu −n™®la kusu −n™®lana “pinch”
kula −ba kula −ba −na kula −b™®la kula −b™®lana “pass”

to V us to V it to V for us to V it for us
kutu −ba −la kuc‡™®ba −la kutu −ba −lila kuc‡™®tu −balila “count”
kutu −ga −ya kuc‡™®ga −ya kutu −ga −yila kuc‡™®tu −gayila “despise”
kutu −gu −la kuc‡™®gu −la kutu −gu −lila kuc‡™®tu −gulila “buy”
kutu −ba −la kuc‡™®ba −la kutu −ba −lila kuc‡™®tu −balila “kick”
kutu −lu −ma kuc‡™®lu −ma kutu −lu −mila kuc‡™®tu −lumila “bite”
kutu −su −na kuc‡™®su −na kutu −su −nila kuc‡™®tu −sunila “pinch”
kutu −la −ba kuc‡™®la −ba kutu −la −bila kuc‡™®tu −labila “pass”

2: Polish

What phonological rules are motivated by the following examples, and what order
do those rules apply in?

singular plural singular plural
klup klubi ‘club’ trup trupi ‘corpse’
dom domi ‘house’ snop snopi ‘sheaf’
z‡wup z‡wobi ‘crib’ trut trudi ‘labor’
dzvon dzvoni ‘bell’ kot koti ‘cat’
lut lodi ‘ice’ grus gruzi ‘rubble’
nos nosi ‘nose’ vus vozi ‘cart’
wuk wugi ‘lye’ wuk wuki ‘bow’
sok soki ‘juice’ ruk rogi ‘horn’
bur bori ‘forest’ vuw vowi ‘ox’
sul soli ‘salt’ buy boyi ‘fight’
s‡um s‡umi ‘noise’ z‡ur z‡uri ‘soup’

2: Ancient Greek

Discuss the phonological rules and underlying representations which are necessary
to account for the following nouns; comment on the ordering of these phonological
processes.
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nom. sg. gen. sg. dat. sg dat. pl.
hals halos hali halsi ‘salt’
oys oyos oyi oysi ‘sheep’
sus suos sui susi ‘sow’
klo:ps klo:pos klo:pi klo:psi ‘thief’
phle:ps phle:bos phle:bi phle:psi ‘vein’
kate:lips kate:liphos kate:liphi kate:lipsi ‘upper story’
phulaks phulakos phulaki phulaksi ‘guard’
ayks aygos aygi ayksi ‘goat’
salpiÏks salpiÏgos salpiÏgi salpiÏksi ‘trumpet’
onuks onukhos onukhi onuksi ‘nail’
the:s the:tos the:ti the:si ‘serf’
kharis kharitos khariti kharisi ‘grace’
elpis elpidos elpidi elpisi ‘hope’
korus koruthos koruthi korusi ‘helmet’
ri:s ri:nos ri:ni ri:si ‘nose’
delphi:s delphi:nos delphi:ni delphi:si ‘porpoise’

3: Shona

In the following examples, vowels marked with an accute accent have a H
tone and those without an accent have a L tone. Comparing the two sets of data
immediately below, what tone rule do the following data motivate? In the exam-
ples below, one will notice alternations in the form of adjectives, e.g. kurefu −,
karefu −, marefu − all meaning “long”. Adjectives have an agreement prefix, hence ku-
refu − marks the form of the adjective in one grammatical class, and so on. In some
cases, the agreement is realized purely as a change in the initial consonant of the
adjective, i.e. gu −ru − ~ ku −ru − ~ hu −ru − which need not be explained.

guÌo ‘baboon’ guÌo gu −ru − ‘big baboon’
bveni ‘baboon’ bveni pfu−pi ‘short baboon’
ta−fura ‘table’ ta−fura hu −ru − ‘big table’
tsamba ‘letter’ tsamba c‡e−na ‘clean letter’
Ïombe ‘cow’ Ïombe hu −ru − ‘big cow’
s‡oko ‘word’ s‡oko bvu −pi ‘short word’
Ëadza− ‘hoe’ Ëadza− gu −ru − ‘big hoe’
zigo−mana− ‘boy (aug.)’ zigo −mana − gu −ru − ‘big boy (aug.)’
imba− ‘house’ imba− c‡e−na ‘clean house’
nuÏgu − ‘porcupine’ nuÏgu − pfu −pi ‘short porcupine’
mhara− ‘gazelle’ mhara− c‡e−na ‘clean gazelle’
ndziz™® ‘rivers’ ndziz™® pfu −pi ‘short rivers’
mar™® ‘money’ mar™® c‡e−na ‘clean money’
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Ëa−Ïga− ‘knife’ Ëa−Ïga gu −ru − ‘big knife’
Ìe−mo− ‘axe’ Ìe −mo bvu −pi ‘short axe’
nhu−me− ‘messenger’ nhu−me pfu −pi ‘short messenger’
hu −n™® ‘firewood’ hu−ni pfu −pi ‘short firewood’
j‡™®ra− ‘cloth’ j‡™®ra j‡e−na ‘clean cloth’
bve −n™® ‘it’s a baboon’ bve −ni gu −ru − ‘it’s a big baboon’
ha−r™® ‘pot’ ha−ri hu −ru − ‘big pot’
mbu −ndu −dz™® ‘worms’ mbu −ndu −dzi hu −ru − ‘big worms’
bu −ku ‘book’ bu −ku gu −ru − ‘big book’
fu−ma ‘wealth’ fu−ma c‡e−na ‘clean wealth’
ny™®ka ‘country’ ny™®ka hu −ru − ‘big country’
ha−ka−ta ‘bones’ ha−ka −ta pfu −pi ‘short bones’
j‡e−ke−ra ‘pumpkin’ j‡e −ke −ra gu −ru − ‘big pumpkin’

These data provide further illustration of the operation of this tone rule.

guÌo ‘baboon’ gudo ra −kafa − ‘the baboon died’
tsamba ‘letter’ tsamba ya−kawa− ‘the letter fell’
Ëadza− ‘hoe’ Ëadza− ra−kawa− ‘the hoe fell’
nuÏgu − ‘porcupine’ nuÏgu − ya −kafa − ‘the porcupine died’
mar™® ‘money’ mar™® ya−kawa− ‘the money fell’
Ëa−Ïga− ‘knife’ Ëa−Ïga ra−kawa− ‘the knife fell’
nhu−me− ‘messenger’ nhu−me ya−kafa − ‘the messenger died’
ha−r™® ‘pot’ ha−ri ya−kawa− ‘the pot fell’
mbu −ndu −dz™® ‘worms’ mbu−ndu −dzi ya −kafa − ‘the worms fell’
bu −ku ‘book’ bu −ku ra −kawa − ‘the book died’
ha−ka−ta ‘bones’ ha−ka−ta ya−kawa− ‘the  bones fell’
mapfeni ‘baboons’ mapfeni maku−ru − ‘big baboons’
mas‡oko ‘words’ mas‡oko maz‡™®nj‡™® ‘many words’
mapadza− ‘hoes’ mapadza− maku −ru − ‘big hoes’
muko−mana− ‘boy’ muko−mana − mupfu −pi ‘short boy’
mapa−Ïga− ‘knives’ mapa−Ïga − maku −ru − ‘big knives’
nhu−me− ‘messenger’ nhu−me − ndefu − ‘short messenger’
mate−mo− ‘axes’ mate−mo− mapfu−pi ‘short axes’
kaha−r™® ‘pot (dim.)’ kaha−r™® kac‡e −na ‘clean pot (dim.)’
mabu −ku ‘books’ mabu −ku maz‡™®nj‡™® ‘many books’
kuny™®ka ‘to the land’ kuny™®ka kuku −ru − ‘to the big land’
c‡ito −ro ‘store’ c‡ito −ro c‡iku −ru − ‘big store’

In the examples below, a second tone rule can be seen to operate.

guÌo ‘baboon’ guÌo refu− ‘tall baboon’
s‡oko ‘word’ s‡oko refu − ‘long word’
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bu −ku ‘book’ bu −ku refu − ‘long book’
ny™®ka ‘country’ ny™®ka refu − ‘long country’
badza− ‘hoe’ badza− refu− ‘long hoe’
nuÏgu − ‘porcupine’ nuÏgu − ndefu − ‘long porcupine’
mhara− ‘gazelle’ mhara− ndefu − ‘tall gazelle’
makuÌo ‘baboons’ makuÌo marefu− ‘tall baboons’
mas‡oko ‘words’ mas‡oko marefu− ‘long words’
bu −ku ‘book’ bu −ku refu − ‘long book’
kuny™®ka ‘to the land’ kuny™®ka kurefu − ‘to the long land’
mapadza− ‘hoes’ mapadza− ma−refu− ‘long hoes’
kamhara− ‘gazelle (dim.)’ kamhara− ka−refu− ‘long gazelle (dim.)’
kanuÏgu − ‘porcupine (dim.)’ kanuÏgu− ka −refu − ‘long porcupine (dim)’

The next set of data provide further examples of that tone rule applying.

guÌo ‘baboon’ guÌo gobvu − ‘thick baboon’
bu −ku ‘book’ bu −ku kobvu − ‘thick book’
Ëadza− ‘hoe’ Ëadza − gobvu − ‘thick hoe’
nuÏgu − ‘porcupine’ nuÏgu − hobvu − ‘thick porcupine’
makuÌo ‘baboons’ makuÌo makobvu− ‘thick baboons’
bu −ku ‘book’ bu −ku gobvu − ‘thick book’
mapadza− ‘hoes’ mapadza− ma −kobvu − ‘thick hoes’
tsamba ‘letter’ tsamba nhete ‘thin letter’
Ïombe ‘cow’ Ïombe nhete ‘thin cow’
bu −ku ‘book’ bu −ku Ìete ‘thin book’
ha−ka−ta ‘bones’ ha−ka −ta nhete ‘thin bones’
Ëadza− ‘hoe’ badza− Ìe−te ‘thin hoe’
imba− ‘house’ imba− nhe −te ‘thin house’
ndziz™® ‘rivers’ ndziz™® nhe −te ‘thin rivers’

What do the following examples show about these tone rules?

Ëa−Ïga− ‘knife’ Ëa−Ïga − Ìe−te ‘thin knife’
Ìe−mo− ‘axe’ de−mo− Ìe−te ‘thin axe’
muru−me− ‘person’ muru−me− mu−tete ‘thin person’
kahu −n™® ‘firewood (dim.)’ kahu−n™® ka −refu − ‘long firewood’
mac‡™®ra− ‘clothes’ mac‡™®ra−  ma−refu− ‘long clothes’
ha−r™® ‘pot’ ha−r™® nhe −te ‘thin pot’

4: Catalan

Give phonological rules which account for the following data, and indicate what
ordering is necessary between these rules. For each adjective stem, state what the
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underlying form of the root is. Pay attention to the difference between surface
[b,d,g] and [Ä,Å,å], in terms of predictability.

masc fem masc fem
sing. sing. sing. sing.
¦kely ¦kely¦ ‘that’ mal mal¦ ‘bad’
siÄil siÄil¦ ‘civil’ ¦skerp ¦skerp¦ ‘shy’
s‡op s‡op¦ ‘drenched’ s¢k s¢k¦ ‘dry’
¦sp¢s ¦sp¢s¦ ‘thick’ gros gros¦ ‘large’
bas‡ bas‡¦ ‘short’ kos‡ kos‡¦ ‘lame’
tot tot¦ ‘all’ brut brut¦ ‘dirty’
p¥k p¥k¦ ‘little’ pr¦sis pr¦siz¦ ‘precise’
fr¦nses fr¦nsez¦ ‘French’ gris griz¦ ‘grey’
k¦zat k¦zaÅ¦ ‘married’ bwit bwiÅ¦ ‘empty’
r¥c‡ r¥z‡¦ ‘red’ boc‡ boz‡¦ ‘crazy’
orp orÄ¦ ‘blind’ lyark lyarÆ¦ ‘long’
sek seÆ¦ ‘blind’ f¦s‡uk f¦s‡uÆ¦ ‘heavy’
grok groÆ¦ ‘yellow’ puruk puruÆ¦ ‘fearful’
kandit kandiÅ¦ ‘candid’ fr¢t fr¢Å¦ ‘cold’
s¦åu s¦åur¦ ‘sure’ du dur¦ ‘hard’
s¦å¦Åo s¦å¦Åor¦ ‘reaper’ kla klar¦ ‘clear’
nu nu¦ ‘nude’ kru kru¦ ‘raw’
sa san¦ ‘healthy’ pla plan¦ ‘level’
bo bon¦ ‘good’ s¦r¢ s¦r¢n¦ ‘calm’
suÄlim suÄlim¦ ‘sublime’ al alt¦ ‘tall’
f¥r f¥rt¦ ‘strong’ kur kurt¦ ‘short’
sor sorÅ¦ ‘deaf’ b¢r b¢rÅ¦ ‘green’
san sant¦ ‘saint’ k¦l¢n k¦l¢nt¦ ‘hot’
prufun prufund¦ ‘deep’ f¦kun f¦kund¦ ‘fertile’
d¦sen d¦sent¦ ‘decent’ dulen dulent¦ ‘bad’
¦stuÅian ¦stuÅiant¦ ‘student’ blaÏ blaÏk¦ ‘white’

5: Finnish
Propose rules which will account for the following alternations. It would be best
not to write a lot of rules which go directly from underlying forms to surface forms
in one step; instead, propose a sequence of rules whose combined effect brings
about the change in the underlying form.

genitive nom. nom. ablative essive gloss
sing. sing. pl. sing. sing.
kanadan kanada kanadat kanadalta kanadana Canada
kiryan kirya kiryat kiryalta kiryana book
aamun aamu aamut aamulta aamuna morning
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talon talo talot talolta talona house
koiran koira koirat koiralta koirana dog
hu‰v£n hu‰v£ hu‰v£t hu‰v£lt£ hu‰v£n£ good
kuvan kuva kuvat kuvalta kuvana picture
lain laki lait lailta lakina roof
n£l£n n£lk£ n£l£t n£l£lt£ n£lk£n£ hunger
yalan yalka yalat yalalta yalkana leg
leuan leuka leuat leualta leukana chin
paran parka parat paralta parkana poor
rei£n reik£ rei£t rei£lt£ reik£n£ hole
nahan nahka nahat nahalta nahkana hide
vihon vihko vihot viholta vihkona notebook
laihan laiha laihat laihalta laihana lean
avun apu avut avulta apuna help
halvan halpa halvat halvalta halpana cheap
orvon orpo orvot orvolta orpona orphan
leiv£n leip£ leiv£t leiv£lt£ leip£n£ bread
p£iv£n p£iv£ p£iv£t p£iv£lt£ p£iv£n£ day
kilvan kilpa kilvat kilvalta kilpana competition
ku‰lvu‰n ku‰lpu‰ ku‰lvu‰t ku‰lvu‰lt£ ku‰lpu‰n£ bath
tavan tapa tavat tavalta tapana manner
korvan korva korvat korvalta korvana ear
£idin £iti £idit £idilt£ £itin£ mother
kodin koti kodit kodilta kotina home
muodon muoto muodot muodolta muotona form
t£din t£ti t£dit t£dilt£ t£tin£ aunt
kadun katu kadut kadulta katuna street
maidon maito maidot maidolta maitona milk
po‰u‰d£n po‰u‰t£ po‰u‰d£t po‰u‰d£lt£ po‰u‰t£n£ table
tehdu‰n tehtu‰ tehdu‰t tehdu‰lt£ tehtu‰n£ made
l£mmo‰n l£mpo‰ l£mmo‰t l£mmo‰lt£ l£mpo‰n£ warmth
laÏÏan laÏka laÏÏat laÏÏalta laÏkana thread
s£ÏÏu‰n s£Ïku‰ s£ÏÏu‰t s£ÏÏu‰lt£ s£Ïku‰n£ bed
hinnan hinta hinnat hinnalta hintana price
linnun lintu linnut linnulta lintuna bird
opinnon opinto opinnot opinnolta opintona study
rannan ranta rannat rannalta rantana shore
luonnon luonto luonnot luonnolta luontona nature
punnan punta punnat punnalta puntana pound
tunnin tunti tunnit tunnilta tuntina hour
kunnon kunto kunnot kunnolta kuntona condition
kannun kannu kannut kannulta kannuna can
linnan linna linnat linnalta linnana castle
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tumman tumma tummat tummalta tummana dark
auriÏÏon auriÏko auriÏÏot auriÏÏolta auriÏkona sun
reÏÏin reÏki reÏÏit reÏÏilt£ reÏkin£ farm hand
vaÏÏin vaÏki vaÏÏit vaÏÏilta vaÏkina prisoner
kellon kello kellot kellolta kellona watch
kellan kelta kellat kellalta keltana yellow
sillan silta sillat sillalta siltana bridge
kullan kulta kullat kullalta kultana gold
virran virta virrat virralta virtana stream
parran parta parrat parralta partana beard

6: Korean
Provide rules which will account for the alternations in the stem final consonant in
the following examples. State what underlying representation you are assuming for
each noun.

‘rice’ ‘forest’ ‘chestnut’
pamman summan pamman only N
pammaÏkhi�m summaÏkhi�m pammaÏkhi�m as much as N
pamnari�m sumnari�m pamnari�m depending on N
pap sup pam N
papt’ero supt’ero pamtero like N
papk’wa supk’wa pamkwa with N
papp’ota supp’ota pampota more than N
papk’ac‡i supk’ac‡i pamk’ac‡i until N
papi suphi pami N (nominative)
papi �n suphi�n pami�n N (topic)
pape suphe pame to N
papita suphita pamita it is N
papi �ro suphi�ro pami�ro using N

‘field’ ‘sickle’ ‘day’
pamman namman namman only N
pammaÏkhi�m nammaÏkhi�m nammaÏkhi�m as much as N
pannari�m nannari�m nannari�m depending on N
pat nat nat N
patt’ero natt’ero natt’ero like N
pakk’wa nakk’wa nakk’wa with N
papp’ota napp’ota napp’ota more than N
pakk’ac‡i nakk’ac‡i nakk’ac‡i until N
pac‡hi nasi nac‡i N (nominative)
pathi�n nasi�n nac‡i�n N (topic)
pathe nase nac‡e to N
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pac‡hita nasita nac‡ita it is N
pathi�ro nasi�ro nac‡i�ro using N

‘face’ ‘half’
namman pamman only N
nammaÏkhi�m pammaÏkhi�m as much as N
nannari�m pannari�m depending on N
nat pan N
natt’ero pantero like N
nakk’wa paÏkwa with N
napp’ota pampota more than N
nakk’ac‡i paÏk’ac‡i until N
nac‡hi pani N (nominative)
nac‡hi�n pani �n N (topic)
nac‡he pane to N
nac‡hita panita it is N
nac‡hi�ro pani �ro using N

Advanced Topics and Readings

For the typical American Structuralist, a description of a language states relations
between levels of analysis, so phonetic [ph] in English relates to the phoneme /p/,
which may relate to a morphophoneme ||p|| and so on. Unlike the generative ap-
proach, the taxonomic approach does not have intermediate stages in a derivation
except by having certain prespecified levels (the surface, phonemic, and morpho-
phonemic levels), and thus all generalization (rules, in a sense) hold simultane-
ously ˜ they are stated as “time-invariant” true statements about the relation be-
tween what are claimed to be the significant levels of analysis. Still, the efficacy of
ordered rules was recognised in a few structuralist analyses, for example Bloom-
field in his analysis of Menomini (Bloomfield 1939) who says “If one starts with
the basic forms and applies our statements (§§10 and following) in the order in
which we give them, one will arrive finally at the forms of words as they are ac-
tually spoken”. See Bever 1967 for discussion of the similarities between Bloom-
field’s description of Menomini and the theory of generative phonology, and Ken-
stowicz 1977 for an overview of pre-generative views on rule ordering.

The formal character of rule ordering in generative phonology is stated in
Chomsky & Halle 1968 as a ordered list (analogous to the integers 1, 2, 3, 4..),
specifically as a linear order, a technical concept discussed in detail in Wall 1972.
A strong linear ordering of the form (A, B, C, D...) observes four formal condi-
tions. First, it is transitive: if A precedes B and B precedes C, then A precedes C.
Second: it is irreflexive: no rule precedes itself. Third, it is asymmetric: if A pre-
cedes B then B cannot precede A. Finally, the rules have the property of connexity,
meaning that all rules are ordered ˜ either A precedes B or B precedes A, and no
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rules are unordered, and no two rules can apply simultaneously. Rules apply
Markovianly, meaning that a rule only has access to the form of a phonological
string as it exists when the rule applies: the first rule sees only the underlying form,
the second rule only sees the output of the first rule, and so on.

One part of this characterization of a grammar was challenged early in
generative phonology, that a rule may not precede itself. This assumption proved
incorrect, since it prevents rules from applying to successive strings of segments. A
typical problem case is vowel harmony, exemplified by the rule of Yawelmani
which rounds a vowel after a round vowel if the vowels agree in height, whereby
/hubisämixhin/ first becomes hubusämixhin, then hubusämuxhin and finally
[hubusämuxhun] “choose (aorist comitative)”, reapplying harmony to its own out-
put, working from left to right through the string (compare /hubisätaw/ which be-
comes [hubusätaw] “choose (nondirective gerundial)”, which rounds only the first
vowel because the vowel a is not of the same height as u).

Chomsky & Halle 1968 propose a special formalism to handle this, the
star-parenthesis variable notation which in the case of Yawelmani harmony al-
lowed consonants and vowels of the same height to be skipped over. However,
Johnson 1972, Howard 1972, Anderson 1974, Phelps 1975, Kenstowicz & Kisse-
berth 1977, inter alii, pointed to a number of problems with that mechanism: the
essence of the problem is that the material contained in star-parenthesis non-
coincidentally repeats the description of the vowels which will undergo the rule.
An alternative theory, the iterative theory,4  was proposed to the effect that rules
always apply to their own output, beginning at one end of a string, and the rule
reapplies moving one segment at a time until it reaches the opposite end of the
string (hence, rule ordering is seen as a total, weak order, replacing the irreflexivity
condition with a reflexivity condition). See especially Howard 1972, Jensen &
Stong-Jensen 1973, Battistella 1979 and Vago & Battistella 1982 on the topic of
predicting the direction in which rules apply.

Another proposal relevant to rule interaction is the Elsewhere Condition,
proposed by Kiparsky 1972 (a principle also employed in the ancient Sanskrit
grammatical tradition). This condition deals with the relationship between two
rules A, B, which are so similar that any string that could undergo A can also un-
dergo B ˜ but not vice versa. If the changes performed by the rules are either the
same or are mutually incompatible, the “more specific” rule which applies to fewer
forms must have precedence over the “more general” or “elsewhere” rule, which
applies to the larger set of words. This then imposes an ordering on the rules.

Another modification to the concept of strict linear ordering is the cycle ˜
we have not seen this mode of rule application so far. Cyclic application results in
the situation where two rules apply in the order A > B, but in the course of a deri-

                                             
4 Johnson 1972 adheres to an important mathematical terminological distinction between
iterative rules and linear rules, the latter being the kinds of rules which are commonly
called “iterative” in phonological theory.
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vation one finds rule applications of the type A, then B, then A; or, A followed by
an application of A, but in a manner that cannot be subsumed under the concept of
rule iteration. By themselves, such examples would be serious ordering paradoxes.
An example is the interaction between u-umlaut and syncope in Icelandic. The first
changes /a/ to [o‰] before u, so /bagg+ul/ becomes [bo‰ggul] “package (acc. sg)”.
The underlying quality of the initial vowel is motivated by bagg-i “pack”. Syncope
deletes a non-initial vowel in an open syllable, whereby /hamar+i/ becomes
[hamri] “hammer (dat. sg)”. The fact that /katil+um/ becomes [ko‰tlum] “kettle
(dat. pl)” demonstrates that Syncope precedes u-umlaut ˜ it eliminates the vowel
that triggers u-umlaut. However, underlying /bagg+ul+i/ becomes [bo‰ggli]
“package (dat. sg)”, which can only be explained by applying u-umlaut first, then
Syncope. Thus we have the paradox that Syncope precedes u-umlaut but u-umlaut
precedes Syncope.

Applying these rules cyclically removes the paradox, by exploiting the fact
that the underlying forms /bagg-ul-i/ and /katil-um/ differ in morphological con-
stituencies ˜ [[bagg-ul]-i] vs. [katil-um], the former involving a monosyllabic
root plus a derivational affix, the latter having a disyllabic root. With cyclic rule
application, Syncope precedes u-umlaut. These rules apply to the smallest sub-
string which has no internal brackets, thus, they apply to bagg-ul and katil-um re-
spectively. Under the ordering Syncope > u-umlaut, the form katilum is first de-
rived. Both forms then undergo u-umlaut, giving bo‰ggul and ko‰tlum at the end of
the first cycle of rule application. Then the internal brackets are removed, resulting
in bo‰ggul-i, which is again subjected to the rules of the phonology, allowing Syn-
cope to apply giving [bo‰ggli]. Strict linear ordering holds for each part of a deriva-
tion corresponding to the material within a cyclic domain.

The earliest examples of the cycle were for stress assignment, both phrasal
stress and word-level stress ˜ see Chomsky & Halle 1968 ˜ and it was often
assumed at that point that only stress rules were cyclic. Further arguments for the
cycle are found in Kisseberth 1971, Kaye & Piggott 1973, Brame 1974, Kean
1974, Mascaro 1976, and Rubach 1984 inter alii. Cole 1995 overviews a number
of theoretical issues relevant to the phonological cycle. Having rules that apply
cyclically raises two fundamental questions: what defines the domain of a cycle,
and which rules are cyclic? The model of Lexical Phonology (Kiparsky 1982 and
others) provides a mechanism for automatically deriving the cycle, via that the-
ory’s interaction between phonology and morphology where a form is resubmitted
to the phonology. It also offers a partial answer to the question of which rules are
cyclic: only lexical rules may be cyclic (however, not all lexical rules are cyclic,
see for example Rubach 1990).

Kiparsky 1968 defines four fundamental relations which have played a
central role in discussions of ordering. One, termed feeding, arises when A pre-
cedes B and application of A creates new strings that can undergo B, which would
not have existed except by applying the first rule A. Glide Formation in Kikamba
(section 1.3) turns e into y before a vowel, and palatalization changes ky into c‡.
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Glide Formation creates instances of y not underlyingly present, and derived y
conditions the palatalization rule: /koke−a„sya„/ first becomes kokya„a„sya„, then
[koc‡a„a„sya„] by palatalization, conditioned by this derived y. Counterfeeding is
where A precedes B, and the output of B satisfies the requirements of A, but rule A
does not apply to the output of rule B. An example of that relation is Lomongo
(section 2.3), where b-deletion deletes b between vowels, and o before another
vowel becomes w. However, the sequence oi brought into existence by b-deletion
does not undergo Glide Formation, so /obina/ surfaces as [oina], not *[wina]: b-
deletion counterfeeds Glide Formation.

A bleeding relation is where the input to rule A could undergo both A and
B, but the output of A can no longer undergo rule B ˜ applying A destroys the
structure necessary for B. This mode of application is illustrated in 2.2 with
Lithuanian, where Epenthesis and Voicing Assimilation could both apply to under-
lying /at-duoti/, but in fact epenthesis applies first to give atiduoti, so the epen-
thetic vowel makes it impossible for voicing assimilation to apply. The opposite
relation, counterbleeding, is found in Armenian, where an obstruent first assimi-
lates to the following consonant in voicing and aspiration so /k-bhier‡iem/ becomes
gh-bhier‡iem, but the consonants are then separated by epenthesis giving [gh¦-
bhier‡iem] ‘I will carry’. Counterbleeeding can be defined negatively as “if the rules
were in the opposite order, the relation would be bleeding”.

Rule ordering has been considered to be a powerful descriptive device, one
that allows perhaps too many languages to be theoretically describable. If a lan-
guage has 5 rules, how many ways can those rules be ordered? Mathematical
combinatorics provides 5! (5×4×3×2×1) = 120 possible permutations of just 5
rules, and over 87 billion arrangements of 14 rules. The ability to arrange rules in
any permutation thus allows a huge number of grammars to be described, resulting
in a considerable disparity between descriptive potential and actual languages.

One approach to this problem is to limit rule ordering. Since the theory of
strict ordering requires all rules to be placed in a specific order, perhaps a solution
is to let some rules be unordered (see Chomsky 1967). A partial ordering is one
where not all pairs of rules have to be ordered, and thus some two rules A and B
might be unordered. Taken by itself, this actually makes the problem vastly worse.
Whereas only 120 arrangements of 5 rules are allowed when rules are totally or-
dered, 4,231 orders are possible under partial ordering. While the number of strict
orders of 14 rules is very large ˜ over 87 billion ˜ the number of partial orders
of 14 rules is over a trillion times larger (98,484,324,257,128,207,032,183: the
number of partial orderings for sets larger than 14 has not been computed). Thus,
partial ordering of rules is much worse than strict ordering, in terms of providing
too many ways to construct a grammar.

The Unordered Rule Hypothesis of Koutsoudas, Sanders & Noll 1974 and
subsequent work argues that a grammar needs no extrinsic ordering statements. All
rules apply simulaneously to a string, and the results are continuously resubmitted
to the phonology until no more rules are applicable. Various principles of rule
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application are needed in this theory to guarantee corrects results, for example the
Proper Inclusion Precedence Principle (very similar to the Elsewhere Condition of
Kiparsky 1972) which states that when a specific rule and a general rule can both
apply to a string and the change performed by one rule is incompatible with the
change performed by the other rule, the specific rule takes precedence over the
general rule. This model easily achieves the effect of a feeding rule ordering with-
out any specific ordering relation being imposed on the rules by dint of the fact
that rules reapply until they can no longer apply. Thus the fact that Glide Forma-
tion in Kikamba feeds Palatalization is handled by simply applying all rules pos-
sible to /koke−a„sya„/ which gives kokya„a„sya„ ˜ only Glide Formation happens to be
applicable ˜ and reapplying all rules to that output ˜ only Palatalization happens
to be applicable ˜ giving [koc‡a„a„sya„], which cannot unergo any further rules. This
theory fails to handle counterfeeding relationships such as that in Lomongo where
/o-ina/ becomes [wina] but /obina/ becomes [oina] and not *[wina]. See Tromme-
len & Zonneveld 1978 for critical discussion of the Unordered Rule Hypothesis.

Other proposals for rule interaction include the theory of Local Ordering
(Anderson 1974); Two-level phonology (Koskeniemi 1983, Kartunen 1993), and
especially Harmonic Phonology (Goldsmith 1993) which includes both a reappli-
cative component within a level that allows an account of feeding relations, and a
single-step mapping between levels, which enables counter-feeding relations to be
captures.

Optimality Theory approaches the issue differently: because OT has no
rules, there can be no rule ordering. The theory more closely resembles the Direct
Mapping Hypothesis of Kenstowicz & Kisseberth 1978, since there are no inter-
mediate steps between the underlying and surface forms. In OT, a surface form is
selected directly, by reference to the relationship between the underlying form and
the surface form, with respect to a set of constraints that are evaluated in a particu-
lar order to be specified for the language. OT still requires a combinatoric device
with the permutational possibilities found with rule ordering, in the form of con-
straint ranking ˜ a grammar in OT is seen as a set of ranked (ordered) constraints,
so we face the question of possible permutations, in this case, permutations of the
set of constraints. However, derivationally intermediate forms are not part of an
OT account. Kiparsky 2000 proposes a hybrid model of Lexical Phonology and
Optimality theory, along lines conjectured by McCarthy & Prince 1993 for Axin-
inca Campa and other places in the OT literature, where a phonology has ordered
levels, but the content of each level is a single input-to-output mapping as typically
assumed for OT.
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Feature Theory

The discussion of sound systems has been conducted without attention to
what sounds are made of, as cognitive units. We have simply treated them as let-
ters, labeled by traditional articulatory descriptions. It is time now to raise a fun-
damental question: are segments analysed into “parts” that define them, or are they
truly atomic ˜ units which are not further divisible or analysable?

1. Scientific Questions About Speech Sounds

One of the scientific questions that can be asked about language is: what is
a possible speech sound? Humans can produce many more sounds than those
systematically used in language. One limitation on language regards modality ˜
lanuage sounds are produced exclusively within the mouth and nasal passages, in
the area between the lips and larynx. No language employs hand-clapping, finger-
snapping, or vibrations of air between the hand and cheek caused by release of air
from the mouth when obstructed by the palm of the hand (though such a sound can
communicate an attitude). Even staying within the vocal tract, languages also do
not, for example, use whistles or inhalation to form speech sounds, nor is a labio-
lingual trill (a.k.a. ‘the raspberry’) a speech sound in any language. It is important
to understand that even though these various odd sounds are not language sounds,
they may still be used in communication. The ‘raspberry’ in American culture
communicates a contemptuous attitude; in parts of coastal East Africa and Scandi-

This chapter explores the theory of representing language sounds as sym-
bolic units. You will:

• see that sounds are defined in terms of a fixed set of universal features
• learn the phonetic definitions of features, and how to assign feature val-

ues to segments based on phonetic properties
• understand how phonological rules are formalised in terms of those

features
• see how these features makes predictions about possible sounds and

rules in human language
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navia, inhaling with the tongue in the position for schwa expresses agreement.
Such noises lie outside of language, and we never find plurality indicated with
these sounds, nor are they surrounded by other sounds to form the word ‘dog’.
General communication, for all intents and purposes, has no systematic limitations
short of anatomical ones, but in language, only a restricted range of sounds can be
employed.

The issue of possible speech sounds is complicated by manual languages
such as American Sign Language. ASL is technically not be a counterexample to a
claim about modality framed in terms of ‘speech sounds’. But it is arbitrary to de-
clare manual language to be outside of the theory of language, and facts from such
languages are relevant in principle. Unfortunately, knowledge of the signed lan-
guages of the world is very restricted, especially in phonology. Signed languages
clearly have syntax: what isn’t clear is what they have by way of phonologies. Re-
searchers have only just begun to scratch the surface of sign language phonologies,
so unfortunately we can say nothing more about them here.

The central question then must be posed: what is the basis for defining
possible speech sounds?

1.1. Possible Differences in Sounds

One way to approach this is to collect samples of the sounds of all of the
languages in the world. This search (which has never been conducted) would re-
veal massive repetition, and would probably reveal that the segment [m] in English
is exactly the same as the segment [m] in French, German, Tu‰batu‰labal, Arabic,
Swahili, Chinese and innumerable other languages. It would also reveal differ-
ences, some of them perhaps a bit surprising. Given the richness of our transcrip-
tional resources for notating phonetic differences between segments, one might
expect that if a collection of languages had the same vowels transcribed as [i] and
[Ÿ], then these vowels should sound the same. This is not so.

Varieties of phonetic [i] vs. [Ÿ]. Many languages have this pair of vowels; for ex-
ample, Kimatuumbi has the vowels [i] and [Ÿ]. But the actual pronunciation of [i]
vs. [Ÿ] differs between English and Kimatuumbi. In Kimatuumbi, [i] is higher than
in English, and Kimatuumbi [Ÿ] is a bit lower than English [Ÿ] is ˜ to some people
it almost sounds like [e] (but is clearly different from [e], even the ‘pure’ [e] found
in Spanish). This might force us to introduce new symbols, so that we can accu-
rately represent these distinctions.1  Before we embark on a program of adding new
symbols, we should be sure that we know how many symbols we have to add. It
turns out that the pronunciation of [i] and [Ÿ] differs in many languages: these

                                             
1  This is done in most publications on Kimatuumbi, where the difference is notated as
‘extreme’ i�, u� versus ‘regular’ i, u.
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vowels exist in English, Kikamba, Elomwe, Kimatuumbi, Bari, Kipsigis, Didinga
and Sesotho, and the actual pronunciation of the vowels differs in each language.

You do not have to go very far into exotic languages to find this phonetic
difference, for the difference between English [i] and German [i] is also very no-
ticeable, and is something that a language-learner must master to develop a good
German or English accent. Although the difference may be difficult for the un-
trained ear to perceive at first, they are consistent and physically measurable. If
written symbols are to represent phonetic differences between languages, a totally
accurate transcription should represent these differences. To represent just this
range of vowel differences involving [i] and [Ÿ], over a dozen new symbols would
need to be introduced.

Other variants of sounds. Similar variation exists with other phonetic categories.
The retroflex consonants of Telugu, Hindi, and Ekoti are all pronounced differ-
ently. Hindi has what one might call ‘mild’ retroflexion, where the tip of the
tongue is placed just behind the alveolar ridge, while in Telugu, the tip of the
tongue is further back and contact is made between the palate and the underside of
the tongue (sub-laminal); in Ekoti, the tongue is placed further forward, but is also
sub-laminal. Finnish, Norwegian, and English contrast the vowels [a] and [£], but
in each of these languages the vowels are pronounced in a slightly different way.
The voiced velar fricative [å] found in Arabic, Spanish and the Kurdish language
Hawrami are all phonetically different in subtle but audible ways.

The important details of speech. We will not expand our transcription tools to
include as many symbols as needed to capture the myriad of fine distinctions be-
tween similar sounds of languages. Fine-tuning transcription is tangential to the
goals of phonology, and perfect accuracy is simply not possible. Auditory tran-
scriptions are limited in what they can do, and cannot be used to achieve exact re-
production of a speech event via symbols. If a speaker produces the English word
‘putt’ [p§t] 10,000 times, no utterance will be exactly identical to any other utter-
ance. They will be very similar, in ways which might be quantified mathemati-
cally, but they would not be exactly the same. Productions of the same word by
two speakers of the same language have a greater difference, and supposedly
similar utterances in different languages can be much more different. There is no
limit to the number of physically different utterances which humans can produce,
but there are also only a very small number of discrete transcriptional symbols.
The reason for this, as we have emphasised in Chapter 1, is that a transcription ap-
proximates speech, and omits properties which are unimportant to phonological
systems.

Such details are important to phonetics and its interface with phonology,
but must be studied quantitatively using acoustic measurements ˜ formant fre-
quencies or segment durations ˜ or articulatorily by measuring the position of the
tongue and lips. For the purposes of phonology, these languages have the same

Transcriptions actually
record a trained analyst’s
perception of a sound, and
are not derived by physical
analysis of speech wave-
forms. Transcriptions in-
clude possible perceptual
biases from the person
describing the language.
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vowels, [i] vs. [Ÿ]. The differences in pronunciation come from detail rules that are
part of the phonetic grammars of the languages.

What is important to phonology is not exactly how sounds are pronounced,
but what types of sound differences can be contrastive ˜ can form the basis for
making differences in meaning. Language can contrast tense [i] and lax [Ÿ], but
cannot further contrast a hyper-tense high vowel (like that found in Kimatuumbi)
which we could write as [i+] with plain tense [i] as in English, or hyper-lax [Ÿ-] as
in Kimatuumbi with plain lax [Ÿ] as found in English. Within a language, you find
at most [i] vs. [Ÿ]. Languages can have one series of retroflex consonant, and can-
not contrast Hindi-style [tä] with a Telegu-style phoneme which we might notate as
[tä+]. The phonology simply has “retroflex”, and it is up to the phonetic component
of a language to say exactly how a retroflex consonant is pronounced.

It is important to emphasise that these phonetic details are not too subtle to
hear. The difference between various retroflex consonants is quite audible, and the
difference between English and German [i] is appreciable. Children learning Ger-
man can hear and reproduce German [i] accurately. Speakers can also tell when
someone mispronounces a German [i] as an English [i], and bilingual German-
English speakers can easily switch between the two phonetic vowels.

What phonological theory wants to know is: what is a possible phoneme?
How might we answer this? We could look at all languages and publish a list. A
monumental difficulty with that is that there are nearly 7,000 languages, but useful
information on around 10% of these languages. Worse, this could only say what
phonemic contrasts exist at the present: it does not answer the really interesting
question, what the possible phonemes are, which may have existed in a language
spoken 1000 years ago, or some future language which will be spoken 1000 years
hence. We are not just interested in observation, we are interested in prediction.

In this connection, consider whether a ‘bilabial click’ is a possible pho-
neme. We symbolize it as [] ˜ it is like a kiss, but with the lips flat as for [m],
not protruded as for [w]. Virtually all languages have bilabial consonants, and we
know of dozens of languages with clicks consonants (Dahalo, Sesotho, Zulu,
Xhosa, Khoekhoe), so the question is whether the combination ‘bilabial’ and
‘click’ can define a phoneme. Such a sound does exist, but in only two closely re-
lated languages, !Xoo and Eastern =/Hoan, members of the Khoisan language fam-
ily. These languages have under 5,000 speakers combined, and given socio-
economic factors where these languages are spoken (Namibia and Botswana), it is
likely that the languages will no longer be spoken in 200 years. We are fortunate in
this case that we have information of these languages which allows us to say that
this is a phoneme, but things could have turned out differently. The languages
could easily have died out without having been recorded, and then we would
wrongly conclude that a bilabial click is not a possible phoneme because it has not
been observed. In posing the question of possible phonemes, we must be aware
that there can be accidental gaps in the database of observed phonemes.
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Predictions versus lists of observations. A list of facts is scientifically uninterest-
ing. A basic goal of science is having knowledge that goes beyond what we have
observed, because we believe that the universe obeys general laws. A list might be
a helpful in building a theory, but we would not want to stop with a list, because it
would give us no explanation why that particular list, as opposed to some other
arbitrary list, should constitute the possible phonemes of language. The question
‘what is a possible phoneme’ should thus be answered by reference to a general
theory of what speech sounds are made of, just as a theory of ‘possible atoms’ is
based on a general theory of what makes up atoms and rules for putting those bits
together. Science is not simply the accumulation and sorting of facts, but rather is
the attempt to discover laws that regulate the universe. Such laws make predictions
about things that we have yet to observe.

The Law of Gravity predicts that a rock will fall to earth, which say what it
will do and by implication what it will not do: it won’t go up or sideways. Physi-
cists have observed that subatomic particles decay into other particles. Particles
have electrical charge ˜ positive, negative or neutral ˜ and there is a physical
law that the charge of a particle is preserved when it decays (adding up the charges
of the decay products). The particle known as a “kaon” (K) can be positive (K+),
negative (K-) or neutral (K0); a kaon can decay into other particles known as
“pions” (π) which also can be positive (π+), negative (π-) or neutral (π0). Thus a
neutral kaon may become a positive pion and a negative pion (K0 • π+ + π-) or it
may become one positive, one negative and one neutral pion (K0 • π+ + π- + π0),
because in both cases the positives and negatives cancel out and the sum of charges
is neutral (0). The Law of Conservation of Charge allows these patterns of decay,
and prohibits a neutral kaon from becoming two positive pions (K0 • π+ + π+). Of
all of the myriad types of particle decay which have been observed, none of them
violate this law, a law which predicts what can happen and what cannot.

Analogously, phonological theory seeks to discover the laws for building
phonemes, which predict the possible phonemes of languages. We will see what
that theory, after considering a related question which defines phonology.

1.2. Possible Rules

Previous chapters have focused on rules, but we haven’t paid much atten-
tion to how they should be formulated. English has rules defining allowed clusters
of two consonants at the beginning of the word. The first set of consonant se-
quences in (1) is allowed, whereas the second set of sequences is disallowed.

(1) pr pl br bl tr dr kr kl gr gl
*rp *lp *rb *lb *rt *rd *rk *lk *rg *lg

This restriction is very natural and exists in many languages ˜ however, it is not
universal and does not reflect any insurmountable problems of physiology or per-
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ception. Russian allows many of these clusters, for example [rtuty] ‘mercury’ ex-
emplifies the sequence [rt] which is impossible in English.

We could list the allowed and disallowed sequences of phonemes and
leave it at that, but this does not explain why these particular sequences are al-
lowed. Why don’t we find a language which is like English, except that the spe-
cific sequence [lb] is allowed and the sequence [bl] is disallowed? An interesting
generalization regarding sequencing has emerged after comparing such rules
across languages. Some languages (e.g. Hawaiian) do not allow any clusters of
consonants and some (Bella Coola, a Salishan language of British Columbia) allow
any combination of two consonants, but no language allows initial [lb] without
also allowing [bl]. This is a more interesting and suggestive observation, since it
indicates that there is something about such sequences that is not accidental in
English; but it is still just a randomly fact from a list of accumulated facts, if we
have no basis for characterising classes of sounds, and view the restrictions as re-
strictions on letters, as sounds with no structure.

There is a rule in English which requires that all vowels be nasalized when
they appear before a nasal consonant, and thus we have a rule something like (2).

(2) ¢  e  Ÿ  i ¢†  e†  Ÿ†  ™´
a  ¥  o  ¡ • a†  ¥†  o†  ¡† / ___  m, n, Ï
u  ¦  £ u†  ¦†  £†

If rules just replace one arbitrary list of sounds by another list when they stand in
front of a third arbitrary list, we have to ask why these particular sets of symbols
operate together. Could we replace the symbol [n] with the symbol [c‡], or the sym-
bol [o†] with the symbol [o‰], and still have a rule in some language? It is not likely
to be an accident that these particular symbols are found in the rule: a rule similar
to this can be found in quite a number of languages, and we would not expect this
particular collection of letters to assemble themselves into a rule in many lan-
guages, if these were just random collections of letters.

Were phonological rules stated in terms of randomly assembled symbols,
there would be no reason to expect (3a) to have a different status from (3b).

(3) a. {p,t,c‡,k}  • {m,n,n†,Ï}/ ___ {m,n,n†,Ï}
b. {b,p,d,q} • {d,q,b,p} / ___ {s,x,o,Ò}

Rule (3a) ˜ nasalization of stops before nasals ˜ is quite common, but (3b) is
never found in human language. This is not an accident, but rather reflects the fact
that the latter process cannot be characterized in terms of a unified phonetic opera-
tion applying to a phonetically defined context. The insight which we have im-
plicitly assumed, and make explicit here, is that rules operate not in terms of spe-
cific symbols, but in terms of defineable classes. The basis for defining those
classes is a set of phonetic properties.
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As a final illustration of this point, rule (4a) is common in the world’s lan-
guages but (4b) is completely unattested.

(4) a. k,g • c‡,š‡ / __ i,e
b. p,r • i,b / __ o,n

The first rule refers to phonetically definable classes of segments (velar stops, al-
veopalatal affricates, front vowels), and the nature of the change is definable in
terms of a phonetic difference (velars change place of articulation and become al-
veopalatals). The second rule cannot be characterised by phonetic properties: the
sets {p,r}, {i,b} and {o,n} are not defined by some phonetic property, and the
changes of [p] to [i] and [r] to [b] has no coherent phonetic characterisation.

These are not just isolated limitations of knowledge, but rather represent
extremely large, systematic classes of rule types. (3b) and (4b) are more than just
specific rules accidentally missing from the collection of rules which we have dis-
covered so far, they represent a general class of rule, ones where classes of seg-
ments are defined arbitrarily. Consider the constraint on clusters of two consonants
in English. In terms of phonetic classes, this reduces to the simple rule that the first
consonant must be a stop and the second consonant must be a liquid.2  The second
rule changes vowels into nasalized vowels before nasal consonants. The basis for
defining these classes will be considered now.

2. Distinctive feature theory

Just saying that rules are defined in terms of phonetic properties is too
broad a claim, since it says nothing about the phonetic properties that are relevant.
Consider a hypothetical rule, stated in terms of phonetic properties:

all vowels change place of articulation so that the original difference in
formant frequency between F1 and F3 is reduced to 1/2 what it originally
was, when the vowel appears before a consonant whose duration ranges
from 100 to 135 msc.

What renders this rule implausible (no language has one vaguely resembling it) is
that it refers to specific numerical durations, and to the difference in frequency
between the first and third formant.

The phonetic properties which are the basis of phonological systems are
general and somewhat abstract, such as voicing or rounding, and largely are the
categories which we have informally been using already: they are not the same, as
we will see. The hypothesis of distinctive feature theory is that there is a small set,

                                             
2  This is not the only rule governing consonant sequences at the beginning of the word in English, so
for example the voiceless alveolar fricative [s] can be followed by any non-fricative.
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around two dozen, of phonetically-based properties which phonological analysis
uses. These properties, the distinctive features, not only define the possible pho-
nemes of human languages, but also define phonological rules. The classical
statement of features derives from Chomsky & Halle 1968. We will use an adapted
set of these features, which takes into consideration refinements. Each feature can
have one of two values, plus and minus, so for each speech sound, the segment
either has the property (is [+Fi]) or lacks the property (is [-Fi]). In this section, we
follow Chomsky & Halle 1968 and present the generally-accepted articulatory cor-
relates of the features, that is, what aspects of production the feature relates to.
There are also acoustic and perceptual correlates of features, pertaining to what the
segment sounds like, which are discussed by Jakobson, Fant & Halle 1952 using a
somewhat different system of features.3 

2.1. Phonetic Preliminaries

By way of phonetic background to understanding certain features, two
phonetic points need to be clarified. First, some features are characterised in terms
of the ‘neutral position’, which is a configuration that the vocal tract is assumed to
have immediately prior to speaking. The neutral position, approximately that of the
vowel [¢], defines relative movement of the tongue.

Second, you need to know a bit about how the vocal folds vibrate, since
some feature definitions relate to the effect on vocal fold vibration (which is im-
portant, because it provides nearly all of the sound energy of speech). The vocal
folds vibrate when there is enough air pressure below the glottis (the opening be-
tween the vocal folds) to force the vocal folds apart. This opening reduces subglot-
tal pressure, which allows the folds to close, which then allows air pressure to re-
build to the critical level where the vocal folds are blown apart again. The critical
factor that causes the folds to open is that the pressure below the vocal folds is
higher than the pressure above.

Air flows from the lungs at a roughly constant rate. Whether there is
enough drop in pressure for air to force the vocal folds open is thus determined by
the positioning and tension of the vocal folds (how hard it is to force them apart),
and the pressure above the glottis. The pressure above the glottis depends on how
effectively pressure buildup can be relieved, and this is determined by the degree
of constriction in the vocal tract. In short, the configuration of the vocal folds, and
the degree and location of constriction above the glottis almost exclusively deter-
mine whether there will be voicing.

If the pressure above and below the glottis are nearly equal, air stops
flowing and voicing is blocked. So if the vocal tract is completely obstructed (as

                                             
3  An acoustic description considers just physical sound, but a perceptual description factors in the
question of how the ear and brain process sound. The difference between 100 Hz and 125 Hz is
acoustically the same as that between 5,100 Hz and 5,125 Hz. The two sets are perceptually very
different, the former being perceived as ‘more separate’ and the latter as virtually indistinguishable.
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for the production of a voiceless stop like [k]), air flowing through the glottis rap-
idly equalizes the pressure below and above the glottis, which stops voicing. On
the other hand, if the obstruction in the vocal tract is negligible (as it is for example
in the vowel [a]), the pressure differential needed for voicing is easily maintained,
since air passing through the glottis is quickly vented from the vocal tract.

A voiced stop such as [g] is possible, even though it involves a total ob-
struction of the vocal tract analogous to that found in [k], because it takes time for
pressure to build up in the oral cavity to the point that voicing ceases. Production
of [g] involves ancilliary actions to maintain voicing. For example, the pharynx
may be widened, which gives the air more room to escape, delaying the buildup of
pressure. The larynx may be lowered, which also increases the volume of the oral
cavity; the closure for the stop may be weakened slightly, allowing tiny amounts of
air to flow through; the velum may be raised somewhat to increase the size of the
air cavity, or it may be lowered somewhat to allow small (usually imperceptible)
amounts of air to pass through the nose. The duration of the consonant can be re-
duced ˜ generally, voiced stops are phonetically shorter than corresponding
voiceless stops are.

Certain sounds such as vowels lack a radical constriction in the vocal tract,
so it is quite easy to maintain voicing during such sounds, whereas with other
sounds, specifically obstruents, voicing is difficult to maintain. Some accounts of
this distinction, especially that of Chomsky & Halle 1968, refer to ‘spontaneous
voicing’, which is grounded on the assumption that voicing occurs automatically
simply by positioning the vocal folds in what we might call the ‘default’ position.
For sounds that involve a significant obstruction of the vocal tract, special actions
are required for voicing. The features [sonorant] and [consonantal] directly relate
to the obstruction in the vocal tract, which determines whether the vocal folds vi-
brate spontaneously.

2.2. Major Class Features

One of the most intuitive distinctions which feature theory needs to cap-
ture is that between consonants and vowels. There are three features, the so-called
major class features, which provide a rough first grouping of sounds into func-
tional types that includes the consonant/vowel distinction.

syllabic: forms a syllable peak (and thus can be stressed).
sonorant: sounds produced with a vocal tract configuration in which

spontaneous voicing is possible.
consonantal: sounds produced with a major obstruction in the oral cavity.

The feature [syllabic] is, unfortunately, simultaneously one of the most
important features and one of the hardest to define physically. It corresponds intui-
tively to the notion ‘consonant’ (where [h], [y], [m], [s] [t] are ‘consonants’) ver-
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sus ‘vowel’ (such as [a], [i]): indeed the only difference between the vowels [i,u]
and the corresponding glides [y,w] is that [i,u] are [+syllabic] and [y,w] are
[-syllabic]. The feature [syllabic] goes beyond the intuitive vowel/consonant split.
English has phonetic syllabic sonorants, such as [r �], [l �], [n �]. The main distinction
between the English words (American English pronunciation) “ear” [Ÿr] and
“your” [yr �] resides in which segments are [+syllabic] versus [-syllabic]. In “ear”,
the vowel [Ÿ] is [+syllabic] and [r] is [-syllabic], whereas in “your”, [y] is
[-syllabic] and [r�] is [+syllabic]. The words “eel” [il] and the reduced form of
“you’ll” [yl �] for many speakers of American English similarly differ in that [i] is
the peak of the syllable (is [+syllabic]) in “eel”, but [l �] is the syllable peak in
“you’ll”.

Other languages have syllabic sonorants which phonemically contrast with
nonsyllabic sonorants, such as Serbo-Croatian which contrasts syllabic [r�] with
nonsyllabic [r] (cf. groze ‘fear (gen.)’ versus gr�oce ‘little throat’). Swahili distin-
guishes [mbuni] “ostrich” and [m�buni] “coffee plant” in the fact that [m �buni] is a
three-syllable word and [m�] is the peak (the only segment) of that first syllable, but
[mbuni] is a two syllable word, whose first peak is [u]. Although such segments
may be thought of as ‘consonants’ in one intuitive sense of the concept, they have
the feature value [+syllabic]. This is a reminder that there is a difference between
popular concepts about language and technical terms. ‘Consonant’ is not strictly
speaking a technical concept of phonological theory, even though it is quite fre-
quently used by phonologists ˜ almost always with the meaning ‘non-peak’ in the
syllable, i.e. a [-syllabic] segment.

The feature [sonorant] captures the distinction between segments such as
vowels and liquids where the constriction in the vocal tract is small enough that no
special effort is required to maintain voicing, as opposed to sounds such as stops
and fricatives which have enough constriction that effort is needed to maintain
voicing. In an oral stop, air cannot flow through the vocal tract at all, so oral stops
are [òsonorant]. In a fricative, even though there is some airflow, there is so much
constriction that pressure builds up, so that spontaneous voicing is not possible,
thus fricatives are [òsonorant]. In a vowel or glide, the vocal tract is only minimally
constricted so air can flow without impedance: vowels and glides are therefore
[+sonorant]. A nasal consonant like [n] has a complete obstruction of airflow
through the oral cavity, but nevertheless the nasal passages are open which allows
free flow of air. Air pressure does not build up during the production of nasals, so
nasals are [+sonorant]. In the liquid [l], there is a complete obstruction formed by
the tip of the tongue with the alveolar ridge, but nevertheless air flows freely over
the sides of the tongue so [l] is [+sonorant].

The question whether r is [+sonorant] or [-sonorant] has no simple answer,
since many phonetically different segments are transcribed as r; some are
[òsonorant] and some are [+sonorant], depending on their phonetic properties. The
soòcalled fricative r of Czech (spelled r‡) has a considerable constriction, so it is
[-sonorant], but the English-type [r] is a sonorant since there is very little constric-
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tion. In other languages there may be more of a constriction, but the constriction is
so brief that it does not allow significant buildup of air pressure (this would be the
case with ‘tapped’ r’s). Even though spontaneous voicing is impossible for the
laryngeal consonants [h,Ü] because they are formed by positioning the vocal folds
so that voicing is precluded, they are [+sonorant] since they have no constriction
above the glottis.4 

The feature [consonantal] is very similar to the feature [sonorant], but
specifically addresses the question of whether there is any major constriction in the
oral cavity. This feature groups together obstruents, liquids and nasals which are
[+consonantal], versus vowels, glides and laryngeals ([h,Ü]) which are
[òconsonantal]. Vowels and glides have a minor obstruction in the vocal tract,
compared to that formed by a fricative or a stop. Glottal stop is formed with an
obstruction at the glottis, but none in the vocal tract, hence it is [-consonantal]. In
nasals and liquids, there is an obstruction in the oral cavity, even though the
overall constriction of the whole vocal tract is not high enough to prevent sponta-
neous voicing. Recent research indicates that this feature may not be necessary,
since its function is usually covered as well or better by other features.

The most important phonological use of features is that they identify
classes of segments in rules. All speech sounds can be analysed in terms of their
values for the set of distinctive features, and the set of segments that have a par-
ticular value for some feature (or set of feature values) is a natural class. Thus the
segments [a i r � m�] are members of the [+syllabic] class, and [y h Ü r m s p] are
members of the [-syllabic] class; [a r � y Ü r m] are in the [+sonorant] class and [s z p
b] are in the [-sonorant] class; [a i w h Ü] are in the [-consonantal] class and [r � m� r
m s p] are in the [+consonantal] class. Natural classes can be defined in terms of
conjunctions of features, such as [+consonantal, -syllabic] which refers to the set
of segments which are simultaneously [+consonantal] and [-syllabic]. Accordingly,
the three major class features combine to define six classes, exemplified by the
following segment groups.

(5) a,i,u r �,l�,m� y,w h,Ü r,l,m s,z,p,b
syllabic + + - - - -
sonorant + + + + + -
consonantal - + - - + +

One thing to note is that all [+syllabic] segments, i.e. all syllable peaks, are also
[+sonorant]. It is unclear whether there are syllabic obstruents, i.e. [s�], [k �]. It has
been claimed that such things exist in certain dialects of Berber, but their interpre-
tation remains controversial, since the principles for detection of syllables are con-

                                             
4  The definitions of [sonorant] could be changed so that glottal configuration is also included, so that
the laryngeals would be [-sonorant]. There is little compelling evidence to show whether this would
be correct; later, we discuss how to go about finding such evidence for revising feature definitions.
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troversial. Another gap is the combination [-sonorant, -consonantal], which would
be a physical impossibility. A [-sonorant] segment would require a major obstruc-
tion in the vocal tract, but the specification [-consonantal] entails that the obstruc-
tion could not be in the oral cavity. The only other possibility would be constric-
tion of the nasal passages, and nostrils are not sufficiently constrictable.

2.3. Place of Articulation

Features to define place of articulation are our next functional set. We be-
gin with the features typically used by vowels, specifically the [+syllabic,
-consonantal,+sonorant] segments, and then procede to consonant features, ending
with a discussion of the intersection of these features.

Vowel place features. The features which define place of articulation for vowels
are the following.

high: the body of the tongue is raised from the neutral position.
low: the body of the tongue is lowered from the neutral position.
back: the body of the tongue is retracted from the neutral position.
round: the lips are protruded.
tense: sounds requiring deliberate, accurate, maximally distinct gestures

that involves considerable muscular effort.
advanced tongue root: produced by drawing the root of the tongue for-

ward.

The main features are [high], [low], [back] and [round]. Phonologists pri-
marily distinguish just front and back vowels, governed by [back]: front vowels are
[-back] since they do not involve retraction of the tongue body, and back vowels
are [+back]. Phonetic central vowels are usually treated as phonological back
vowels, since typically central vowels are unrounded and back vowels are rounded.
Distinctions such as between the mid vowels [], [¦], [], [] and [§], or the high
vowels [i �], [u �] and [¬], are considered to be phonologically unimportant over-
differentiations of language-specific phonetic values of phonologically back un-
rounded vowels. In lieu of clear examples of a contrast between central and back
rounded vowels, or central and back unrounded vowels, we will not at the moment
postulate any feature for the frontòback dimension, though section 6 considers evi-
dence for the phonological relevance of the concept ‘central vowel’.

Two main features are employed to represent vowel height. High vowels
are [+high] and [òlow], low vowels are [+low] and [òhigh]. No vowel can be simul-
taneously [+high] and [+low] since the tongue cannot be raised and lowered simul-
taneously; mid vowels are [òhigh,òlow]. In addition, any vowel can be produced
with lip rounding, using the feature [round]. These features allow us to character-
ize the following vowel contrasts.
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(6) i u‰ i½ u e o‰ § o £ ¤ ¨ 
high + + + + - - - - - - - -
low - - - - - - - - + + + +
back - - + + - - + + - - + +
round - + - + - + - + - + - +

Note that [¨] is a back low unrounded vowel, in contrast to the symbol [] for a
back low rounded vowel. As noted in chapter 2, IPA uses more vowel symbols that
are typical for reporting linguistic data, especially among low vowels which in-
cludes [£ a © ¨ ]. Phonological sources typically use <a> to indicate a low non-
round, non-front vowel ˜ IPA [¨] ˜  and do not distinguish <a>, <¨> or <©>.

Vowels with a laxer, ‘less deliberate’ and lower articulation, such as [Ÿ] in
English ‘sit’ or [¢] in English ‘set’ would be specified as [-tense].

(7) Ÿ ¡‰ Ÿ � ¡ ¢ ¥‰ ¦ ¥
high + + + + - - - -
low - - - - - - - -
back - - + + - - + +
round - + - + - + - +
tense - - - - - - - -

One question which has not been resolved is the status of low vowels in terms of
this feature. Unlike high and mid vowels, there do not seem to be analogous con-
trasts between low vowels between tense vs. lax [£]. Another important point
about this feature is that while [back], [round], [high] and [low] will also play a
role in defining consonants, [tense] plays no role in consonantal contrasts.

The difference between i and Ÿ, or e and ¢ has also been considered to be
one of vowel height (proposed in alternative models where vowel height is gov-
erned by a single scalar vowel height feature, rather than by the binary features
[high] and [low]). This vowel contrast has also been described in terms of the fea-
tures ‘Advanced Tongue Root’ (ATR), especially in the vowel systems of lan-
guages of Africa and Siberia. There has been debate over the phonetic difference
between [ATR] and [tense]. Typically, [+tense] front vowels are fronter than their
lax counterparts, and [+tense] back vowels are backer than their lax counterparts.
In comparison, [+ATR] vowels are supposed to be generally fronter than corre-
sponding [-ATR] vowels are, so that [+ATR] back vowels are phonetically fronter
than their [-ATR] counterparts. However, some articulatory studies have shown
that the physical basis for the tense/lax distinction in English is no different from
that which ATR is based on. Unfortunately, the clearest examples of the feature
[ATR] are found in languages of Africa, where very little phonetic research has
been done. Since no language contrasts both [ATR] and [tense] vowels, it is usu-
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ally supposed that there is a single feature, whose precise phonetic realization var-
ies somewhat from language to language.

Consonant place features. The main features used for defining consonantal place
of articulation are the following.

coronal: produced with the blade or tip of the tongue raised from the neu-
tral position.

anterior: produced with an obstruction located at or in front of the alveo-
lar ridge.

strident: produced with greater noisiness.
distributed: produced with a constriction that extends for a considerable

distance along the direction of air flow.

Place of articulation in consonants is primarily described with the features
[coronal] and [anterior]. Labials, labiodentals, dentals and alveolars are [+anterior]
since their primary constriction is in front of the alveolar ridge (either with the lips,
the teeth, or just back of the teeth) whereas other consonants (including laryngeals)
are [òanterior], since they lack this forward constriction. The best way to under-
stand this feature is to remember that it is the defining difference between [s] and
[s‡], where [s] is [+anterior] and [s‡] is [-anterior]. Anything produced where [s] is
produced, or in front of that position, is therefore [+anterior]; anything produced
where [s‡] is, or behind [s‡] is [-anterior].

(8) [+anterior] [-anterior]
f  Ç  p  È  s  t‹  t s‡  c‡  sä  tä  c �  x  k  q  Û  h  Ü

Consonants which involve the blade or tip of the tongue are [+coronal],
and this covers the dentals, alveolars, alveopalatals and retroflex consonants. Con-
sonants at other places of articulation ˜ labial, velar, uvular and laryngeal ˜ are
[òcoronal]. Note that this feature does not encompass the body (back) of the
tongue, so while velars and uvulars use the tongue, they use the body of the tongue
rather than the blade or tip, and therefore are [-coronal]. The division of conso-
nants into classes as defined by [coronal] is illustrated below.

(9) [+coronal] [-coronal]
t‹ È t s s‡ n l r n† tä p Ç f k q Û

Two other features are important in characterizing the traditional places of
articulation. The feature [distributed] is used in coronal sounds to distinguish den-
tal [t»] from alveolar [t], or alveopalatal [s‡] from retroflex [sä]: the segments [t»,s‡] are
[+distributed] and [t,sä] are [òdistributed]. The feature [distributed], as applied to
coronal consonants, corresponds to the traditional phonetic notion ‘apical’
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([-distributed]) versus ‘laminal’ ([+distributed]): this feature is not relevant for
velar and labial sounds and we will not specify any value of [distributed] for non-
coronal segments.

The feature [strident] distinguishes strident [f,s] from nonstrident [Ç,È]:
otherwise, the consonants [f,Ç] would have the same feature specifications. Note
that the feature strident is defined in terms of the aerodynamic property of greater
turbulence (which has the acoustic correlate of greater noise), not in terms of the
movement of a particular articulator ˜ this defining characteristic is accomplished
by different articulatory configurations. In terms of contrastive usage, the feature
[strident] only serves to distinguish bilabial and labiodentals, or interdentals and
alveolars. A sound is [+strident] only if it has greater noisiness, and ‘greater’ im-
plies a comparison. In the case of [Ç] versus [f], [Ä] versus [v], [È] versus [s], or
[Å] versus [z] the second sound in the pair is noisier. No specific degree of absolute
noisiness has been proposed which would allow one to determine in isolation
whether a given sound meets the definition of strident or not. Thus it is impossible
to determine whether [s‡] is [+strident], since there is no contrast between strident
and non-strident alveopalatal sounds. The phoneme [s‡] is certainly relatively noisy
˜ noisier than [È] is ˜ but then [È] is noisier than [Ç] is.

[Strident] is not strictly necessary for making a distinction between [s] and
[È], since [distributed] also distinguishes these phonemes. Since [strident] is there-
fore only crucial for distinguishing bilabial and labial fricatives, it seems question-
able to postulate a feature with such broad implications solely to account for the
contrast between labiodental and bilabial fricatives. Nonetheless, we need a way of
representing this contrast. The main problem is that there are very few languages
(such as Ewe, Venda and Shona) which have both [f] and [Ç], or [v] and [Ä], and
the phonological rules of these languages do not give us evidence as to how this
distinction should be made in terms of features. We will therefore only invoke the
feature [strident] in connection with the [Ç,Ä] vs. [f,v] contrast.

Using these three features, consonantal places of articulation can be par-
tially distinguished as follows.

(10) p t» t c‡ tä k,q,Û,Ü
anterior + + + - - -
coronal - + + + + -
distributed + - + -

Vowel features on consonants. The features [high], [low], [back] and [round] are
not reserved exclusively for vowels, and these typical vowel features can play a
role in defining consonants as well. As we see in (10), velar, uvular, pharyngeal
and glottal places of articulation are not yet distinguished; this is where the fea-
tures [high], [low] and [back] become important. Velar, uvular and pharyngeal
consonants are [+back] since they are produced with a retracted tongue body. The
difference between velar and uvular consonants is that with velar consonants the
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tongue body is raised, whereas with uvular consonants it is not, and thus velars are
[+high] where uvulars are [òhigh]. Pharyngeal consonants are distinguished from
uvulars in that pharyngeals are [+low] and uvulars are [-low], indicating that the
constriction for pharyngeals is even lower than that for uvulars.

One other traditional phonetic place of articulation for consonants is that
of ‘palatal’ consonants. The term ‘palatal’ is used in many ways, for example the
post-alveolar or alveo-palatal (palato-alveolar) consonants [s‡] and [c‡] might be ref-
ered to as palatals. This is strictly speaking a misnomer, and the term ‘palatal’ is
best used only for the ‘true palatals’, transcribed in IPA as [c c� Ã]. Such consonants
are found in Hungarian, and also in German in words like [ic�] ‘I’ or in Norwegian
[c�o‰:per] ‘buys’. These consonants are produced with the body of the tongue raised
and fronted, and therefore they would have the feature values [+hi,-back]. The
classical feature system presented here provides no way to distinguish such pal-
atals from palatalized velars ([ky]) either phonetically or phonologically. Palatal-
ized (fronted) velars exist as allophonic variants of velars before front vowels in
English e.g. [kyip] ‘keep’; they are articulatorily and acoustically extremely similar
to the palatals of Hungarian. Very little phonological evidence is available regard-
ing the treatment of ‘palatals’ versus ‘palatalized velars’: it is quite possible that
[c] and [ky], or [c�] and [xy], are simply different symbols, chosen on the basis of
phonological patterning rather than systematic phonetic differences.

With the addition of these features, the traditional places of articulation for
consonants can now be fully distinguished.

(11) p t» t c‡ tä c,ky k q Û Ü
anterior + + + - - - - - - -
coronal - + + + + - - - - -
distributed  + - + -
hi - - - - - + + - - -
back - - - - - - + + + -
low - - - - - - - - + -

The typical vowel features have an additional function as applied to con-
sonants, namely that they define secondary articulations such as palatalization and
rounding. Palatalization involves superimposing the raised and fronted tongue
position of the vowel [i] or the glide [y] onto the canonical articulation of a conso-
nant, thus the features [+high,òback] are added to the primary features that charac-
terise a consonant (those being the features that typify [i,y]). So, for example, the
essential feature characteristics of a bilabial are [+anterior,-coronal] and they are
only incidentally [-hi,-back]. A palatalized bilabial would thus be [+anterior,-
coronal,+hi,-back]. Velarized consonants would then have the features
[+high,+back] analogous to the features of velar consonants; pharyngealized con-
sonants would have the features [+back,+low]. Consonants may also bear the fea-
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ture [round]. Applying various possible secondary articulations to labial conso-
nants results in the following specifications.

(12) p py pÆ,p¬ pw pw‰ pÛ pq po po‰

hi - + + + + - - - -
back - - + + - + + + -
low - - - - - + - - -
round     - - - + + - - + +

Labialised (pw), palatalised (py), velarised (pÆ,p¬) and pharyngealised (pÛ) variants
are the most common categories of secondary articulation. Uvularised consonant,
i.e. pq, are rare: uvularized clicks are attested in Ju /’hoansi. It is unknown if there
is a contrast between rounded consonants differing in secondary height, symbol-
ised above as pw vs. po or pw‰ vs. po‰. Feature theory allows such a contrast, so even-
tually we ought to find examples. If, as seems likely after some decades of re-
search, such contrasts do not exist where predicted, there should be a revision of
the theory, so that the predictions of the theory better match observations.

This treatment of secondary articulations makes other predictions. One is
that there cannot be palatalized uvulars or pharyngeals. This follows from the fact
that the features for palatalization ([+high,-back]) conflict with the features for
uvulars ([-hi,+back]) and pharyngeals ([-hi,+back,+low]). Since such segments do
not appear to exist, this supports the theory: otherwise we expect ˜ in lieu of a
principle that prohibits them ˜ that they will be found in some language. Second,
in this theory a ‘pure’ palatal consonant (such as Hungarian [Í]) is equivalent to a
palatalized (i.e. fronted) velar. Again, since no language makes a contrast between
a palatal and a palatalised velar, this is a good prediction of the theory (unless such
a contrast is uncovered, in which case it becomes a bad prediction of the theory).

2.4. Manner of Articulation

Other features relate to the manner in which a segment is produced, apart
from the location of the segment’s constriction. The manner features are:

continuant: the primary constriction is not narrowed so much that air flow
through the oral cavity is blocked.

delayed release: release of a total constriction is slowed so that a fricative
is formed after the stop portion.

nasal: the velum is lowered which allows air to escape through the nose.
lateral: the mid section of the tongue is lowered at the side.

The feature [continuant] groups together vowels, glides, fricatives and [h]
as [+continuant]. Note that [continuant] is a broader group than the traditional no-
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tion ‘fricative’ which refers to segments such as [s], [s‡] or [È]. The term ‘fricative’
generally refer to non-sonorant continuants, i.e. the class defined by the conjunc-
tion of features [+continuant,-sonorant]. Since continuants are defines as sounds
where air can flow continuously through the oral cavity, nasals like [m n Ï] are [-
continuant], even though they allow continuous air flow (through the nose).

Affricates such as [c‡, pf] are characterised with the feature [+delayed re-
lease]. Necessarily, all affricates are [òcontinuant], since they involve complete
constriction followed by a period of partial fricative-like constriction, and therefore
they behave essentially as a kind of stop. This feature is in question, since [pf c‡ kx]
do not act as a unified phonological class; nevertheless, some feature is needed to
characterise stops versus affricates. Various alternatives have been proposed, for
example that [kx] might just be the pronunciation of aspirated [kh] since velar [kx]
and [kh] never contrast; perhaps the feature [strident] defines [ts] vs. [t]. The proper
representation of affricates is a currently unsolved issue in phonology.

The feature [+nasal] is assigned to sounds where air flows through the na-
sal passages, for example [n] as well as nasalised vowels like [a†]. Liquids and
fricatives can be nasalised as well, but the latter especially are quite rare. Lòlike
sounds are characterised with the feature [lateral]. Almost all [lateral] sounds are
coronal, though there are a few reports of velar laterals: detailed information on the
phonetics and phonology of these segments is not available.

Examples of the major manners of articulation are illustrated below, for
coronal place of articulation.

(13) t n ts s l tl = à �

delayed release - - + - - +
continuant - - - + + -
lateral - - - - + +

2.5. Laryngeal Features

Three features characterise the state of the glottis.

spread glottis: the vocal folds are spread far apart.
constricted glottis: the vocal folds are tightly constricted.
voice: the vocal folds vibrate.

Voiced sounds are [+voice]. The feature [spread glottis] describes aspirated ob-
struents ([ph], [bh]) and breathy sonorants ([mì], [aì]); [constricted glottis] describes
implosive ([Ë]) and ejective obstruents ([p’]), and laryngealized sonorants ([më],
[aë]).

How to distinguish implosives from ejectives is not entirely obvious, but
the standard answer is that ejectives are [-voice] and implosives are [+voice].
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There are two problems with this. One is that implosives do not generally pattern
with other [+voiced] consonants in phonological systems, especially in how con-
sonants affect tone (voiced consonants, but typically not implosives, may lower
following tones). The second is that Ngiti and Lendu have both voiced and voice-
less implosives. The languages lack ejectives, which raises the possibility that
voiceless implosives are phonologically [-voice,+c.g], which is exactly the specifi-
cation given to ejective consonants. You may wonder how [-voice,+c.g.] can be
realised as an ejective in languages like Navajo, Tigre or Lushootseed, and as a
voiceless implosive in Ngiti or Lendu. This is possible because feature values give
approximate phonetic descriptions, not exact ones. The Korean ‘fortis’ consonants,
found in [k’ata] “peel (noun)”, [ak’i] “musical instrument” or [alt’a] “be ill” are
often described as glottalised, and phonetic studies have shown that they are pro-
duced with glottal constrictions: thus they would be described as [-voice,+c.g].
Nevertheless, they are not ejectives. Similarly, Khoehoe (Nama) has a contrast
between plain clicks ([!a�m−] ‘deep’) and glottalised ones ([!’a−m„] ‘kill’), but the
glottalised clicks realise the feature [+c.g.] as a simple constriction of the glottis,
not involving an ejective release.

The usual explanation for the difference between ejectives in Navajo and
glottalised non-ejective consonants in Korean or Khoekhoe is that they have the
same phonological specifications, [-voice,+c.g.], but realise the features differently
due to language specific differences in principles of phonetic implementation. This
is an area of feature theory where more research is required.

The representations of laryngeal contrasts in consonants are given below.

(14) p b Ë p’ ph bÚ

voice - + + - - +
c.g. - - + + - -
s.g. - - - - + +

2.6. Prosodic Features

Finally, in order to account for the existence of length distinctions, and to
represent stressed versus unstressed vowels, two other features were proposed.

long: has greater duration.
stress: has greater emphasis, higher amplitude and pitch, longer duration.

These are obvious: long segments are [+long] and stressed vowels are [+stress].
A major lacuna in the Chomsky & Halle 1968 account of features is a lack

of features for tone. This is remedied in Chapter 11 when we introduce nonlinear
representations. For the moment, we can at least assume that tones are governed by
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a binary feature [±High-tone] ˜ this allows only two levels of tone, but we will
not concentrate heavily on languages with more than two tone levels.

2.7. Summary of Feature Values

Features combine quite freely, so we cannot give a complete list. By
learning some specific feature values and applying your knowledge of the meaning
of features, it should be possible to arrive at the feature values of other segments.
This is, of course, possible only if you know relevant phonetic details of the sound
that you are considering. In order to know the feature values of [ç], you need to
know that this is the symbol for a retroflex lateral approximant, thus it has the
features appropriate for [l], and it also has the features that characterize retroflex
consonants, which are [-ant,-dist]. If you do not know the phonetic characteristics
of the segment symbolized as [Û], it is necessary to first understand its phonetic
properties ˜ it is a voiced pharyngeal continuant ˜ before trying to deduce its
feature values. In reading descriptions of languages, it is also important to under-
stand that a symbol used in published data on a language is not always used ac-
cording to a particular standard of phonetic transcription practices at the moment,
so read the phonetic descriptions of letters in the grammar carefully!

The standard feature values for the consonants of (American) English are
given in (15), to help you understand how the entire set of features is applied to the
sound inventory of a language which you are familiar with.

(15) p t c‡ k b d j‡ g f v È Å
syl. - - - - - - - - - - - -
son. - - - - - - - - - - - -
cons. + + + + + + + + + + + +
cont. - - - - - - - - + + + +
del.rel. - - + - - - + - - - - -
lat. - - - - - - - - - - - -
nas - - - - - - - - - - - -
voi. - - - - + + + + - + - +
c.g. - - - - - - - - - - - -
s.g. (- - - -) - - - - - - - -
ant. + + - - + + - - + + + +
cor. - + + - - + + - - - + +
dist. - + - + + +
hi - - - + - - - + - - - -
lo - - - - - - - - - - - -
back - - - + - - - + - - - -
round - - - - - - - - - - - -
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s z s‡ z‡ h Ü m n Ï r l y w
syl. - - - - - - - - - - - - -
son. - - - - + + + + + + + + +
cons. + + + + - - + + + - + - -
cont. + + + + + - - - - + + + +
del.rel. - - - - - - - - - - - - -
lat. - - - - - - - - - - + - -
nas - - - - - - + + + - - - -
voi. - + - + - - + + + + + + +
c.g. - - - - - + - - - - - - -
s.g. - - - - + - - - - - - - -
ant. + + - - - - + + - - + - -
cor. + + + + - - - + - + + - -
dist. - - + + - - -
hi - - - - - - - - + + - + +
lo - - - - - - - - - - - - -
back - - - - - - - - + + - - +
round - - - - - - - - - - - - +

The assignment of [spread glottis] ˜ aspiration ˜ in English stops varies accord-
ing to context, so the value [-s.g.] is in parenthesis in the chart because both values
of this feature are found on the surface, depending on context. The value [-s.g.]
represents the underlying value.

Vowel feature summary. Certain feature values are uniform for all vowels: [+syl,
-cons, +son, +cont, -del.rel., -cor, -ant, -lat, -dist.]. Typically, vowels are also
[+voice,-s.g,-c.g.]. There are languages such as Mazateco and !Xoo where breathy
voicing and glottalization are used contrastively, so in these languages [+s.g.] and
[+c.g.] are possible specifications. A number of languages have phonetic voiceless
vowels, but the phonological status of voiceless vowels is not so clear, thus it may
be that there are no phonologically [-voice] vowels. Values of the main features
used to distinguish vowels are given in (16).5 

(16) i u‰ i½ u e o‰ § o £ ¤ ¨ 
high + + + + - - - - - - - -
low - - - - - - - - + + + +
back - - + + - - + + - - + +
round - + - + - + - + - + - +
tense + + + + + + + +

                                             
5 Recall that we are not certain whether [tense] applies to low vowels.

The type of r we have in
English is unusual and
could better be transcribed
as [ãw] ˜ in fact, pronun-
ciation of “r” differs be-
tween English dialects. Do
not assume that the features
of “r” in some other lan-
guage such as Finnish,
Spanish or Chinese are the
same as those for English.
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Ÿ ¡‰ Ÿ � ¡ ¢ ¥‰ ¦ ¥
high + + + + - - - -
low - - - - - - - -
back - - + + - - + +
round - + - + - + - +
tense - - - - - - - -

Nasality, length, breathiness and creaky voice are properties freely available to
vowels, so any of these vowels can have ±nasal, ±long, ±s.g. or ±c.g. counterparts.

Consonant feature summary. Primary place of articulation for consonants is
summarised in (17), using continuant consonants (voiceless in the first row, voiced
in the second: numbers in the third row are keyed to traditional place of articula-
tion terms). Continuant consonants are used here because they exhibit the maxi-
mum number of distinctions, for example there are bilabial and labiodental frica-
tives, but only bilabial stops. All of these consonants are [-syl, -son, +cons, +cont,
-del.rel., -nas, -lat, -s.g., -c.g., -tense, -rnd].

(17) 1: bilabial 2: labiodental
3: (inter-)dental 4: alveolar
5: alveopalatal/postalveolar 6: retroflex
7: palatal 8: velar
9: uvular 10: pharyngeal
11: glottal/laryngeal

 Ç f È s s‡ sä c� x É h� h
Ä v Å z z‡ zä  Æ  Û Ú
1 2 3 4 5 6 7 8 9 10 11

ant. + + + + - - - - - - -
cor. - - + + + + - - - - -
dist. + - + -
hi - - - - - - + + - - -
lo - - - - - - - - - + -
back - - - - - - - + + + -

Secondary place of articulation is illustrated in (18), here restricted to sec-
ondary articulations on [p t]. All of these consonants are [-syl, -son, +cons, -cont,
-del.rel., -lat, -nas, -voice, -s.g., -c.g., -tense].
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(18) p pw p¬ py pÛ pw‰,pÁ t tw t¬ ty tÛ tw‰,tÁ

ant. + + + + + + + + + + + +
cor. - - - - - - + + + + + +
dist. - - - - - - - - - - - -
hi - (+) + + - + - (+) + + - +
lo - - - - + - - - - - + -
back - + + - + - - + + - + -
round - + - - - + - + - - - +

Round consonants might simply have the specification [+round]. Tongue raising
and backing is not necessary in order to achieve rounding, whereas tongue raising
and backing is by definition necessary in order to have a velarised consonant.

A final important point must be made. The 20 features discussed here ˜
syllabic, sonorant, consonantal, high, low, back, round, tense (advanced tongue
root), coronal, anterior, strident, distributed, continuant, delayed release, nasal,
lateral, spread glottis, constricted glottis, voice, long, stress ˜ are specific empiri-
cal hypotheses. That means that they are subject to change in the face of evidence
that a change is required, so they are not immutable. On the other hand, as scien-
tific hypotheses, they must be taken seriously until good evidence is presented that
another system of features are better (see section 6 of this chapter and Chapter 11
for discussion of such changes). Features should not be invented willy-nilly: using
distinctive features is not the same as placing a plus sign in front of a traditional
articulatory description, and thus describing sounds as [+mid], [+alveolar] or
[+vowel] misconstrues the theoretical claim of distinctive features.

3. Features and Classes of Segments

Besides defining phonemes, features play a role in formalizing rules, since
rules are stated in terms of features. Every specification, such as [+nasal] or
[-voice], defines a class of segments. The generality of a class is inversely related
to how many features are required to specify the class, as illustrated in (19).

(19) [+syllabic]           
nasal-

syl+








   

round+

syl+








    

nasal-

high+

syl+
















      

tense-

nas-

low-

hi-

syll+























¢ e Ÿ i ¢† e† Ÿ† ™´    ¢ e Ÿ i          ¥ o ¡ ¥†        Ÿ i                 ¦ ¢ ¥
a ¥ o ¡ a† ¥† o† ¡†    a ¥ o ¡        o† ¡† u u†        ¡ u
u ¦ £ u† ¦† £†           u ¦ £
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The most general class, defined by a single feature, is [+syllabic] which refers to
all vowels. The size of that class is determined by the segments in the language:
[+syllabic] in Spanish refers to [i e a o u], but in English refers to [i Ÿ e ¢ £ a ¥ o ¡
u ¦ § r�]. As you add features to a description, you narrow down the class, making
the class less general. The usual principle adopted in phonology is that simpler
rules, which use fewer features, are preferable to rules using more features.

One challenge in formalising rules with features is recognising the features
which characterise classes. Discovering the features defining a class boils down to
seeing which values are the same for all segments in the set, then checking that no
other segment in the inventory also has that combination of values. The main ob-
stacle is that you have to think of segments in terms of their feature properties,
which takes practice to become second nature. As an exercise towards understand-
ing the relation between classes of segments and feature descriptions, we will as-
sume a language with the following segments:

(20) p t k b d g f s x v Æ w y l m n a e i o u u‰

To assist in solving the problems which we will consider, feature matrices of these
segments are given below in (21).

(21) cns son syl voi cnt nas lat ant cor hi bck low rd
p + - - - - - - + - - - - -
t + - - - - - - + + - - - -
k + - - - - - - - - + + - -
b + - - + - - - + - - - - -
d + - - + - - - + + - - - -
g + - - + - - - - - + + - -
f + - - - + - - + - - - - -
s + - - - + - - + + - - - -
x + - - - + - - - - + + - -
v + - - + + - - + - - - - -
Æ + - - + + - - - - + + - -
w - + - + + - - - - + + - +
y - + - + + - - - - + - - -
l + + - + + - + + + - - - -
m + + - + - + - + - - - - -
n + + - + - + - + + - - - -
a - + + + + - - - - - + + -
e - + + + + - - - - - - - -
i - + + + + - - - - + - - -
o - + + + + - - - - - + - +
u - + + + + - - - - + + - +
u‰ - + + + + - - - - + - - +
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Each of the following sets of segments can be defined in terms of some set
of distinctive features.

(22) i. p t k f s x
ii. p t b d f s v l m n
iii. w y l m n a e i o u u‰
iv. p k b g f  x v Æ
v. y l m n a e i
vi. v Æ w y a e i o u u‰

In the first set, each segment is a voiceless obstruent, and, equally impor-
tantly, every voiceless obstruent of the language is included in this first set. This
set could be specified as [-sonorant,-voice] or as [-voice], since all voiceless seg-
ments in the language are [-sonorant]. Given that both specifications refer to ex-
actly the same segments (assuming the language has the segments of (20): if the
language had [h], these two feature specifications would not describe the segment
segments), there is no question of one solution being wrong in the technical sense.
However, unless there is a compelling reason to do otherwise, the simplest defini-
tion of the set of segments should be given, using only those features which are
absolutely necessary. The features which are used to exactly define a set of seg-
ments depends very much on what the entire set of segments in the language is. If
we were dealing with a language which had, in addition, the segments [ph th kh]
then in specifying the set [p t k f s x], one would have to also mention [-s.g.] in
order to achieve a definition of the set which excludes [ph th kh].

The set (22ii) contains only consonants (i.e. [-syllabic] segments), but it
does not contain all of the [-syllabic] segments of the language. Compare the seg-
ments making up (22ii) with the full set of consonants:

(23) p t    b d    f s    v           l m n – Selected class of segments
p t k b d g f s x v Æ w y l m n – Entire set of consonants

This set does not include glides: recall that [consonantal] is the essential property
which distinguishes glides (including h and Ü, which are lacking here) from regular
consonants. Therefore, all of the segments in (ii) are [+consonantal]. But not all
[+consonantal] segments are included in set (ii): the velars are not included, so we
need a further restriction. The features typically used to specify velars are [+high,
+back], so we can use one of those features. Thus, one can pick out the segments
in (ii) as the class of [+consonantal,-high] segments, or the [+consonantal,-back]
segments. Rather than refer to [consonantal], you could try to take advantage of the
fact that all glides are [+high] and refer to (ii) as the set of [-high] segments, with-
out mentioning [consonantal]. It is true that all segments in the set are [-high], but
[-high] itself cannot be the entire description of this set since not all [-high] seg-

Whether mention of a
feature is required
depends on the the-
ory you use. One
theory of assimila-
tions requires the
assimilating feature
to be explicitly men-
tioned in a rule, even
if it could be pre-
dicted on the basis of
other features.
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ments of the language are in the set: the vowels {aeo} is not in set (ii). We con-
clude that [+consonantal,-high] is the correct one for this class of segments.

Set (iii) contains a mixture of vowels and consonants: it includes all vow-
els, plus the nasals, the lateral [l], and the glides. This class is defined by
[+sonorant]. Another feature which is constant in this group is [+voice], so you
could define the class as [+sonorant,+voice]. But addition of [+voice] contributes
nothing, so there is no point to mentioning that feature as well. Set (iv) on the other
hand contains only obstruents, but not all obstruents. Of the whole set of obstru-
ents, what is missing from (iv) is the group {tds}, which are [+coronal]. Therefore,
we can refer to set (iv) by the combination [-sonorant,-coronal].

The fifth set, {ylmnaei}, includes a mixture of vowels and consonants.
Some properties that members of this set have in common are that they are voiced,
and they are sonorants. Given the phoneme inventory, all sonorants are voiced, but
not all voiced segments are sonorants. Since the voiced obstruents {bdgvÆ} are not
included in this set, it would be less efficient to concentrate on the feature
[+voice], thus we focus on the generalization that the segments are sonorants. Now
compare this set to the total set of sonorants.

(24)     y l m n a e i
w y l m n a e i o u u‰

We can see that this set of segments is composed of a subset of sonorants, namely
the sonorants excluding {w,o,u,u‰}. But that set is the set of [+round] segments;
therefore, the set is the set of [+sonorant,-round] segments.

The last set also contains a mixture of consonants and vowels: it includes
all of the vowel and glides, plus the voiced obstruents {v,Æ}. Therefore, the feature
[sonorant] cannot be used to pick out this class of segments, since members of the
class can have both values for that feature. However, all of the members of this
class are voiced. Now compare set (vi) against the set of all voiced segments.

(25)          v Æ w y          a e i o u u‰
b d g v Æ w y l m n a e i o u u‰

The fundamental difference between [b] and [v], or between [g] and [Æ], is that
{bg} are stops while {vÆ} are continuants. This suggests using [+contimuant] as
one of the defining features for this class. Vowels and glides are all [+continuant],
so we have passed the first test, namely that all segments in set (vi) are
[+continuant,+voice]. We must also be sure that this is a sufficient specification for
the class: are there any [+continuant,+voice] segments in the language which are
not included in set (vi)? The segments to worry about in this case would be {lmn},
which are [+voice]. However, inspection of the chart of feature specifications
given above indicates that these are all [-continuant].
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As a further exercise in understanding how sets of segments are grouped
by the features, assume a language with the following segmental inventory.

(26) p pf t ts c‡ c k b bv v Ä dz š‡ Ã g m n Ï f È s s‡ d Å z z‡ i u‰ e o‰ ¦ o u a w y

For each group, determine what feature(s) define the particular set of segments.

(27) i. c‡ c k š‡ Ã g Ï s‡ z‡ i u‰ e o‰ ¦ o u a w y
ii. s i s‡ e f  z v Ä a z‡ o u y o‰ È u‰ ¦ w Å
iii. k y g c w i u u‰ Ã Ï
iv. k g a ¦ Ï

4. Possible Phonemes and Rules ˜ an Answer

We now return to the theoretical questions raised at the beginning of this
chapter, what is a possible phoneme and what is a possible phonological rule.

4.1. Possible Phonemes

The theory of features answers the question of possible phonemes, saying
that the segments which can be constructed using these features are all and only the
possible phonemes. This gives a mathematical upper limit of 2n segments, given n
binary features, so if there are 20 features (a reasonable number), there are
1,048,576 logically possible feature specifications, and this is quite a lot of seg-
ments. It also has to be physically possible to realize a segment, so the number of
possible segments is smaller than this. Many segments can be imagined which are
phonetically uninterpretable, such as one which is [+high,+low]. Such a segment is
physically impossible since the tongue cannot be contradictorily raised and low-
ered at the same time, so the non-existence of a large class of such segments is in-
dependently explained. Similarly, no segment can be [+cons,-hi, -back,òant,òcor].
A segment which is [+cons] is not a vowel or glide. The feature [-back] tells us
that the segment would have a place of articulation in front of the velar position.
[-Anterior] tells us that it must have a place of articulation behind the alveolar
ridge, and [-hi] tells us that it cannot be a palatal. Everything about this description
suggests the vowel [e], except that it is [+consonantal], whereas vowels are
[-consonantal]. No major constriction can be formed with the tongue in the posi-
tion of [e]: hence this combination of features happens to be physically impossible.
To be attested in a language, a segment must be both combinatorially possible, i.e.
uses the features given by the theory, and physically possible.

Although he set of attested phonemes in human languages is quite large,
there are significant limitations on what phonemes are possible. Retroflex conso-
nants have the features [òanterior, +coronal, òdistributed]. Recall the question
whether a language could contrast two kinds of retroflex consonants, such as apical
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and sub-laminal retroflex as found in Hindi versus Telugu. According to this the-
ory of features, such a contrast is impossible, since no feature is available to de-
scribe such a difference within a language. Dfferences across languages are possi-
ble because the process of phonetic interpretation is not subject to the same limita-
tions as in phonological feature theory. Were we to discover such a contrast, the
theory of features would be challenged, because it has no mechanism for express-
ing the distinction. Similarly, the differences attested in the phonetics of [u] and [¡]
across languages are never found within a language. In a single language, the
maximal contrast is between two such vowels, governed by the feature tense (or
ATR). The fact that such differences exist at the phonetic level between languages,
but are never exploited within a single language as a way to distinguish words, is
an example of the difference between phonetic and phonological properties.

Thus one of the main goals of distinctive feature theory is providing a
predictive framework for saying what contrasts will and will not be found in the
phoneme systems of human languages.

4.2. Rule Formulation and Features

The most important function of features is to form the basis for writing
rules, which is crucial in understanding what defines a possible phonological rule.
A typical rule of vowel nasalisation, which nasalises all vowels before a nasal, can
be formulated very simply if stated in features:

(28) [+syllabic]  •  [+nasal]  /  __ [+nasal]

Such a rule is common in the languages of the world. Very uncommon, if it exists
at all, is one nasalising only the lax vowel [Ÿ], and only before [m]. Formulated
with features, that rule looks as follows:

(29)                    

coronal-

ant+

nasal+

        / [+nasal]  

round-

hi+

ATR-

syl+

    



































→

This rule require significantly more features than (28), since [Ÿ] which undergoes
the rule must be distinguished in features from other high vowels such as [i] or [¡]
which (in this hypothetical case) do not undergo the rule, and [m] which triggers
the rule must be distinguished from [n] or [Ï] which do not.

Simplicity in rule writing. This relation between generality and simplicity on the
one hand, and desirability or commonness on the other, has played a very impor-
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tant role in phonology: all things being equal, simpler rules are preferred, both for
the intrinsic elegance of simple rules and because they correlate with more general
classes of segments. Maximum generality is an essential desideratum of science.

The idea that rules are stated in terms of the simplest, most general classes
of phonetically defined segments has an implication for rule formulation. Suppose
we encounter a rule where high vowels (but not mid and low vowels) nasalize be-
fore nasals stops (n,m,Ï), thus in • ™´n, uÏ • u†Ï and so on. We could formulate
such a rule as follows:

(30)  
cont-

nasal+
     / [+nasal]   

hi+

syl+
















→

However, we could equally well formalize the rule as

(31)  

low-

cont-

nasal+

     / 

nasal+

low-

hi+

syl+

   

low-

hi+

syl+


















































→

We could freely add [-low] to the specification of the input segment (since no
vowel can be [+hi,+low], thus high vowels automatically would pass that condi-
tion), and since the same class of vowels is referenced, inclusion of [-low] is em-
pirically harmless. Saying that the vowel becomes [+syl,+hi,-low] is harmless,
since the vowel that undergoes the change already mad these specifications. At the
same time, the additional features in (31) are useless complications, so on the theo-
retical grounds of simplicity we formalise the rule as (30). In writing phonological
rules, we specify only features which are mandatory. A formulation like

(32)  
cont-

nasal+
     / [+nasal]  [+syl] 








→

would mention fewer features, but it would be wrong, since the rule should state
that only high vowels nasalise, and this rule nasalises all vowels.

Formalisability. The claim that rules are stated in terms of phonetically defined
classes is essentially an axiom of phonological theory. What are the consequences
of such a restriction? Suppose you encounter a language with a phonological rule
of the type {p,r} • {i,b} / __ {o,n}. Since the segments being changed (p and r)
or conditioning the change (o and n) cannot be defined in terms of any combina-
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tion of features, nor can the changes be expressed via any features, the foundation
of phonological theory would be seriously disrupted. Such a rule would refute a
fundamental claim of the theory, that processes must be describable in terms of
these (or similar) features. This is what it means to say that the theory makes a
prediction: if that prediction is wrong, the theory itself is wrong.

Much more remains to be said about the notion of ‘possible rule’ in pho-
nology; nevertheless, we can see that distinctive feature theory plays a vital role in
delimiting possible rules, especially in terms of characterising the classes of seg-
ments that can function together for a rule. We now turn to a discussion of rule
formalism, in light of distinctive feature theory.

5. The Formulation of Phonological Rules

Many aspects of rule theory were introduced in our informal approach to
rule-writing, and they carry over in obvious ways to the formal theory that uses
features. The general form of a phonological rule is

(33)  
F
F

 
  

F
F

 
   /   

F
F

 
          

F
F

 
    

i

j

k

l

m

x

y

z

α
β

γ
µ

θ
δ

κ
λ

M M
L

M M
L

L
N
MM

O
Q
PP →

L
N
MM

O
Q
PP

L
N
MM

O
Q
PP

L
N
MM

O
Q
PP

where Fi, Fj, Fk... are features and ›, Ä, Æ... are plus or minus values. The matrix to
the left of the arrow is the segment changed by the rule; that segment is referred to
as the focus or target of the rule. The matrix immediately to the right of the arrow
is the structural change, and describes the way in which the target segment is
changed. The remainder of the rule constitutes the trigger (also known as the de-
terminant or environment), stating the conditions outside of the target segment
which are necessary for application of the rule.

Each element is given as a matrix, which expresses a conjunction of fea-
tures. The matrices of the target and trigger mean “all segments of the language
which have the features [›Fi] as well as [ÄFj]...”. The matrix of the structural
change means that when a target segment undergoes a rule, it receives whatever
feature values are specified in that matrix.

There are a few special symbols which enter into rule formulation. One
which we have encountered is the word boundary, symbolized as “#”. A rule
which lengthens a vowel before a word-final sonorant would be written as follows.

(34) [+syl] • [+long] / ___ [+son] #

A rule which devoices a word-initial consonant would be written as:

(35) [-son] • [-voice] / # ___



186 Chapter 6

A word boundary can come between the target and the trigger segments, in which
case it means “when the trigger segment is in the next word”. Such processes are
relatively infrequent, but for example there is a rule in Sanskrit which voices a
consonant at the end of a word when it is followed by a sonorant in the next word,
so /tat#aham/ becomes [tad#aham] “that I”; voicing does not take place strictly
within the word, and thus /pat-a:mi/ “I fly” does not undergo voicing. This rule is
formulated as in (36).

(36) [-son] • [+voice] / __ # [+son]

Another symbol is the null, ∅, used in the focus or structural change of a
rule. As the focus, it means that the segment described to the right of the arrow is
inserted in the stated context, and as the structural change it means that the speci-
fied segment is deleted. Thus a rule that deletes a word-final short high vowel
which is preceded by a sonorant would be written as follows.

(37)  
+syl
-hi
-long

   /  [+son]      #       
L
N
MM

O
Q
PP → ∅

There are occasions where it is necessary to restrict a rule to apply only
when a sequence occurs in different morphemes, but not within a morpheme. Sup-
pose you find a rule that deletes a consonant after a consonant, but only when the
consonants are in separate morphemes: thus the bimorphemic word /tap-ta/ with /p/
at the end of one morpheme and /t/ at the beginning of another becomes [tapa], but
monomorphemic word /tapta/ does not undergo deletion. Analogous to the word
boundary, there is also a morpheme boundary symbolised by “+”, which can be
used in writing rules. Thus the rule deleting the second of two consonants just in
case the consonants are in diferent morphemes (hence a morpheme boundary
comes between the consonants) is stated as:

(38) [-syl] • ∅ / [-syl] + ___

You may encounter other conventions of formalism. One such notation is
the brace notation. Whereas the standard matrix [...] refers to a conjunction of
properties ˜ segments which are A and B and C all at once ˜ braces {...} ex-
press disjunctions, that is, segments which are A or B or C. One of the most fre-
quent uses of braces is exemplified by a rule found in a number of languages
which shortens a long vowel if it is followed by either two consonants or else one
consonant plus a word boundary, i.e. followed by a consonant that is followed by
an consonant or #. Such a rule can be written as (39).
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(39)  [+syl]  [-long] /       [-syl] [-syl]
   #       → RST

UVW
Most such rules use the notation to encoding syllable related properties, so in this
case the generalization can be restated as “shorten a long vowel followed by a syl-
lable-final consonant”. Using “.” as the symbol for a syllable boundary, this rule
could then be reformulated as:

(40) [+syl] • [-long] / __ [-syl] .

Although the brace notation has been a part of phonological theory, it has been
viewed with considerable skepticism, partly because it is not well motivated for
more than a handful of phenomena that may have better explanations (e.g. the syl-
lable), and partly because it is a powerful device that undermines the central claim
that rules operate in terms of natural classes (conjunctions of properties).

Some rules need to refer to a variably-sized sequence of elements. A typi-
cal example is vowel harmony, where one vowel assimilates a feature from another
vowel, and ignores any consonants that come between. Suppose we have a rule
where a vowel becomes round after a round vowel, ignoring any consonants. We
could not just write the rule as (41), since that incorrectly states that only vowels
strictly next to round vowels harmonise.

(41) [+syl] • [+rnd] / [+syl,+rnd] ___

We can use the subscript-zero notation, and formalise the rule as in (42).

(42) [+syl] • [+rnd] / [+syl,+rnd] [-syl]0 ___

The expression “[-syl]0” means “any number of [-syl] segments”, from none to an
infinite sequence of them.

A related notation is the parenthesis, which surrounds elements that may
be present, but are not required. A rule of the form X • Y / __ (WZ)Q means that
X becomes Y before Q or before WZQ, that is, before Q ignoring WZ. The paren-
thesis notation essentially serves to group elements together. This notation is used
most often for certain kinds of stress-assignment rules and advancements in the
theory of stress have rendered parenthesis unnecessary in many cases.

One other very useful bit of notation is the feature variable notation. So
far, it has actually been impossible to formalise one of the most common pho-
nological rules in languages, the rule which assimilates a nasal in place of articula-
tion to the following consonant, where /mk/ • [Ïk], /np/ • [mp] and so on.
While we can write a rule which makes any nasal become [+ant,+cor] before a
[+ant,+cor] consonant ˜ any nasal becomes [n] before /t/ ˜ and we can write a



188 Chapter 6

rule to make any nasal [+ant,-cor] before a [+ant,-cor] consonant ˜ nasals become
[m] before [p] ˜ we cannot express both changes in one rule.

(43) a. [ ]     
cor+

ant+
       / 

cor+

ant+
  nas+ 
















→

b. [ ]     
cor-

ant+
       / 

cor-

ant+
  nas+ 
















→

The structural change cannot be “•[+cor]” because when a nasal becomes [m] it
becomes [-cor]. For the same reason the change cannot be “•[-cor]” since making
a nasal becomes [n] makes it become [+cor]. One solution is the introduction of
feature variables, notated with Greek letters ›,Ä,Æ etc. whose meaning is “the same
value”. Thus a rule which makes a nasal take on whatever values the following
consonant has for place of articulation would be written as follows.

(44)      
cor

ant
      / 

cor

ant
  [+nas] 
















β

α

β

α
→

Thus when the following consonant has the value [+cor] the nasal becomes [+cor]
and when the following consonant has the value [-cor] the nasal becomes [-cor].
We will return to issues surrounding this notation in the final chapter.

There are a couple of commonly-used informal shorthand practices which
you need to recognise. Many rules refer to “consonants” versus “vowels”, mean-
ing [-syllabic] and [+syllabic] segments, and the shorthand “C” and “V” are often
used in place of [-syllabic] and [+syllabic]. Also, related to the feature variable
notation, it is sometimes necessary to write rules which refer to the entire set of
features. A typical example would be in a rule “insert a vowel which is a copy of
the preceding vowel into a word-final cluster”. Rather that explicitly listing every
feature with an associated variable, such a rule might be written as:

(45) ∅ • Vi / Vi C_C#

meaning “insert a copy of the preceding vowel”.

6. Changing the Theory

The theory of features is an empirical hypothesis, and is subject to revision
in the face of appropriate data. It is not handed down by a higher authority, nor is it
arbitrarily picked at the whim of the analyst. It is important to give critical thought
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to how the set of distinctive features can be tested empirically, and revised. One
prediction of the theory which we have discussed in section 4.1 is that the two
kinds of phonetic retroflex consonants found in Hindi and Telugu can not contrast
within a language. What would happen if a language were discovered which dis-
tinguished two degrees of retroflexion? Would we discard features altogether?

This situation has already arisen: the theory presented here evolved from
earlier, similar theories. In an earlier theory proposed by Jakobson & Halle, retro-
flex consonants were described with the feature [flat]. This feature was also used to
describe rounding, pharyngealisation and uvularization. While it may seem strange
to describe so many different articulatory characteristics with a single feature, the
decision was justified by the fact that these articulations share an acoustic conse-
quence, a downward shift or weakening of higher frequencies. The assumption at
that point was that no language could minimally contrast retroflexion, rounding,
and pharyngealisation. If a language has both [tä] and [kw], the surface differences
in the realisation of [flat], as retroflexion versus rounding, would be due to lan-
guage-specific spell-out rules.

The theory would be falsified if one could show that rounding and pharyn-
gealisation are independent, and counterexamples were found. Arabic has the
vowels [i a u] as well as pharyngealised vowels [iÛ aÛ uÛ], which derive by assimi-
lation from a pharyngealised consonant. If rounding and pharyngealisation are both
described by the feature [flat], it is impossible to phonologically distinguish [u]
and [uÛ]. But this is not at all inappropriate if the goal is to represent phonological
contrasts as opposed to phonetic differences, since the difference between [u] and
[uÛ] is a low-level phonetic one.

Another prediction is that since uvular and round consonants are both
[+flat], there should be no contrast between round and non-round uvulars, or be-
tween round velars and non-round uvulars, within a language. But a number of
languages of the Pacific Northwest including Lushootseed have the contrast [k kw

q qw]. The Dravidian language Badaga is reported to contrast plain and retroflex
vowels, where any of the vowels [i e a o u] can be plain, half-retroflex, or fully
retroflex.6  If [flat] indicate both retroflexion and rounding, it would be impossible
to contrast [u] and [u]. Since such languages actually do exist, their discovery
forced the abandonment of the feature [flat] in favor of the system now used.

The specific feature [flat] was wrong, not the theory of features itself.
Specific features may be incorrect, which will cause us to revise or replace them,
but revisions should be undertaken only when strong evidence is presented which
forces a revision. Features form the foundation of phonology, and revision to those
features may lead to considerable changes in the predictions of the theory. Such

                                             
6  Badaga’s three-way vowel contrast challenges the standard theory as well. Little is known about
this language: the contrast was originally reported by Emeneau 1939, and Ladefoged & Maddieson
1996 report that few speakers have a three-way contrast. The problem posed by this contrast has been
acknowledged, but so far no studies have explored its nature.
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changes should be undertaken with caution, taking note of unexpected conse-
quences. If the theory changes constantly, with new features constantly being
added, this would rightly be taken as evidence that the underlying theory is wrong.

Suppose we find a language with a contrast between regular and sub-
lingual retroflex consonants. We could accomodate this hypothetical language into
the theory by adding a new feature [sublingual], defined as forming an obstruction
with the underside of the tongue. This theory makes a new set of predictions: it
predicts other contrasts distinguished by sublinguality. We can presumably restrict
the feature to the [+coronal] segments on physical grounds. The features which
distinguish coronals subclasses are [anterior] and [distributed], which alone can
combine to describe four varieties of coronal ˜ which actually exist in a number
of Australian languages. With a new feature [sublingual], eight coronal classes can
be distinguished: regular and sublingual alveolars, regular and sublingual dentals,
regular and sublingual alveopalatals, and regular and sublingual retroflex conso-
nants. Yet no such segments have been found. Such predictions need to be consid-
ered, when contemplating a change to the theory.

Similarly, recall the problem of ‘hyper-tense’, ‘plain tense’, ‘plain lax’
and ‘hyper-lax’ high vowels across languages: we noted that that no more than two
such vowels exist in a language, governed by the feature [tense]. If a language
were discovered with three or four such high vowels, we could add a feature
‘hyper’. But this makes the prediction that there could also be four-way contrasts
among mid and low vowels. If these implications are not correct, the modification
to the theory is not likely to be the correct solution to the problem. In general, ad-
dition of new features should be undertaken only when there is compelling evi-
dence for doing so. The limited number of features actually in use is an indication
of the caution with which features are added to the theory.

The case for labial. A classical case in point of a feature which was added in re-
sponse to significant problems with the existing feature system is the feature
[labial]. It is now accepted that feature theory should include this feature:

[labial]: sound produced with the lips

This feature was not part of the set of features proposed in Chomsky & Halle 1968.
However, problems were noticed in the theory without [labial].

The argument for adding [labial] is that it makes rules better formulizable.
It was noticed that the following types of rules, inter alii, are frequently attested
(see Campbell 1974, Anderson 1974).

(46) a. b • w / __ C
b. w • b / [+nasal] __
c. w • v
d. i • u / {p,b,m,w,u,o} ___
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In the first three rules, the change from bilabial obstruent to rounded glide or
rounded glide to labiodental obstruent is a seemingly arbitrary change, when writ-
ten according to the then-prevailing system of features. There is so little in com-
mon between [b] and [w], given these features, that a change of [b] to [r] would be
simpler to formulate as in (47b), and yet the change [b] • [r] is unattested.

(47) a.     C      / 

rd
back
high

cons-
ant-

  
voi

cor-
ant
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+

+→

+

+

   b.            

rd-

hi-

cor-
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+

→

+

+

In the last rule of (46), no expression covers the class {p, b, m, w, u, o}: rather they
correspond to the disjunction [+ant,-cor] or [+round].

These rules can be expressed quite simply with the feature [labial].

(48) a.      C       / [-cons]  
voi

labial
→

+

+








b.          [+nasal] / [+cons]   

cons-

lab+
 →









c.     
round-

cons
  

round

labial
 















 +
→

+

+
   d.    i • [+labial] / [+labial] ___

Feature redefinition. Even modifying definitions of existing features must be
done with caution, and should be based on substantial evidence that existing defi-
nitions fail to allow classes or changes to be expressed adequately. One area where
it is conceivable to modify a feature definition is that for [continuant]. The stan-
dard definition states that a segment is [+continuant] if it is produced with air con-
tinuously flowing through the oral cavity. An alternative definition is that a seg-
ment is [+continuant] if air flows continuously through the vocal tract. How do we
decide which definition is correct? The difference is that under the first definition,
nasals are [-continuant] and under the second definition, nasals are [+continuant].

If the first definition is correct, we expect to find a language where {p, t, c‡,
k, m, n, Ï, b, d, š‡, g} undergo or trigger a rule, and {f, s, È, x, v, z, Å, Æ} do not: un-
der the “oral cavity” definition, [-continuant] refers to the class of segments {p, t,
c‡, k, m, n, Ï, b, d, š‡, g}. On the other hand, if the second hypothesis is correct, we
should find a language where {n, m, n, f, s, x, v, x, Æ} undergo or trigger a rule,
and the remaining consonants {p, t, k, b, d, g} do not: under the “vocal tract”



192 Chapter 6

definition of [continuant], the feature specification [+continuant] would refer to the
set {n, m, n, f, s, x, v, x, Æ}.

Just as important as knowing what sets of segments can be referred to by
one theory or another, you need to consider what groupings of segments cannot be
expressed in a theory. Under either definition of [continuant], finding a process
which refers to {p, t, k, b, d, g} proves nothing, since either theory can refer to this
class, either as [-continuant] in the “oral cavity” theory or as [-continuant,-nasal] in
the “vocal tract” theory. The additional feature needed in the “vocal tract” theory
does complicate the rule, but that does not in itself disprove the theory. If you find
a process referring to {n, m, n, f, s, x, v, x, Æ}, excluding {p, t, k, b, d, g}, this
would definitively argue for the “oral cavity” theory. Such a class can be referred
to with the specification [+continuant] in the “oral cavity” theory, but there is no
way to refer to that set under the “vocal tract” theory. As it stands, we have not
found such clear cases: but, at least we can identify the type of evidence needed to
definitively choose between the theories. The implicit claim of feature theory is
that it would be impossible for both kinds of rules to exist in human languages.
There can only be one definition of any feature, if the theory is to be coherent.

Central vowels. We will consider another case where the features face a problem
with expressing a natural class, relating to the treatment of central versus back
vowels. In Chapter 3 we saw that Kenyang, [k] and [q] are in complementary dis-
tribution, with [q] appearing word-finally after the vowels [o], [¥] and [a] and [k]
appearing elsewhere. Representative examples are reproduced here.

(49) en¥q ‘tree’ enoq ‘drum’
Ïg¨q ‘knife’ ek¨q ‘leg’
m¦k ‘dirt’ ndek ‘European’
p¥brik ‘work project’ ¨yuk (person’s name)

Schwa does not cause lowering of k to q. In the standard account of vowels, [¦]
differs from [¥] only in rounding, though phonetic tradition claims that these vow-
els also differ in being back ([¥]) versus central ([¦]). As previously discussed, this
difference is attributed to a low-level, phonologically insignificant phonetic factor.

The problem which Kenyang poses is that it is impossible to formulate the
rule of k-lowering if schwa is phonologically a mid back unrounded vowel. A
simple attempt at formulizing the rule would be:

(50) [ ]         
high-

back+
 / high -  

back+

hi+
















→

If schwa is [+back,-hi,-round] it would satisfy the requirements of the rule so
should cause lowering of /k/, but it does not: therefore this formulation cannot be

Phonetic descriptions
of vowels are not
usually based on
physiological data
such as x-ray studies.
Tongue positions are
often deduced by
matching sound qual-
ity with that of a stan-
dardly defined vowel:
we assume that Ken-
yang schwa is central
because it sounds like
schwa, which is de-
fined as being central.
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correct. Since schwa differs from [¥] in being [-round], we might try to exclude [¦]
by requiring the trigger vowel to be [+round].

(51) [ ]         

round+

high-

back+

 / high -  
back+

hi+

























→

But this formulation is not correct either, since it would prevent the non-round low
vowel [¨] from triggering uvularization, which in fact it does do.

These data are a problem for the theory that there is only a two-way dis-
tinction between front and back vowels, not a three-way distinction between front,
central and back vowels. The uvularization rule of Kenyang can be formulated if
we assume an additional feature, [±front], which characterises front vowels. Under
that theory, back vowels would be [+back,-front], front vowels would be [+front,
-back], and central vowels would be [-back,-front]. Since we must account for this
fact about Kenyang, the theory must be changed. But before adding anything to the
theory, it is important to consider all of the consequences of the proposal.

A positive consequence is that it allows us to account for Kenyang. An-
other possible example of the relevance of central vowels to phonology comes
from Norwegian (and Swedish). There are three high, round vowels in Norwegian,
whereas the standard feature theory countenances the existence of only two high
rounded vowels, one front and one back. Examples in Norwegian spelling are do
‘outhouse’, du ‘you sg.’ and dy ‘forbear!’. The vowel o is phonetically [u], and u
and y are distinct non-back round vowels. In many IPA transcriptions of Norwe-
gian, these are transcribed as [du �] ‘you sg.’ and [dy] ‘forbear!’, implying a contrast
between front, central and back round vowels. This is exactly what the standard
view of central vowels has claimed should not happen, and it would appear that
Norwegian also falsifies the theory.

The matter is not so simple. The vowels spelled u versus y also differ in lip
configuration. The vowel u is ‘in-rounded’, with an inward narrowing of the lips,
whereas y is ‘out-rounded’, with an outward-flanging protrusion of the lips. This
lip difference is hidden by the selection of the IPA symbols [u �] versus [y]. While it
is clear that the standard theory does not handle the contrast, we cannot tell what
the correct basis for maintaining the contrast is. We could treat the difference as a
front ~ central ~ back distinction and disregard the difference in lip configuration
(leaving that to phonetic implementation); or, we could treat the labial distinction
as primary and leave the presumed tongue-position to phonetic implementation.

Given that the theory of features has also accepted the feature [labial], it is
possible that the distinction lies in [labial] versus [round], where the out-rounded
vowel <y> is [+round, +labial] and in-rounded <u> is [-round, +labial] ˜ or vice
versa. Unfortunately, nothing in the phonological behavior of these vowels gives
any clue as to the natural class groupings of the vowels, so the problem of repre-
senting these differences in Norwegian remains unresolved. Thus the case for
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positing a distinct phonological category of central vowel does not receive very
strong support from the vowel contrasts of Norwegian.

A negative consequence of adding [front], which would allow the pho-
nological definition of a class of central vowels, is that it defines unattested classes
and segments outside of the realm of vowels. The classical features could distin-
guish just [k] and [ky], using [±back]. With the addition of [front], we would have
a three-way distinction between k-like consonants which are [+front, -back],
[-front, -back] and [-front, +back]. But no evidence at all has emerged for such a
contrast in any language. Finally, the addition of the feature [front] defines a natu-
ral class [-back] containing front and central vowels, but not back vowels: such a
class is not possible in the classical theory, and also seems to be unattested in pho-
nological rules. This may indicate that the feature [front] is the wrong feature ˜ at
any rate it indicates that further research is necessary, in order to understand all of
the ramifications of various possible changes to the theory.

Thus the evidence for a change to feature theory, made to handle the
problematic status of [¦] in Kenyang phonology, would not be sufficiently strong
to warrant complete acceptance of the new feature. We will suspend further dis-
cussion of this proposal until later, when non-linear theories of representation are
introduced and answers to some of the problems such as the unattested three-way
contrast in velars can be considered. The central point is that changes in the theory
are not made at will: they are made only after considerable argumentation and evi-
dence that the existing theory is fundamentally inadequate.

Summary

Language sounds can be defined in terms of a small set of universal phonetically-
based features, which not only define the basic atoms of phonological representa-
tions, but also play a central role in the formal expression of rules. An important
theme of this chapter is the nature of scientific theories, such as the theory of fea-
tures, which make predictions both about what can happen and what cannot happen.
The fundamental role of feature theory is to make specific predictions about the
kinds of segments and rules that we should find in human languages. One of the
main concerns of phonological theory is finding the correct set of features that de-
fine the sounds and rule systems of all human languages.
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Exercises

1. Assume a segmental inventory composed of: [Û k t d s z n p f b i u e o a w
h]. Indicate what feature or features characterize the following classes of sounds.

i. Û k u o a w
ii. f p k h
iii. f p b t s d z n
iv. Û u o w a b d z n i e
v. i z n e d

2. Given the segments [w y h Ü i ¢ a o ¥ u m� l r m Ï p t ky k q b Å d dy g Æ],
describe the following segment classes, being as economical as you can with your
use of features.

i. m � l r m Ï p t ky k q b Å d dy g Æ
ii. w y i ¢ a o ¥ u m � l r m Ï
iii. w a o ¥ u Ï k q g Æ
iv. w y h i ¢ a o ¥ u l r Å Æ
v. y i ¢ a l r Ï Å d dy g Æ
vi. y i ky dy

vii. i ¢ a o ¥ u m �

3. Assume a language with the following segmental inventory:

p  t  ts  c‡  c  k  Ç  f  È  s  s‡  x  b  d  dz  j‡  Í  m  n  Ï  l  i  e  o  u  a  u‰  o‰  w  y

(In this case, <c> represents a palatal stop, assumed to be featurally identical to a
palatalized k). In each of the following groups, one of the segments is not a mem-
ber of the natural class which the other sounds belong to. Identify that sound, and
state what features characterise the remaining class of segments.

i. t  c‡  c  s‡   j‡  Í  i  e   u‰  o‰  y
ii. t  ts  c‡  È  s  s‡  d  dz  j‡  Í  n  l
iii. c  k  x  j‡  Í  Ï  i  u  u‰  w  y
iv. k  x  Ï  o  u  a  w  y
v. p  Ç  f  b  m  l  o  u  u‰  o‰  w
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4. Based on the segmental inventory [p  t  k  b  d  m  n  Æ  Ç  f  s  l  a  i  o  u
y], characterise the following segments or groups of segments uniquely using the
fewest features possible.

i. Æ
ii. i
iii. n
iv. b,d
v. a,o
vi. o,u

5. State all of the features which are changed in each of the following rules.

i. p • f
ii. t • Ï
iii. o • w
iv. k • s
v. s • t
vi. a • i

6. Formalise the following rules using distinctive features (segmental inven-
tories to be assumed for each language are given in brackets).

i. b,d,g • Ä,Å,Æ / V __ [p t k b d g Ä Å Æ m n Ï r i u a ¦]
ii. p,k,q • Ä,Æ,/ V ___ [p t c‡ tä k q Ä r z‡ Æ  m  i i† e e† £ o u u†]
iii. ∅ • y / i,e __ o,u,a [p t k b d n y w i u‰ e £ o u a]
iv. t • s / __i [p t k h v d s r l m n y i u‰ e o‰ a o u]
v. s • r / V__V [p t k b d g s r l m n h w y e i o u a]

7: Review previous solutions to exercises which you have done in the preced-
ing chapters, and state the rules according to the features given here: discuss any
problems which you may encounter in reformalising these rules.

Advanced Topics and Readings

A very detailed theory of speech articulation and the articulatory classifi-
cation of sounds was developed nearly three millenia ago by the ancient Sanskrit
grammarians. Their main concern was the accurate preservation of the language of
the Vedas, whose correct pronunciation was deemed essential to the proper work-
ing of the incantations. Modern Western linguistics begins with Sir William Jones’
celebrated paper in 1786 on the relationship of Sanskrit to Latin, Greek and Ger-
manic. Jones, a pre-eminent Orientalist, had an extensive knowledge of Sanskrit
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and the phonetic theories of the Indian phoneticians, and thanks to the introduction
of Indian scholarship through people like Jones, that tradition significantly influ-
enced western linguistics. Ancient Indian phonetic theory identified many phonetic
categories that are familiar today, such as ‘articulator, ‘vowel’, ‘voice’: see Allen
1953 for discussion of the Indian Phoneticians.

In addition to a descriptive phonetic tradition, the Indian grammarians de-
veloped a system of grammatical rules ˜ a generative system, in the sense of
Chomsky 1957 ˜ culminating in the Asätäaƒdhyaƒyiƒ of Paƒnäini. Paƒnäini presents an al-
gebraic system of sound classification, one serving the needs of a set of phonologi-
cal rules in his grammar, in the form of the S −ivasuƒtras, a clever 14-line listing of
the segments of Sanskrit which reads as:

a-i-unä; r �-l �k; e-oÏ; ai-auc; ha-ya-va-ratä; lanä; n†a-ma-Ïa-näa-nam; jha-bhan†;
gha-däha-dhasä; ja-ba-ga-däa-dac�; kha-pha-cha-täha-tha-ca-täa-tav; ka-pay; c�a-
säa-sar; hal

This presentation of sounds reflects their grouping in rules (which reflects phonetic
properties), and the consonant at the end of each line indicates the end of a group.
While the grouping is not a perfect mirror of phonetic properties, you can see that
the nasals are grouped together, as are the voiced consonants, the stops vs. frica-
tives vs. sonorants; place of articulation is also reflected in the ordering, though not
in a trivial way.

Natural classes of sounds which undergo or trigger rules are encoded by
mentioning the first sound in the class and the final consonant at the end of the
class. Sanskrit has a rule that syllabic /i u r � l �/ become nonsyllabic [y w r l] before a
vowel or diphthong, stated in the Asätäaƒdhyaƒyiƒ as “ik-o yanä ac-i”, literally “instead
of the class ‘ik’ there is the class ‘yanä’ before the class ‘ac’.”. The class ‘ik’ is de-
fined, referring to the first two lines, as everything from [i] through [l �] (the sound
before the terminator ‘k’) thus /i u r� l �/, and ‘ac’ means everything from [a] to the
terminator ‘c’, meaning [a i u r� l � e o ai au], viz. all syllabics.

In western linguistics, phonetics, which is the fountainhead of distinctive
features, developed through the research of Sievers, Sweet, Jespersen, Jones and
others, and phonology is rooted in Sweet’s 1887 distinction between sounds that
depend on their environment ˜ allophones ˜ and sounds that can establish word
differences. N. S. Trubetzkoy, one of the founders of the Prague School of Lin-
guistics, was one of the major influences in the development of contemporary fea-
ture theory. Trubetzkoy 1939 looks beyond the physical aspect of language sound
and focuses on how phonetic properties function in a language to define a system
of phonological contrasts (oppositions, in his terminology). His taxonomy includes
classifications such as bilateral vs. multilateral oppositions, proportional vs. iso-
lated, constant and neutralizable oppositions, as well as privative, gradual and
equipollent oppositions. The concept of neutralization is at the heart of phonologi-
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cal analysis: we seek to uncover the underlying, non-neutralized nature of sounds
when we analyse a set of alternations.

Two other concepts, marked and privative, play an important role in pho-
nological theory. For Trubetzkoy, in a privative opposition one member (for ex-
ample p in the pair p, b) lacks a phonetic mark ˜ voicing ˜ and the other one has
the phonetic mark ˜ it is the marked member. The concept of markedness has
played a major role in generative grammar (see Chomsky & Halle 1968, Kean
1975, Battistella 1990, 1996), and has taken on a rather different meaning, as being
“uncommon” or “at a formal disadvantage”. In Optimality Theory (McCarthy
2002) the concept of a “markedness constraint” can be interpreted as “well-
formedness constraint”. While the theory of distinctive features presented here
with plus and minus values for features views features as being equipollent (two
equal values), more recent research especially given underspecification theory and
feature geometry (see below) supports a privative view of some features, e.g. b
being marked with the single-valued feature [voiced] and p having no specification
for voicing.

The related concern of the Praguean linguist Roman Jakobson was the
question of possible contrasts in human language, and in collaboration with Morris
Halle and Gunnar Fant (Jakobson, Fant & Halle 1952; Jakobson & Halle 1956) he
developed the theory of distinctive features. This research identified 12 to 15 fea-
tures which were claimed to handle all phonological contrasts in human languages.
We noted that the Jakobsonian features were typically defined in terms of acoustic
properties rather than articulatory ones. Another significant contribution of this
theory was to give all features two values, plus and minus. Rather than a gradual
(scalar) opposition of vowel height with four values, the Jakobsonian system de-
fined vowel height by two features [diffuse] (≈[high]) and [compact] (≈[low])
which says whether there is a concentration of acoustic energy in the central re-
gion.

The version of feature theory presented here is an adaptation of Chomsky
& Halle 1968 ˜ the so-called SPE features ˜ which was the next step in the de-
velopment of feature theory, and still serves as a theoretical baseline for current
work on features. The differences between the SPE features and the Jakobson &
Halle features are more along the lines of a refinement. Greater attention was given
to the articulatory definition of features in the SPE system, and the features them-
selves were revised and expanded in a number of ways. In the course of a decade
of research on phonology, a number of inadequacies in the Jakobsonian system
were uncovered, for example the existence of non-strident affricates which posed a
problem for the earlier theory of affricates, or the discovery that [flat] was inade-
quate as a model of retroflex, round, uvular and pharyngeal consonants, and these
are addressed in the SPE feature system.

The SPE theory of features differed from its predecessors in a significant
way, that rather than being designed just to handle phonemic contrasts, it is in-
tended to describes all linguistic phonetic properties:
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The total set of features is identical with the set of phonetic properties that
can in principle be controlled in speech; they represent the phonetic ca-
pabilities of man and, we would assume, are therefore the same for all lan-
guages. (p. 294-5)

Binarity of features is assumed for lexical entries but not throughout the grammar:
they state (p. 297) that “the phonetic features are physical scales and may thus as-
sume numerous coefficients, as determined by the rules of the phonological com-
ponent”, and certain rules in SPE operate in terms of specified numeric stress co-
efficients. See Clifton 1976 and Johnson 1981 and references therein for examples
of phonetic implementation rules stated with numeric coefficients.

Certain features are proposed tenatively in SPE but were not generally
adopted, including [suction], [pressure] and a distinction between [delayed primary
release] i.e. [delayed release] for affricates, and [delayed secondary release] which
is primarily relevant for clicks ˜ see Sagey 1986 for a reanalysis of click
“effluxes”. The SPE feature [covered] is the same as Advanced Tongue Root.
Halle & Stevens 1971 introduce the features [c.g.] and [s.g.], replacing [heightened
subglottal pressure], [pressure] and, in part, [suction], and also introduce two fea-
tures [stiff vocal cords] and [slack vocal cords] to describe voicing. Other features
have been argued for after the publication of SPE, most notably [labial] (Anderson
1974, Campbell 1974) and [grave] (Odden 1978). See Keating 1988 for a detailed
overview of distinctive features in the post-SPE era.

A major change in phonlogy began in the mid 1970’s with research by
Leben, Goldsmith, Clements and others on the representation of tone. The auto-
segmental model of representation, discussed in Chapter 11, was proposed to re-
solve an accretion of technical problems with the standard SPE model especially as
it applied to tone. The proposal was made that features organised into smaller sub-
segmental units, which function like whole segments (segments in their own right,
i.e. auto-segments). In the first decade of autosegmental phonology, the features
remained largely those of SPE though each feature had a formal independence
from other features, in that feature specifications and segments are not in a 1-to-1
relationship as they are in SPE-style representations.

One outgrowth of autosegmental theory was that prosodic properties ˜
length, syllabicity and stress ˜ were reconceptualised as herarchical structural
properties in a separate representational dimension. thus outside the domain of
feature theory. Accordingly, ‘syllabic’ is the suprasegmental relation of being the
‘peak’ (or non-peak) in a syllable; length is represented by a separation of segmen-
tal content and ‘timing’ where long segments have two timing units and short
segments have one; stress is a rhythmic prominence relation between syllables in a
word so that one syllable is stronger than another. See Broselow 1995, Blevins
1995, Hayes 1995 for further details. The features for tone, which were never de-
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veloped in SPE, are a matter of current debate: see Clements 1983, Pulleyblank
1986, Hyman 1993, Bradshaw 1999.

Two recurring ideas which were part of the autosegmental theory resulted
in a significant change in feature theory. One was the realisation that while all
features are independent of others, there are still valid multi-feature units, thus the
features for place of articulation can function as a unit in rules: in other words,
there is a constituent structure to feature relations. This resulted in the theory of
Feature Geometry, discussed in Chapter 11, which has also resulted in the adoption
of certain new features, especially for place of articulation.

The second idea was that not all segments have values for each feature. It
was particularly obvious for tone that vowels but not consonants have tone, and it
was sometimes difficult to formulate tone rules correctly if consonants get in the
way. A similar problem is often observed in vowel harmony, where consonants
typically are completely irrelevant to assimilations between vowels, and for that
matter vowels are usually irrelevant to (less frequent) long-distance consonantal
assimilations. The problem of material intervening between target and trigger was
a long-standing one in phonology (see Howard 1972, Jensen 1973, Odden 1977,
1994), and autosegmental representations coupled with Underspecification Theory
(Archangeli 1988, Steriade 1995) provided a formal context for saying that conso-
nants do not matter for vowel harmony because consonants and vowels are usually
specified with different features.
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Doing an Analysis

Analyzing a system of phonological alternations is not trivial: it requires
practice, where you gain experience by solving phonological problems of increas-
ing complexity, experience which facilitates subsequent problem solving. The
wider your experience is with actual phonological processes and problem solving,
the better able you will be to appreciate what processes are common in the lan-
guages of the world, and to understand the dynamics of hypothesis formation,
testing and revision. The first analyses given here will be more explicit about the
reasoning that goes into solving data sets of this nature, in some cases deliberately
going down the wrong analytical path, so that you have the opportunity to recog-
nise the wrong path, and see how to get back on the right path. In practice, many of
the calculations that are involved here are done without explicitly thinking about it
˜ once you have suitable experience with problem solving.

1. Yawelmani

Our first problem involves alternations in the verb paradigm in the
Yawelmani dialect of Yokuts.

1.1. The data

Three phonological rules will be motivated by the following examples:
vowel epenthesis, vowel shortening, and vowel harmony. In addition, it is not ob-
vious what the underlying representation of verb roots is.

This chapter explores a subset of the phonologies of a number of languages.
The purpose of this chapter is to make explicit the reasoning typically ap-
plied to the task of solving a phonology problem. By studying models of
problem solving, you not only better understand the logic of problem solv-
ing, but you also gain experience with rules and issues regarding underlying
representations encountered in the languages of the world.
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(1) nonfuture imperative dubitative passive aorist
xathin xatk’a xatal xatit eat
dubhun dubk’a dubal dubut lead by hand
xilhin xilk’a xilal xilit tangle
k’oÜhin k’oÜk’o k’oÜol k’oÜit throw
doshin dosk’o do:sol do:sit report
säaphin säapk’a säa:pal säa:pit burn
lanhin lank’a la:nal la:nit hear
mek’hin mek’k’a me:k’al me:k’it swallow
wonhin wonk’o wo:nol wo:nit hide
p’axathin p’axatk’a p’axa:tal p’axa:tit mourn
hiwethin hiwetk’a hiwe:tal hiwe:tit walk
Üopothin Üopotk’o Üopo:tol Üopo:tit arise from bed
yawalhin yawalk’a yawa:lal yawa:lit follow
paÜitähin paÜitäk’a paÜtäal paÜtäit fight
Üilikhin Üilikk’a Üilkal Üilkit sing
logiwhin logiwk’a logwol logwit pulverize
Üugunhun Üugunk’a Üugnal Üugnut drink
lihimhin lihimk’a lihmal lihmit run
Üayiyhin Üayiyk’a Üayyal Üayyit pole a boat
t’oyixhin t’oyixk’a t’oyxol t’oyxit give medicine
luk’ulhun luk’ulk’a luk’lal luk’lut bury
so:nilhin so:nilk’a sonlol sonlit put on back
Üa:milhin Üa:milk’a Üamlal Üamlit help
mo:yinhin mo:yink’a moynol moynit become tired
säa:lik’hin säa:lik’k’a säalk’al säalk’it wake up

1.2. The first step: morphology

First we need a morphological analysis of the data. In a simple case, this
involves looking at columns and rows of data and figuring out which subparts of
words are consistently present with one meaning, and which other subparts are
consistently present with other meanings. This task is more complicated when the
surface shape of roots and affixes changes by phonological rules. We cannot pro-
vide a definitive morphological analysis of these data without knowing what the
phonological system is, and certainty as to the phonological rules is impossible
without knowing the morphological analysis. We break out of this seeming circle
by adopting ˜ and constantly revising ˜ a preliminary and less precise analysis
of the phonology and morphology. Improvement in the underlying representations
should result in better rules, and as we refine the system of rules, the nature of the
underlying distinctions hopefully becomes clearer.

In this case, four suffixes are added to roots, -hin ~ -hun ‘nonfuture’, -k’a
~ -k’o ‘imperative’, -al ~ -ol ‘dubitative’ and -it ~ -ut ‘passive aorist’. The notation
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-hin ~ -hun indicates that the suffix is pronounced either as -hin or as -hun. We
need to discover when one form vs. the other is used, and express that relation in
terms of an underlying form and a rule changing the underlying form.

Stem variants. Some stems have only one surface shape ˜ xat- ‘eat’, dub- ‘lead
by hand’, xil- ‘tangle’, and k’oÜ- ‘throw’, so the most natural assumption would be
that these are the underlying forms for these particular stems (this assumption may
turn out to be wrong, but it is a good starting assumption). Most stems in the data-
set have two surface manifestations. An important first step in understanding the
rules of the language is to identify the alternations in the data, and one way to
make the alternations explicit is to list the phonetic variants of each stem.

(2) dos ~ do:s ‘report’ säap ~ säa:p ‘burn’
lan ~ la:n  ‘hear’ mek’ ~ me:k’ ‘swallow’
won ~ wo:n ‘hide’ p’axat ~ p’axa:t ‘mourn’
hiwet ~ hiwe:t ‘walk’ Üopot ~ Üopo:t ‘arise from bed’
yawal ~ yawa:l ‘follow’ paÜitä ~ paÜtä ‘fight’
Üilik ~ Üilk ‘sing’ logiw ~ logw ‘pulverize’
Üugun ~ Üugn ‘drink’ lihim ~ lihm ‘run’
Üayiy ~ Üayy ‘pole a boat’ t’oyix ~ t’oyx ‘give medicine’
luk’ul ~ luk’l ‘bury’ so:nil ~ sonl ‘put on back’
Üa:mil ~ Üaml ‘help’ mo:yin ~ moyn ‘become tired’
säa:lik’ ~ säalk’ ‘wake up’

In these cases, decisions must be made regarding the underlying forms.

Suffix variants. We must decide what the underlying form of each suffix is, and
they all have two surface variants in terms of their vowel: either a nonrounded
vowel, or a rounded vowel. For each suffix, we group the verbs in terms of which
variant of the suffix is used with them.

(3) -hin: xat, xil, k’oÜ, dos, säap, lan, mek’, won, p’axat, hiwet,
Üopot, yawal, paÜitä, Üilik, logiw, lihim, Üayiy, t’oyix,
so:nil, Üa:mil, mo:yin, säa:lik’

-hun: dub, Üugun, luk’ul

-k’a: xat, dub, xil, säap, lan, mek’, p’axat, hiwet, yawal, paÜitä,
Üilik, logiw, Üugun, lihim, Üayiy, t’oyix, luk’ul, so:nil,
Üa:mil, mo:yin, säa:lik’

-k’o: k’oÜ, dos, won, Üopot

-al: xat, dub, xil, säa:p, la:n, me:k’, p’axa:t, hiwe:t, yawa:l,
paÜtä, Üilk, Üugn, lihm, Üayy, luk’l, Üaml, säalk’
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-ol: k’oÜ, do:s, wo:n, Üopo:t, logw, t’oyx, sonl, moyn

-it: xat, xil, k’oÜ, do:s, säa:p, la:n, me:k’, wo:n, p’axa:t, hiwe:t,
Üopo:t, yawa:l, paÜtä, Üilk, logw, lihm, Üayy, t’oyx, sonl,
Üaml, moyn, säalk’

-ut: dub, Üugn, luk’l

1.3. Identifying phonological regularities

Vowel harmony. Having grouped the examples in this fashion, a phonological
regularity can be detected. For the suffix hin ~ hun, the vowel u appears when the
preceding vowel is u, and i appears in the suffix after any other vowel. The suffix
it ~ ut obeys this same rule. The suffixes k’a ~ k’o and al ~ ol have the vowel o
after o. This can be explained by positing a rule of vowel harmony between the
suffix vowel and whatever vowel precedes it, where /a/ assimilates to /o/ and /i/
assimilates to /u/.

(4)           C 

round+

hi

V  

 / [+round]  
hi

V
0

























α→
α

The variable notation ˜ ›hi.... ›hi.... ˜ expresses the condition that the vowels
must have the same value of [hi], i.e. the harmonizing vowel must be [+hi] after a
[+hi] round vowel, and [-hi] after a [-hi] round vowel, in order for the harmony
rule to apply.

Vowel shortening. The next problem to tackle is the variation in the shape of the
stem. A useful next step in trying to analyze that variation is to see whether the
variants can be arranged into a small number of groups, organized according to the
nature of the difference between the two stem shapes. In looking for such an or-
ganization, notice that some stems alternate in terms of having long versus short
vowels, and in terms of having versus lacking a second vowel. Accordingly, we
organize the data into the following classes of stem alternations (including the
class of stems which have no alternation).

(5) CVC ˜ xat, dub, xil, k’oÜ
CVC ~ CV:C ˜ dos ~ do:s, säap ~ säa:p, lan ~ la:n, mek’ ~ me:k’,

won ~ wo:n
CVCVC ~ CVCV:C ˜ p’axat ~ p’axa:t, hiwet ~ hiwe:t, Üopot ~ Üopo:t,

yawal ~ yawa:l
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CVCVC ~ CVCC ˜ paÜitä ~ paÜtä, Üilik ~ Üilk, logiw ~ logw, Üugun ~
Üugn, lihim ~ lihm, Üayiy ~ Üayy, t’oyix ~ t’oyx,
luk’ul ~ luk’l

CV:CVC ~ CVCC ˜ so:nil ~ sonl, Üa:mil ~ Üaml, mo:yin ~ moyn,
säa:lik’ ~ säalk’

The initial hypothesis is that the invariant CVC stems have the underlying
shape CVC. If there is no reason to make the underlying form be different from the
surface form, the two forms should be assumed to be identical. Building on that
decision, we will now set forth a hypothesis for stems which vary in shape between
CVC and CV:C. It is highly unlikely that these stems also have the underlying
shape CVC, since that assumption would make it very difficult to account for the
first group of stems such as /xat/ which are invariant CVC. We would be unable to
decide whether a stem vowel is supposed to have a length alternation, or not, so the
reasoning that leads to hypothesizing the underlying distinction /xat/ vs. /do:s/
which is contextually neutralized is exactly the same as that which leads to hy-
pothesizing that in Russian (discussed in Chapter 4) “time” is underlyingly /raz/
and “forest” is /les/.

Given the conclusion that stems like do:s ~ dos have an underlying CV:C
form, under what circumstance is the underlyingly long vowel of the stem short-
ened? Taking /do:s/ as a representative, and mechanically combining the assumed
underlying stem with what we take to be the underlying form of the suffix, we ar-
rive at the following underlying and surface relations.

(6) underlying do:s-hin do:s-k’a do:s-al do:s-it
surface doshin dosk’o do:sol do:sit

The change of /a/ to [o] is due to vowel harmony. There is also a change in vowel
length before k’a and hin, and not before -al and -it. These suffixes are distin-
guished by whether they begin with a consonant or a vowel, thus whether combin-
ing the stem and suffix would result in the sequence V:CC. Scanning the entire
data set reveals an important generalization, that a long vowel is always followed
by CV, that is, a long vowel only occurs in an open syllable. The discovery of this
generalization allows us to posit the following vowel shortening rule.

(7) V • [-long] / __ CC

This rule is all that is needed to explain both the invariant CVC stems and the al-
ternating CV:C ~ CVC stems. The existence of this rule also explains why we do
not find the surface sequence V:CC ˜ a long vowel before a cluster of two conso-
nants ˜ anywhere in the data, as such sequences undergo vowel shortening.

We turn next to the stems with the shape CVCVC ~ CVCV:C such as
p’axat ~ p’axa:t. Since we have already encountered a rule which accounts for al-
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ternations in vowel length, we should immediately suspect that this length alterna-
tion is the same as the one just accounted for in CV:C ~ CVC stems. When we in-
spect the contexts where the long-vowel variant occurs, we see that there are long
vowels when a vowel initial suffix is added, and short vowels when a consonant
initial suffix is added. In other words, these stems are virtually the same as /CV:C/
stems, except that they have the underlying shape /CVCV:C/. We initially hy-
pothesized that there was a rule of vowel shortening based on /CV:C/ stems, and
that rule nicely handled those data. The way we formulated that rule was quite
general, since it only said “shorten a long vowel before two consonants”. Such a
statement predicts that, if there are other stem shapes such as /CVCV:C/, they too
will undergo that rule. We have now discovered that such stems do undergo the
shortening rule, providing independent support for that rule.

Epenthesis. This reduces the unsolved part of the problem to two remaining
classes of stems. In one of those, there is an alternation between presence versus
absence of a vowel, and in the second group there is an alternation in vowel length
as well as an alternation in the presence versus lack of a vowel in the second syl-
lable; this should make us suspect that the vowel shortening rule applies to the
second of these sets. Concentrating on the contexts where the stem has the shape
CV(:)CVC as opposed to the shape CVCC, we notice that CV(:)CVC appears be-
fore consonant-initial suffixes and CVCC appears before vowel initial suffixes. We
do not know at this point whether the second vowel is underlyingly part of the
stem and is deleted in one context, or whether the vowel is inserted in a different
context. Therefore, we will consider both possibilities.

First suppose that the vowel is not part of the underlying representation of
the stem. In that case, we assume the following representations

(8) underlying Üilk-hin Üilk-k’a Üilk-al Üilk-it
surface Üilik-hin Üilik-k’a Üilk-al Üilk-it

underlying säa:lk’-hin säa:lk’-k’a säa:lk’-al säa:lk’-it
surface säa:lik’-hin säa:lik’-k’a säalk’-al säalk’-it

Focusing on the hypothesized underlying representations where a vowel might be
inserted, we notice that a vowel appears just in case the underlying representation
has a sequence of three consonants. Looking at all of the data, we notice that there
are no surface sequences of three or more consonants, making such an epenthesis
approach plausible.

In order for an epenthesis solution to work, the actual quality of the in-
serted vowel must be completely predictable. If we were to discover that the qual-
ity of the second vowel is unpredictable, then it would necessarily be part of the
underlying representation since unpredictble information must be in the underlying
form. The vowel which appears in the second syllable of these verbs is always a
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high vowel, and it is round just in case the preceding vowel is high and round. In
other words, the vowel in question is a high vowel whose backness and roundness
is predictable, given the rule of vowel harmony, and thus the vowel is fully pre-
dictable. Taking into consideration the harmony rule, we can assume that the sec-
ond vowel is simply i. It is then possible to account for these examples by applying
the following rule of epenthesis.

(9) ∅ •   V   / C __ CC
         [+hi]

Given this epenthesis rule, the underlying form of the CVCiC ~ CVCC stems
would be /CVCC/ and the underlying form of the CV:CiC ~ CVCC stems would
be /CV:CC/. For /CVCC/ stems like /Üilk/, epenthesis (and vowel harmony if the
first vowel is a high round vowel) applies to underlying /CVCC+CV(C)/ to give
surface [CVCiC+CV(C)], and the variant CVCC found before VC suffixes directly
reflects the underlying form, with respect to the presence of a vowel between the
second and third consonants.

For /CV:CC/ stems like /säa:lk’/, epenthesis will also apply to underlying
/CV:CC+CV(C)/ giving the surface form [CV:CiC+CV(C)]. When a VC suffix is
added to such stems, there is no vowel epenthesis, but we do find shortening of the
underlyingly long vowel which stands before a consonant cluster. Given the rules
of vowel harmony, epenthesis and vowel shortening, combined with our analyses
of underlying representations, all aspects of the data in (1) are accounted for: we
conclude that epenthesis is a possible account of these alternations.

While the preceding analysis has assumed a rule of epenthesis based on
underlying representations of the form /CVCC/ and /CV:CC/, we should explore
the competing hypothesis that the vowel found in these stems is not inserted, but is
part of the underlying representation. Under that hypothesis, underlying represen-
tations of the relevant stems would be the following.

(10) paÜit,ä Üilik, logiw, Üugun, lihim, Üayiy, t’oyix, luk’ul
so:nil, Üa:mil, mo:yin, säa:lik’

Presuming that these are the underlying stems, a rule of vowel deletion is required
to explain the discrepancy between surface and underlying forms, which can be
seen in (11).

(11) underlying luk’ul-hun luk’ul-k’a luk’ul-al luk’ul-ut
surface luk’ul-hun luk’ul-k’a luk’l-al luk’l-ut

underlying so:nil-hin so:nil-k’a so:nil-ol so:nil-it
surface so:nil-hin so:nil-k’a sonl-ol sonl-it
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In forms which involve an alternation between a vowel and ∅, the context for
vowel deletion would initially appear to be in an open syllable. This statement
would lead to too general a rule, since there are many vowels in open syllables,
viz. xatal, k’oÜit, do:sit, p’axathin and p’axa:tal among others. In some of these
cases, deletion of a vowel would lead to a word-initial consonant cluster, i.e. we
would predict *xtal, *k’Üit, *dsit, *p’xathin and *p’xa:tal, and it will be noticed
that there are no word-initial clusters of consonants. If we are to have vowel dele-
tion, the rule must be restricted from creating such clusters, and one way to enforce
that requirement is to require the target of deletion to be preceded by the sequence
VC. Thus, we might hypothesize the following syncope rule, one found in many
languages.

(12) V • ∅ / VC ___CV

This rule still makes incorrect predictions, since in fact there are vowels in the
context VC___CV, as shown by forms such as p’axa:tal, Üopo:tit, which according
to (12) should be deleted. Since all such examples involve long vowels, it is a
simple matter to restrict the assumed deletion rule to short vowels.

(13)      V   • ∅ / VC ___CV
[-long]

With this rule of vowel syncope, the problem of vowel ~ ∅ alternations can also be
accounted for. The remaining details of the analysis are exactly the same as they
are under the assumption that there is a rule of vowel insertion.

1.4. Evaluating alternatives

In terms of simply generating the data, both the syncope and epenthesis
analyses work. The question then becomes, is there a reason to chose one of these
hypotheses over the other? It is entirely possible that we will not be able to come
up with any compelling reasons for selecting one analysis over the other, in which
case we must simply accept the fact that there are two equally plausible ways to
account for the facts. As far as the simplicity, naturalness and generality of the two
analyses is concerned, neither theory is superior to the other. Processes inserting
vowels to break up CCC clusters are very common, as are rules of syncope which
delete short vowels in the context VC___CV.1 

We should also consider the factual predictions of the two analyses. The
epenthesis analysis predicts that there should be no CCC sequences in the lan-

                                             
1  By sheer counting of symbols, the epenthesis rule might be slightly superior since it only
requires reference to five entities and syncope requires reference to seven entities. Such
literal symbol counting, practiced in the early era of generative phonology, is misguided.



208 Chapter 7

guage, and this appears to be correct. On the other hand, the syncope analysis pre-
dicts that there should be no short vowels in the context VC___CV, which also
appears to be correct. Interestingly, neither account actually makes the prediction
of the competing analysis ˜ so, the epenthesis analysis does not preclude the exis-
tence of short vowels in the VC__CV context, and the syncope analysis does not
preclude the existence of CCC sequences. If it turns out that there are CCC se-
quences in the language, the epenthesis solution will probably have to be rejected;
whereas is there are VCVCV sequences in the language, the syncope analysis will
probably have to be rejected. This would motivate further research into the lan-
guage, to determine if one of these analyses makes a bad prediction.

A related issue to consider is the question of ‘coincidence’, in terms of
assumed underlying representations. In lieu of a specific rule which restricts the
occurrence of phonemes in some environment, we expect phonemes to combine
without any constraints. Clearly there must be some constraints on underlying rep-
resentations in Yawelmani, since for example we do not find underlying represen-
tations such as /ioate/ with sequences of vowels. In this case, there is no motivation
from phonological alternations to suspect that there might be underlying forms
such as /ioate/. As far as logical possibilities in underlying forms are concerned for
the issue at hand ˜ epenthesis versus deletion ˜ both analyses result in system-
atic gaps in the logically possible underlying forms. Under the epenthesis analysis,
there are apparently no stems of the underlying form /CVCVC/, although there are
stems of the form /CVCV:C/. Under the syncope analysis, we notice that all short
second-syllable vowels in disyllabic stems are in fact /i/ (surface [u] in some cases,
in accordance with vowel harmony).

At this point, it is impossible to give strong arguments in favor of one
analysis over another, so we accept this indeterminacy for now. The fundamental
point is that each analysis implies a set of predictions about possible and impossi-
ble forms in the language, and these predictions need to be tested against the avail-
able data. In this case, we have not been able to determine that one theory is clearly
superior to the other. The main research problem which we face is that the corpus
of data from Yawelmani available to us at this point is restricted, so we cannot
know whether generalizations which we extract about the language based on this
particular corpus are representative of the language as a whole. Even if we had ac-
cess to a reference grammar for the language, there is some chance that our empiri-
cal generalizations based on the data from that grammar do not hold for the whole
language, if the author of the grammar is not be aware of all examples.

2. Kihehe

The following data illustrate phonological processes of Kihehe. Each noun
is in one of 15 numbered ‘noun classes’, like ‘genders’ in French or German. The
class of a noun is marked by a prefix. The goal is to determine the underlying form
of stems and prefixes, and explain the processes at work in these data.
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2.1. The data

Here are the relevant data from nouns.

(14) Class 1
mutesi ‘trapper’ mulagusi ‘sorcerer’
mutelesi ‘cook’ mufwiimi ‘cook’
mudesi ‘liar’ mun†wi ‘drinker’
mwiimbi ‘singer’ mweendi ‘one who likes people’
mwaasi ‘builder’ moogofi ‘one who is afraid’
moofusi ‘one who washes’ muuci ‘one who comes’

Class 2
vatesi ‘trappers’ valagusi ‘sorcerers’
vatelesi ‘cooks’ vafwiimi ‘cooks’
vadesi ‘liars’ van†wi ‘drinkers’
viimbi ‘singers’ veendi ‘ones who like people’
vaasi ‘builders’ woogofi ‘ones who are afraid’
woofusi ‘one who washes’ wuuci ‘one who comes’

Class 3
muhoomi ‘cow hump’ muhogo ‘cassava’
mufuniko ‘cover’ muvili ‘body’
mwiina ‘hole’ mwiigiigi ‘shadow’
mweenda ‘cloth’ mooto ‘fire’
muun†u ‘salt’

Class 4
mihoomi ‘cow humps’ mihogo ‘cassavas’
mifuniko ‘covers’ mivili ‘bodys’
miina ‘holes’ miigiigi ‘shadows’
myeenda ‘cloths’ myooto ‘fires’
myuun†u ‘salts’

Class 6
mavafi ‘hairy caterpillars’ masaasi ‘bullets’
maboga ‘pumpkins’ mayayi ‘legs’
miino ‘teeth’ miiho ‘eyes’

Class 7
kikoongo ‘wound’ kibiki ‘tree stump’
kigidi ‘waist’ kingaamba ‘sweet potato’
kisogo ‘back of head’ c‡uula ‘frog’
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c‡uunga ‘wet lowland’ c‡aanga ‘grave’
kifiniko ‘dinky cover’ kivili ‘dinky body’
kihoomi ‘dinky cow hump’ kivafi ‘dinky hairy caterpillar’
c‡ooto ‘dinky fire’ c‡eenda ‘dinky cloth’
c‡uun†u ‘dinky salt’ kiiho ‘dinky eye’
kiina ‘dinky hole’ kiigiigi ‘dinky shadow’

Class 8
fikoongo ‘wounds’ fibiki ‘tree stumps’
figidi ‘waists’ fingaamba ‘sweet potatos’
fisogo ‘backs of head’ fyuula ‘frogs’
fyuunga ‘wet lowlands’ fyaanga ‘graves’
fifiniko ‘dinky covers’ fivili ‘dinky bodys’
fihoomi ‘dinky cow humps’ fivafi ‘dinky hairy caterpillars’
fyooto ‘dinky fires’ fyeenda ‘dinky cloths’
fyuun†u ‘dinky salts’ fiiho ‘dinky eyes’
fiina ‘dinky holes’ fiigiigi ‘dinky shadows’

Class 11
luteefu ‘reed mat’ lupava ‘stirring stick’
lutego ‘trap’ ludali ‘power
luhaanga ‘sand’ lwiimbo ‘song’
lweendo ‘loving’ lwaaniko ‘dry stuff’
lwiifwi ‘chameleon’

Class 12
kateefu ‘small mat’ kakoongo ‘small wound’
kadesi ‘small liar’ kahogo ‘small cassava’
kafuniko ‘small cover’ kangaamba ‘small sweet potato’
kaasi ‘small builder’ kiimbi ‘small singer’
kaanga ‘small grave’ kooto ‘small file’
kuula ‘small frog’ kuunga ‘small wet lowland’

Class 13
tuteefu ‘small mats’ tukoongo ‘small wounds’
tudesi ‘small liars’ tuhogo ‘small cassavas’
tufuniko ‘small covers’ tungaamba ‘small sweet potatos’
twaasi ‘small builders’ twiimbi ‘small singers’
twaanga ‘small graves’ tooto ‘small files’
tuula ‘small frogs’ tuunga ‘small wet lowlands’
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Class 14
wuvaso ‘sleeping place’ wulime ‘cultivating’
wubi ‘evil’ wugiimbi ‘beer’
wugali ‘porridge’ wutiitu ‘blackness’
weelu ‘whiteness’ wuumi ‘life’
woogofu ‘fear’ wiiyooga ‘mushroom’
waangufu ‘speed’

2.2. Morphological analysis

As always, a preliminary morphological analysis is the first step in solving
a phonology problem. Each noun has some prefix that marks noun class, followed
by a stem. We also see, comparing nouns in various classes, that the same stems
can appear in different classes, so for example class 3 mu-hoomi ‘cow hump’ is
clearly related to class 4 mi-hoomi ‘cow humps’ ˜ singulars and plurals are
marked by changes in class; class 11 lu-teefu ‘reed mat’ is clearly related to ka-
teefu ‘small mat’ and tu-teefu ‘small mats’. The class prefixes have a number of
phonetic manifestations, so we find mu-, mw- and m- for classes 1 and 3, va, v- and
w- for class 2, mi-, my- and m- for class 4, ma- and m- for cl. 6, ki- and c‡- for class
7, fi- and fy- for class 8, lu- and lw- for class 11, ka- and k- for class 12, tu- and tw-
for class 13, and wu-, w- for class 14.

2.3. Phonological alternations

Noun stems fall in two groups in terms of phonological processes: those
which begin with a consonant, and those beginning with a vowel. Examples of
stems which begin with a consonant would include -tesi (cf. mu-tesi, va-tesi) and
-lagusi (cf. mu-lagusi, va-lagusi); examples of stems which begin with vowels
would include -iimbi (cf. mw-iimbi, v-iimbi) and -eendi (mw-eendi, v-eendi). The
best phonological information about the nature of the prefix is available from its
form before a consonant, so our working hypothesis is that the underlying form of
the noun prefix is that found before a consonant ˜ it preserves more information.

As we try to understand the phonological changes found with vowel-initial
stems, it is helpful to look for a general unity behind these changes. One important
generalization about the language, judging from the data, is that there are no vowel
sequences in the language (what seem to be sequences such as ii, ee are not se-
quences, but are the orthographic representation of single long vowel segments).
Given the assumption that the prefixes for classes 1 and 2 are respectively /mu/ and
/va/, the expected underlying forms of ‘singer’ and ‘singers’ would be /mu-iimbi/
and /va-iimbi/. These differ from the surface forms [mw-iimbi] and [v-iimbi]: in
the case of /mu-iimbi/, underlying /u/ has become [w], and in the case of underly-
ing /va-iimbi/, underlying [a] has been deleted. In both cases, the end result is that
an underlying cluster of vowels has been eliminated.
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Glide formation vs. vowel deletion. Now we should ask, why is a vowel deleted
in one case but turned into a glide in another case? The answer lies in the nature of
the prefix vowel. The vowel /u/ becomes the glide [w], and the only difference
between u and w is that the former is syllabic (a vowel) where the latter is nonsyl-
labic. The low vowel /a/, on the other hand, does not have a corresponding glide in
this language (or in any language). In other words, a rule of glide-formation simply
could not apply to /a/ and result in a segment of the language.

To make progress in solving the problem, we need to advance hypotheses
and test them against the data. We therefore assume the following rules of glide
formation and vowel deletion.

(15)    V • [-syll] / __ V
[+hi]

(16) V • ∅ / __ V

By ordering (16) after (15), we can make (16) very general, since (15) will have
already eliminated other vowel sequences. At this point, we can simply go through
the data from top to bottom, seeing whether we are able to account for the exam-
ples with no further rules ˜ or, we may find that other rules become necessary.

For nouns in class 1, the examples mw-iimbi, mw-eendi and mw-aasi are
straightforward, deriving from /mu-iimbi/, /mu-eendi/ and /mu-aasi/. The forms m-
oogofi, m-oofusi and m-uuci presumably derive from /mu-oogofi/ and /mu-oofusi/
and /mu-uuci/. The vowel /u/ has been deleted, which seems to run counter to our
hypothesis that high vowels become glides before vowels. It is possible that there
is another rule that deletes /u/ before a round vowel.

(17) u • ∅ / ___      V
          [+round]

We could consider letting the glide formation rule apply and then explain the dif-
ference /mu-aasi/ • mw-aasi vs. /mu-oofusi/ • m-oofusi by subjecting derived
mw-oofusi to a rule deleting w before a round vowel.

(18) w • ∅ /  ___  [+round]

v-rounding. Now we consider examples from class 2. Again, in stems beginning
with a vowel, we can easily explain v-iimbi, v-eendi and v-aasi from va-iimbi, va-
eendi and va-aasi, where a-deletion applies. Something else seems to be happening
in w-oogofi, w-oofusi and w-uuci from va-oogofi, va-oofusi and va-uuci. Applica-
tion of a-deletion would yield v-oogofi, v-oofusi and v-uuci, which differ from the
surface forms only in the replacement of v by w. Since this process takes place be-
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fore a round vowel, we conjecture that there may be an assimilation rule such as
the following.

(19) v • w / ___ [+round]

If there is such a rule in the language, it would eliminate any sequences vu, vo: and
the data contains no such sequences. There is still a problem to address, that w-
deletion (18) should apply to woogofi but it does not ˜ the surface form is not
*[oogofi]. Two explanations come to mind. One is that v-rounding is ordered after
w-deletion, so at the stage where w-deletion would apply, this word has the shape
voogofi and not woogofi (so w-deletion cannot apply). The other is that (18) needs
to be revised, so that it only deletes a post-consonantal w before a round vowel.

(20) w • ∅ / C ___  [+round]

Our decision-making criteria are not stringent enough that we can definitively
chose between these solutions, so we will leave this question open for the time.

Moving to other classes, the nouns in class 3 present no problems. Glide
formation applies to this prefix, so /mu-iina/ • [mw-iina], and before a round
vowel derived w deletes, so /mu-ooto/ • mw-ooto which then becomes [m-ooto].

Front vowels and glides. The nouns in class 4 generally conform to the predic-
tions of our analysis. Note in particular that underlying /mi-uun†u/ and /mi-ooto/
undergo glide formation before a round vowel. Such examples show that it was
correct to state glide formation rule in a more general way, so that all high vowels
(and not just /u/) become glides before any vowel (not just non-round vowels).

We cannot yet fully explain what happens with noun stems beginning with
the vowel i, as in m-iina, m-iigiigi. Given /mi-iina/, /mi-iigiigi/, we predict surface
*my-iina, *my-iigiigi. This is reminiscent of the problem of /mu-oogofi/ and /mu-
uuci/ and we might want to generalize the rule deleting a glide, to include deleting
a front glide before a front vowel (analogous to deleting a round glide before a
round vowel). What prevents us from doing this is that while w deletes before both
u and o, y only deletes before i and not e, as we can see from my-eenda. It might be
more elegant or symmetrical for round glides to delete before round vowels of any
height and front glides to delete before front vowels of any height, but the facts say
otherwise: a front glide only deletes before a front high vowel.

(21)   
back-

hi+
         /   

syl-

back-

hi+

 























∅→
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Checking other classes: discovering a palatalization rule. The class 6 prefix
ma- presents no surprises at all: it appears as ma- before a consonant, and its vowel
deletes before another vowel, as in m-iino from ma-iino. The class 7 prefix, on the
other hand, is more complex. Before a consonant it appears as ki-, and also appears
as k(i)- before i. Before other vowels, it appears as c‡, as in c‡-uula, c‡-aanga, c‡-ooto
and c‡-eenda. Again, we continue the procedure of comparing the underlying and
predicted surface forms (predicted by mechanically applying the rules which we
have already postulated to the underlying forms we have committed ourselves to),
to see exactly what governs this discrepancy. From underlying ki-uula, ki-aanga,
ki-ooto and ki-eenda we would expect ky-uula, ky-aanga, ky-ooto and ky-eenda,
given glide formation. The discrepancy lies in the fact that the predicted sequence
ky has been fused into c‡, a process of palatalization found in many languages.
Since ky is nowhere found in the data, we can confidently posit the following rule.

(22) ky • c‡

Since /ki/ surfaces as [c‡] when attached to a vowel-initial noun stem, the question
arises as to what has happened in k-iiho, k-iina and k-iigiigi. The glide formation
rule should apply to /ki-iiho/, /ki-iina/ and /ki-iigiigi/ giving ky-iiho, ky-iina and
ky-iigiigi, which we would expect to undergo (22). But there is a rule deleting y
before i. If y is deleted by that rule, it could not condition the change of k to c‡, so
all that is required is the ordering statement that y-deletion precedes palatalization
(22). Thus /ki-iina/ becomes ky-iina by glide formation, and before the palataliza-
tion rule can apply, y-deletion rule (21) deletes the glide that is crucial for (22).

Deciding on the form of w-deletion; degemination. At this point, we can quickly
check the examples in classes 8, 11, 12 and 13 and verify that our analysis explains
all of these forms as well. The final set of examples are those in class 14, which
has the prefix /wu/. This prefix raises a question in terms of our analysis: why do
we have the sequence [wu], which is eliminated by a rule elsewhere? One expla-
nation is the statement of the rule itself: if (20) is the correct rule, then this w could
not delete because it is not preceded by a consonant. The other possibility is that
[wu] actually comes from /vu/ by applying v-rounding (19), which we assumed
applies after w-deletion. While both explanations could be right possible, the
analysis where [wu] is underlying /vu/ has the disadvantage of being rather ab-
stract, in positing an underlying segment in the prefix which never appears as such.
This issue was presaged in chapter 4 and is discussed in more detail in chapter 10,
but for the moment we will simply say that given a choice between a concrete
analysis where the underlying form of a morpheme is composed only of segments
which actually appear as such in some surface manifestation of the morpheme, and
an abstract form with a segment that never appears on the surface, the concrete
analysis is preferable to the abstract one, all other things being comparable. On that
basis, we decide that the underlying for of the class 14 prefix is /wu/, which means
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that the proper explanation for failure of w-deletion lies in the statement of w-
deletion itself, as (20).

Still analysing this class of nouns, we now focus on examples where the
prefix precedes a vowel-initial stem, e.g. w-eelu, w-uumi, w-oogofu, w-iiyooga and
w-aangufu from underlying /wu-eelu/, /wu-uumi/, /wu-oogofu/, /wu-iiyooga/ and
/wu-aangufu/. Applying glide formation would give the surface forms *ww-eelu,
*ww-uumi, *ww-oogofu, *ww-iiyooga and *ww-aangufu, which differ from the
surface form in a simple way, that they have a geminate w where the actual form
has only a single w (in fact, there do not seem to be any geminate consonants in the
language), which allows us to posit the following degemination rule.

(23) CiCi • Ci

2.4. Extending the data

Verbs are subject to these same rules, as some additional data will show,
and an analysis of verbs will provide additional support for aspects of this analysis.
Kihehe is a tone language, and while we have not been concerned with accounting
for tone (and have not marked tones), in the following data, tones are marked, and
can be predicted by rule. In analyzing these data, we want to account for the
placement of the High tone (H), which is marked with an acute accent.

(24) V V for V for each make V
ku−kama ku−kam™®la ku −kamila−na ku −kamya −
ku−sana ku −san™®la ku −sanila −na ku −sanya −
ku −tova ku −tove −la ku −tovela −na ku −tovya −
ku −lava ku −lav™®la ku −lavila −na ku −lavya −
ku−fwi™®ma ku−fwiim™®la ku −fwiimila−na ku −fwiimya−
ku −kalaa −nga ku −kalaang™®la ku −kalaangila−na ku −kalaangya −
ku −kala −va ku −kalav™®la ku −kalavila−na ku −kalavya −
kwe−enda kwe−ende−la kwe−endela−na kwe −endya −
kw™®imba kw™®imb™®la kw™®imbila−na kw™®imbya −
ko −ogo −pa ko −ogope −la ko −ogopela −na ko −ogopya −

be V’d V us V them meaning
ku−kamwa− ku −tuka −ma ku−vaka−ma milk
ku−sanwa− ku −tusa −na ku −vasa −na comb
ku −towa − ku −tuto −va ku −vato −va beat
ku−lawa− ku −tula −va ku −vala −va look at
ku−fwiimwa− ku −tufwi™®ma ku−vafwi™®ma hunt
ku −kalaangwa− ku −tukalaa −nga ku −vakalaa−nga fry
ku−kalawa− ˜ ˜ take bath
kwe−endwa− ku −twee −nda ku −vee −nda love
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kw™®imbwa− ku −twi™®mba ku −vi™®mba sing
ko −ogopwa − ku −toogo −pa ku −woogo −pa fear

The morphology. These data indicate that all verbs begin with ku − or something
derivable from /ku −/ by the rules already motivated, thus we assume that ku −- is an
inflectional prefix. In addition, all verbs end with the vowel a, which is probably a
morpheme since it is unlikely that every root would end in the same vowel. The
stem ‘milk’ is probably -kam-. Various grammatical relations are expressed by
suffixes standing between the stem and the suffix -a, such as -il- ‘for’, -an- ‘each
other’, -y- ‘make’, -w- passive: the objects ‘us’ and ‘them’ are marked by the pre-
fixes -tu- and -va- between the prefix ku−- and the verb stem.

Phonological rules. Looking at the last three roots, which are vowel-initial, the
prefixes ku −-, tu- and va- are subject to the rules motivated on the basis of nouns,
where /u/ becomes [w] before a vowel, but deletes after a consonant and before a
round vowel (so, /ku-oogopa/ • kwoogopa • [koogopa]); the sequence vo be-
comes wo (/ku-va-oogopa/ • kuvoogopa • [kuwoogopa]). The change of /v/ to w
is also seen in examples such as ku −towa − and ku −lawa −, coming (apparently) from
/ku-tov-w-a/ and /ku-lav-w-a/. The rule of v-rounding would derive ku −towwa − and
ku −lawwa −, and the actual phonetic forms can be accounted for based on that inter-
mediate form by degemination.

One additional segmental process of vowel harmony is motivated by the
above examples. The benefactive suffix retains its underlying high vowel in forms
such as ku −kam-™®l-a, ku −san-™®l-a and ku −fwiim-™®l-a, but that vowel assimilates in
height to a preceding mid vowel in examples such as ku −tov-e−l-a, kwe−end-e−l-a and
ko −ogop-e −l-a. This motivates the following rule:

(25) V • [-hi] /        V   C0  ___

         



-hi

-low

Regarding tone, most examples have a H tone on the second-to-last vowel
of the word (this may be the second part of a long vowel in the penultimate sylla-
ble, or the only vowel of a short penultimate syllable), which can be accounted for
by the following rule.

(26) V • [+H] / __ C0 V#

In some verbs, this H is missing ˜ cf. ku −kama, ku −sana, ku −tova. Applying this tone
assignment rule to these forms would result in outputs such as *ku −ka −ma, *ku −sa −na,
*ku −to −va, with H tones on adjacent vowels. Since our examples contain no cases of
consecutive toned vowels, we may assume a rule along the following lines.
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(27) V • [-H] /     V   C0 ___
        [+H]

What about the columns with the suffixes -y- ‘make’ and -w- ‘passive’,
which have word-final H, not penult H ? We expect *ku −kalaa −ngwa. But if these
two suffixes are underlyingly i and u, then the underlying form of ku −kalaangwa −
would be /ku −-kalaang-u-a/. H tone would be assigned to the penultimate vowel
under that assumption, giving ku −kalaangu −a. However, we already know that there
is a rule of glide formation which would turn u and i into w and y before vowels, a
rule which has obviously applied in these forms. Since only syllabic elements can
bear tones, the tone on the penultimate vowel apparently shifts to the final syllable,
where it can be pronounced.

3. Icelandic

Our next example is alternations in noun inflection in Modern Icelandic.

3.1. The data

The relevant data are in (28). The task is to provide a unique underlying
representation for each stem and case suffix, state what phonological rules are re-
quired to account for these data, and indicate what order they apply in, when the
ordering of rules matters.

(28) hestu‰r hattu‰r heimu‰r gro‰u‰tu‰r skougu‰r nom. sg
hest hatt heim gro‰u‰t skoug acc. sg.
hesti hatti heimi gro‰u‰ti skougi dat. sg.
hests hatts heims gro‰u‰ts skougs gen. sg.
hestar hattar heimar gro‰u‰tar skougar nom. pl.
hesta hatta heima gro‰u‰ta skouga acc. pl.
hestu‰m ho‰ttu‰m heimu‰m gro‰u‰tu‰m skougu‰m dat. pl
‘horse’ ‘hat’ ‘home’ ‘porridge’ ‘forest’

garÅu‰r laiknir hirÅir himinn morgu‰nn nom. sg.
garÅ laikni hirÅi himin morgu‰n acc. sg.
garÅi laikni hirÅi himni morgni dat. sg.
garÅs laiknis hirÅis himins morgu‰ns gen. sg.
garÅar laiknar hirÅar himnar morgnar nom. pl.
garÅa laikna hirÅa himna morgna acc. pl.
go‰rÅu‰m laiknu‰m hirÅu‰m himnu‰m morgnu‰m dat. pl.
‘garden’ ‘doctor’ ‘herd’ ‘heaven’ ‘morning’

Such tone shift, where
the tone of a vowel
shifts to another vowel
when the original vowel
deletes or desyllabifies
is common in tone lan-
guages and is discussed
in the last chapter
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stoull magaull yo‰ku‰ll Èu‰mall mour nom. sg.
stoul magaul yo‰ku‰l Èu‰mal mou acc. sg.
stouli magauli yo‰kli Èu‰mli mou dat. sg.
stouls magauls yo‰ku‰ls Èu‰mals mous gen. sg.
stoular magaular yo‰klar Èu‰mlar mouar nom. pl.
stoula magaula yo‰kla Èu‰mla moua acc. pl.
stoulu‰m magaulu‰m yo‰klu‰m Èu‰mlu‰m mouu‰m dat. pl.
‘chair’ ‘flank’ ‘glacier’ ‘thumb’ ‘peat’

aku‰r hamar hver galdu‰r byour nom. sg.
aku‰r hamar hver galdu‰r byour acc. sg.
akri hamri hver galdri byour dat. sg.
aku‰rs hamars hvers galdurs byours gen. sg.
akrar hamrar hverar galdrar byourar nom. pl.
akra hamra hvera galdra byoura acc. pl.
o‰kru‰m ho‰mru‰m hveru‰m go‰ldru‰m byouru‰m dat. pl.
‘field’ ‘hammer’ ‘geyser’ ‘magic’ ‘beer’

3.2. Morphological analysis

It is not immediately clear what are appropriate underlying representations
for some case suffixes. It would appear that the nom. sg. ending is something like
-u‰r or maybe -ir, although sometimes you just find lengthening of a stem final con-
sonant. We start by assuming that the acc. sg. has no case suffix, the dat. sg. is -i,
the gen. sg. is -s, the nom. pl. is -ar, the acc. pl. is -a and the dat. pl. is -u‰m, since
in almost all stems, that is how these suffixes are actually manifested. It would
similarly not be unreasonable to assume that the acc. sg. form is a close approxi-
mation of the underlying form of the stem.

3.3. Phonological alternations

On the basis of these assumptions about underlying forms, we can identify
some phonological alternations which need to be explained. First and foremost, we
need to explain the variation in the nom. sg. Second, we need to explain the alter-
nation between [a] and [o‰] in examples such as [hatta] ~ [ho‰ttu‰m]. Third, there is a
vowel ~ ∅ alternation as in [himin] ~ [himna] and [morgu‰n] ~ [morgna]. Fourth,
the dat. sg. form generally appears as [i], but in some cases does not surface. We
will try to solve one of these problems, selecting at random, since at this point we
have no reason to think that finding a solution to one of these problems is depend-
ent on finding a solution to any other of these problems.

The vowel of the nominative singular. We will begin with the problem of the
nominative singular. The first step in taming this problem is to state exactly what
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the problem is: there are many apparent realizations of this suffix, depending on
the noun stem to which it is attached, we find -u‰r, -ir, -r, -∅ , -l and -n. Construct-
ing this list of surface realizations alone is enough to allow us to make an initial
guess about the underlying form, which is that the nom. sg. is -(V)r, since half of
the variants of this affix actually contain -r (of course, this assumption could be
wrong, since numerical counts are not arguments for underlying forms, only sug-
gestions, but again we need to start somewhere). The next step is to extract gen-
eralizations about the contexts where each variant is used. We would start by list-
ing the stems themselves, noting that we have -ur with /hest/, /hatt/, /gro‰u‰t/, /heim/,
/garÅ/ and /skoug/, -r with /mou/, /laikni/ and /hirÅi/, ∅ with /aku‰r/, /hamar/, /hver/
and /galdu‰r/, -l with /stoul/, /magaul/ and /yo‰ku‰l/, and -n with /himin/ and
/morgu‰n/. At this point, generalizations about the underlying form become easier
to see: we find [l] after /l/, [n] after /n/, ∅ after /r/, [r] after a vowel and [u‰r] after
any other consonant. We can conclude that the most likely underlying forms for
this suffix are /u‰r/ and /r/.

Having identified the nature of the conditioning environment and armed
with two hypotheses about the underlying form, it is time to transform this infor-
mation into specific rules. Since underlying representations and rules go hand in
hand, we need to determine whether one of the assumed underlying representations
for the suffix results in more plausible rules. Let of consider the entailments of
these underlying forms in terms of the rules that they commit us to.

(29) Hypothesis: /u‰r/
No change:

hest-u‰r • hestu‰r, hatt-u‰r • hattu‰r, skoug-u‰r • skougu‰r, heim-
u‰r • heimu‰r, garÅ-u‰r • garÅu‰r, gro‰u‰t-u‰r • gro‰u‰tu‰r

Deletion of a vowel
mou-u‰r • mour, laikni-u‰r • laiknir, hirÅi-u‰r • hirÅir

Deletion of a vowel and r
aku‰r-u‰r • aku‰r, hver-u‰r • hver, byour-u‰r • byour, galdu‰r-
u‰r • galdu‰r, hamar-u‰r • hamar

Deletion of a vowel and assimilation
stoul-u‰r • stoull, yo‰kul-u‰r • yo‰ku‰l-u‰r, Èu‰mal-u‰r • Èu‰mall, himin-
u‰r • himinn, magaul-u‰r • magaull, morgu‰n-u‰r • morgu‰nn

Hypothesis: /r/
Insertion of a vowel

hest-r • hestu‰r, hatt-r • hattu‰r, skoug-r • skougu‰r, heim-r • heimu‰r,
garÅ-r • garÅu‰r, gro‰u‰t-r • gro‰u‰tu‰r

No change
mou-r • mour, laikni-r • laiknir, hirÅi-r • hirÅir

You may wonder, why
assume that garÅu‰r illus-
trates the variant -ur and
galdu‰r does not? We
assumed that the. acc. sg.
best reflects the underly-
ing form, and since [u‰r] is
present in acc. sg. galdu ‰r
but not garÅ, [u‰r] must be
part of the stem in galdu ‰r
and not in garÅu‰r.
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Deletion of r
aku‰r-r • aku‰r, hver-r • hver, byour-r • byour, galdu‰r-r • galdu‰r,
hamar-r • hamar

Assimilation
stoul-r • stoull, yo‰ku‰l-r • yo‰ku‰l-u‰r, Èu‰mal-r • Èu‰mall,
himin-r • himinn, magaul-r • magaull, morgu‰n-r • morgu‰nn

If the suffix is underlyingly /u‰r/, a deletion rule is required to eliminate u‰
from this suffix when it is preceded by one of /r,l,n/.

(30) #r       
sonorant+

coronal+
 V /   

rd+

hi+

syl+
























∅→

Applying this rule to underlying himinu‰r, stoulu‰r, hveru‰r would yield forms such
as himinr, stoulr, hverr, and these outputs would be subject to other rules.

In addition, we would require a rule to delete the vowel from the suffix
when the preceding stem ends in a vowel. This rule would allow us to account for
forms such as mour, laiknir, and hirÅir, from assumed mou-u‰r, laikni-u‰r, and hirÅi-
u‰r. Deletion of a vowel after another vowel is not implausible, so we might postu-
late the following rule.

(31) V • ∅ / V __

However, this is too general, since u can be preceded by other vowels ˜ cf. mour,
skougu‰r, magaull. This particular statement of the rule makes a prediction that
certain kinds of phonetic sequences should not occur, and that prediction is wrong.
Our rule went wrong in that it does not distinguish supposed vowel combinations
which would be created by concatenation of morphemes (these sequences do un-
dergo reduction) from diphthongs which are contained wholely within a single
morpheme (which do not undergo reduction). We could attempt to overcome this
shortcoming by specifically requiring that the two vowels be in separate mor-
phemes, as indicated in the following rule.

(32) V • ∅ / V + __

Even this restriction is insufficient, since it does not explain why the sup-
posed suffix vowel in /laikni-u‰r/ and /hirÅi-u‰r/ deletes, but in the nom. pl, acc. pl
and dat pl., the vowels of the suffix -ar, -a and -u‰m are not deleted (cf. laiknar,
hirÅar, laikna, hirÅa, laiknu‰m, hirÅu‰m): rather, the vowel of the stem deletes. Par-
ticularly troublesome for the hypothesis that the nom. sg suffix is /u‰r/ is the fact
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that the dative plural suffix -u‰m acts so different. These problems could be reme-
died by requiring the vowel which deletes to be u‰, and by deleting u‰ only before r.

(33) u‰ • ∅ / V + __r

In lieu of a competing hypothesis, it is difficult to know whether this rule is right,
but given the very specific information which has to be included in this rule to
make it work, you should be suspicious of the rule.

At this point, we are so thoroughly suspicious of the hypothesis of under-
lying /u‰r/ that we have a reason to look for an alternative hypothesis, to see if dif-
ferent assumptions about underlying forms simplify the description. The compet-
ing hypothesis that the suffix is /r/ requires a rule to insert u‰ before r just in case a
consonant precedes.

(34) ∅ • u‰ / C __ r# or    

+syl

+hi

+rd

-bk

 /  C        
-syl

+son
 #∅ →





























This rule does not apply to /morgu‰n-r/, since we have [morgu‰nn] and not
*[morgu‰nu‰r], but that fact does not have to be directly stated in the epenthesis rule.
The explanation is straightforward: another rule eliminates underlying /nr#/, giving
[nn] instead: rule ordering matters. Given the generality of the epenthesis rule ver-
sus the highly specific nature of the u‰-deletion rule, we reject the u‰-deletion hy-
pothesis, therefore the underlying form of the nominative singular must be /r/.

Vowel deletion. Now that we understand that the nom. sg. suffix is /r/ and u‰ which
appears before it is actually epenthetic, we turn to vowel-plus-vowel sequences.
The stems lakni, hirÅi and mou end in vowels or diphthongs, and when a vowel
initial suffix comes after the stem, a vowel is deleted. Examples are repeated be-
low, this time including in parentheses the underlying vowel which is deleted.

(35) laikn(i)-i hirÅ(i)-i mou-(i) dat. sg.
laikn(i)-ar hirÅ(i)-ar mou-ar nom. pl.
laikn(i)-a hirÅ(i)-a mou-a acc. pl.
laikn(i)-u‰m hirÅ(i)-u‰m mou-u‰m dat. pl
‘doctor’ ‘herd’ ‘peat’

The simple generalization is that the vowel i deletes before or after another vowel
between morphemes (in an example such as [laikni] from /laikni+i/, we cannot tell
which i is deleted). Thus we may posit the following rule.
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(36)     
V      

    V
 /   i









+

+
∅→

Sonorant clusters with r. Two other rules are required which affect certain C+r
sequences. One assimilates /r/ to a preceding /l/ or /n/. The question arises, are /l/
and /n/, to the exclusion of /r/, a natural class? The consonants /l/ and /n/ have in
common the properties of being coronal sonorants, but so does /r/. The consonant
/r/ is [-nasal], but so is /l/; /r/ is [-lateral], but so is /n/. Thus, it would be impossible
to refer to the class of consonants /l,n/ excluding /r/. But it is not necessary to ex-
plicitly state the assimilation rule so that it only applies after /l,n/, since /r/ deletes
after another /r/ anyhow. In other words, we need the following rule:

(37) r • ∅ / r___

The sonorant-assimilation rule can therefore be stated generally as:2 

(38)         

nasal

lateral

coronal+

sonorant+

 / 
nasal

lateral
 r 



























β

αβ

α
→

This rule change /lr/ into [ll], /nr/ into [nn] and vacuously changes /rr/ into [rr]: the
independent process of r-deletion will still simplify the resulting sequence of r’s.

Syncope. The next problem which we will take on is the vowel ~ ∅ alternation
found for example in [himin] ~ [himni]. Not all stems participate in this alterna-
tion, so we do find the alternation in the stems aku‰r, galdu‰r, himin, hamar,
morgun, yo‰ku‰l and Èu‰mal but not hest, hatt, heim, garÅ, gro‰u‰t, skoug, mou, stoul,
hver, byour, magaul (we will consider /laikni/ and /hirÅi/ later). A simple generali-
zation determines which stems alternate: only single vowels outside the initial syl-
lable are subject to the alternation. Now we must ask under what circumstances the
vowel deletes. Taking /himin/ as representative, we can list the contexts:

                                             
2  Recall the use of Greek-letter variable for formulating assimilation rules, discussed in
chapter 6. This rule states that /r/ takes on the same values for lateral and nasal as found in
the preceding consonant.

This can be written
i • ∅ % __+V.
The symbol ‘%’ is
the mirror-image
notation meaning
“before or after”.
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(39) CVCVC stem
himin-n (nom. sg.), himin (acc. sg.), himin-s (gen. sg.)

CVCC stem
himn-i (dat. sg.), himn-ar (nom. pl.), himn-a (acc. pl.), himn-u‰m (dat. pl)

In other words, there is no vowel before a vowel-initial suffix.
Having isolated the context in which a vowel is deleted, we can offer a

phonological rule of vowel syncope.

(40)      V   • ∅ / VC0 ___ CV
[-long]

u‰-umlaut. This now leaves us with the problem of the alternation between [a] and
[o‰]. In looking for a context where this vowel change happens, we note that it takes
place before the dative plural suffix -u‰m, which underlyingly has the front round
vowel [u‰], and thus involves an assimilation in roundness and backness.

(41) a • o‰ / __ C0 u‰

It is evident, given examples such as [hattu‰r] from /hatt-r/, that the vowel [u‰] in-
serted by u‰-epenthesis does not trigger this rule, which can be explained by order-
ing the rule of round-harmony (41) before u-insertion (34).

i-deletion. The final fact to be explained is that while the dative singular suffix is
-i, the dative singular of the stems aku‰r, hver, byour, galdu‰r is identical to the stem
˜ the vowel i is missing. This can be accounted for by a rule deleting i after r.

(42) i • ∅ / r  __ #

Reconsidering /aku‰r/. We are nearly finished with our analysis of Icelandic pho-
nology, but one area of data needs further consideration. We assumed the underly-
ing representations of ‘field’ and ‘magic’ to be /aku‰r/ and /galdu‰r/, based on the
fact that that is how they appear phonetically in the accusative singular, and this
form has generally been a good diagnostic of the underlying representation. How-
ever, there is a problem with assuming underlying /aku‰r/ and /galdu‰r/, that the rule
of rounding assimilation would be expected to apply in these forms, giving incor-
rect *o‰ku‰r, *o‰ku‰rs. This problem can be resolved by modifying our assumption
about the underlying form, since we already have a rule which inserts u‰ before r ˜
a rule which applies after rounding assimilation (epenthetic u‰ does not trigger
rounding). Therefore, we change our assumption about underlying forms, to /akr/
and /galdr/. This entails a small change in the way that we formalize the rule of
epenthesis, since that rule as presently stated only inserts u‰ before r which is in
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word final position, and yet we also want to be able to insert u‰ before r which
stands before another consonant, in order to explain /akr-s/ • [aku‰rs].

(43) ∅ • u‰ / C __  r {C,#}

Commonly, the expression {C,#} indicates syllable structure: the rule prevents Cr
at the end of a syllable.

4. Modern Hebrew

The next case-study in this chapter comes from a set of alternations in the
conjugation of verbs in a certain derivational class in Modern Hebrew.3 

4.1. The data

The goal of this problem is to determine the underlying representations of
the verbal prefix and the stems, as well as whatever rules are needed to account for
these phonological alternations. In some cases, a related word is provided in order
to clarify aspects of the underlying stem.

(44) 1 sg. 2 sg. msc 3 sg. fem gloss related gloss
word

itparnasti itparnes itparnesu earn
itparsamti itparsem itparsemu become famous
idbalbalti idbalbel idbalbelu be confused
idgalgalti idgalgel idgalgelu revolve
ith�amakti ith�amek ith�amku turn away
itlabas‡ti itlabes‡ itlaps‡u get dressed
idbadarti idbader idbadru make fun
idgaras‡ti idgares‡ idgars‡u divorce
itpalalti itpalel itpalelu pray
itxamamti itxamem itxamemu warm
itmotati itmotet itmotetu quake
itÜos‡as‡ti itÜos‡es‡ itÜos‡es‡u recover
idbodati idboded idbodedu seclude oneself
istaparti istaper istapru get a haircut sapar barber
istarakti istarek istarku comb hair ma-srek comb
is‡taparti is‡taper is‡tapru improve s‡ipur improvement
itstalamti itstalem itstalmu have photo taken tsalem photographer

                                             
3  These data are from a nonstandard dialect that has pharyngeals which were lost in the
standard dialect, either being deleted (in the case of Û) or changed to x (in the case of hä).
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izdakanti izdaken izdaknu age zaken old
izdarasti izdarez izdarzu hurry zariz alert
itamamti itamem itamemu feign innocence tamim innocent
idardarti idarder idarderu decline dirdur rolling
itpatah �ti itpateah� itpath �u develop
idgalah �ti idgaleah� idgalh �u shave
itnatsah�ti itnatseah� itnatsh �u argue
is‡tagati is‡tagea is‡tagÛu become mad
itparati itparea itparÛu cause disorder
itmaleti itmale itmalÜu become full
itpaleti itpale itpalÜu become surprised
itnaseti itnase itnasÜu feel superior

4.2. Morphological analysis

Each verb has a prefix which is either /it/ or /id/, and it transparently sur-
faces as one of these two variants in most examples. The 1 sg. form is marked with
a suffix -ti, 3 sg. fem. has the suffix -u, and the 2 sg. masc. has no suffix. The
vowel in the second stem syllable is underlyingly the same for all verbs: this fact is
not entirely obvious from these data but is made obvious by a more extensive
analysis of the morphological structure of words in the language. An analysis of
the phonological factors surrounding the second vowel will show that these surface
variants can be derived from one particular underlying vowel. Derivationally re-
lated words, such as the root underlying is‡taparti ‘improve’ and s‡ipur
‘improvement’, have in common a set of consonants, but their vowels differ
(vowel changes are a means of indicating derivational relations, which we will not
be concerned with).

4.3. Phonological alternations

Voicing assimilation. As for the choice between an underlying voiced or voiceless
consonant, scanning the data reveals that a voiced consonant appears before voiced
obstruents and a voiceless consonant appears before voiceless obstruents and sono-
rants. Since sonorants are phonetically voiced, it is clear that there is no natural
context for deriving the voiceless consonant [t], so we assume that the prefix is
underlyingly /it/. Before a voiced obstruent, a voiceless obstruent becomes voiced.

(45) [-sonorant] • [+voice] /  ___      C

           



-son

+voi

Alternations in V2. The second vowel of the stem has three phonetic variants: [a]
as in itparnasti, [e] as in itparnes, and ∅ as in idbadru (cf. idbader). Deletion of
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the second stem vowel only takes place before the suffix -u, so we will first at-
tempt to decide when the vowel is deleted. A partial specification of the context for
vowel deletion is before C+V, which explains why the 1 sg. and 2 sg. masc. forms
(with the suffixes -ti and -∅) do not undergo vowel deletion. The next step in de-
termining when a vowel is deleted is to sort the examples into two groups: those
with vowel deletion, and those with no vowel deletion. In the following examples,
the site of vowel deletion (or its lack) is marked with an underscore.

(46) Vowel deletion
ith �am_ku itlap_s‡u idbad_ru
idgar_s‡u istap_ru istar_ku
is‡tap_ru itstal_mu izdak_nu
izdar_zu itmal_Üu itpal_Üu
itnas_Üu itpat_h�u idgal_h �u
itnats_h �u is‡tag_Ûu itpar_Ûu

No vowel deletion
itparnesu itparsemu idbalbelu
idgalgelu idarderu itpalelu
itxamemu itmotetu itÜos‡es‡u
idbodedu itamemu

Based on this grouping, we discover a vowel is deleted when it is preceded by just
a single consonant; if two consonants precede the vowel, there is no deletion.

However, it is not always the case that a vowel deletes after a single con-
sonant, so our rule cannot simply look for one versus two consonants. There are
cases such as itÜos‡es‡u where there is no vowel deletion, despite the fact that there
is only a single consonant before the vowel. Inspecting all of those examples, we
discover that the consonants preceding and following the vowel are the same, and
in every case where a vowel is deleted, the preceding and following consonants are
different. Thus, a vowel deletes only if it is preceded by a single consonant, and
that consonant must be different from the consonant that follows the vowel (which
is indicated informally as ‘Ci...Cj’ in the rule).

(47) e • ∅ / V Ci ___ Cj V

At this point, we now recognize this process as a kind of syncope, a phonological
rule which we have encountered many times before.

Closed syllable lowering. Now we turn to the alternation between [a] and [e].
Concentrating on the first set of examples in the dataset, we find [a] before CC
(itparnasti), and [e] before C# or CV (itparnes, itparnesu). Assuming that this dis-
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tribution is generally valid, we would therefore posit the following rule to derive
[a] from /e/.

(48) e • a / __ CC

Note that an attempt to derive [e] from underlying /a/ runs into the difficulty that
the context C# plus CV is not a conherent context, but is just a set of two partially
related contexts. This motivates the decision to select underlying /e/.

In four examples, the second stem vowel /e/ appears as [a] before a single
consonant, namely the 1 sg. forms itmotati, idbodati, is‡tagati and itparati. These
examples fall into two distinct subgroups, as shown by looking at their underlying
stems, which is revealed in the 3 sg. feminine forms (itmotet-u, idboded-u and
is‡tagÛu, itparÛu). In the first two examples the stems underlyingly end in a coronal
stop t or d, and in the second two examples the stems underlyingly end in the
voiced pharyngeal Û. At the underlying level, the second stem vowel is followed by
two consonants (/itmotetti/, /itbodedti/, /is‡tageÛti/ and /itpareÛti/). Surface [a] is
explained on the basis of the underlying consonant cluster ˜ it must simply be
assured that the rules simplifying these clusters apply after (48).

In the first two examples (itmotati and idbodati from /itmotat-ti/ and
/idbodad-ti/) combination of the 1 sg. suffix with the root would (after assimilation
of voicing) be expected to result in *itmotatti and *idbodatti. In fact, the data pro-
vide no examples of geminate consonants, and where geminates might have been
created by vowel syncope in idbodedu, syncope is blocked. Thus, the language
seems to be pursuing a strategy of avoiding the creation of geminate consonants.
We can account for this simplification of consonant clusters by the following rule.

(49)






t

d  • ∅ / ___ 






t

d or CiCi • Ci

The postulation of this degemination rule also explains itamem (cf. also tamim)
and idarder (cf. also dirdur), where the stem begins with /t/ or /d/. The underlying
forms of these verbs would be /it-tamem/ and /it-darder/: the surface form with a
single consonant reflects the application of this consonant-degemination process.

Stems with final pharyngeals and laryngeals. The vowel quality of the underly-
ing stems s‡ageÛ and pareÛ will be left aside temporarily, since there seem to be a
number of problems associated with these stems. We thus turn to the stems repre-
sented in itpatah �ti, idgalah �ti and itnatsah �ti. What is problematic about these stems
is the appearance of [ea] when no suffix is added, viz. itpateah �, idgaleah � and it-
natseah �. Assuming the underlying forms to be itpateh �, idgaleh � and itnatseh �
(selecting /e/ as the second vowel, analogous to itparnes, itlabes‡ and idboded) we
would need a rule inserting the vowel [a]. These stems have in common that their
final consonant is the pharyngeal [h�], suggesting a rule along the following lines.
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(50) ∅ • a / e __ h �

Why does this rule only apply in the suffixless 2 sg. masc. form? When the stem is
followed by -u, the vowel /e/ is deleted by the syncope rule, therefore there is no
vowel before h �. Syncope does not apply before the suffix -ti, but there is still no
epenthetic vowel. The reason is that underlying /e/ changes to [a] by rule (48), be-
fore a cluster of consonants. Since that rule changes /e/ to a but (50) applies after e,
prior application of (50) deprives vowel insertion of a chance to apply.

Now returning to the stems s‡ageÛ and pareÛ, we can see that this same
process of vowel insertion applies in these stems in the 2 sg. masc. Starting from
/is‡tageÛ/ and /itpareÛ/, vowel epenthesis obviously applies to give intermediate
is‡tageaÛ and itpareaÛ. This argues that the epenthesis rule should be generalized so
that both of the pharyngeal consonants trigger the process.

(51) ∅ •  V    / e __        C
      [+low]     [+low]

The forms derived by (51) are close to the actual forms, which lack the consonant
Û, and thus with an appropriate consonant deletion rule we can finish the derivation
of these forms. To formalize this rule, we need to determine where the consonant Û
appears in the language: our data indicates that it appears only before a vowel,
never before a consonant or at the end of a word which is to say it never appears at
the end of a syllable). Knowing this generalization, we posit the following rule.

(52) Û • ∅ / ___ {C,#}

No further rules are needed to account for this set of examples. In is‡tagati and ita-
rati, from is‡tageÛti and itpareÛti, there is no epenthetic vowel. This is predicted by
our analysis, since these verbs must undergo the rule lowering /e/ to [a] before CC,
and as we have just argued, vowel lowering precedes vowel epenthesis (thus pre-
venting epenthesis from applying). In this respect, is‡tagati and itparati are parallel
to itpateah �, idgaleah � and itnatseah �. The non-parallelism derives from the fact that
syllable-final Û is deleted, so predicted is‡tagaÛti and itparaÛti are realized as
is‡tagati and itparati thanks to this deletion.

The final set of verb stems typified by the verb itmaleti ~ itmale ~ itmalÜu
exbibits a glottal stop in some contexts and ∅ in other contexts. The two most ob-
vious hypotheses regarding underlying form are that the stem is /male/, or else
/maleÜ/. It is difficult to decide between these possibilities; we will explore both
possibilities. Suppose, first, that these stems end in glottal stop. In that case, we
need a rule deleting glottal stop syllable finally ˜ a similar rule was required to
delete the consonant Û. A crucial difference between stems ending in Û and stems
presumably ending in Ü is that the stem vowel /e/ does not lower to [a] before -ti in
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the latter set. Thus, deletion of Ü would have to be governed by a different rule than
deletion of Û, since Ü-deletion precedes lowering and Û-deletion follows lowering.

An alternative that we want to consider is that these stems really end in a
vowel, not glottal stop. Assuming this, surface [itpaleti] would simply reflect con-
catenation of the stem /pale/ with the suffix, and no phonological rule would apply.
The problem is that we would also need to explain why the rule of syncope does
not apply to [itpaleti], since the phonetic context for that rule is found here. The
glottal-final hypothesis can explain failure of syncope rather easily, by ordering
glottal stop deletion after syncope ˜ when syncope applies, the form is /itpaleÜti/,
where the consonant cluster blocks syncope.

Metathesis. The last point regarding the Hebrew data is the position of t in the
prefix. The consonant of the prefix actually appears after the first consonant of the
stem in the following examples.

(53) istaparti ‘get a haircut’ istarakti ‘comb hair’
is‡taparti ‘improve’ itstalamti ‘have photo taken’
izdakanti ‘age’ izdarasti ‘hurry’

We would have expected forms such as [itsaparti], [its‡aparti], [ittsalamti] by just
prefixing it- to the stem. A metathesis rule is therefore needed which moves t to be
after these consonants. What makes this group of consonants ˜ [s,s‡,ts,z] ˜ a
natural class is that they are all and only the strident coronals. We can thus formal-
ize this rule as follows: a coronal stop followed by a coronal strident switch order.

(54)  
cont-

cor+
  

strid+

cor+
  

strid+

cor+
  

cont-

cor+
































→

The ordering of this metathesis rule with respect to the voicing assimilation rule is
crucial. Given underlying /it-zakanti/, one might attempt to apply metathesis first,
which would yield iztakanti, where voiceless t is placed after stem-initial z. The
voicing assimilation rule (in a general form, applying between all obstruents)
might apply to yield *istakanti. So if metathesis applies before voicing assimila-
tion, we will derive an incorrect result, either *iztakanti if there is no voicing as-
similation (assuming that the rule only turns voiceless consonants into voiced
ones) or *istakanti if there is voicing assimilation. However, we will derive the
correct output if we apply voicing assimilation first: /itzakanti/ becomes idzakanti,
which surfaces as [izdakanti] by metathesis. With this ordering, we have com-
pleted our analysis of Modern Hebrew phonology.
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5. Japanese

The analysis of phonological alternations found in connection with the
conjugation of verbs in Japanese provides our final illustration of the kinds of is-
sues that must be considered in coming up with appropriate rules and underlying
representations. In solving this problem, it is particularly important to make the
correct assumptions about underlying representations, since the selection of under-
lying forms goes hand in hand with stating the rules correctly.

5.1. The data

The relevant data are given in (55).

(55) present negative volitional    past     inchoative gloss
neru    nenai netai neta neyo: sleep
miru  minai mitai mita miyo: see
s‡inu s‡inanai s‡initai s‡inda s‡ino: die
yomu yomanai yomitai yonda yomo: read
yobu yobanai yobitai yonda yobo: call
katsu katanai kac‡itai katta kato: win
kasu kasanai kas‡itai kas‡ita kaso: lend
waku wakanai wakitai waita wako: boil
tsugu tsuganai tsugitai tsuida tsugo: pour
karu karanai karitai katta karo: shear
kau kawanai kaitai katta kao: buy

5.2. Morphological analysis

We could make an initial guess regarding suffixes, which leads to the fol-
lowing hypotheses: -u = ‘present’, -nai = ‘negative’, -tai = ‘volitional’, -ta = ‘past’
and -yo: = ‘inchoative’: that analysis seems reasonable given he first two verbs in
the data. We might also surmise that the root is whatever the present tense form is
without the present ending, i.e. underlying ner, mir, s‡in, yom, yob, kats, kas, wak,
tsug, kar, and ka. In lieu of the application of a phonological rule, the surface form
of a word should simply be whatever we hypothesize the underlying form of the
root to be, plus the underlying form of added affixes. Therefore, given our prelimi-
nary theory of roots and suffixes in Japanese, we predict the following surface
forms, with hyphens inserted between morphemes to make the division of words
into roots and suffixes clear.
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(56) Predicted surface forms
 present negative volitional    past     inchoative

ner-u ner-nai ner-tai ner-ta ner-yo:
mir-u mir-nai mir-tai mir-ta mir-yo:
s‡in-u s‡in-nai s‡in-tai s‡in-ta s‡in-yo:
yom-u yom-nai yom-tai yom-ta yom-yo:
yob-u yob-nai yob-tai yob-ta yob-yo:
kats-u kats-nai kats-tai kats-ta kats-yo:
kas-u kas-nai kas-tai kas-ta kas-yo:
wak-u wak-nai wak-tai wak-ta wak-yo:
tsug-u tsug-nai tsug-tai tsug-ta tsug-yo:
kar-u kar-nai kar-tai kar-ta kar-yo:
ka-u ka-nai ka-tai ka-ta ka-yo:

The forms which are correct as is are underlined: as we can see, all of the present
tense forms are correct, and none of the others are. It is no surprise that the present
tense forms are correct, since we decided that the underlying form of the root is
whatever we find in the present tense minus the vowel -u. It is possible, but un-
likely, that every other word undergoes some phonological rule.

Changing our hypothesis. Since our first guess about underlying forms is suspect,
we should consider alternative hypotheses. Quite often, the cause of analytic
problems is incorrect underlying forms. One place to consider revising the as-
sumptions about underlying representations would be in the underlying forms of
the affixes. It was assumed ˜ largely on the basis of the first two forms nenai and
minai ˜ that the negative suffix is underlyingly -nai. However, in most of the ex-
amples, this apparent suffix is preceded by the vowel a (s‡inanai, yomanai, yobanai
and so on), which suggests the alternative possibility that the negative suffix is
really -anai. Similarly, the decision that the volitional suffix is underlyingly -tai is
justified based on the fact that it appears as -tai in the first two examples; however,
the suffix is otherwise always preceded by the vowel i (s‡initai, yomitai, yobitai and
so on), so this vowel might analogously actually be part of the suffix.

A fact strongly suggests that the initial hypothesis about the underlying
forms of suffixes was incorrect. The past tense suffix, which we also assumed to be
-ta, behaves very differently from the volitional suffix, and thus we have s‡initai
versus s‡inda, yomitai versus yonda, kac‡itai versus katta, karitai versus katta (there
are similarities such as kas‡itai and kas‡ita which must also be accounted for). It is
quite unlikely that we can account for these very different phonological patterns by
reasonable phonological rules if we assumes that the volitional and past tense suf-
fixes differ solely by the presence of final i. It is this realization, that there is a ba-
sic divergence between the past tense and volitional suffixes in terms of how they
act phonologically, that provides the key to identifying the right underlying forms.
Given how similar these two suffixes are in surface forms, -(i)tai vs. -(i)ta, but



232 Chapter 7

how differently they behave, they must have quite different underlying forms.
Since the past tense suffix rarely has a vowel and the volitional suffix usually does,
we modify our hypothesis so that the volitional is /-itai/ and the past tense is /ta/.
Because the negative acts very muct like the volitional in terms of where it has a
vowel, we also adopt the alternative that the nagative is /anai/.

These changed assumptions about underlying representations of suffixes
yield a significant improvement in the accuracy of our predicted surface forms, as
indicated in (57), with correct surface forms underlined.

(57) Modified predicted surface forms
 present negative volitional    past     inchoative

ner-u ner-anai ner-itai ner-ta ner-yo:
mir-u mir-anai mir-itai mir-ta mir-yo:
s‡in-u s‡in-anai s‡in-itai s‡in-ta s‡in-yo:
yom-u yom-anai yom-itai yom-ta yom-yo:
yob-u yob-anai yob-itai yob-ta yob-yo:
kats-u kats-anai kats-itai kats-ta kats-yo:
kas-u kas-anai kas-itai kas-ta kas-yo:
wak-u wak-anai wak-itai wak-ta wak-yo:
tsug-u tsug-anai tsug-itai tsug-ta tsug-yo:
kar-u kar-anai kar-itai kar-ta kar-yo:
ka-u ka-anai ka-itai ka-ta ka-yo:

Implicitly, we know that forms such as predicted *[katsanai] (for [katanai]) and
*[kas-itai] (for [kas‡itai]) must be explained, either with other changes in underying
forms, or by hypothesizing rules.

We will consider one further significant modification of the underlying
representations, inspired by the success that resulted from changing our assump-
tions about -itai and -anai, in reducing the degree to which underlying and surface
forms differ. The original and dubious decision to treat these suffixes as tai and nai
was influenced by the fact that that is how they appear with the first two verbs. It is
also possible that our initial hypothesis about the underlying form of these two
verb roots was incorrect. There is good reason to believe that those assumptions
were indeed also incorrect. Compare the surface form of the three verbs in our da-
taset which, by hypothesis, have roots ending in r.

(58) present negative volitional    past     inchoative gloss
ner-u    ne-nai ne-tai ne-ta ne-yo: sleep
mir-u  mi-nai mi-tai mi-ta mi-yo: see
kar-u kar-anai kar-itai katt-a kar-o: shear

Clearly, the supposed roots /ner/ and /mir/ act quite differently from /kar/. The
consonant r actually surfaces in most of the surface forms of the verb ‘shear’,
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whereas r actually only appears in ‘sleep’ and ‘see’ in the present tense. In other
words, there is little reason to believe that the first two roots are really /ner/ and
/mir/, rather than /ne/ and /mi/: in contrast, there seems to be a much stronger basis
for saying that ‘shear’ is underlyingly /kar/. Now suppose we change our assump-
tion about these two verbs, and assume that these verb roots end in vowels.

(59) Modified predicted surface forms
 present negative volitional    past     inchoative

ne-u ne-anai ne-itai ne-ta ne-yo:
mi-u mi-anai mi-itai mi-ta mi-yo:
s‡in-u s‡in-anai s‡in-itai s‡in-ta s‡in-yo:
yom-u yom-anai yom-itai yom-ta yom-yo:
yob-u yob-anai yob-itai yob-ta yob-yo:
kats-u kats-anai kats-itai kats-ta kats-yo:
kas-u kas-anai kas-itai kas-ta kas-yo:
wak-u wak-anai wak-itai wak-ta wak-yo:
tsug-u tsug-anai tsug-itai tsug-ta tsug-yo:
kar-u kar-anai kar-itai kar-ta kar-yo:
ka-u ka-anai ka-itai ka-ta ka-yo:

In terms of being able to predict the surface forms of verbs without phonological
rules, this has resulted in a slight improvement of predictive power (sometimes
involving a shuffling of correct and incorrect columns, where under the current
hypothesis we no longer directly predict the form of the present tense, but we now
can generate the past and inchoative forms without requiring any further rules).
More important is the fact that we now have a principled basis, in terms of differ-
ent types of underlying forms, for predicting the different behavior of the verbs
which have the present tense neru, miru versus karu, which are in the first two
cases actually vowel-final roots, in contrast to a consonant-final root.

5.3. Phonological rules

At this point, we will attempt to discover phonological rules which explain
remaining differences between underlying and surface forms ˜ though it always
remains possible that we will need to change our assumed underlying forms, as our
analysis progresses. The approach to take is to look at forms which are still not
completely explained, and construct hypotheses to account for these forms: what
new rules are needed to get from the underlying to surface forms. One useful way
to approach this is to look for columns or rows of data where similar things seem
to be happening. The incorrectly predicted forms are re-listed below, this time ex-
cluding the forms which are already explained, with information about the nature
of the problem added. If a segment is predicted but does not actually surface, that
segment is placed in parentheses; if there is a segment which appears in the surface
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form but which does not appear to be present in the underlying form, the segments
is placed in square brackets; segments whose phonetic quality differs from the
predicted quality are italicized.

(60) present negative volitional    past     inchoative
ne[r]u ne(a)nai ne(i)tai sleep
mi[r]u mi(a)nai mi(i)tai see

s‡inta s‡in(y)o: die
yomta yom(y)o: read
yobta yob(y)o: call

katsanai katsta kats(y)o: win
kasitai kas[i]ta kas(y)o: lend

wakta wak(y)o: boil
tsugta tsug(y)o: pour
karta kar(y)o: shear

ka(w)anai ka[t]ta ka(y)o: buy

The glide in the inchoative. In order to explain most of the problems which arise
with the inchoative form, we will consider the possibility that there is a rule delet-
ing consonants after consonants, since that is the nature of the problem with the
inchoative colum. Such a consonant deletion cannot be totally general, i.e. deleting
any consonant after any other consonant, since as is evident in the past tense col-
umn, the consonant clusters [tt] and [nd] are possible in the language. Neverthe-
less, this is a rather restricted subset of the imaginable two-consonant combinations
which can be formed from the consonants of the language, and this is a good indi-
cation that there may be some process deleting a consonant after another conso-
nant. Thus we might assume a rule deleting the glide y after a consonant.

(61)                 C /   
back-

cons-
∅→









The postulation of any such rule immediately makes a prediction about possible
surface forms: there should be no sequences of consonant plus glide in the data.
Since there are none in the data at hand, our hypothesis has passed an important
test. (If you know Japanese, you may know of words with y after a consonant, e.g.
[To:kyo:]. We will restrict ourselves to the specific dataset given here, but the re-
striction on the rule that the deleted consonant must be morpheme-initial solve this
problem). Armed with this rule, we have now accounted for a very large chunk of
otherwise problematic examples ˜ all of the inchoative forms except for kao:
‘buy’, where the glide deletes but there seems to be no consonant which would
condition deletion of the glide.
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Vowel deletion. Another area where some success is possible in reconciling under-
lying and surface forms by focusing on possible segment sequences is with the
verbs ‘sleep’ and ‘see’. The difference between the predicted (neanai, mianai;
neitai, miitai) and actual forms (nenai, minai; netai, mitai) of the negative and
volitional forms is that the actual forms lack the suffix vowel. In the predicted
forms, we find a sequence of vowels, whereas in the actual form, only the first of
those vowels is found. This raises the question whether we might postulate a rule
deleting a vowel after another vowel. In positing such a rule, we would want to
consider what V-V sequences are actually found in the data. We find the vowel
sequences [ai] in the volitional and negative suffixes itself, as well as in past tense
waita; also [ui] in the past of ‘pour’; also the sequences [ao:] and [au] in the verb
‘buy’. We do not find sequences of vowels containing the front vowels [e] or [i],
that is, the otherwise expected sequences [ia], [ii], [ea] and [ei]. Therefore, we
posit the following rule of vowel deletion.

(62)        
back-

syl+
 /   V 








∅→

This resolves many of the problematic forms of the verbs ‘sleep’ and ‘die’,
for example the fact that /ne-itai/ • [netai], but there are still some examples that
we still cannot explain. In the present tense, we find [neru] and [miru], which we
presume derives from /ne-u/ and /mi-u/. The vowel deletion rule (62) should apply
to these underlying forms, resulting in incorrect *[ne] and *[mi]. We might try to
resolve this by assuming that the vowel [u] cannot be deleted by (62) ˜ we would
then need to restricting the rule to exclude round vowels from deletion. If /u/ fails
to be deleted in /ne-u/, perhaps a consonant is inserted thereby eliminating the
cluster of vowels.

(63) V       
back-

syl+
r/   








→∅

Armed with these new rules, we will have actually accounted for all forms of the
verbs ‘sleep’ and ‘see’.

Nasal + consonant. At this point, the remaining problem forms have been reduced
to a very small set, mostly in the past tense. A comparison of the presumed under-
lying and surface past tense forms is given below.

We will consider an-
other possibility later,
that the present suffix
is /ru/, so rather than
inserting it in neru, we
delete it in [yomu].
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(64) /s‡inta/ [s‡inda] /yomta/ [yonda]
/yobta/ [yonda] /katsta/ [katta]
/kasta/ [kas‡ita] /wakta/ [waita]
/tsugta/ [tsuida] /karta/ [katta]
/kata/ [katta]

The problem posed by the past tense form is that by combining the root
with the suffix -ta, underlying clusters of consonants would be created, but there
are very severe restrictions on what consonant clusters exist in Japanese. The sim-
plest problem is that presented by [s‡inda] from /s‡inta/, where /t/ becomes voiced
after a nasal. A process of post-nasal voicing is rather common in the languages of
the world, so we may hypothesize that there is such a process in Japanese.

(65) C • [+voice] / [+nasal] ___

The data further suggest that the rule applies in other examples, since we see that
in the past tense of the roots /yom/ and /yob/, the final consonant of the root is a
nasal on the surface, and /t/ becomes voiced.

Having noticed that the set of surface consonant clusters is very restricted,
we can account for the problem of the verbs /yob/ and /yom/ as well, by noting that
the final consonant in these roots becomes [n], which is part of the change from the
nonexistent sequences /mt/ and /bt/ to the actually occurring [nd]. Thus, these con-
sonants become [n] before /t/ (and subsequently, /t/ voices after the derived [n]).

(66)      C       / 
nasal

coronal
   [-coronal] 








+

+
→

Notice that although the data only illustrate preconsonantal nasalization before /t/,
the rule is stated as generally as possible, thus predicting that if a suffix beginning
with /k/ or /d/ were found, nasalization would take place there as well.

Always on the watch for other contexts where the same general phenome-
non seems to be relevant to more than one form, we also notice that the surface
forms [waita] and [tsuida] differ from their underlying forms /wakta/ and /tsugta/
by replacing the preconsonantal velar with the vowel [i], suggesting a vocalization
rule such as the following.

(67)     C             V
[+hi] • [-back]   / ___ C

This rule straightforwardly accounts for the form [waita], and almost ac-
counts for the form [tsuida], except that we still need to explain why the suffix con-
sonant is voiced. The underlying representation itself provides a reason for this
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voicing, since underlyingly, /t/ is preceded by a voiced consonant in /tsugta/. We
know that /t/ voices in another context, after a nasal, so we could account for
voicing in [tsuida] by re-stating the rule so that it applies not just after nasals
(which are voiced), but after all voiced consonants. By applying the voicing rule
which is sensitive to underlying consonant voicing before the velar-vocalization
rule, we can explain the opaque surface difference [waita] versus [tsuida], as deriv-
ing from the voicing of the consonant which precedes it underlyingly. We also
want to be sure to apply rule (67) before rule (66), given the way we have formu-
lated these rules. We did not explicitly restrict (66), which changes non-coronals to
[n] before a consonant, to applying only to labials. Therefore, the more specific
rule (67) must apply first, otherwise velars would also be incorrectly turned into
[n] before a consonant.

5.4. Taking stock

At this point, it is useful to review the present state of our analysis. We
have posited six phonological rules ˜ y-deletion, vowel-deletion, r-insertion, con-
sonant voicing, velar vocalization, and labial nasalization ˜ which, given the as-
sumptions that we have made regarding roots and suffixes, account for most of the
forms in the dataset. It is important to recheck the full dataset against our rules, to
be certain that our analysis does handle all of the data. A few forms remain which
we cannot fully explain.

The forms which we have not yet explained are the following. First, we
have not explained the variation in the root-final consonant seen in the verb ‘win’
(kats-u, kat-anai, kac‡-itai, kat-ta, kat-o:). Second, we have not accounted for the
variation between s and s‡ in the verb ‘shear’, nor have we explained the presence
of the vowel [i] in the past tense of this verb. Finally, in the verb ‘buy’ we have not
explained the presence of [w] in the negative, the appearance of a second [t] in the
past tense form, and we have not explained why in the inchoative form [kao:] the
suffix consonant y deletes.

Correcting the final consonant. The first problem to take on is the variation in
the final consonant of ‘win’. Looking at the correlation between the phonetic reali-
zation of the consonant and the following segment, we see that [ts] appears before
[u], [c‡] appears before [i], and [t] appears elsewhere. Obviously, then, it was a
mistake to assume that the underlying form of this root contains the consonant /ts/;
instead, we will assume that the underlying consonant is /t/ (and therefore nothing
more needs to be said about the surface forms kat-anai, kat-ta, and kat-o:). Look-
ing more generally at the distribution of [c‡] and [ts] in the data, [c‡] only appears
before [i], and [ts] only appears before [u], allowing us to posit the following rules.

(68) t • [+delayed release] / __ u
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(69)   i      /  
anterior-

rel del.+
 t 








→

Moving to the verb ‘lend’, we find a related problem that the final consonant /s/
appears as surface [s‡] before the vowel [i]. This is reminiscent of  the process
which we assumed turning t into c‡ before i. In fact, we can decompose the process
t • c‡ into two more basic steps: /t/ becomes an affricate before [i], and s and ts

become alveopalatal [s‡] and [c‡] before the vowel [i].

i-epenthesis. All that remains to be explained about ‘lend’ is why [i] appears in the
past tense, i.e. why does /kasta/ become kasita (whence [kas‡ita])? This is simple:
we see that [st] does not exist in the language, and no assimilations turn it into an
existing cluster, so [i] is inserted to separate these two consonants.

(70)     
cont-

cor+
        

son-

cont+
 / 

back-

hi+

syl+

  































→∅

r-assimilation and final w. Turning now to the form [katta] ‘shear (past)’ from
/kar-ta/, a simple assimilation is needed to explain this form:

(71) r • Ci / __ Ci

The last remaining problems are in the verb ‘buy’, where we must explain
the extra [t] in [katta], the presence of [w] in [kawanai], and the loss of /y/ in the
inchoative form [kao:]. We might explain the form [kawanai] by a rule of w-
insertion inserting w between two occurrences of the vowel [a]; more puzzling is
the form [katta], which we presume derives from /ka-ta/. It would be very unusual
for a consonant to spontaneously double between vowels. Since there are so many
problems associated with this one root, perhaps the problem lies in our assump-
tions about the underlying form of this root. Perhaps the w in [kawanai] is part of
the root itself. What would be the benefit of assuming that this root is really /kaw/?
First, it explains the presence of w in [kawanai]. Second, it provides a basis for the
extra [t] in [katta]: /w/ assimilates to following [t]. Such an assimilation is implicit
in our analysis, namely rule (71) assimilating /r/ to /t/. We can generalize this rule
to applying to both /r/ and /w/, which are oral sonorant. Finally, positing underly-
ing /kaw/ helps to resolve the mystery of why /y/ deletes in the inchoative form
[kao:], when otherwise /y/ only deletes when it is preceded by a consonant. If we
start with /ka-yo:/ there is no reason for /y/ to delete, but if we start with /kaw-yo:/,
/y/ is underlyingly preceded by a consonant /w/, which causes deletion of y, and
then /w/ itself is deleted.



Doing an Analysis 239

The cost of this analysis ˜ a small cost ˜ is that we must explain why
[w] does not appear more widely in the root, specifically, why do we not find sur-
face [w] in ka-u, ka-itai and ka-o:. The answer lies in the context where [w] ap-
pears: [w] only appears before a low vowel, suggesting the following rule.

(72)     
low-

V  
     /   w 








∅→

At this point, we have a complete analysis of the data. The rules (in short-
hand versions) and underlying forms are recapitulated below.

(73) Roots:
/ne/ ‘sleep’, /mi/ ‘see’, /s‡in/ ‘die’, /yom/ ‘read’, /yob/ ‘call’, /kat/ ‘win’,
/kas/ ‘lend’, /wak/ ‘boil’, /tsug/ ‘pour’, /kar/ ‘shear’, /kaw/ ‘buy’

Suffixes:
-u ‘present’, -anai ‘negative’, -itai ‘volitional’, -ta ‘past’, -yo: ‘inchoative’

Rules:
y • ∅ / C__      V • ∅ / e,i ___
∅ • r / e,i __ V [-round]
b,m • n / __ t k,g • i / ___ t
t • ts / __ u,i ts,s • c‡,s‡ / __ i
∅ • i / s __t r,w • t / __ t
w • ∅ /__  V t • d /   C ___

       [-lo]           [+voi]

Progress by hypothesis forming and testing. Three important points have
emerged as our analysis developed. First, analysis procedes step-by-step, by
forming specific hypotheses which we then check against the data, revising those
hypotheses should they prove to be wrong. Second, it is vital to consider more than
one hypothesis: if we had only pursued the first hypothesis that the roots /ne/, /mi/,
/kar/ and /kaw/ were really underlying /ner/, /mir/, /kar/ and /ka/, we would never
have been able to make sense of the data. The most important skill that you can
bring to the task of problem-solving is the ability to create and evaluate competing
hypotheses intended to explain some fact. Finally, it is particularly important to
remember that assumptions about underlying representations go hand-in-hand with
the phonological rules which you postulate for a language. When you check your
solution, the problem may not be that your rules are wrong, but that your underly-
ing forms are wrong. By continuously reviewing the analysis, and making sure that
the rules works and your assumptions about underlying forms are consistent, you
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should arrive at the stage that no further improvements to the analysis are possible,
given the data available to you.

At this point, it might occur to you that there are aspects of the underlying
representation which could still be questioned. Consider the present tense form,
which we assumed was /u/. An alternative may be considered, where this suffix is
really underlyingly /ru/. The presence of underlying /r/ in this suffix is made plau-
sible by the fact that r actually appears in the forms miru, neru. We assumed that r
is epenthetic, but perhaps it is part of the present suffix. That would allow us to
eliminate the rule of r-epenthesis needed only to account for [neru] and [miru]. At
the same time, we can also simplify the rule of vowel deletion, by removing the
restriction that only non-round vowels delete after [e] and [i]: we made that as-
sumption only because /ne-u/ and /mi-u/ apparentlu did not undergo the process of
vowel deletion.

Any change in assumptioned underlying forms requires a reconsideration
of those parts of the analysis relevant to that morpheme. We would then assume
the underlying forms /s‡in-ru/, /yom-ru/, /kat-ru/ and so on, with the root final con-
sonant being followed by /r/. This /r/ must be deleted: notice that we already have
a rule which, stated in a more general form, would delete this /r/, namely the rule
deleting /y/ after a consonant.

(74) [+sonor] • ∅ / C ___

If we generalize that rule to apply to any sonorant consonant after a consonant, we
eliminate the rule of r-insertion, generalize the rules y-deletion and vowel-deletion,
which results in a better analysis.

]

Summary

Analyzing a complex set of data into a consistent system of underlying representa-
tions and rules requires you to pay attention to details. A solution to a problem re-
quires that you formulate reasoned hypotheses and test them against the data. The
most important skill needed to test a hypothesis is that you must apply your rules
completely literally. Do what the rule says must be done, and if that does not give
you the correct result, you must change your underlying representations, rules, or
rule ordering. The ability to consider multiple hypotheses is one of the most impor-
tant skills in problem solving.
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Exercises

1: Serbo-Croatian
These data from Serbo-Croatian have been simplified in two ways, to

make the problem more manageable. Vowel length is omitted, and the only accen-
tual property that is included is the predictable accent (whose location varies ac-
cording to a rule). Invariant lexical acent is not marked, and your analysis should
explain how accent is assigned in the predictable-accent class, where accent is
marked. You cannot write rules which predict accent for those words in the un-
predictable accent class, and you cannot (and should not try to) write a rule which
somehow predicts whether a word receives a predictable accent. In other words,
write one or more rules which assigns accent to the syllable marked with accent,
and ignore the accent of words with no accent mark (however, other parts of the
phonology of such words must be accounted for). Past tense verbs all have the
same general past tense suffix, and that the difference between masculine, feminine
and neuter past tense involves the same suffixes as are used to mark gender in ad-
jectives.

Adjectives
Masc. Fem. Neut. Pl.
mla−d mlada− mlado− mlad™® young
pu−st pusta− pusto − pust™® empty
bogat bogata bogato bogati rich
be−o bela− belo− bel™® white
veseo vesela veselo veseli gay
debe −o debela− debelo − debel™® fat
m™®o mila− milo− mil™® dear
zele−n zelena− zeleno− zelen™® green
krade −n kradena − kradeno − kraden™® stolen
dale−k daleka− daleko − dalek™® far
viso −k visoka − visoko − visok™® high
dubo −k duboka − duboko − dubok™® deep
kriz‡an kriz‡ana kriz‡ano kriz‡ani cross
sunc‡an sunc‡ana sunc‡ano sunc‡ani sunny
svec‡an svec‡ana svec‡ano svec‡ani formal
bogat bogata bogato bogati rich
rapav rapava rapavo rapavi rough
ya−san yasna− yasno − yasn™® clear
va−z‡an vaz‡na− vaz‡no − vaz‡n™® important
s™®tan sitna− sitno − sitn™® tiny
ledan ledna ledno ledni frozen
ta−nak tanka− tanko − tank™® slim
kra−tak kratka− kratko − kratk™® short
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bl™®zak bliska− blisko − blisk™® close
u−zak uska− usko − usk™® narrow
do −bar dobra − dobro − dobr™® kind
o−s‡tar os‡tra− os‡tro − os‡tr™® sharp
bodar bodra bodro bodri alert
ustao ustala ustalo ustali tired
mu−kao mukla− muklo − mukl™® hoarse
o −bao obla− oblo − obl™® plump
po −dao podla − podlo − podl™® base

Verbs
1sg pres masc. past fem. past neut. past
tepe−m te−pao tepla− teplo − wander
skube−m sku −bao skubla − skublo − tear
trese−m tre−sao tresla− treslo− shake
veze−m ve−zao vezla− vezlo− lead

2: Standard Ukrainian
Standard Ukrainian has palatalized and non-palatalized consonants. How-

ever, palatalized consonants do not appear before e. Consonants are generally
palatalized before i, but there are apparent exceptions such as bily ‘ache’, which
need not be seen as exceptions, given the right analysis. Give ordered rules to ac-
count for the alternations of the following nouns. The alternation between o and e
is limited to suffixes and does not occur in roots. Also for masculine nouns refer-
ring to persons the morpheme ov/ev is inserted between the root and the case suffix
in the locative singular (see the examples ‘son-in-law’, ‘grandfather’). The data are
initially ambiguous as to whether or not the alternations between o and i and be-
tween e and i are to be implemented by the same rule. Consider both possibilities;
give an argument for selecting one of these solutions.

Masculine nouns
Nom. sg. Dat. pl.  Dat. sg. Loc. sg. Gloss
zub zubam zubovyi zubyi tooth
svyit svyitam svyitovyi svyityi light
zyaty zyatyam zyatevyi zyatevyi son-in-law
kos‡yily kos‡elyam kos‡elevyi kos‡elyi basket
zlodyiy zlodyiyam zlodyiyevyi zlodyiyevyi thief
myisyatsy myisyatsyam myisyatsevyi myisyatsyi month
korovay korovayam korovayevi korovayi round loaf
kamyiny kamenyam kamenevyi kamenyi stone
myidy myidyam myidevyi myidyi copper
xlyiv xlyivam xlyivovyi xlyivyi stable
holub holubam holubovyi holubyi dove
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syin syinam syinovyi syinyi son
lebyidy lebedyam lebedevyi lebedyi swan
susyid susyidam susyidovyi susyidovyi neighbor
c‡olovyik c‡olovyikam c‡olovyikovyi c‡olovyikyi man
lyid ledam ledovyi ledyi ice
bily bolyam bolevyi bolyi ache
riw rovam rovovyi rovyi ditch
stiw stolam stolovyi stolyi table
dyid dyidam dyidovyi dyidovyi grandfather
lyit lyotam lyotovyi lyotyi flight
mist mostam mostovyi mostyi bridge

Neuter nouns
Nom. sg. Gen. sg. Dat. sg. Loc. sg. Gen. pl. Gloss
tyilo tyila tyilu tyilyi tyiw body
koleso kolesa kolesu kolesyi kolyis wheel
ozero ozera ozeru ozeryi ozyir lake
selo sela selu selyi syiw village
pole polya polyu polyi pily field
slovo slova slovu slovyi sliw word
more morya moryu moryi miry sea

3: Somali
In the following Somali data, [dä] is a voiced retroflex stop and [rä] is a

voiced retroflex spirant. Account for all phonological alternations in these data. In
your discussion of these forms, be sure to make it clear what you assume the un-
derlying representations of relevant morphemes are. Your discussion should also
make it clear what motivates your underlying representations and rules. For in-
stance if one might analyse some alternation by assuming underlying X and rule Y,
say why (or whether) that choice is preferable to the alternative of assuming under-
lying P and rule Q.

Singular Sing. Definite Plural Gloss
daar daarta daaro house
gees geesta geeso side
laf lafta lafo bone
lug lugta  luÆo leg
naag naagta naaÆo woman
tib tibta    tiÄo pestle
sab sabta    saÄo outcast
bad bada baÅo sea
š‡id š‡ida š‡iÅo person
feedä feedäa  feeräo rib
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Ûiir Ûiirta Ûiiro buttermilk
Üul Üus‡a Üulo stick
bil bis‡a bilo month
meel mees‡a meelo place
kaliil kaliis‡a kaliilo summer
nayl nays‡a naylo female lamb
sun sunta sumo poison
laan laanta laamo branch
sin sinta simo hip
dan danta dano affair
daan daanta daano river bank
saan saanta saano hide
nirig nirigta nirgo baby female camel
gaÄadä gaÄadäa gabdäo girl
gaš‡an gaš‡anta gaš‡mo arm
hoÆol hoÆos‡a hoglo downpour
baÆal baÆas‡a baglo mule
wah�ar wah�arta wah�aro female kid
irbad irbada irbaÅo needle
kefed kefeda kefeÅo pan
š‡ilin š‡ilinta š‡ilino female dwarf
bohol bohos‡a boholo hole
jirid jirida jirdo trunk
Üaayad Üaayada ÜaayaÅo miracle
gaÛan gaÛanta gaÛmo hand
Üinan Üinanta Üinano daughter

3sg msc. pst 3sg fem. past 1pl past Gloss
suÆay sugtay sugnay wait
kaÄay kabtay kabnay fix
siÅay siday sidnay carry
dilay dis‡ay dillay kill
ganay gantay gannay aim
tumay tuntay tunnay hammer
argay aragtay aragnay see
gudbay guÅubtay guÅubnay cross a river
qoslay qosos‡ay qosollay laugh
hadlay haÅas‡ay haÅallay talk

4: Latin
Provide a complete account of the following phonological alternations in

Latin, including underlying forms for nouns stems.
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Nominative Genitive  Gloss
arks arkis fortress
duks dukis leader
daps dapis feast
re:ks re:gis king
falanks   falangis  phalanx
filiks filikis fern
lapis lapidis   stone
li:s li:tis strife
fraws frawdis   deceit
noks noktis    night
frons frontis   brow
frons frondis   leaf
inku:s inku:dis  anvil
sors sortis lot
fu:r fu:ris thief
murmur    murmuris  murmur
augur     auguris   augur
arbor arboris   tree
pugil pugilis   boxer
sal salis salt
adeps adipis fat
apeks apikis top
pri:nkeps pri:nkipis chief
ekwes ekwitis   horseman
miles militis   soldier
no:men    no:minis  name
karmen    ka:rminis song
lu:men    lu:minis  light
wenter    wentris   belly
pater patris father
kada:wer  kada:weris corpse
tu:ber tu:beris  swelling
piper piperis   pepper
karker    karkeris  prison

The following five nouns and adjectives select a different genitive suffix,
-i: as opposed to is. You cannot predict on phonological grounds what nouns take
this suffix, but otherwise these words follow the rules motivated in the language.

li:ber li:beri:  free
miser miseri:   wretched
ager agri: field
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sinister  sinistri: left
liber libri: book

What other phonological rule or rules are needed to account for the following data?

as assis whole
os ossis bone
far farris spell
mel mellis honey
o:s o:ris mouth
flo:s flo:ris flower
mu:s mu:ris    mouse
cru:s cru:ris   leg
kinis kineris   ash
pulvis    pulveris  dust

5: Turkish
Provide a phonological analysis of the following data from Turkish.

nom poss dat abl nom. pl
oda odasi½ odaya odadan odalar room
dere deresi dereye dereden dereler river
u‰tu‰ u‰tu‰su‰ u‰tu‰ye u‰tu‰den u‰tu‰ler iron
balo balosu baloya balodan balolar ball
ari½ ari½si½ ari½ya ari½dan ari½lar bee
la: la:si½ la:ya la:dan la:lar la (note)
bina: bina:si½ bina:ya bina:dan bina:lar building
imla: imla:si½ imla:ya imla:dan imla:lar spelling
be: be:si be:ye be:den be:ler B (letter)
kep kepi kepe kepten kepler cap
at ati½ ata attan atlar horse
ek eki eke ekten ekler affix
ok oku oka oktan oklar arrow
gu‰c‡ gu‰š‡u‰ gu‰š‡e gu‰c‡ten gu‰c‡ler power
ahmet ahmedi ahmede ahmetten ahmetler Ahmed
kurt kurdu kurda kurttan kurtlar worm
tu‰rk tu‰rku‰ tu‰rke tu‰rkten tu‰rkler Turk
genc‡ genc‡i genc‡e genc‡ten genc‡ler young
halk halki½ halka halktan halklar folk
u‰st u‰stu‰ u‰ste u‰stten u‰stler upper plane
sarp sarpi½ sarpa sarptan sarplar steep
harp harbi½ harba harptan harplar war
alt alti½ alta alttan altlar bottom
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renk rengi renge renkten renkler color
his hissi hisse histen hisler feeling
hu‰r hu‰rru‰ hu‰rre hu‰rden hu‰rler free
mahal mahalli½ mahalla mahaldan mahallar place
hak hakki½ hakka haktan haklar right
zam zammi½ zamma zamdan zamlar inflation
af affi½ affa aftan aflar excuse
arap arabi½ araba araptan araplar Arab
koyun koyunu koyuna koyundan koyunlar sheep
pilot pilotu pilota pilottan pilotlar pilot
kitap kitabi½ kitaba kitaptan kitaplar book
domuz domuzu domuza domuzdan domuzlar pig
davul davulu davula davuldan davullar drum
bayi½r bayi½ri½ bayi½ra bayi½rdan bayi½rlar slope
somun somunu somuna somundan somunlar loaf
fikir fikri fikre fikirden fikirler idea
isim ismi isme isimden isimler name
boyun boynu boyna boyundan boyunlar neck
c‡evir c‡evri c‡evre c‡evirden c‡evirler injustice
devir devri devre devirden devirler transfer
koyun koynu koyna koyundan koyunlar bosom
kari½n karni½ karna kari½ndan kari½nlar thorax
burun burnu burna burundan burunlar nose
aki½l akli½ akla aki½ldan aki½llar intelligence
s‡ehir s‡ehri s‡ehre s‡ehirden s‡ehirler city
namaz namazi½ namaza namazdan namazlar worship
zaman zama:ni½ zama:na zamandan zamanlar time
harap hara:bi½ hara:ba haraptan haraplar ruined
i:kaz i:ka:zi½ i:ka:za i:kazdan i:kazlar warning
hayat haya:ti½ haya:ta hayattan hayatlar life
ispat ispa:ti½ ispa:ta ispattan ispatlar proof
inek inei inee inekten inekler cow
manti½k manti½i½ manti½a manti½ktan manti½klar logic
ayak ayai½ ayaa ayaktan ayaklar foot
c‡abuk c‡abuu c‡abua c‡abuktan c‡abuklar quick
dakik dakii dakie dakikten dakikler punctual
merak mera:ki½ mera:ka meraktan meraklar curiosity
tebrik tebri:ki tebri:ka tebrikten tebrikler greetings
hukuk huku:ku huku:ka hukuktan hukuklar law

6: Kera
Propose ordered rules to account for the following alternations. It will

prove useful to think about the vowels of this language in terms of high versus
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non-high vowels. Also, in this language it would be convenient to assume that [h]
and [Ü] are specified as [+low]. In accounting for this data, it will be important to
pay attention to both verbs like bi½lan ‘want me’, balnan ‘wanted me’ and balla
‘you must want!’, i.e. there are present, past and imperative forms involved, cer-
tain tenses being marked by suffixes. Finally, pay attention to what might look like
a coincidence in the distribution of vowels in the underlying forms of verb roots:
there are no coincidences.

haman  ‘eat me’ se:nen ‘my brother’
hamam  ‘eat you m.’ se:nem ‘your masc. brother’
hi½mi ‘eat you f.’ si:ni ‘your fem. brother’
hi½mu ‘eat him’ si:nu ‘his brother’
hama ‘eat her’ se:na ‘her brother’
hamaÏ  ‘eat you pl.’ se:neÏ ‘your pl. brother’

kolon ‘change me’ gi:din ‘my belly’
kolom ‘change you masc.’ gi:dim ‘your masc. belly’
kuli ‘change you fem.’ gi:di ‘your fem. belly’
kulu ‘change him’ gi:du ‘his belly’
kola ‘change her’ gi:di½ ‘her belly’
koloÏ ‘change you pl.’ gi:diÏ ‘your pl. belly’

ci½:ri½n ‘my head’ gunun ‘wake me’
ci½:ri½m ‘your masc. head’ gunum ‘wake you masc.’
ci:ri ‘your fem. head’ guni ‘wake you fem.’
cu:ru ‘his head’ gunu ‘wake him’
ci½:ri½ ‘her head’ guni½ ‘wake her’
ci½:ri½Ï ‘your pl. head’ gunuÏ ‘wake you pl.’

bi½lan ‘want me’ Ïi½fan ‘meet me’
bi½lam ‘want you masc.’ Ïi½fam ‘meet you masc.’
bi½li ‘want you fem.’ Ïi½fi ‘meet you fem.’
bi½lu ‘want him’ Ïi½fu ‘meet him’
bi½la ‘want her’ Ïi½fa ‘meet her’
bi½laÏ ‘want you pl.’ Ïi½faÏ ‘meet you pl.’

Üasan ‘know me’ Üapan ‘find me’
Üasam ‘know you masc.’ Üapam ‘find you masc.’
Üi½si ‘know you fem.’ Üi½pi ‘find you fem.’
Üi½su ‘know him’ Üi½pu ‘find him’
Üasa ‘know her’ Üapa ‘find her’
ÜasaÏ ‘know you pl.’ ÜapaÏ ‘find you pl.’
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haran ‘give me back’
haram ‘give you masc. back’
hi½ri ‘give you fem. back’
hi½ru ‘give him back’
hara ‘give her back’
haraÏ ‘give you pl. back’

balnan  ‘wanted me’ Ïafnan ‘met me’
balnam ‘wanted you masc.’ Ïafnam ‘met you masc.’
bi½lni ‘wanted you fem.’ Ïi½fni ‘met you fem.’
bi½lnu ‘wanted him’ Ïi½fnu ‘met him’
balna ‘wanted her’ Ïafna ‘met her’
balnaÏ  ‘wanted you pl.’ ÏafnaÏ ‘met you pl.’
balla ‘you must want!’ Ïafla ‘you must meet!’

ba ‘not’ pa ‘again’ bi½pa ‘no more’

7: Keley-i
Account for the phonological alternations in the following inflected verbs.

The different forms relate to whether the action is in the past or future, and which
element in the sentence is emphasised (subject, object, instrument). Verb roots un-
derlyingly have the shape CVC(C)VC, and certain tense forms such as the subject
focus future require changes in the stem that result in a CVCCVC shape. This may
be accomplished by reduplicating the initial CV- for stems whose first vowel is [e]
as in Üum-bebhat – behat, or doubling the middle consonant as in Üum-buÏÏet –
buÏet. The contrastive identification imperfective form similarly conditions
lengthening of the consonant in the middle of the stem, when the first vowel is not
[e], as in memayyuÜ – bayuÜ. These changes should be treated as part of the mor-
phology, so do not attempt to write phonological rules to double consonants or
reduplicate syllables. Be sure to explicitly state the underlying form of each root.

subject focus direct object instrumental focus
future focus past past
Üumduntuk dinuntuk Üinduntuk punch
ÜumbayyuÜ binayuÜ ÜimbayuÜ pound rice
Üumdillag dinilag Üindilag light lamp
Üumgubbat ginubat ÜiÏgubat fight
Üumhullat hinulat Üinhulat cover
ÜumbuÏÏet binuÏet ÜimbuÏet scold
Üumgalgal ginalgal ÜiÏgalgal chew
ÜumÜagtuÜ ÜinagtuÜ ÜinÜagtuÜ carry on head
ÜumÜehneÏ ÜinehneÏ ÜinÜehneÏ stand
Üumbebhat binhat Üimbehat cut rattan
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ÜumdedÜek dinÜek ÜindeÜek accuse
Üumtuggun sinugun Üintugun advise
Üumtetpen simpen Üintepen measure
Üumpeptut pintut Üimpetut dam
ÜumhehpuÏ himpuÏ ÜinhepuÏ break a stick
Üumtetkuk siÏkuk Üintekuk shout
Üumkekbet kimbet ÜiÏkebet scratch
Üumbebdad bindad Üimbedad untie
Üumdedgeh diÏgeh Üindegeh sick

instrumental contrastive contrastive
past focus id. imperfective id. perfective
Üinduntuk menuntuk nenuntuk punch
ÜimbayuÜ memayyuÜ nemayuÜ pound rice
Üindilag menillag nenilag light lamp
ÜiÏgubat meÏubbat neÏubat fight
Üinhulat menullat nenulat cover
Üintanem menannem nenanem plant
Üimpedug memdug nemdug chase
Üimbedad memdad nemdad untie
ÜiÏkebet meÏbet neÏbet scratch
ÜimbekaÜ memkaÜ nemkaÜ dig
Üintepen mempen nempen measure
ÜintebaÜ membaÜ nembaÜ kill a pig
Üintekuk meÏkuk neÏkuk shout
Üindegeh meÏgeh neÏgeh sick
Üinhepaw mempaw nempaw possess
Üinteled menled nenled sting
ÜindeÜek menÜek nenÜek accuse
ÜinÜebaÜ meÏbaÜ neÏbaÜ carry on back
ÜinÜinum meÏinnum neÏinum drink
ÜinÜagtuÜ meÏagtuÜ neÏagtuÜ carry on head
ÜinÜalaÜ meÏallaÜ neÏalaÜ get
ÜinÜawit meÏawwit neÏawit get

The following past subject clausal focus forms involve a different prefix, using
some of the roots found above. A number of roots require reduplication of the first
root syllable.

nandunduntuk ‘punch’ nampepedug ‘chase’
naÏkekebet ‘scratch’ nambebeka ‘dig’
nantetekuk ‘shout’ nandedeÜek ‘accuse
nanÜeÜeba ‘carry on back’ nanÜiÜinum ‘drink’
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nantanem ‘plant’

8: Kikuria
In some (but not all) of the examples below, morphemes boundaries have

been been introduced to assist in the analysis. There is a consonant dissimilation
whereby k • g when the following consonant is voiceless, which may be disre-
garded here. Every noun is assigned to a grammatical class conventionally given a
number (1-20), which is indicated by a particular prefix on the nouns (e.g. omo- for
cl. 1); there are also pronoun prefixes on verbs marking subject and object for each
class. Tones may be disregarded (however, it is completely predictable in the in-
finitive). It is important to pay attention to interaction between processes in this
problem.

ogo-ta −a −nga − ‘to begin’ oko-g¢ −sa ‘to harvest’
oko-r¥ −ga ‘to witch’ oko-re−ma ‘to plow’
oko-ho −o −ra − ‘to thresh’ ugu-s™®™®ka− ‘to close a door’
ugu-su −raanga − ‘to sing praise’ uku-g™®™®nga − ‘to shave’
ugu-tu −u −ha − ‘to be blunt’

ogoòko −òba −ra‡ ‘to count you (sg)’ ukuògu −òsu −raa −nga ‘to praise you (sg)’
okoòmo −òba −ra‡ ‘to count him’ ukuòmu−òsu −raa −nga ‘to praise him’
ogoòto −òba −ra‡ ‘to count us’ uguòtu−òsu −raa −nga ‘to praise us’
okoòge −òba −ra‡ ‘to count them (4)’ ukuòg™®òsu −raa −nga ‘to praise it (4)’
okoòre −òba −ra‡ ‘to count it (5)’ ukuòr™®òsu −raa −nga ‘to praise it (5)’
ukuòb™®òba −ra‡ ‘to count it (8)’ ukuòb™®òsu −raa−nga ‘to praise it (8)’
ukuòch™®òba −ra‡ ‘to count it (10)’ uguòch™®òsu −raa −nga ‘to praise it (10)’

oko-mo−-go −-g¢s¢ −ra ‘to harvest it (3) for him’
uku-mu −-gu −-gi™®ng™®ra ‘to shave it (3) for him’
uku-mu −-gu −-si™®kya ‘to make him close it (3)’
uku-mu −-gu −-si™®ndya ‘to make him win it (3)’
okoòba −òsu −raa −nga ‘to praise them’
okoòmo −òba −òsura −a −nge −ra ‘to praise them for him’
okoòba −òmu −òsura −a −nge −ra ‘to praise him for them’

to V to make to V to V for to make V for
okore−ma ukur™®mya − okore−me −ra‡ ukur™®m™®rya − ‘weed’
okoro −ma ukuru −mya − okoro −me −ra‡ ukuru −m™®rya − ‘bite’
okoho −o −ra − ukuhu −u −rya − okoho −o −re −ra − ukuhu −u −r™®rya − ‘thresh’
okohe −e −to −ka − ukuh™®™®tu −kya − okohe −e −to −kera − ukuh™®™®tu −kirya − ‘remember’
okoge −e −mba − ukug™®™®mbya − okoge −e −mbe −ra − ukug™®™®mb™®rya − ‘make rain’
ogoso −o −ka − ugusu −u −kya − ogoso −o −ke −ra − ugusu −u −k™®rya − ‘respect’
ogote −ge −ta‡ ugut™®g™®tya‡ ogote −ge −tera− ugut™®g™®tirya − ‘be late’
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okor¥ −ga okoro −gya − okor¥ −g¢ −ra‡ okoro −ge −rya − ‘bewitch’
okog¥ −¥ −ga − okogo −o −gya− okog¥ −¥ −g¢ −ra − okogo −o −ge −rya − ‘slaughter’
okog¥ −¥ −ta − okogo −o −tya − okog¥ −¥−t¢−ra− okogo −o −te −rya − ‘hold’
ogos¥ −ka ogoso −kya − ogos¥ −k¢ −ra‡ ogoso −ke −rya − ‘poke’
ogot¢ −r¢ −ka‡ ogote −re −kya − ogot¢−r¢ −k¢ra− ogote −re −kerya − ‘brew’
okog¢ −sa okoge −sya − okog¢ −s¢ −ra‡ okoge −se −rya − ‘harvest’
ogos¢ −¢ −nsa− ogose −e −nsya − ogos¢ −¢ −ns¢ −ra− ogose −e −nse −rya − ‘winnow’

to V to make to V to V for to make V for
ugus™®™®ka − ugus™®™®kya − ogose −e−ke−ra− ugus™®™®k™®rya − ‘to close’
ukuru −ga ukuru −gya − okoro −ge −ra‡ ukuru −g™®rya− ‘to cook’
ugusu −ka ugusu −kya − ogoso −ke −ra‡ ugusu −k™®rya − ‘to plait’
ukur™®™®nga − ukur™®™®ngya − okore −e −nge −ra − ukur™®™®ng™®rya − ‘to fold’
ugus™®™®nda − ugus™®™®ndya − ogose −e −nde −ra − ugus™®™®nd™®rya − ‘to win’

imperative infinitive they will V then will V for
rema‡ okore−ma mbarere−ma mbarere−me−ra ‘cultivate’
bara‡ okoba −ra mbareba−ra mbareba−re−ra ‘count’
ata‡ og¥¥−ta mbar¢¢−ta mbar¢¢−t¢−ra ‘be split’
aha‡ ok¥¥−ha mbar¢¢−ha mbar¢¢−h¢ −ra ‘pick greens’
aga‡ ok¥¥−ga mbar¢¢−ga mbar¢¢−g¢ −ra ‘weed’
aanga− ok¥¥ −nga mbar¢¢−nga mbar¢¢−ng¢ −ra ‘refuse’
andeka− ok¥¥ −nd¢ −ka‡ mbar¢¢−nd¢ −ka mbar¢¢−nd¢ −k¢ra ‘write’

imperative 3s subjunctive 3s subjunctive for
rema‡ arem¢‡ aremer¢− ‘cultivate’
t¢r¢ka− at¢r¢k¢− at¢r¢k¢−r¢ ‘brew’
eba‡ ¢¢b¢‡ ¢¢b¢r¢− ‘forget’
ega‡ ¢¢g¢‡ ¢¢g¢r¢− ‘learn’
oga‡ ¥¥g¢‡ ¥¥g¢r¢ − ‘be sharp’
¢ya‡ ¢¢y¢‡ ¢¢y¢r¢− ‘sweep’
¥r¥ka− ¥¥r¥k¢− ¥¥r¥k¢−r¢ ‘come out’

9: Lardil
Account for the phonological alternations seen in the data below.

Bare N Accusative Nonfuture Future Gloss
kentapal kentapalin kentapalÏar kentapalurä dugong
ket»ar ket»arin ket»arÏar ket»arurä river
miyarä miyaräin miyaräÏar miyaräurä spear
yupur yupurin yupurÏar yupururä red rock cod
taÏur taÏurin taÏurÏar taÏururä crab sp.
yaraman yaramanin yaramanar yaramankurä horse



Doing an Analysis 253

maanä maanäin maanäar maanäkurä spear
pirÏen pirÏenin pirÏenar pirÏenkurä woman
mela melan melaÏar melarä sea
t»awa t»awan t»awaÏ t»awarä rat
wanka wankan wankaÏar wankarä arm
kuÏka kuÏkan kuÏkaÏar kuÏkarä groin
tarÏka tarÏkan tarÏkaÏar tarÏkarä barracuda
Ïuka Ïukun ÏukuÏar Ïukurä water
Ïuräa Ïuräun ÏuräuÏar Ïuräurä forehead
katäa katäun katäuÏar katäurä child
munäa munäun munäuÏar munäurä elbow
Ïawa Ïawun ÏawuÏar Ïawurä wife
kenätäe kenätäin kenätäiÏar kenätäiwurä wife
tyimpe tyimpin tyimpiÏar tyimpiwurä tail
Ïinäe Ïinäin ÏinäiÏar Ïinäiwurä skin
pape papin papiÏar papiwurä father’s mother
tyempe tyempen tyempeÏar tyemperä mother’s father
witäe witäen witäeÏar witäerä interior
waÏal waÏalkin waÏalkar waÏalkurä boomerang
menyel menyelkin menyelkar menyelkurä dogfish sp.
makar makarkin makarkar makarkurä anthill
yalul yalulun yaluluÏar yalulurä flame
mayar mayaran mayaraÏar mayararä rainbow
t»alkur t»alkuran t»alkuraÏar t»alkurarä kookaburra
wiwal wiwalan wiwalaÏar wiwalarä bush mango
karikar karikarin karikariÏar karikariwurä butter-fish
yiliyil yiliyilin yiliyiliÏar yiliyiliwurä oyster sp
yukar yukarpan yukarpaÏar yukarparä husband
pulÏar pulÏarpa pulÏarpaÏar pulÏarparä huge
wulun wulunkan wulunkaÏar wulunkarä fruit sp.
wutäal wutäaltyin wutäaltyiÏar wutäaltyiwur meat
kantukan kantukantun kantukantuÏar kantukanturä red
karwakar karwakarwan karwakarwaÏar karwakarwarä wattle sp.
t»urara t»uraraÏin t»uraraÏar t»uraraÏkurä shark
Ïalu Ïalukin Ïalukar Ïalukurä story
kurka kurkaÏin kurkaÏar kurkaÏkurä pandja
taÏku taÏkuÏin taÏkuÏar taÏkuÏkurä oyster sp.
kurpuräu kurpuräuÏin kurpuräuÏar kurpuräuÏkurä lancewood
putu putukan putukaÏar putukarä short
maali maaliyan maaliyaÏar maaliyarä swamp turtle
tyinätirpu tyinätirpuwan tyinätirpuwaÏar tyinätirpuwarä willie wagtail
pukatyi pukatyiyan pukatyiyaÏar pukatyiyarä hawk sp.
murkuni murkuniman murkunimaÏar murkunimarä nullah
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ÏawuÏa ÏawuÏawun ÏawuÏawuÏar ÏawuÏawurä termite
tipiti tipitipin tipitipiÏar tipitipiwurä rock-cod sp.
t»apu t»aputyin t»aputyiÏar t»aputyiwurä older brother
muÏkumu muÏkumuÏkun muÏkumuÏkuÏar muÏkumuÏkurä wooden axe
tyumputyu tyumputyumpun tyumputyumpuÏar tyumputyumpurä dragonfly

10: Sakha (Yakut)
Give a phonological analysis to the following case-marking paradigms of

nouns in Sakha.

noun plural associative gloss
aÆa aÆalar aÆali½i½n father
paarta paartalar paartali½i½n school desk
ti½a ti½alar ti½ali½i½n forest
kinige kinigeler kinigeliin book
š‡ie š‡ieler š‡ieliin house
iye iyeler iyeliin mother
kini kiniler kiniliin 3rd person
bie bieler bieliin mare
oÆo oÆolor oÆoluun child
Éopto Éoptolor Éoptoluun gull
bo‰ro‰ bo‰ro‰lo‰r bo‰ro‰lu‰u‰n wolf
ti½al ti½allar ti½alli½i½n wind
i½al i½allar i½alli½i½n neighbor
kuul kuullar kuulluun sack
at attar atti½i½n horse
bali½k bali½ktar bali½kti½i½n fish
i½skaap i½skaaptar i½skaapti½i½n cabinet
oÆus oÆustar oÆustuun bull
kus kustar kustuun duck
tu‰nnu‰k tu‰nnu‰kter tu‰nnu‰ktu‰u‰n window
sep septer septiin tool
et etter ettiin meat
o‰ru‰s o‰ru‰ster o‰ru‰stu‰u‰n river
tiis tiister tiistiin tooth
soroÉ soroÉtor soroÉtuun some person
oÉ oÉtor oÉtuun arrow
oloppos oloppostor oloppostuun chair
o‰to‰É o‰to‰Éto‰r o‰to‰Étu‰u‰n abandoned farm
ubay ubaydar ubaydi½i½n elder brother
saray saraydar saraydi½i½n barn
ti½y ti½ydar ti½ydi½i½n foal
ati½i½r ati½i½rdar ati½i½rdi½i½n stallion
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oyuur oyuurdar oyuurduun forest
u‰c‡u‰gey u‰c‡u‰geyder u‰c‡u‰geydiin good person
eš‡iiy eš‡iiyder eš‡iiydiin elder sister
tomtor tomtordor tomtorduun knob
moÆotoy moÆotoydor moÆotoyduun chipmunk
ko‰to‰r ko‰to‰rdo‰r ko‰to‰rdu‰u‰n bird
bo‰lko‰y bo‰lko‰ydo‰r bo‰lko‰ydu‰u‰n islet
Éati½Ï Éati½Ïnar Éati½Ïni½i½n birch
an aannar aanni½i½n door
tiiÏ tiiÏner tiiÏniin squirrel
sordoÏ sordoÏnor sordoÏnuun pike
olom olomnor olomnuun ford
oron oronnor oronnuun bed
bo‰do‰Ï bo‰do‰Ïno‰r bo‰do‰Ïnu‰u‰n strong one

noun partitive comparative ablative gloss
aÆa aÆata aÆataaÆar aÆattan father
paarta paartata paartataaÆar paartattan school desk
ti½a ti½ata ti½ataaÆar ti½attan forest
kinige kinigete kinigeteeÆer kinigetten book
š‡ie š‡iete š‡ieteeÆer š‡ietten house
iye iyete iyeteeÆer iyetten mother
kini kinite kiniteeÆer kinitten 3rd person
bie biete bieteeÆer bietten mare
oÆo oÆoto oÆotooÆor oÆotton child
Éopto Éoptoto ÉoptotooÆor Éoptotton gull
bo‰ro‰ bo‰ro‰to‰ bo‰ro‰to‰o‰Æo‰r bo‰ro‰tto‰n wolf
ti½al ti½alla ti½allaaÆar ti½altan wind
i½al i½alla i½allaaÆar i½altan neighbor
kuul kuulla kuullaaÆar kuultan sack
moÉsoÆol moÉsoÆollo moÉsoÆollooÆor moÉsoÆolton falcon
at atta attaaÆar attan horse
bali½k bali½kta bali½ktaaÆar bali½ktan fish
i½skaap i½skaapta i½skaaptaaÆar i½skaaptan cabinet
oÆus oÆusta oÆustaaÆar oÆustan bull
kus kusta kustaaÆar kustan duck
tu‰nnu‰k tu‰nnu‰kte tu‰nnu‰kteeÆer tu‰nnu‰kten window
sep septe septeeÆer septen tool
et ette etteeÆer etten meat
o‰ru‰s o‰ru‰ste o‰ru‰steeÆer o‰ru‰sten river
tiis tiiste tiisteeÆer tiisten tooth
soroÉ soroÉto soroÉtooÆor soroÉton some person
o‰to‰É o‰to‰Éto‰ o‰to‰Éto‰o‰Æo‰r o‰to‰Éto‰n abandoned farm
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ubay ubayda ubaydaaÆar ubaytan elder brother
saray sarayda saraydaaÆar saraytan barn
ti½y ti½yda ti½ydaaÆar ti½ytan foal
ati½i½r ati½i½rda ati½i½rdaaÆar ati½i½rtan stallion
Éirur Éirurda ÉirurdaaÆar Éirurtan surgeon
u‰c‡u‰gey u‰c‡u‰geyde u‰c‡u‰geydeeÆer u‰c‡u‰geyten good person
tomtor tomtordo tomtordooÆor tomtorton knob
moÆotoy moÆotoydo moÆotoydooÆor moÆotoyton chipmunk
ko‰to‰r ko‰to‰rdo‰ ko‰to‰rdo‰o‰Æo‰r ko‰to‰rto‰n bird
suorÆan suorÆanna suorÆannaaÆar suorÆantan blanket
Éati½Ï Éati½Ïna Éati½ÏnaaÆar Éati½Ïtan birch
aan aanna aannaaÆar aantan door
tiiÏ tiiÏna tiiÏnaaÆar tiiÏtan squirrel
sordoÏ sordoÏno sordoÏnooÆor sordoÏton pike
olom olomno olomnooÆor olomton ford
bo‰do‰Ï bo‰do‰Ïno‰ bo‰do‰Ïno‰o‰Æo‰r bo‰do‰Ïto‰n strong one

noun dative accusative gloss
aÆa aÆaÆa aÆani½ father
š‡ie š‡ieÆe š‡ieni house
iye iyeÆe iyeni mother
oÆo oÆoÆo oÆonu child
bo‰ro‰ bo‰ro‰Æo‰ bo‰ro‰nu‰ wolf
ti½al ti½alga ti½ali½ wind
kuul kuulga kuulu sack
at akka ati½ horse
bali½k bali½kka bali½gi½ fish
i½skaap i½skaapka i½skaabi½ cabinet
oÆus oÆuska oÆuhu bull
kus kuska kuhu duck
sep sepke sebi tool
et ekke eti meat
tiis tiiske tiihi tooth
ot okko otu grass
soroÉ soroÉÉo soroÆu some person
o‰to‰É o‰to‰ÉÉo‰ o‰to‰Æu‰ abandoned farm
oÉ oÉÉo oÆu arrow
saray sarayga sarayi½ barn
ti½y ti½yga ti½yi½ foal
ko‰to‰r ko‰to‰rgo‰ ko‰to‰ru‰ bird

oyuun oyuuÏÏa oyuunu shaman
Éati½Ï Éati½ÏÏa Éati½Ïi½ birch
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aan aaÏÏa aani½ door
olom olomÏo olomu ford

noun ourN gloss noun our N gloss
aÆa aÆabi½t father iye iyebit mother
uol uolbut son ko‰to‰r ko‰to‰rbu‰t bird
ki½laas ki½laaspi½t classroom i½skaap i½skaappi½t cabinet
kuorat kuorappi½t town tiis tiispit tooth
ohoÉ ohoÉput stove tu‰nnu‰k tu‰nnu‰kpu‰t window
aan aammi½t door kapitan kapitammi½t capitain
tiiÏ tiiÏmit squirrel oron orommut bed
ku‰n ku‰mmu‰t day

11: Sadz‡ava Ukrainian
Give a phonological analysis of the following data. Assume that all surface

occurrences of ky and gy in this language are derived by rule. Also assume that
stress is located on the proper vowel in the underlying representation: the rules for
shifting stress are too complex to be considered here. For nouns in declensions II
and III, there is a rule that depalatalizes a consonant before the locative and geni-
tive suffixes, respectively. The variation in the locative sg. suffix in declension I (-i
versus -u) is lexically governed: do not write rules which select between these suf-
fixes. Concentrate on extablishing the correct underlying representations for the
noun stem.

Declension I
Nom. sg. Gen. sg. Loc. sg. Gloss
pla−st plasta− plasyky™® layer
skoru −x skoruxa − skorusy™® mountain ash
Æyry™®x Æyryixa− Æyryisy™® sin
pastu −x pastuxa− pastusy™® herdsman
mynyu −x mynyu−xa mynyu−syi fish sp.
plu−Æ plu−Æa plu−zyi plow
syty™®Æ sto−Æa sto−zyi stack
sa−k sa−ka sa−tsyi fishnet
be−k b¦ka− b¦tsy™® bull
le−st l¦sta− l¦syky™® letter
le−st le−sta le−sykyi leaf
pyly™®t plo −ta plo −kyi wicker fence
symyry™®d smro−da smro−gyi stench
fy™®st fosta− fosyky™® tail
my™®st mo−sta mo−sykyi bridge
ly™®d l£ −du l¦du− ice
dyry™®t dro−ta dro −kyi thick wire



258 Chapter 7

my™®d m£ −du m¦du− honey
vy™®l vola− voly™® ox
vy™®z vo−za vo−zyi cart
se−r se−ra se−ryi cottage cheese
syny™®p snopa − snopy™® sheaf
Ære−b Ær¦ba− Ær¦by™® mushroom
l£ −byid l£ −b¦da l£ −b¦gyi swan
b£ −ryiÆ b£−r¦Æa b£−r¦zyi shore
p¦ry™®Æ p¦ro−Æa p¦ro−zyi dumpling
pory™®Æ poro−Æa poro −zyi threshhold
bolye−k boly¦ka− boly¦tsy™® abcess
vo −ryiÆ vo−roÆa vo −rozyi enemy
ko −n¦k ko −n¦ka ko −n¦tsyi grasshopper
po −tyik poto −ka poto −tsyi stream
ty™®k to−ka to−tsyi current
ky™®l *kola − *koly™® stake

Declension II
Nom. sg. Gen. sg. Loc. sg. Gloss
kova −ly kovalye− kovale − blacksmith
j‡my™®ly j‡myilye− j‡myile− bumblebee
kyry™®ly kyryilye− kyryile− rabbit
uc‡e−t¦ly uc‡e−t¦ly¦ uc‡e−t¦l¦ teacher
gr£ −byiny gr£ −b¦ny¦ gr£ −b¦n¦ comb
o−l¦ny o−l¦ny¦ o−l¦n¦ deer
yac‡ymy™®ny yac‡m£−ny¦ yac‡m£−n¦ barley
ya−syiny ya−s¦ny¦ ya−s¦n¦ ash tree
zye−ky zye−ky¦ zye−t¦ son-in-law

Declension III
Nom. sg. Gen. sg. Gloss
ma−syky ma−st¦ fat
sm£ −ryky sm£ −rt¦ death
vy™®syky vy™®st¦ news
ra−gyisyky ra−dost¦ joy
sy™®ly so −l¦ salt
po−s‡yisyky po−s‡¦st¦ epidemic
za−myiky za−m¦t¦ snowstorm
ska−t¦ryky ska−t¦rt¦ tablecloth
ky™®syky ko−st¦ bone
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12: Koromfe
Vowels in Koromfe come in two varieties, [-ATR] Ÿ¡¢¥a and [+ATR]

iueo§. Provide an analysis of the phonological alternations exhibited by the follow-
ing data, which involve singular and plural forms of nouns and different tense-
inflections for verbs.

Singular Plural gloss
gŸbr¢ gŸba hatchet
hubre hub§ ditch
n¢br¢ n¢ba pea
lugre lug§ side
d™́Ïgre d™´Ïg§ bush type
zoÏgre zong§ wing
l¥†Ïgr¢ l¥†Ïga shoe
hullre hull§ gutter
s¢kr¢ s¢ka half
t¢fr¢ t¢fa cotton fiber
dab¢¢r¢ dab¢¢ya camp
d¥¥r¢ d¥¥ya long
gŸgaar¢ gŸgaaya vulture
p¡paar¢ p¡paaya grass type
koire koy§ bracelet
d¡md¢ d¡ma lion
hulomde hulom§ marrow
t¢md¢ t¢ma beard
logomde logom§ camel
bŸnd¢ bŸna heart
b¥†nd¢ b¥†na hoe
honde hond§ bean
geÏde geÏ§ pebble
z¢Ïd¢ z¢Ïa upper arm
b¢ll¢ b¢la back
d¥ll¢ d¥la hill
yŸll¢ yŸla horn
selle sel§ space
pall¢ pala stretcher
deÏgele deÏgel§ open area
sembele sembel§ piece
da†Ÿ†n¢ da†y†a† wood
h¡†Ÿ†n¢ h¡†y†a† caterpillar
k¥†Ÿ†n¢ k¥†y†a† squirrel
k¥†¥†n¢ k¥†¥†y†a† old
s¥†¥†n¢ s¥†¥†y†a† period
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b¢t¢ b¢ra male animal
dat¢ dara chest
gete ger§ forked stick
gote gor§ stream
bŸt¢ bŸr¢ frog
d¥t¢ d¥ra cloud

unmarked past progressive gloss
ta ta¢ taraa shoot
g¥ g¥¢ g¥raa go back
k¡ k¥¢ k¡raa kill
tu toe tur§§ coat
li lee lir§§ forget
dŸ d¢ dŸraa eat
ta† ta†¢† ta†naa contradict
n¢† n¢† n¢†naa defecate
saŸ say¢ saŸraa separate
y¢Ÿ y¢y¢ y¢Ÿraa waste
s¥Ÿ s¥y¢ s¥Ÿraa split
y†¢†Ÿ† y†¢†y†¢† y†¢†Ÿ†naa catch
d¥†Ÿ† d¥†y†¢† d¥†Ÿ†naa dream
k¢ndŸ k¢nd¢ k¢ndraa finish
k¢†sŸ k¢†s¢ k¢†sraa surpass
k¢tŸ k¢t¢ k¢traa open
t¢ÏgŸ t¢Ïg¢ t¢Ïgraa accompany
yisi yise yisr§§ suffice
yŸsŸ yŸs¢ yŸsraa draw water
birgi birge birgr§§ blacken
pasgŸ pasg¢ pasgraa split
m¢ntŸ m¢nt¢ m¢ntraa assemble
gondu gonde gondr§§ depart
h¥†Ïg¡ h¥†Ïg¢ h¥†Ïgraa point
s¡rg¡ s¡rg¢ s¡rgraa drop
h¥†k¡ h¥†k¢ h¥†kraa scratch
zullu zulle zullr§§ bow
sŸb¡ sŸb¢ sŸbraa die
zamb¡ zamb¢ zambraa deceive
wufu wufe wufr§§ borrow
zŸgams¡ zŸgams¢ zŸgamsraa be dirty
h¢†ms¡ h¢†ms¢ h¢†msraa meet
leli lele lell§§ sing
pŸlŸ pŸl¢ pŸllaa trample flat
tarŸ tar¢ tataa plaster
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f¢rŸ f¢r¢ f¢taa cultivate
t¡r¡ t¡r¢ t¡taa introduce

Advanced topics and readings

Aspects of the methodology of problem solving in phonology are dis-
cussed in Kenstowicz & Kisseberth 1979, especially chapter 5, as well as Zwicky
1973, 1974, 1975 and Pullum 1976. There are numerous publications which give
extended analyses of the phonology of a particular language, and it would be im-
possible to even give a representative sample. Some suggestions for extended de-
scriptions of languages include the following: Arabic (Brame 1970: Classical
Arabic; Al-Mozainy 1981, Irshied 1984: Modern dialects), Basque (Hualde 1991),
Biblical Hebrew (Prince 1976, Malone 1993), Chimwini (Kisseberth & Abasheikh
1975, 1976a,b), Choctaw (Ulrich 1986), Hungarian (Vago 1980, Sipta−r &
To‰rkenczy 2000), Javanese (Dudas 1976), Jita (Downing 1996), Kashaya
(Buckley1994), Kimatuumbi (Odden 1996), Klamath (White 1973), Lithuanian
(Kenstowicz 1972), Luganda (Clements 1986, Hyman & Katamba 1990, 1992,
1993), Luyia (Dalgish 1976), Makua (Cheng & Kisseberth 1979, 1980, 1981,
1982), Odawa (Piggott 1980), Slovak (Rubach 1993).
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Phonological Typology and Naturalness

A very widely invoked criterion in deciding between one analysis of the
phonology of a language versus some other analysis is whether the rules of one
analysis are more natural, usually judged by determining whether the rule in ques-
tion occurs more often across languages. As a prerequisite to explaining why some
processes are common, uncommon, or even unattested, you need an idea of what
these common patterns are, and providing this information is the domain of ty-
pology. While only a very small fraction of the roughly 7,000 languages spoken in
the world have been studied in a way that yields useful information for phonologi-
cal typology, crosslinguistic studies have revealed many recurrent patterns, which
form the basis for theorizing about the basis for these patterns.

1. Inventories

One area where a comparative, typological approach is often employed is
in the study of phonological segment inventories. It has been observed that certain
kinds of segments occur in very many languages, while others occur in only a few.
This observation is embodied in the study of markedness, which is the idea that
not all segments or sets of segments have equal status in phonological systems. For
example, many languages have the stop consonants [p t k], which are said to be
unmarked, but relatively few have the uvular [q], which is said to be marked.
Markedness is a comparative concept, so [q] is more marked that [k] but less
marked than [Û]. Many languages have the voiced approximant [l], but few have
the voiceless lateral fricative [Þ] and even fewer have the voiced lateral fricative

One of the main goals of many phonologist is to explain why certain
phonological patterns are found in many languages, while other pat-
terns are found in few or no languages. This chater looks at the pho-
nological typology ˜ the study of common vs. common, natural vs.
unnatural phonological rules, and looks at some of these commonly
occurring phonological properties.
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[ß]. Very many languages have the vowel system [i e a o u]; not many have the
vowels [¬ « ¡ Ÿ].

Related to the frequency of types of segments across languages is the con-
cept of an implicational relation. An example of an implicational relation is that
between oral and nasal vowels. Many languages have only oral vowels (Spanish,
German), and many languages that have both oral and nasal vowels (French, Por-
tuguese), but no languages have only nasal vowels; that is, the existence of nasal
vowels implies the existence of oral vowels. All languages have voiced sonorant
consonants, and some additionally have voiceless sonorants: no language has only
voiceless sonorants. Or, many languages have only a voiceless series of obstruents,
others have both voiced and voiceless obstruents; but none have only voiced ob-
struents.

The method of comparing inventories. Three methodological issues need to be
considered in conducting such typological studies. First, determing what is more
common versus less common requires a good-sized random sample of the lan-
guages of the world. However, information on phonological structure is not easily
available for many of the languages of the world, and existing documentation tends
to favor certain languages (for example the Indo-European languages) over other
languages (those of New Guinea).

Second, it is often difficult to determine the true phonetic values of seg-
ments in a language which you do not know, so interpreting a symbol in a gram-
mar runs the risk of circularity: the consonants spelled <p t k> may in fact be ejec-
tive [p’ t’ k’], but <p t k> are used in the spelling system because p, t, k are “more
basic” segments and the author of a grammar may notate ejectives with “more ba-
sic” symbols if no plain non-ejective voiceless stops exist in the language. This is
the case in many Bantu languages of Southern Africa, such as Gitonga and Zulu,
which contrast phonetically voiceless aspirated and ejective stops ˜ there are no
plain unaspirated voiceless stops. Therefore, the ejectives are simply written <p t
k> because there is no need to distinguish [p] and [p’]. This phonetic detail is
noted in some grammars, but not in all, and if you do not have experience with the
language and do not read a grammar that mentions that <p> is ejective, you might
not notice that these languages have no plain voiceless stops.

Third, many typological claims are statistical rather than absolute ˜ they
are statements about what happens most often, and therefore encountering a lan-
guage that does not work that way does not falsify the claim. It is very difficult to
refute a claim of the form “X is more common than Y”, except if a very detailed
numerical study is undertaken.

Typical inventories. With these caveats, here are some general tendencies of pho-
neme inventories. In the realm of consonantal place of articulation, and using
voiceless consonants to represent all obstruents at that place of articulation, the
places represented by [p, t, k] are the most basic, occurring in almost all languages
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of the world. The next most common place would be alveopalatal; less common
are uvulars, dentals and retroflex coronals;1  least common are pharyngeals. All
languages have a series of simple consonants lacking secondary vocalic articula-
tions. The most common secondary articulation is rounding applied to velars, then
palatalization; relatively uncommon is rounding of labial consonants; least com-
mon would be distinctive velarization or pharyngealisation of consonants. Among
consonants with multiple closures, labiovelars like [kp] are the most common;
clicks, though rare, seem to be more common that linguolabials.

In terms of manners of consonant articulation, stops are found in all lan-
guages. Most language have at least one fricative, and the most common fricative
is s, followed by f and s‡, then x, then È and other fricatives. The most common af-
fricates are the alveopalatals, then the other coronal affricates; pf and kx are no-
ticeably less frequent. In terms of laryngeal properties of consonants, all languages
have voiceless consonants (though in many, the voice onset time of stops is rela-
tively long and the voiceless stops could be considered to be phonetically aspi-
rated). Plain voiced consonants are also common, as is a contrast between voice-
less unaspirated and voiceless aspirated stops. Ejectives, implosives and breathy-
voiced consonants are much less frequent. Among fricatives, voicing distinctions
are not unusual, but aspiration, breathy voicing and ejection are quite marked.

Nearly all languages have at least one nasal consonant, but languages with
a rich system of place contrasts among obstruents may frequently have a smaller
set of contrasts among nasals. Most languages also have at least one of [r] or [l],
and typically have the glides [w y]. Modal voicing is the unmarked case for liq-
uids, nasals and glides, with distinctive laryngealisation or devoicing ~ aspiration
being uncommon. Among laryngeal glides, [h] is the most common, then [Ü], fol-
lowed by the relatively infrequent [Ú].

The optimal vowel system would seem to be [i e a o u], and while the mid
vowels [e o] are considered to be more marked that the high vowels [i u] for vari-
ous reasons having to do with the operation of phonological rules (context-free
rules raising mid vowels to high are much more common than context free rules
lowering high vowels to mid), there are fewer languages with just the vowels [i u
a] than with the full set [i u e o a]. The commonness of front rounded and back
unrounded vowels is correlated with vowel height, so a number of languages have
[u‰] and not [o‰], but very few have [o‰] and not [u‰]. Full exploitation of the possi-
bilities for low back and round vowels ([£ ¤ ¨ ] is quite rare, but it is not hard to
find languages with [i u‰ i � u]. As noted earlier, oral vowels are more common than
nasal vowels, and modal voiced vowels are more common than creaky voiced or
breathy vowels].

                                             
1  But when a language has only one varieties of coronal, that variety may well be dental or
post-alveolar.
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2. Segmental processes

We begin our typological survey of processes with segmental processes
and procede to prosodic ones. Put roughly, segmental phonology deals with how
the features of one segment affect the features of another segment, and prosodic
processes are those that pertain to the structure of syllables, stress and the rhythmic
structure of words, and phenomena which relate to the position of segments in a
phonological string. This division of processes is at this point strictly heuristic, but
research has shown that there are important representational difference between
segmental i.e. featural representations, and syllabic or rythmic representations ˜
further questions regarding representations are taken up in chapter 11.

2.1. Assimilations

The most common phonological process in language is assimilation,
where two segments become more alike by having one segment take on values for
one or more features from a neighboring segment.

Vowel harmony. An example of assimilation is vowel harmony, and the ar-
chitypical example of vowel harmony is the front-back vowel harmony process of
Turkish. In this language, vowels within a word are (generally) all front, or all
back, and any suffixes added to a stem will alternate according to the frontness of
the preceding vowel. Thus the genitive suffix which varies between in and i½n will
surface with a front vowel if the preceding stem ends in a front vowel, and in a
back vowel if the preceding vowel is back. The vowel of the plural suffix lar ~ ler
exhibits similar variation.

(1) nom. sg. gen. sg. nom. pl. gen. pl.
ip ip-in ip-ler ip-ler-in “rope”
fil fil-in fil-ler fil-ler-in “elephant”
is‡ is‡-in is‡-ler is‡-ler-in “work”
c‡i½ki½s‡ c‡i½ki½s‡-i½n c‡i½ki½s‡-lar c‡i½ki½s‡-lar-i½n “exit”
ki½z ki½z-i½n ki½z-lar ki½z-lar-i½n “girl”
yi½l yi½l-i½n yi½l-lar yi½l-lar-i½n “year”
el el-in el-ler el-ler-in “hand”
ev ev-in ev-ler ev-ler-in “house”
biber biber-in biber-ler biber-ler-in “pepper”
bilet bilet-in bilet-ler bilet-ler-in “ticket”
sap sap-i½n sap-lar sap-lar-i½n “stalk”
adam adam-i½n adam-lar adam-lar-i½n “man”

This process can be stated formally as (2).
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(2) V • [›back] /      V     C0 __
            [›back]

A second kind of vowel harmony found in Turkish is rounding harmony.
In Turkish, a rule assimilates any high vowel to the roundness of the preceding
vowel. Consider the following data, involving stems which end in round vowels.

(3) nom. sg. gen. sg. nom. pl. gen. pl.
yu‰z yu‰z-u‰n yu‰z-ler yu‰z-ler-in “face”
pul pul-un pul-lar pul-lar-i½n “stamp”
ok ok-un ok-lar ok-lar-i½n “arrow”
okul okul-un okul-lar okul-lar-i½n “school”
ko‰y ko‰y-u‰n ko‰y-ler ko‰y-ler-in “village”
go‰l go‰l-u‰n go‰l-ler go‰l-ler-in “lake”
gu‰n gu‰n-u‰n gu‰n-ler gu‰n-ler-in “day”
son son-un son-lar son-lar-i½n “end”
afyon afyon-un afyon-lar afyon-lar-i½n “opium poppy”

The genitive suffix which has a high vowel becomes rounded when the preceding
vowel is round, but the plural suffix which has a non-high vowel does not assimi-
late in roundness. Thus the data in (3) can be accounted for by the following rule.

(4)       V  • [›round] /      V      C0 ____
[+high]                     [›round]

A problem that arises in many vowel harmony systems is that it is difficult if not
impossible be certain what the underlying vowel of the suffix is. For the plural
suffix, we can surmise that the underlying vowel is non-round, since it is never
phonetically round, so the most probably hypotheses are /a/ or /e/. For the genitive
suffix, any of /i,i½,u‰,u/ would be plausible, since from any of these vowels, the cor-
rect output will result by applying these rules.

It is sometimes assumed that, if all other factors are the same for selecting
between competing hypotheses about the underlying form, a less marked (cross-
linguistically frequent) segment should be selected over a more marked segment.
By that reasoning, you might narrow the choice to /i,u/ since i½,u‰ are significantly
more marked that /i,u/. The same reasoning might lead you to specifically conclude
that alternating high vowels are /i/, on the assumption that i is less marked that u:
however, that conclusion regarding markedness is not certain. The validity of in-
voking segmental markedness for chosing underlying forms is a theoretical as-
sumption, and does not have clear empirical support. A further solution to the
problem of picking between underlying forms is that [+high] suffix vowels are not
specified for backness or roundness, and thus could be represented with the symbol
/I/, which is not a actual and pronounceable vowel, but represents a so-called ar-
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chiphoneme having the properties of being a vowel and being high, but being in-
determinate for the properties [round] and [back]. There are a number of theoreti-
cal issues which surround the possibility of having partially specified segments,
which we will not go into here.

Mongolian also has rounding harmony: in this language, only non-high
vowels undergo the assimilation, and only non-high vowels trigger the process.

(5) nominative instrumental accusative
de:l de:l-e:r de:l-i:g “coat”
gal gal-a:r gal-i:g “fire”
du‰: du‰:-ge:r du‰:-g “younger brother”
no‰xo‰r no‰xo‰r-o‰:r no‰xo‰r-i:g “comrade”
doro: doro:-go:r doro:-g “stirrup”

This rule can be forumlated as in (6).

(6)    V • [›round] /      V      C0  ___

[-hi]       



-hi

›rd

Typological research has revealed a considerable range of variation in the condi-
tions that can be put on a rounding harmony rule. In Sakha, high vowels assimilate
in roundness to round high and non-high vowels (cf. aÆa-li½i½n “father (assoc.)”, sep-
tiin “tool (assoc.)” vs. oÆo-luun “child (assoc.)”, bo‰ro‰-lu‰u‰n “wolf (assoc.)”,
tu‰nnu‰k-tu‰u‰n “window (assoc.)”), but non-round vowels only assimilate in round-
ness to a preceding non-high vowel (cf. aÆa-lar “fathers”, sep-ter “tools”, tu‰nnu‰k-
ter “windows”, kus-tar “ducks” vs. oÆo-lor “children”, bo‰ro‰-lo‰r “wolves”). As
seen in Chapter 7, in Yokuts, vowels assimilate rounding from a preceding vowel
of the same height (thus, high vowels assimilate to high vowels, low vowels as-
similate to low vowels). Kirghiz vowels generally assimilate in roundness to any
preceding vowel except that a non-high vowels does not assimilate to a back high
round vowel (though it will assimilate rounding from a front high round vowel).

(7) accusative dative gloss
tas‡-ti� tas‡-ka stone
is‡-ti is‡-ke job
uc‡-tu uc‡-ka tip
konok-tu konok-ko guest
ko‰z-tu‰ ko‰z-go‰ eye
u‰y-tu‰ u‰y-go‰ house

This raises the question whether, for example, you might find a language where
roundness harmony only takes place between vowels of different heights. Al-
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though such examples are not known to exist, we must be cautious about inferring
too much from that fact, since the vast majority of languages with rounding har-
mony are members of the Altaic language family (e.g. Mongolian, Kirghiz, Turk-
ish, Sakha). The existence of these kinds of rounding harmony means that pho-
nological theory must provide the tools to describe them: what we do not know is
whether other types of rounding harmony, not found in Altaic, also exist. Nor is it
safe, given our limited database on variation within rounding harmony systems, to
make very strong pronouncements about what constitutes ‘common’ versus ‘rare’
patterns of rounding harmony.

Another type of vowel harmony is vowel-height harmony. Such harmony
exists in Kuria, where the tense mid vowels e,o become i,u before a high vowel.
Consider (8), illustrating variations in noun prefixes (omo ~ umu; eme ~ imi; eke ~
ege ~ iki ~ igi; ogo ~ ugu) conditioned by the vowel to the right.

(8) omoo −-nto “person” omo-sa −a−c‡a− “male”
omo-te− “tree” omo-go −o −ndo “plowed field”
umu-r™®™®sya “boy” umu-mu −ra “young man”
eme-te− “trees” imi-s™® “sugar canes”
ege-sa−ka “stream” ege-te− “chair”
egee −-nto “thing” igi-tu −u −mbe “stool”
iki-ru −u −Ïgu −uri “soft porridge” iki-mu −u −n¢ − “deer”
ogo-ga −bo “huge basket” ogo-ta −bo “huge book”
ogo-se −e −nda −no “huge needle” ogo-g¢ −na “huge stone”
ugu-s™®ri “huge rope”

These examples show that tense mid vowels appear before the low vowel a and the
tense and lax mid vowels e, ¢, o, ¥, which are [-high], and high vowels appear be-
fore high vowels, so based just on the phonetic environment where each variant
appears, we cannot decide what the underlying value of the prefix is, [-high] or
[+high]. Additional data shows that the prefixes must underlying contain mid
vowels: there are also prefixes which contain invariantly [+high] vowels.

(9) iri-t¥−¥−k¢ “banana” iri-k¢ −¢ −nd¥ “date fruit”
iri-h™®™®ndi “corn cob” iri-s™®ko “yard”
iri-te− “big chair” iri-to −ro “buttock”
ibi-go −o −ndo “small fields” ibi-ga−a−t¢ “small breads”
ibi-gu −ru −be “small pigs” ibi-sa−ka “streams”
ibi-te− “chairs” ibi™®-nto “things”
ibi-tu −u −mbe “stools” ibi-ru −u −Ïgu −uri “soft porridges”
ic‡i-se−e−se− “dog” ic‡i-Ïa−a−mwi “cat”
ic‡i-Ï¥−¥−mb¢ “cow” ic‡ii-Ïgu −ru −be “pig”
ic‡i-t™®™®n†i “animal” ic‡ii-nta−r¢ “stones”
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Thus the alternations in (8) can be described with the rule (10).

(10)         V • [+hi] / ___ C0    V
[+tense]                [+hi]

Another variety of vowel height harmony is complete height harmony, an
example of which is found in Kimatuumbi. This language distinguishes four pho-
nological vowel heights, examplified by the vowels a, ¢, Ÿ and i. The vowels of the
passive suffix -ilw-, the stative suffix -ik- and the causative suffix -iy- assimilate
completely to the height of the preceding non-low vowel ¢, Ÿ and i.

(11) a−sim-a “borrow” a −sim-ilw-a “be borrowed”
™®n-a “dance” in-ilw-a “be danced”
ku −n-a “grate coconut” ku −n-ilw-a “be grated”
¡ −¡g-a “bathe” ¡ −¡g-Ÿlw-a “be bathed”
twŸ®Ÿk-a “lift a load” twŸ®Ÿk-Ÿlw-a “be lifted”
b¥−¥l-a “tear bark off a tree” b¥ −¥l-¢lw-a “be de-barked”
k¢ −¢Ïg¢¢mb-a “uproot tubers” k¢ −¢Ïg¢¢mb-¢lw-a “be uprooted”

u−t-a “pull” u −t-ik-a “be pullable”
bu −undal-a “be blunt” bu −ndal-ik-a “be bluntable”
k¡ −¡l-a “pull teeth” k¡ −¡l-Ÿk-a “be pulled”
k¢ −t-a “cut up” k¢ −t-¢k-a “be cut up”
c‡a−ag-a “grind” c‡a−ag-iy-a “make grind”
c‡™®inj-a “slaughter” c‡™®inj-iy-a “make slaughter”
¡ −¡g-a “bathe” ¡ −¡g-Ÿy-a “make bathe”
b¥−¥l-a “de-bark” b¥ −¥l-¢y-a “make de-bark”
c‡¢ −¢Ïg-a “build” c‡¢ −¢Ïg-¢y-a “make build”

This process involves the complete assimilation of suffix vowels to the values of
[hi] and [tense] (or [ATR]) from the preceding non-low vowel. Since the low
vowel a does not trigger assimilation, the context after a reveals the underlying
nature of harmonizing vowels, which we can see are high and tense. The following
rule will account for the harmonic alternations in (11).

(12)             C  
tense
hi
low-

 / 
tense
hi

  
low-
V  

0

































→

β
α

β
α

Akan exemplifies a type of vowel harmony which is common especially
among the languages of Africa, which is assimilation of the feature ATR. In Akan,
vowels within the word all agree in their value for [ATR]. In (13a) the prefix
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vowels are [+ATR] before the [+ATR] vowel of “eat” and [-ATR] before the
[-ATR] vowel of “be called”; (13b) shows this same harmony affecteing other
tense-aspect prefixes.

(13) a. “eat” “be called”
1s mi-di mŸ-dŸ
2s wu-di w¡-dŸ
3s o-di ¥-dŸ
1p ye-di y¢-dŸ
2p mu-di m¡-dŸ
3p wo-di w¥-dŸ

b. o-be-di “he will eat” ¥-b¢-dŸ “he’ll be called”
o-di-i “he ate” ¥-dŸ-Ÿ “he was called”
o-ko-di “he goes and eats” ¥-k¥-dŸ “he goes and is called”

Vowel nasalization is also a common assimilatory process affecting vow-
els, and can be seen in the data of (14) from Ga†. These data illlustrate nasalization
affecting the plural suffix, which is underlyingly /i/ and assimilates nasality from
the immediately preceding vowel.

(14) ml¢¢bo ml¢¢bo-i “liver”
na†ne na†ne-i “leg”
wu wu-i “bone”
c‡i†i†si c‡i†i†si-i “plate”
akpl¥ akpl¥-i “spear”
akwadu akwadu-i “banana”
gb¢ gb¢-i “path”
mi† mi†-i† “drum”
s¢† s¢†-i† “throat”
mu†su† mu†su†-i† “stomach”
tu† tu†-i† “gun”
Ïm¥† Ïm¥†-i† “farm”
ga†ga† ga†ga†-i† “bee”
lema† lema†-i† “ax”
g¥† g¥†-i† “hill”

Another kind of vowel harmony, one affecting multiple features, is some-
times termed ‘place harmony’, an example of which comes from Efik. In Efik, the
prefix vowel /¢/ becomes [a] before [a], [¥] before [¥], [¢] before [¢], [e] before [e]
and [i], and [o] before [o] and [u].
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(15) 3sg 3pl
e-di e-di ‘come’
¢-b¢ri e-b¢ri ‘shut’
a-kaÏ e-kaÏ ‘deny’
¥-b¥ e-b¥ ‘take’
o-kop e-kop ‘hear’
o-kut e-kut ‘see’

This process involves assimilation of all features from the following vowel, except
the feature [high].

(16)       

back
tense
round
V  

  C        / 
back
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round
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Finally, complete vowel harmony, where one vowel takes on all features
from a neighboring vowel, is found in some languages such as Kolami. This lan-
guage has a rule of vowel epenthesis which breaks up final consonant clusters and
medial clusters of more than two consonants. The inserted vowel harmonizes with
the preceding vowel.

(17) stem 1s pres 1s past imperative
/tum/ tum-atun tum-tan tum ‘sneeze’
/agul/ agul-atun agul-tan agul ‘dig’
/dakap/ dakap-atun dakap-tan dakap ‘push’
/katk/ katk-atun katak-tan katak ‘strike’
/melg/ melg-atun meleg-tan meleg ‘shake’
/kink/ kink-atun kinik-tan kinik ‘break’

Another example of complete vowel harmony is seen in the following examples of
the causative prefix of Klamath, whose vowel completely assimilates to the follow-
ing vowel.

(18) sna-batgal “gets someone up from bed”
sne-l’e:ml’ema “makes someone dizzy”
sno-bo:stgi “causes something to turn black”
sni-nklilk’a “makes dusty”

Complete harmony is unlikely to ever be completely general ˜ all of these exam-
ples are restricted in application to specific contexts, such as epenthetic vowels as
in Kolami, or vowels of specific affixal morphemes as in Klamath. Another con-
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text where total harmony is common is between vowels separated only by laryn-
geal glides h and Ü, a phenomenon referred to as translaryngeal harmony, as ill-
lustrated in Nenets by the alternation in the locative forms to-hona “lake”, pi-hina
“street”, pya-hana “tree”, pe-hena “stone”, tu-huna “fire”. The consequences of a
completely unrestricted vowel harmony would be rather drastic ˜ any word could
only have one kind of vowel in it, were such a rule to be totally general.

Consonant assimilations. One of the most common processes affecting conso-
nants is the assimilation of a nasal to the place of articulation of a following con-
sonant. An example of this process comes from Kimatuumbi, seen in (19), where
the plural prefix /n†/ takes on the place of assimilation of the following consonant.

(19) Singular Plural
lwŸŸ®mo n†Ÿ®mo “land being weeded”
lwaa−mbo n†aa−mbo “bead”
lwee−mbe n†ee−mbe “shaving knife”
lugo −i Ïgo −i “rope”
lugolo −ka − Ïgolo −ka − “straight”
luba −u mba−u “rib”
luba −galo mbaga−lo “lath”
luj‡i™®Ïgya − n†j‡i™®Ïgya − “entered”
lulaa−la ndaa−la “pepper”
lul™®m™® nd™®mi “tongue”
lupala−a™® mbala−a™® “bald head”
lupaa−la− mbaa−la− “wanted”
lute−ela− ndeela− “piece of wood”
luc‡ee−n†j‡ema− n†j‡ee−n†j‡ema− “mosquito”
luc‡wi™®c‡wi n†j‡wi™®c‡wi “tomato”
luk™®ligo Ïgil™®go “place for initiates”
luk™®li Ïg™®li “palm”

Place assimilation of nasals in Kimatuumbi affects all nasals, so the data in (20a)
illustrate assimilation of preconsonantal /n/ resulting from an optional vowel dele-
tion rule, and (20b) illustrates assimilation of /m/.

(20) a. ni-ba−laaÏgite m-ba−laaÏgite “I counted”
ni-j‡™®iÏgiile n†-j‡™®iÏgiile “I entered”
ni-go −on†j‡ite Ï-go −on†j‡ite “I slept”

b. mu-pa−alite m-pa−alite “you (pl.) wanted”
mu-te−liike n-te−liike “you (pl.) cooked”
mu-c‡a−awiile n†-c‡a−awiile “you (pl.) ground”
mu-ka−atite Ï-ka−atite “you (pl.) cut”
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Sometimes, a language with place assimilation of nasals will restrict the
process to a specific place of articulation nasals. For instance, Chukchi assimilates
Ï to a following consonant, but does not assimilate n or m. Thus the stem teÏ
“good” retains underlying Ï before a vowel, and otherwise assimilates to the fol-
lowing consonant: however, as the last two examples show, n and m do not assimi-
late to a following consonant.

(21) teÏ-¦ÞÜ-¦n “good”
tam-waÆ¦rÆ-¦n “good life”
tam-pera-k “to look good”
tan-c‡otc‡ot “good pillow”
tan-Þ¦mÏ¦Þ “good story”
tan-rÜarq¦ “good breastband”
n¦-mk¦-kin “often”
Æa-n-pera-w-Þen “decorated”

A common assimilation affecting consonants after nasals is postvocalic
voicing, illustrated with by Kimatuumbi in (22). The data in (22a) illustrates voic-
ing of an underlyingly voiceless consonant at the beginning of a stem after the
prefix n†. The data in (22b) show voicing of a consonant in a verb after the reduced
form of the subject prefix ni �.2  Here, the vowel /i �/ in the prefix optionally deletes,
and when it does, it causes a change in the voicing of an initial stop.

(22) a. Singular Plural
lu-pala−a™® m-bala−a™® “bald head”
lu-c‡wi™®c‡wi n†-j‡wi™®c‡wi “tomato plant”
lu-te−ela− n-deela− “piece of wood”
lu-k™®ligo Ï-gil™®go “initiate’s place”
lu-tin™®ka − n-din™®ka − “cut”
lu-tema−.a− n-dema−.a− “chopped”
lu-c‡ap™®ic‡a− n†-j‡ap™®ic‡a− “clean”

b. 1s. past optional pronunciation
ni-pa −alite m-ba−alite “I wanted (recent)”
ni-te −liike n-de−liike “I cooked (recent)”
ni-c‡o −nite n†-j‡o −nite “I sewed (recent)”
ni-k¡ −biile Ï-g¡ −biile “I hit on legs (recent)”

                                             
2  Not all preconsonantal nasals condition this voicing process in Kimatuumbi; only nasals
which are non-syllabic in the intermediate representation do. Hence [mp] sequences, such
as found in (20), are possible, since the process that deletes the vowel u results in a syllabic
nasal in the intermediate representation ˜ see Odden 1996 for discussion.
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Stop consonants frequently nasalize before nasal consonants, and an ex-
ample of this process is found in Korean. The examples in (23a) are stems with
final nasal consonants; those in (23b) have oral consonants, revealed before the
infinitive suffix a ~ ¦, and undergo nasalization of that consonant before the past
tense suffix -ni �nta.

(23) Infinitive Past
a. an-a an-ni �nta “hug”

sin-¦ sin-ni �nta “wear shoes”
t’ati�m-¦ t’ati�m-ni�nta “trim”
kam-a kam-ni�nta “wind”
n¦m-¦ n¦m-ni�nta “overflow”
nam-a nam-ni�nta “remain”
c‡ham-a c‡ham-ni�nta “endure”

b. ip-¦ im-ni½nta “wear”
kup-¦ kum-ni �nta “bend”
c‡¦p-¦ c‡¦m-ni�nta “fold”
tat-¦ tan-ni½nta “close”
puth-¦ pun-ni �nta “adhere”
c‡oc‡h-a c‡on-ni½nta “follow”
m¦k-¦ m¦Ï-ni½nta “eat”
tak’-a taÏ-ni½nta “polish”
c‡uk-¦ c‡uÏ-ni �nta “die”
ik-¦ iÏ-ni �nta “ripen”

Kimatuumbi presents the mirror-image process, of post-nasal nasalization
(this process is only triggered by nasals which are moraic in the intermediate rep-
resentation). On the left in (24a), the underlying consonant is revealed when a
vowel-final prefix noun class prefix stands before the stem, and on the right a nasal
prefix stands before the stem, causing the initial consonant to become nasalized. In
(24b), nasalization applies to the example in the second column, which undergoes
an optional rule deleting the vowel u� from the prefix /mu �/.

(24) a. a-baa−nda “slaves” m-maa−nda “slave”
a-la−alo “fools” n-na −alo “fool”
a-gu −ndumu −yi “scarers” Ï-Ïu −ndumu −yi “scarer”
mi-butu −ka “cars” m-mutu−ka “car”
mi-da−laa−nzi “bitter oranges” n-na−laa−nzi “bitter orange”
mi-lipu − “trees (sp.)” n-nipu − “tree (sp.)”
mi-gu −unda “fields” Ï-Ïu −unda “field”
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b. mu-buund™®ke m-muund™®ke “you should store”
mu-laabu−ke n-naabu −ke “you should breakfast”
mu-jiiÏg™® n†-n†iiÏg™® “you should enter”

Many languages have a process of voicing assimilation, especially in
clusters of obstruents which must agree in voicing. Most often, obstruents assimi-
late regressively to the last obstruent in the cluster. For example, in Sanskrit a stem
final consonant reveals its underlying voicing when the following affix begins with
a sonorant, but assimilates in voicing to a following obstruent.

(25) kr �nätä-mas bhind-mas 1pl indicative active
kr �nätä-e bhind-e 1sg indicative middle
kr �nätä-täha bhint-tha 2pl indicative active
kr �nätä-täe bhint-te 3sg indicative middle
kr �nädä-dähve bhind-dhve 2pl indicative middle
“weave” “bind”

Other languages with regressive voicing assimilation are Hungarian and Russian.
Progressive voicing harmony is also possible, though less common than

regressive voicing. One example of progressive assimilation is found in Norwe-
gian. The (regular) past tense suffix is -te, and shows up as such when attached to a
stem ending in a sonorant or voiceless consonant, but after a voiced obstruent, the
suffix appears as -de.

(26) smil-e smil-te “smile”
svøm-e svøm-te “swim”
hør-e hør-te “heard”
lon-e lon-te “borrow”
les-e les-te “read”
spis-e spis-te “eat”
reis-e reis-te “travel”
c�øp-e c�øp-te “buy”
tenk-e tenk-te “think”
behøv-e behøv-de “belong”
lev-e lev-de “lived”
prøv-e prøv-de “try”
bygg-e byg-de “build”
hugg-e hugg-de “chop”
gnag-e gnag-de “gnaw”
krev-e krev-de “request”
sag-e sag-de “saw”
plag-e plag-de “afflict”
du‰g-e du‰g-de “be fitting”
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Another example of progressive voicing harmony is found in Evenki, where an
underlyingly voiced suffix-initial consonant becomes devoiced after a voiceless
obstruent: this is illustated below with the accusative case suffix /ba/.

(27) asi:-ba ‘woman’ Ùami:-ba ‘female deer’
palatka-ba ‘tent’ tolgolki:l-ba ‘sleds’
ber-be ‘onion’ huna:t-pa ‘girl’
det-pe ‘tundra’ mit-pe ‘1 pl inclusive’

Complete assimilation of a consonant to a following consonant is found in
Arabic. In the data of (28) from the Syrian dialect, the consonant /l/ of the definite
article assimilates completely to a following coronal consonant. Examples in (a)
show non-assimilation when the following consonant is non-coronal, and those in
(b) provide stems that begin with coronal consonants.

(28) Indefinite Definite
a. hawa lhawa “air”

ba:red lba:red “cold”
Üadham lÜadham “black”
mad™±ne lmad™±ne “city”
Ûa:de lÛa:de “custom”
h�a:ra lh�a:ra “quarter”
wah�s‡ lwah�s‡ “beast”
yaÜs lyaÜs “despair”
kalb lkalb “dog”
xadd lxadd “cheek”
fayy lfayy “shadow”
Æada lÆada “lunch”

b. sÛaff sÛsÛaff “row”
ta:let tta:let “third”
taxt ttaxt “bed”
raÜbe rraÜbe “neck”
n¦de nn¦de “dew”
l™±fe ll™±fe “fiber brush”
difa:Û ddifa:Û “defense”
sm™±ke ssm™±ke “thick”
s‡o:raba s‡s‡o:raba “soup”
z‡am™±l z‡z‡am™±l “pretty”
zaki zzaki “bright”
tÛa:leb tÛtÛa:leb “student”
zÛa:bet zÛzÛa:bet “officer”
dÛahu:k dÛdÛahu:k “jolly”
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Consonants are also often susceptible to assimilation of features from a
neighboring vowel, especially place features of a following vowel. One process is
palatalization, found in Russian. A consonant followed by a front vowel takes on a
palatal secondary articulation from the vowel, as the following data show.

(29) vkus “taste” vkusy-en “tasty”
um “intellect” umy-en “clever”
golot /d/ “hunder” golody-en “hunger”

stol “table” stoly-e “table (loc.)”
guba “lip” guby-e “lip (loc.)”
mesto “place” mesty-e “place (loc.)”

glub-ok “deep” gluby-ina “depth”
ton-ok “thin” tony-ina “thinness”

vor “thief” vory-iska “thief (pejorative)”
dom “house” domy-iska “house (pejorative)”
gorot /d/ “town” gorody-iska “town (pejorative)”

A second kind of palatalization is found in many languages, where typi-
cally velar but in some languages also alveolar consonants become alveopalatals:
to avoid confusion with the preceding type of palatalization as secondary articula-
tion, this latter process is often referred to as coronalization. This process is found
in Russian: it is triggered by some derivational suffixes with front vowels, but not
all suffixes.3 

(30) druk /g/ “friend” druz‡-ity “to be friends with”
muka “torment” muc‡y-ity “to torment”
grex “sin” gres‡-ity “to sin”
strok /g/ “strict” stroz‡-e “stricter”
dik “wild” dic‡y-e “wilder”
sux “dry” sus‡-e “stricter”
krut “steep” kruc‡y-e “steeper”
gad-ok “foul” gaz‡-e “fouler”
vi �s-ok “tall” vi�s‡-e “taller”
niz-ok “low” niz‡-e “lower”

                                             
3  The alveopalatal fricatives s‡, z‡ are not phonetically palatalizable in Russian, whereas the
alveopalatal affricate is always palatalized.
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Another common vowel-to-consonant effect is affrication of coronal ob-
struents before high vowels. An example of this is found in Japanese, where /t/
becomes [ts] before [u] and [c‡] before [u].

(31) negative provisional infinitive volitional
mat-anai mat-eba mats-u mac‡-itai “wait”
tat-anai tat-eba tats-u tac‡-itai “stand”
kat-anai kat-eba kats-u kac‡-itai “win”

Outside of the domain of assimilations in place of articulation, the most
common segmental interaction between consonants and vowels (or, sometimes,
other sonorants) is lenition or weakening. Typical examples of lenition either in-
volve the voicing of voiceless stops, or the voicing and spirantization of stops: the
conditioning context is a preceding vowel, sometimes a preceding and following
vowel. An example of the spirantization type of lenition is found in Spanish, where
the voiced stops /b,d,g/ become voiced spirants [Ä,Å,Æ] after vowels.

(32) N with N there are N’s
burro kom burro ay Äurros ‘donkey’
deÅo kon deÅo ay ÅeÅos ‘finger’
gato koÏ gato ay Æatos ‘cat’

This can be seen as assimilation of the value [continuant] from a preceding vowel.
An example of combined voicing and spirantization is found in Tibetan,

where voiceless non-coronal stops become voiced spirants between vowels.

(33) past affirmative past negative gloss
c‡aa-Ä¦ree ma-c‡aa-Ä¦ree ‘go’
paa-Ä¦ree ma-Äaa-Ä¦ree ‘light’
pii-Ä¦ree m¦-Äii-Ä¦ree ‘renounce’
kuu-Ä¦ree m¦-Æuu-Ä¦ree ‘wait’
k¦-Ä¦ree m¦-Æ¦-Ä¦ree ‘hide’
q¥¥-Ä¦ree ma-¥¥-Ä¦ree ‘take time out’

In some cases, the result of lenition is a glide, so in Axininca Campa,
stem-initial /k,p/ become [y,w] after a vowel.

(34) yaarato “black bee” no-yaaratoti “my black bee”
kanari “wild turkey” no-yanariti “my wild turkey”
kosiri “white monkey” no-yosiriti “my white monkey”
pac‡haka “gourd” no-wac‡hakati “my gourd”
porita “small hen” no-woritati “my small hen”
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The converse process, whereby spirants, sonorants, or glides become ob-
struent stops after consonants, is also found in a number of languages ˜ this proc-
ess is generally referred to as hardening. In Kimatuumbi, sonorants become
voiced stops after a nasal. The data in (35) illustrate this phenomena with the alter-
nation in stem-initial consonant found between the singular and plural.

(35) lu-laa−la “pepper plant” n-daa−la “pepper plants”
lu-lŸ®m™® “tongue” n-dŸ®mi “tongues”
lu-yŸ®ma − “pole” n†-j‡Ÿ®ma “poles”
lu-yo −ka − “stomach worm” n†-jo −ka “stomach worms”
yu −kuta “to be full” n†-juku −ta − “full”
wa− “to die” Ï-gwaa −.a− “dead”
wŸ®kŸlya “to cover” Ï-gwŸkŸ®lya − “covered”
lŸ®ndŸŸla “to guard” n-dŸndŸ®Ÿla − “guarded”
lya− “to eat” n-dyaa −.a − “eaten”

Another context where hardening is common is when the consonant is
geminate. One example is found in Fula, where geminate spirants become stops. In
(36), plural forms have a medial geminate (this derives by an assimilation to a fol-
lowing Ì, so that [cabbi] derives from /caw-Ìi/ via the intermediate stage cawwi).

(36) pl dim sg
c‡abbi c‡awel “stick”
lebbi lewel “month”
pobbi powel “hyena”
Ù¢bb¢ Ùewel “bean”
leppi lefel “ribbon”
koppi kofel “ear”
c‡oppi c‡ofel “chick”

Geminate hardening also occurs in Luganda. In the data of (37), the singu-
lar form of nouns in this particular class is formed by geminating the initial conso-
nant: the underlying consonant is revealed in the plural.

(37) singular plural
ggi ma-gi “egg”
ddaala ma-daala “ladder”
j‡j‡uba ma-yuba “dove”
ggwaanga ma-waanga “nation”
ddaanga ma-laanga “lily”

In this language, only sonorants harden to stops.
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(38) singular plural
ffumu ma-fumu “spear”
ffuumbe ma-fuumbe “civet”
ssaanja ma-saanja “dry plaintain leaf”
zzike ma-zike “chimpanzee”
zziga ma-ziga “tear”
vviivi ma-viivi “knee”

2.2. Dissimilation

Less common in the languages of the world are processes of dissimilation,
whereby one of two similar consonants changes to become less like the other. An
example of such a process is lateral dissimilation found in Sundanese. In this lan-
guage, the plural is formed by infixing -ar- after the initial consonant, as seen in
(39a). When another r follows within the stem, the r of the infix dissimilates to l.

(39) Singular Plural
kusut k-ar-usut “messy”
damaÏ d-ar-amaÏ “well”
poho p-ar-oho “forget”
g¦tol g-ar-¦tol “diligent”
Ïoplok Ï-ar-oplok “flop down”
Ïuliat Ï-ar-uliat “stretch”
tuwaÏ t-ar-uwaÏ “eat”
manehna m-ar-anehna “3rd person”
masak m-ar-asak “cook”

Ïi½ri½t Ï-al-i½ri½t “cut”
nugar n-al-ugar “dig up”
combrek c-al-ombrek “cold”
bocor b-al-ocor “leaking”
bi½Ïhar b-al-i½Ïhar “rich”
hormat h-al-ormat “respect”

A similar process affects the adjectival suffix -a:lis in Latin, where /l/ dis-
similates to [r] if the preceding stem contains another /l/.

(40) nava:lis “naval” episcopa:lis “episcopal”
sola:ris “solar” milita:ris “military”
lupana:ris “whorish”

Dissimilation of aspiration is attested in various languages, such as Ma-
nipuri. In (41), the first consonant of the directional suffixes -thok and -kh¦t deaspi-
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rates if preceded by another aspirate or h (and if the immediately preceding seg-
ment is a vowel or sonorant, the consonant becomes voiced).

(41) pi-thok “give out” pi-kh¦t “give upwards”
c¦t-thok “go out” c¦t-kh¦t “go upwards”
khik-tok “sprinkle out” khik-k¦t “sprinkle upwards”
hut-tok “bore out” hut-k¦t “bore upwards”
khoy-dok “trim out” khoy-g¦t “trim upwards”
thin-dok “pierce out” thin-g¦t “pierce upwards”

Many Bantu languages such as Kikuria have a voicing dissimilation proc-
ess whereby k becomes g when the following syllable has a voiceless consonant
(excluding h). This results in alternations in the form of the infinitive prefix which
is underylyingly /oko/, as well as the 2sg object prefix /ko/ and the (diminutive)
object prefix /ka/. The data in (42a) motivate the underlying prefix /oko/ and (42b)
shows application of dissimilation to the prefix. (42c) shows the object prefixes
/ko/ and /ka/ which also dissimilate, and (42d) shows the contrasting prefixes /go/
and /ga/ which have underlyingly voiced consonants, and do not assimilate.

(42) a. oko-re−ma “to cultivate” ukuòn†a −haare −ka “to be hurt”
uku-m™®n†ooÏgo −ra “to crush” uku-g™®™®Ïg™®ra − “to shave”
oko-g¥ −¥ −ga − “to slaughter” uku-bu −na “to break”
oko-b¥ −cha “to vomit” oko-ho −o −ra “to thresh”

b. ogo-ta −a −Ïga − “to begin” ugu-tu −u −ha − “to be blunt”
ugu-su −raaÏga − “to sing praise” ogo-s¢ −¢ −nsa − “to winnow”
ugu-kya − “to dawn” ogo-k¢ −n†a “to run”

c. ogoòko −òba −ra‡ “to count you sg”
ukuògu −òsu −raa −Ïga “to praise you sg”
ogoòka −òba −ra‡ “to count it”
okoòga −òsu −raa −Ïga “to praise it”

d. oko-go −-ba −ra‡ “to count it” uku-gu −-su −raa −Ïga “to praise it”
oko-ga −-ba −ra‡ “to count them” oko-ga −-su −raa −Ïga “to praise them”

The language Chukchi has a number of dissimilatory processes. One of
these dissimilates nasality, by changing Ï to Æ before a nasal.

(43) taraÏ-¦k “build a dwelling” n¦-taraÆ-more “we built a dwelling”
m¦tÞ¦Ï-¦n “five” m¦tÞ¦Æ-more “we five”
enawr¦Ï-¦k “to give as a gift” enawr¦Æ-nen “he gave it”
petÜiÏ “cold” petÜiÆ-Ïinqey “boy with a cold”
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A second dissimilation in the language changes the first in a sequence of
identical fricatives to a stop.

(44) meniÆ “cloth” manek-Æ¦p¦ “from cloth”
¦tÞ¦Æ-¦n “father” ¦tÞ¦k-Æ¦yiwq-ew “paternal marking”
r¦Ær¦Æ “wool” r¦Ær¦k-Æ¦p¦ “from wool”
yeÆteÞ-¦k “to live” Æe-yeÆtet-Þin “he lived”
Þ¦mÏ¦ÞteÞ-¦k “tell stories” Æa-Þ¦mÏ¦Þtet-Þen “told stories”
Ïew-Üen “woman” Ïak-waÏe-Æ¦rÆ-¦n “woman’s sewing”
iÞÆ¦tew-¦k “to wash” iÞÆ¦tek-wÜi “he washed”

An important feature of this rule is that only homorganic clusters dissimilate. Other
combinations, such as yÆ, wÞ, or ÞÆ remain unchanged.

(45) k¦t¦yÆat-¦k “blow” Æa-n-pera-w-Þen “decorated”
Üiw-pipiq-¦ÞÆ-¦n “wolf mouse”

Finally, the glide y dissimilates to Æ before a coronal consonant.

(46) wÜey-¦k “grass” wÜeÆ-ti “grasses”
Ïin-qey “boy” Ïen-qaÆ-c‡¦Ï-¦n “big boy”
c‡ay “tea” c‡aÆ-naÞk-¦k “to make tea”
qey-we “correct” qeÆ-Þ¦nanÆet “truth”
qey¦qey “nestling” qaÆ-yaÜyaq “young seagull”

Dissimilation between vowels is also found in languages. One case comes
from Woleiaian, where the low back vowel /a/ becomes [e] before the low back
vowels /a/ and /¥/. This process affects the causative prefix /ga/, seen below.

(47) ga-repa “approach it” ga-bes‡i “heat it”
ga-si�we “make it stand” ga-sere “make it hit”
ge-bbaro “bend it” ge-maki� “give birth to him”
ge-m¥we “erase it” ge-t¥t¥we “support it”
ge-wasi�r “hurt it” ge-t¥la “make it bloom”

In Wintu, the vowels /e, o/ become [i,u] before /a/ by a similar kind of
dissimilation.

(48) /lel-a/ • lila “to transform”
/lel-u/ • lelu “transform!”
/lel-it/    • lelit     “transformed”
/dek-a/ • dika “to climb”
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/dek/ • dek “climb!”
/dek-na:/ • dekna: “to step”
/doy-a:/    • duya:   “to give”
/doy-u/ • doyu “give!”
/doy-i/ • doyi “gift”
/kor-a/ • kura “to lay out a net”
/kor-o/ • koro “net”

Examples of low vowel dissimilating to non-low vowels before low vowels are
also found in Kera and Southern Russian. Interestingly, most examples of dissimi-
lation between vowels are precisely of this nature: we do not seem to find cases of
high vowels dissimilating to non-high near other high vowels.

2.3. Other Segmental Processes

There are other segmental processes which do not neatly fit into the cate-
gory of assimilation or dissimilation. One such example is neutralization, whereby
a phonetic contrast is deleted in some context, which consonants are particularly
susceptible to. One case is the neutralization of laryngeal contrasts in consonants at
the end of the syllable, as exemplified by Korean.

(49) Infinitive Conjunctive
ip-¦ ip-k’o “wear”
kup-¦ kup-k’o “bend”
kaph-a kap-k’o “pay back”
c‡iph-¦ c‡ip-k’o “feel the pulse”
tat-¦ tat-k’o “close”
puth-¦ put-k’o “adhere”
c‡oc‡h-a c‡ot-k’o “follow”
m¦k-¦ m¦k-k’o “eat”
c‡uk-¦ c‡uk-k’o “die”
ik-¦ ik-k’o “ripen”
tak’-a tak-k’o “polish”
k’ak’-a k’ak-k’o “reduce expenses”
s¦k’-¦ s¦k-k’o “mix”

Another kind of neutralization is place neutralization, which can be ex-
emplified by Saami. Saami restricts word-final consonants to the set t, n, r, l, s, s‡,
i.e. the voiceless coronal non-affricates. The data in (50) show that noun stems can
end in an array of consonants, as revealed by the essive form of the noun which
takes the suffix -(i)n, but in the nominative, which has no suffix, all places of ar-
ticulation are neutralized to coronal.
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(50) nominative sg. essive
oahpis oahpis-in “acquaintance”
c‡oarvus‡ c‡oarvus‡-in “antlers & skullcap”
gahpir gahpir-in “cap”
heevemeahhtun heevemeahhtun-in “inappropriate”
varit varih-in “2 year old reindeer buck”
c‡uoivvat c‡uoivvag-in “yellow-brown reindeer”
ahhkut ahhkub-in “grandchild of woman”
lottaas‡ lottaaj‡-in “small bird”
suohkat suohkaÅ-in “thick”
jaaÜmin jaaÜmim-in “death”

It is interesting that Saami also neutralizes laryngeal contrasts in this position, so
that voiced stops also become voiceless: it is unknown whether a language may
exhibit neutralization of place contrasts without also having neutralization of la-
ryngeal contrasts.

3. Prosodically Based Processes

A second major class of phonological processes can be termed
‘prosodically motivated processes’. Such processes have an effect on the structure
of the syllable (or higher prosodic units such as the ‘foot’4 ), usually by inserting or
deleting a consonant, or changing the status of a segment from vowel to consonant
or vice versa. A very common set of prosodic processes is the class of processes
which eliminate V+V sequences. Many languages disallow sequences of vowels,
and when such sequences would arise by the combination of morphemes, one of
the vowels is often changed. One of the most common such changes is Glide For-
mation, whereby a high vowel becomes a glide before another vowel. Quite often,
this process is accompanied with a lengthening of the surviving vowel, a phe-
nomenon known as compensatory lengthening. For example, in Kimatuumbi, high
vowels become glides before other vowels, as shown by the data in (51). The ex-
amples on the left show that the noun prefixes have underlying vowels, and those
on the right illustrate application of glide formation.

(51) mi-kaa−te “loaves” my-oo −to − “fires”
li-kuÏuu −nda “filtered beer” ly-oowa − “beehive”
ki-ka −laaÏgo “frying pan” ky-uu −la − “frog”
i-ka −laaÏgo “frying pans” y-uu −la − “frogs”
lu-too −ndwa “star” lw-aate− “banana hand”
tu-to −ope − “little handles” tw-i™®p¡k¡ − “little rats”

                                             
4  The foot is, roughly, a grouping of two syllables into a rhythmic unit, which is primarily
relevant in phonology for the description of stress assignment.
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ku-suu −le “to school” kw-iis™®wa− “to the islands”
mu-kika −laaÏgo “in the frying pan” mw-iika−laaÏgo “in the frying pans”

Although the stem-initial vowel is long on the surface in these examples, underly-
ingly the vowel is short, as shown when the stem has no prefix or when the prefix
vowel is a. Thus, compare ka-o −to − “little fire”, ma-owa − “beehives”, ka-u −la − “little
frog”, ate− “banana hands”, ip¡k¡ − “rats”.

Vowel sequences can also be eliminated by coalescing the two vowels into
a single vowel, often one which preserves characteristics of the individual vowel.
This happens in Kimatuumbi as well, where the combinations /au/ and /ai/ become
[oo] and [ee].5  This rule is optional in Kimatuumbi, so the uncoalesced vowel se-
quence can also be pronounced (thus motivating the underlying representation).

(52) a-i-te−liike ee-te−liike “he cooked them”
pa-u −-kaa −tite− poo −-kaa −tite − “when you cut”
pa-ba−-i-ka−atite− pa-be−e-ka−atite− “when they cut them”
a-u-ka−atite oo-ka−atite “he cut it”
ka-u-t¡¡mb¡ −ka koo-t¡¡mb¡ −ka “when it was falling”
pa-i-taa−bu pee-taa−bu “where the books are”
pa-u-t™®tili poo-t™®tili “where the chicken louse is”
ka-u-me−ya− koome −ya − “little white ant”
na-u-c‡aa −pu noo-c‡aa −pu “with dirt”

The change of /au/ and /ai/ to [oo] and [ee] can be seen as creating a compromise
vowel, one which preserves the height of the initial vowel /a/, and the backness
and roundness of the second vowel.

Sometimes, vowel sequences are avoided simply by deleting one of the
vowels, with no compensatory lengthening. Thus at the phrasal level in Shimak-
onde, word-final /a/ deletes before an initial vowel, cf. lipeeta engaanga • lipeet
engaanga ‘the knapsack, cut it!’, likuka  engaanga • likuk  engaanga ‘the trunk,
cut it!’, nneemba idanaao  • nneemb  idanaao ‘the boy, bring him!’.

The converse process of vowel epenthesis is also quite common. One
context that often results in epenthesis is when an underlying form has too many
consonants in a row, given the syllable structure of the language. Insertion of a
vowel then reduces the size of the consonant cluster. An example of such epenthe-
sis is found in Fula. In this language, no more than two consonants are allowed in a
row. As the data of (53) show, when the causative suffix /-na/ is added to a stem
ending in two consonants, the vowel i is inserted, thus avoiding three consecutive
consonants.

                                             
5  In this language, coalescence only applies in a specific grammatical domain, between
vowels of prefixes, and thus one does not find this same process affecting the prefix-plus-
stem combination found in ka-u −la − “little frog”.
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(53) continuous causative
hula hulna “laugh”
yara yarna “drink”
woya woyna “cry”
j‡u:la j‡u:lna “be Muslim”
wurto wurtina “come out”
wuj‡j‡a wuj‡j‡ina “steal”
yotto yottina “arrive”

A related result of vowel epenthesis is that it to eliminates certain kinds of
consonants in a particular position. The only consonants at the end of the word in
Kotoko are sonorants, so while the past tense of the verbs in (54a) is formed with
just the stem, the verbs in (54b) require final epenthetic schwa.

(54) Infinitive Past
a. ha�m-a� ha−m “yawn”

Ìa�n-a� Ìa�n “tie”
skwa �l-a� skwa −l “want”
ve�r-a� ve�r “fly”
l¦�ha�y-a� l¦�ha�y “fear”
la�w-a� la�w “fight”

b. g¦�Ë-a� g¦�Ë¦ � “answer”
ka�Ì-a� ka−Ì¦ − “cross”
la�b-a� la�b¦� “tell”
j‡a�g-a� j‡a�g¦� “cook”
gi�c‡-a� gi�c‡¦− “sweep”
Ü¦ �k-a� Ü¦ �k¦− “take by force”
sa�p-a� sap¦− “chase”
vi�t-a� vi�t¦− “blow on a fire”
v¦�na�h-a� v¦�na�h¦� “vomit”
h¦�s-a� h¦−s¦ − “spill”
Ì¦ �v-a� Ì¦ �v¦� “put”
ba�Æ-a� ba�Æ¦� “split wood”

Another factor motivating epenthesis is a word-size, viz. the need to avoid
monosyllabic words. One example is seen in the following data from Mohawk,
where the 1 sg. prefix is preceded by the vowel i just in case is it attached to a
monosyllabic stem.
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(55) k-atiru−t-haÜ “I pull it”
k-ataÜkera−hkwaÜ “I float”
k-ke−tskw-as “I raise it”
k-hn™®:nus “I buy”
k-tat-s • ™®ktats “I offer it”
k-y§-s • ™®ky§s “I put it”
k-ket-s • ™®kkets “I scrape it”

The adaptation of loanwords into Saami from Scandinavian languages
(Norwegian or Swedish) illustrates a variant on the Mohawk-type minimal-word
motivation for epenthesis. In this case, a vowel is inserted to prevent a monosyl-
labic stress foot ˜ though interestingly this requirement is determined on the basis
of the Norwegian source, whereas in the Saami word stress is (predictably) on the
first syllable. Except for a small set of “special” words (pronouns, grammatical
words), words in Saami must be at least two syllables long. Thus the appearance of
a final epenthetic vowel in the following loanwords is not surprising.

(56) Saami Norwegian
daaigi deig ‘dough’
niibi kniv ‘knife’
vouÜna vogn ‘wagon’
muura mur ‘wall’

In contrast, in the following loanwords there is no epenthetic vowel. The location
of stress, which is the key to understanding this problem, is marked on the Nor-
wegian source though stres is not marked in the orthography.

(57) Saami Norwegian
diisdat t™®rsdag ‘Tuesday’
kaavrret ka−vring ‘rusk’
akaÅemihkar akade−miker ‘academic’
miniistar  min™®ster ‘minister’
teahter tea−ter ‘theater’
tempel te−mpel ‘temple’
orgel o−rgel ‘organ’
profes’sor profe−ssor ‘professor’
plasttar pla−ster ‘plaster’
kaahkal ka−kkel ‘glazed tile’

The above examples are ambiguous in analysis, since the source word is both
polysyllabic, and has a non-final stress. The examples in (58), on the other hand,
show epenthesis when the stress-foot in the source word is monosyllabic, even
though the overall word is polysyllabic.
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(58) hoteella hote−ll ‘hotel’
maratona marato−n ‘marathon’
universiteehta universite−t ‘university’
tabeal’la tabe−ll ‘(time-)table’
privaahta priva −t ‘private’
kameela  kame−l ‘camel’
polaara pola−r ‘polar’

Consonants can also be inserted. The most common cause of consonant
insertion is the avoidance of initial vowels or vowel sequences. In Arabic all syl-
lables begin with a consonant, and and if a word has no underlying initial conso-
nant a glottal stop is inserted, thus /al-walad/ • [Üalwalad] “the boy”. In the Hare
& Bearlake dialects of Slave, words cannot begin with a vowel, so when a vowel-
initial root stands at the beginning of a word (including in a compound), the con-
sonant h is inserted.

(59) s-o†dee “my older brother”
dene-[h]o†dee “Brother (in church)”
n-anay “your sg. sister-in-law (man speaking)”
[h]anay “sister-in-law”
b-ek’e −hd™® “I take care of him/her”
beb™® [h]ek’e −hd™® “I take care of the baby”
ku-edehfe • ku −dehfe “I chased them”
sah [h]ede −hfe “s/he chased the bear”

In Axininca Campa t is inserted between vowels ˜ this language does not have a
glottal stop phoneme. Thus, /i-N-koma-i/ • [inkomati] “he will paddle”.

Deletion of consonants can be found in languages. The most common
factor motivating consonant deletion is the avoidance of certain kinds of consonant
clusters ˜ a factor which also can motivate vowel epenthesis. Consonant cluster
simplifiation is found in Korean.

(60) infinitive conjunctive indicative gloss
 palp-a pal-k’o pal-t’a tread on

ulph-¦ ul-k’o ul-t’a chant
ilk-¦ il-k’o il-t’a read
halth-a hal-k’o hal-t’a taste
talm-a tam-k’o tam-t’a resemble
anc-a an-k’o an-t’a sit down

Another cause of cluster simplification is the avoidance of certain specific
types of consonant clusters. Shona avoids clusters of the form Cy although Cw is
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perfectly acceptible. The deletion of y after a consonant affects the form of pos-
sessive pronouns in various noun classes. Demonstratives and possessive pronouns
are formed with an agreement prefix reflecting the class of the noun, plus a stem, -
no for “this” and -angu for “my”. Before the stem -angu, a high vowel becomes a
glide. Just in case this would result in a Cy sequence, the glide is deleted.

(61) ‘this’ ‘my’ class
u-no w-angu 3
mu-no mw-angu 18
ku-no kw-angu 17
ru-no rw-angu 11
i-no y-angu 9
ri-no r-angu 6
c‡i-no c‡-angu 7
zäwi-no zäw-angu 8
dzi-no dz-angu 10

Since /i-angu/ becomes yangu, it is evident that the vowel i does become a glide
before a vowel.

Processes lengthening stressed vowels are also rather common. An exam-
ple of stress-induced vowel lengthening is found in Makonde, where the penulti-
mate syllable is stressed, and the stressed vowel is always lengthened.6 

(62) ku −-l™®™®m-a “to cultivate”
ku −-l™®m-™®™®l-a “to cultivate for”
ku −-l™®m-a−a−n-a “to cultivate each other”
ku−-l™®m-a−n-™®™®l-a “to cultivate for each other”
ku −-l™®m-a−n-™®l-a−-l™®m-a−n-™®™®l-a “to cultivate for each other continuously”

A related process is the reduction of unstressed vowels, as found in Eng-
lish. From alternations like b¦r¥ −m¦tr� ~ b¢�r¦m¢ −trŸk, m¥ −n¦po �wl ~ m¦n¥−p¦liy, we know
that unstressed vowels in English are reduced to schwa. Russian also reduces un-
stressed nonhigh vowels so that /a,o/ become [¦], or [a] in the syllable immediately
before the stress.

(63) /gorod-o −k/ • [g¦rado −k] “cities”
/go −rod/ • [go −r¦d] “city”
/po −-da-l/ • [po −d¦l] “he gave”
/po-da −-ty/ • [pada −ty] “to give”

                                             
6  Since Makonde is also a tone language and the accute accent is used to mark H tone, not

stress, stress will be indicated with the mark ‘’ before the stressed syllable.
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Reduction of unstressed vowels can go all the way to deletion, so in Pales-
tinian Arabic, unstressed high vowels in an open sylable are deleted.

(64) Palestinian Arabic
3sg masc 3sg fem 1s
häa−mal häa−malat häama−lt “carry”
ka−tab ka−tabat kata−bt “write”
da−ras da−rasat dara−st “study”
s‡™®rib s‡™®rbat s‡r™®bt “drink”
n™®zil n™®zlat nz™®lt “descend”
f™®him f™®hmat fh™®mt “understand”

Many languages disallow long vowels in syllables closed by consonants,
and the following examples from Yawelmani show that this language enforces
such a prohibition against VVC syllables by shortening the underlying long vowel.

(65) nonfuture imperative dubitative passive aorist
/CVC/ xathin xatk’a xatal xatit ‘eat’

doshin dosk’o do:sol do:sit ‘report’
/CVVC/ säaphin säapk’a säa:pal säa:pit ‘burn’

wonhin wonk’o wo:nol wo:nit ‘hide’

Stress assignment has been the subject of intensive typological study, and
has proven to be a fruitful area for decomposing phonological parameters. See
Hayes 1995 for a survey of different stress systems. One very common stress as-
signment pattern is the alternating pattern, where every other syllable is assigned a
stress. Maranungku exemplifies this pattern, where the main stress is on the first
syllable and secondary stresses are on all subsequent odd-numbered syllables.

(66) t™®ralk ‘saliva’
me−repe�t ‘beard’
ya−ngarma�ta ‘the Pleaiades’
la −ngkara �tet™̄ ‘prawn’
we−lepe�nema�nta ‘duck (sp.)’

A variant of this pattern occurs in Araucanian, where the main stress appears on
the second syllable, and secondary stresses appear on every even numbered sylla-
ble following.
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(67) wule− ‘tomorrow’
t»ipa −nto ‘year’
elu −muyu � ‘give us’
elu−ae�new ‘he will give me’
kimu −balu �wula �y ‘he pretended not to know’

The mirror image of the Maranugku pattern is found in Weri, where the last sylla-
ble has the main stress and every other syllable preceding has secondary stress.

(68) Ïint™®p ‘bee’
ku �lipu − ‘hair of arm’
ulu�am™®t ‘mist’
a �kune �tepa −l ‘times’

Finally, Warao places the main stress on the penultimate syllable and has secon-
dary stresses on alternating syllables before.

(69) yiwa�rana−e ‘he finished it’
ya �puru �kita �neha −se ‘verily to climb’
ena �horo �aha �kuta −i ‘the one who caused him to eat’

Another property exhibited by many stress systems is quantity-sensitivity,
where stress is assigned based on the weight of a syllable. Palestinian Arabic has
such a stress system, where stress is assigned to the final syllable if that syllable is
heavy, to the penult is the penult is heavy and the final syllable us light, and to the
antepenult otherwise. The typical definition of a heavy syllable is one with either a
long vowel ofr a final consonant; however, it should be noted that in Arabic, final
syllables have a special definition for ‘heavy’, which is that a single consonant
does not make the syllable heavy, but two consonants do.

(70) radyo −o “radio” qare −et “I read”
kata−bt “I wrote” qa −ra “he read”
qa−rat “she read” kata−bna “we wrote”
qare−ethum “I read them” ka−tabu “they wrote”
ka−tabat “she wrote” ma kataba−ts‡ “she didn’t write”

4. Why do things happen?

Two of the central questions which phonological theory has sought an-
swers to are “why does rule X exist?” and “can rule Y exist?”. Very many lan-
guages have a process changing velars into alveopalatals (k • c‡) before front
vowels, and a rule voicing voiceless stops after nasals (mp • mb) is also quite
common. It is natural to wonder why such rules would occur in many languages,
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and a number of theoretical explanations have been offered to explain this. It is
also important to also ask about imaginable rules: we want to know, for example,
if any language has a rule turning a labial into an alveopalatal before a front vowel,
one devoicing a voiced stop after a nasal, or one turning {s,m} into {l,k} before
{w,s‡}. Only by contrasting phenomena found in the universe with imagineable but
unattested phenomena do theories become of scientific interest.

There is a clear and justified intuition among phonologists that the rule
{s,m} • {l,k}/ __{w,s‡} is “unnatural”, and any theory which allowed such a rule
to be formulated would not be a useful theory. We have seen in Chapter 6 that it is
impossible to formulate such a process given the theory of distinctive features,
since the classes of segments that define target and trigger, and the nature of the
structural change, cannot be expressed in the theory. The fact that neither this rule
nor any of the trillions of other logically conceivable analogous random pairings of
segments into rules has ever been attested in any language gives us a basis for be-
lieving that phonological rules should at least be “possible”, in the very simple
sense technical expressed by feature theory.

Another pair of rules which we might wonder about are those in (71).

(71) a. mc‡ • n†c‡ Ïc‡ • n†c‡
n†p • mp np • mp
n†k • Ïk nk • Ïk
n†t • nt nc‡ • n†c‡

b. mc‡ • nc‡ (not n†c‡) Ïc‡ • n†c‡
n†p • Ïp np • mp
n†k • Ïk nk • mk
n†t • n†t nc‡ • nc‡

The pattern of alternation in (a) is quite common, and was exemplified earlier in
this chapter as nasal place assimilation. The second pattern of alternation in (b), on
the other hand, is not attested in any language. Given the nonexistence of the pat-
tern (b), we may ask “why is this pattern not attested”.

The easy answer to this question is that pattern (b) is not phonetically natu-
ral. This begs the question of how we know what is a phonetically natural versus
an unnatural pattern, and unfortunately the connection between “actually attested
phonological rule” and “phonetically natural” are so closely intertwined that peo-
ple assume that commonly occurring rules are by definition phonetically natural,
and unattested rules are phonetically unnatural. This is circular: if we are to pre-
clude a pattern such as (b) as phonetically unnatural, there must be an independent
metric of phonetic naturalness. Otherwise, we would simply be saying “such-and-
such rule is unattested because it is unattested”, which is a pointless tautology.

Another answer to the question of why pattern (b) is not attested, but pat-
tern (a) is, would appeal to a formal property of phonological theory. We will tem-
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porarily forgo a detailed analysis of how these processes can be formulated ˜ this
is taken up in Chapter 11 ˜ but in one theory, the so-called linear theory practiced
in the 60’s and 70’s, there was also no formal explanation for this difference,
whereas in the nonlinear theory introduced in the late ‘70’s, there is a very clear
explanation. The earlier linear theory of rules made it quite easy to describe the
pattern in (b), using the so-called feature variable notation. The rule which would
be necessary to describe pattern (b) is not a formally possible rule in the nonlinear
theory. The mechanism used in the nonlinear theory to describe processes where
the output has a variable value (i.e. the result can be either [+anterior] or
[-anterior], [+coronal] or [-coronal]) requires the target segment to take the same
values for the features, and also requires the target to take on all values of certain
feature sets. The alternation in (b) does not have this property (for example the
change of /n†p/ to [Ïp] does not include copying the value of the feature [labial]),
and therefore according to the nonlinear theory this is an unformalizable rule. This
process is predicted to be unattested in human language. So in some cases, the an-
swer to the question “is X a possible rule” depends on the theory assumed.

Now consider the possibility of a rule p • c‡ / __{i,e}, which seems hardly
different from the rule k • c‡ / __{i,e}, except that the latter rule is very common,
and the former rule is apparently not found in any language. Since we don’t know
of examples, we must wonder why there is such a gap in what is attested. Perhaps
if we had the “right theory”, every rule that is possible under a theory would ac-
tually be attested in some language. In both the linear and non-linear theories,
these are both technically possible rules.

One legitimate strategy is to assume that this is an accidental gap, so we
presume that further research will eventually turn up such a rule. Given that only a
tiny fraction of the world’s languages have been suveyed, this is reasonable. There
is a bit of danger in assuming that the apparent nonexistence of labial coronaliza-
tion is an accidental gap, because we don’t want to also ignore the nonexistence of
the conceivable rule /s,m/•[l,k]/__[w,s‡] as another accidental gap.

The difference between these two kinds of rules lies in an implicit estima-
tion of how big the gap is between prediction and observation. A number of rules
would fall under the rubric ‘labial coronalization’, which would be formalizable
under standard feature theories:

(72) p • c‡ / __ i p,b • c‡,j‡ / __i
p • c‡ / __i,e p,f,b • c‡,s‡,j‡ /__i,e
etc.

If it turns out that the rules /p/ • [c‡] / __ [i], /p/ • [c‡] / __[i,e] and /p,f,b/ •
[c‡,s‡,j‡] /__[i,e] were all attested and only the rule /p,b/ • [c‡,j‡] / __[i] is missing,
there would be no question that this is an accidental gap. The number of rules



294 Chapter 8

which theoretically can be formulated in standard theories is quite large,7  running
in the thousands or millions, so if we can’t find some one, or some dozen particu-
lar rules, in the hundred or so languages that we have looked at, this shouldn’t
cause serious concern because the chances of finding any one rule at random, out
of the set of theoretically possible rules, is fairly low and is of no more signifi-
cance that a failure to toss a million-sided coin a few hundred times and not have
the coin land with side number 957,219 land on top.

We should be a bit more concerned when we identify a somewhat large
class ˜ hundreds or perhaps even a thousand ˜ of possible rules which are all
unattested and which seem follow a discernable pattern (i.e. “alveopalatalization of
labials”). Remember though that we are dealing with a million-sided coin and only
a few hundred tosses of the coin. The unattested set of rules represents perhaps a
tenth of a percent of the logically possible set, and given the small size of the
sample of phonological rules actually available to us, the chances of actually find-
ing such a rule is still not very high.

The situation with the rule /s,m/ • [l,k] / __[w,s‡] is quite different. This
rule is a representative of an astronomically large class of imaginable rules, formed
by combining any set of phonemes in the input, any set of phonemes in the con-
text, and any set of replacements. To put in perspective the predictions of a theory
where rules are unstructured collections of segments changing randomly in arbi-
trary contexts, consider the fact that if we start with just 8,192 segments (=213),
there are over 187 trillion ways to construct sets of 4 segments, over 102,466 possi-
ble sets of segments (in comparison, the theory of distinctive features allows con-
struction of around 106 classes), and about 107,400 possible rules, in comparison to
perhaps a billion rules with standard rule theory. Almost every rule which is theo-
retically predicted under the “random segment” theory falls into the class of rules
of the type /s,m/ • [l,k] / __[w,s‡], and yet not a single one of these rules has been
attested: probability theory, on the other hand, says that virtually every attested
rule should be of this type, given how many imagineable, phonetically arbitrary
changes there are. This is why the lack of rules of the type /s,m/ • [l,k] / __[w,s‡]
is theoretically significant ˜ it represents the tip of a mammoth iceberg of failed
predictions of the “random phoneme” theory of rules.

Since the computational theory provides no basis for thinking that labial
coronalization is impossible, we can just assume that the gap results from a too-
small sample. On the other hand, it is also possible that our theory is wrong, and
that some other theory, one yet to be articulated, may provide a principled expla-
nation for the lack of such a rule. This has happened before in the history of lin-
guistics (and all science), and it will happen again. A theory predicts the existence
of a particular class of phenomenon; people will note that a particular exemplar

                                             
7  This number has never been calculated, partly because the nature of the theory (hence the
characterization “theoretically possible rule”) changes rather rapidly, and partly because
phonologists aren’t usually concerned with combinatorics.
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does not seem to be attested; it will be assumed that an example will eventually
show up; concerted efforts to find examples fail, and more and more examples of
the gap between theory and data accumulate. At some point, a new theory is pro-
posed, and suddenly it is realised that there is no mystery why such examples are
missing ˜ the new theory predicts that they should not exist. In the case of the
two sets of nasal changes in (71), prior to the advent of the nonlinear theory, the
nonexistence of  processes like (71b) was assumed to be an accidental gap. No
such examples ever materialised, and with clear hindsight, we realise that this is
because the earlier theory simply made a bad prediction.

Another way to cope with this gap is to seek an explanation from outside
the domain of phonological theory itself. An analog would be the explanation for
why arctic mammals have small furry ears and desert mammals have larger naked
ears, proportionate to the size of the animal. There is no independent “law of biol-
ogy” that states that ear size should be directly correlated with temperature, but
this observation makes sense given a little knowledge of the physics of heat radia-
tion and the basic structure of ears. In a nutshell, you lose a lot of body heat from
big ears, which is a good thing in the desert and a bad thing in the arctic. Perhaps
there is an explanation outside of the domain of phonological theory itself for the
lack of labial coronalization in the set of rules attested rules.

What then might be the functional explanation for the lack of such a proc-
ess? We first need to understand what might be a theory-external, functional ex-
planation for the existence of the common change k • c‡/ __ {i,e}. In a vast num-
ber of languages, there is some degree of fronting of velar consonants to [ky] be-
fore front vowels. The reason for this is not hard to see: canonical velars have a
further back tongue position, and front vowels have a further front tongue position.
To produce [ki], with a truly back [k] and a truly front [i], the tongue body would
have to move forward a considerable distance, essentially instantaneously. This is
impossible, and some compromise is required. The compromise reached in the vast
majority of languages is that the tongue advances in anticipation of the vowel [i]
during production of [k], resulting in a palatalized velar, i.e. the output [kyi], which
is virtually the same as [ci], with a “true palatal” stop. The actual amount of con-
sonantal fronting before front vowels that is found in a language may vary from
the barely perceivable to the reasonably evident (as in English) to the blatantly
obvious (as in Russian). This relatively small physiological change of tongue-
fronting has a disproportionately more profound effect on the actual acoustic out-
put. Essentially, a plain [k] sounds more like a [p] that it sounds like [c] ([k] has a
lower formant frequency for the consonant release burst), and [c] sounds more like
[t] or [c‡] (in having a higher burst frequency) than it sounds like [k], which it is
physiologically more similar to. The acoustic similarity of alveopalatals like [c‡]
and palatals like [c] is great enough that it is easy to confuse one for the other.
Thus a child learning a language might (mis)interpret a phonetic alternation [k] ~
[c] as the alternation [k] ~ [c‡].
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Explaining why k • c‡ / __{i,e} does exist is a first step in understanding
the lack of labial coronalization before front vowels. The next question is whether
there are analogous circumstances under which our unattested rule might also
come into existence. Since the production of [p] and the production of [i] involve
totally different articulators, a bit of tongue advancement for the production of [i]
will have a relatively negligible effect on the acoustics of the release burst for the
labial, and especially will not produce a sound that is likely to be confused with
[c‡]. The constriction in the palatal region will be more open for /i/ after the release
of /p/, because the tongue does not already produce a complete obstruction in that
region (a maximally small constriction) as it does with /k/. It is possible to radi-
cally advance the tongue towards the [i]-position and make enough of a palatal
constriction during the production of a [p] so that a more [c‡]-like release will re-
sult, but this will not happen simply as a response to a small physically motivated
change, as it does with /k/. Thus the probability of such a change ˜ p • c‡ ˜
coming about by phonetic mechanisms is very small, and to the extent that pho-
nological rules get their initial impetus from the grammaticalization of phonetic
variants, the chances of ever encountering labial coronalization are slim.

Another approach which might be explored focuses on articulatory conse-
quences of velar coronalization versus labial coronalization. Velar and alveolars
involve the tongue as their major articulator, as does [c‡], whereas labials do not
involve the tongue at all. We might then conjecture that there is some physiologi-
cal constraint that prevents switching major articulators, even in phonological
rules. But we can’t just say that labial never become linguals: they typically do in
nasal assimilation. In fact, there is a phonological process in the Nguni subgroup of
Bantu languages (Zulu, Xhosa, Swati, Ndebele), where at least historically labials
become alveopalatals before w, which is very close to the unattested process which
we have been looking for. By this process, a labial consonant becomes a palatal
before the passive suffix -w-, as in the following data from SiSwati.

(73) active passive gloss
ku −-kha−nd™®Ï-a ku −-kha−nd™®Ï-w-a dry roast
ku −-ka −ph-a ku−-ka−s‡-w-a chop
ku −-kxe−bh-a ku −-kxe−j-w-a scrape
ku −-lu −m-a ku −-lu −n†-w-a bite
ku −-n|wa −b-a ku −-n|wa −c-w-a bury

This is a clear counterexample to any claim that labials cannot switch ma-
jor articulator, and is a rather odd rule from a phonetic perspective (as pointed out
by Ohala 1978). Rather than just leave it at that, we should ask how such an odd
rule could have come into existence. In a number of Bantu languages, especially
those spoken in southern Africa, there is a low-level phonetic process of velariza-
tion and unrounding where sequences of labial consonant plus [w] are pronounced
with decreased lip rounding and increased velar constriction, so that underlying
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/pw/ is pronounced as [p¬], with [¬] notating a semi-rounded partial velar constric-
tion. The degree of velar constriction varies from dialect to dialect and language to
language, and the degree of phonetic constriction increases as one progresses fur-
ther south among the Bantu languages of the area, so in Karanga Shona, /pw/ is
pronounced with a noticeable obstruent-like velar fricative release and no round-
ing, as [px]. The place of articulation of the velar release shifts further forward de-
pending on the language and dialect, being realised as [pc �] in Pedi, or as [ps‡] in
Sotho, and finally as [c‡] in Nguni. So what seems like a quite radical change, given
just the underlying-to-surface relation /p/ • [c‡] in Nguni, is actually just the ac-
cumulated result of a number of fortuitously combined, less radical steps.

One of the current debates in phonology ˜ a long-standing debate given
new vitality by the increased interest in phonetics8  ˜ is the question of the extent
to which phonological theory should explicitly include reference to concepts
rooted in phonetics, such as ease of articulation, perceptability and confusability,
and issues pertaining to communicative function. Virtually every imaginable posi-
tion on this question has been espoused, and it is certain that the formal-
ist/functionalist debate will persist unresolved for decades.

                                             
8  The increased interest in phonetics is essentially driven by the ready accessibility of very
powerful computer and relatively cheap signal processing programs especially since the
mid ‘90’s. Traditionally, instrumental phonetic research required very expensive and often
cantankerous equiptment with quite limited analytic capabilities, but now with the average
computer,  literally anyone anywhere can undertake highly sophisticated analysis of
acoustic data.
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Analytic Sketches

1. Kimatuumbi Prosodic Phonology

There are three closely related areas of the phonology of Kimatuumbi that
relate to suprasegmental properties, namely Glide Formation which turns the high
vowels i and u into the glides y and w, processes of tone assignment and tone re-
traction, and Phrasal Shortening which shortens long vowels in a word which is
followed by another word in the phrase.

1.1. Vowel Sequences

One of the most pervasive phonological phenomena in Kimatuumbi is
Glide Formation, which changes the high vowels u and i into the glides w and y
before a vowel. Within a word, u and i can never stand before another vowel. One
context illustrating Glide Formation arises when a noun class prefix is placed be-
fore a vowel initial stem. Nouns in Kimatuumbi are lexically or grammatically as-
signed to different morphological classes, which are marked by the presence of a
prefix such as mi-, li- or lu-. The data in (1) provide examples of these prefixes: the
example on the left demonstrates the form of the prefix before a consonant, and the
corresponding example on the right demonstrates the prefix before a vowel.

(1) mi-kaa−te ‘loaves’ my-oo−to − ‘fires’
li-kuÏuu −nda ‘filtered beer’ ly-oowa− ‘beehive’
ki-ka −laaÏgo ‘frying pan’ ky-uu −la − ‘frog’
i-ka −laaÏgo ‘frying pans’ y-uu −la − ‘frogs’
lu-too −ndwa ‘star’ lw-aate− ‘banana hand’
tu-to −ope − ‘little handles’ tw-i™®p¡k¡ − ‘little rats’
ku-suu −le ‘to school’ kw-iis™®wa− ‘to the islands’
mu-kika −laaÏgo ‘in a frying pan’ mw-iika−laaÏgo ‘in frying pans’

This chapter presents a sketch of aspects of the phonology of Kimatuumbi and
Syrian Arabic. The purpose of the chapter is to give you experience with an ex-
tended analysis of a large corpus of data from a language, reinforcing the idea that
the phonology of a language is built on recurring, interacting principles.
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This phonological process of Glide Formation can be formalized as follows.

(2) Glide Formation
   V
[+hi] • [-syl] / __ V

Not only is the high vowel of the prefix replaced by an appropriate glide,
but also the following vowel is long. One of the side-effects of Glide Formation is
that the vowel on the right, the one which triggers the rule, becomes long by what
is known as compensatory lengthening. Additional evidence can be mustered to
motivate the claim that Glide Formation lengthens the following vowel. In (3) we
can see pairs of words with the same stem. The examples on the left show that the
stem has an underlying short vowel, which surfaces as short either when there is no
prefix or when the prefix vowel is a. The example on the right shows the same
stem after a prefix which has an underlying high vowel that undergoes Glide For-
mation.

(3) ma-o −to− ‘large fires’ my-oo −to − ‘fires’
ma-owa− ‘beehives’ ly-oowa− ‘beehive’
ate− ‘banana hands’ lw-aate− ‘banana hand’
ka-u−la− ‘small frog’ ky-uu−la − ‘frog’
i-p¡k¡ − ‘rats’
pa-i-p¡k¡ − ‘where the rats are’ tw-i™®-p¡k¡ − ‘little rats’
i-ka −laaÏgo ‘frying pans’
pa-i-ka−laaÏgo ‘where frying pans are’ mw-ii-ka−laaÏgo ‘in frying pans’

A conceivable approach to these vowel length alternations would be to
assume that the stem vowel is underlyingly long, and undergoes shortening when
the vowel is word initial or preceded by another vowel. This alternative can be
ruled out, since there is a lexical contrast between long and short vowels in this
position. The nouns in (4) have underlying initial long vowels, and they retain that
long vowel both when preceded by a prefix with a high vowel (where Glide For-
mation applies), when preceded by a prefix ending with a, and when there is no
prefix.

(4) mw-ee −mbe ‘mango tree’ ee−mbe ‘mango fruit’
my-ee−mbe ‘mango trees’ ka-ee−mbe ‘small mango’
ly-e−eke ‘storage shack’ ma-e−eke ‘storage shacks’
lw-a−anju− ‘firewood piece’ aanju− ‘firewood’
ky-ŸŸ®mbe ‘knife’ ka-ŸŸ®mbe ‘small knife’
ky-u −undo − ‘knot’ ma-u −undo − ‘large knots’
mw-ee−la ‘in money’ ee−la ‘money’
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Thus the supposed rule shortening word-initial and postvocalic long vowels is
simply incorrect. The examples in (4) undergo Glide Formation, with no compen-
satory lengthening effect, since the triggering vowel is already long.

Additional motivation for Glide Formation comes from the verbal para-
digm. In (5) we see examples of subject prefixes followed by the verb stem: those
on the left illustrate the underlying prefix, and those on the right, before a vowel-
initial stem, illustrate Glide Formation.

(5) ni-te −liike ‘I cooked’ ny-¡¡ −bŸliile ‘I expected’
tu-te −liike ‘we cooked’ tw-ee−kite ‘we laughed’
ki-t¡ −¡mbwiike ‘it (7) fell’ ky-oo−bite ‘it (7) is lost’
u-te −liike ‘you(sg.) cooked’ w-aa−kite ‘you(sg.) hunted’

The infinitive form of the verb is given in (6), where it can be seen that underly-
ingly these stems begin with a short vowel, and application of Glide Formation
causes the following vowel to lengthen.

(6) ¡ −bŸlya ‘to expect’ e−ka ‘to laugh’
o−ba ‘to be lost’ a−ka ‘to hunt’

Furthermore, when these stems are preceded by the vowel a, which does not un-
dergo Glide Formation, the stem inital vowel surfaces as short.

(7) ba-e −kite ‘they laughed’
ga-¡ −bŸliilwe ‘they (Cl. 6) are expected’
naaba-¡ −bŸliile ‘I expected them’
ba-o −bite ‘they are lost’
a-eke− ‘he should laugh’
aga-ob™®ye ‘he should lose them’

Again, the alternative analysis where one assumes the initial vowel of the stems in
(6) to be underlyingly long and shortened initially or postvocalically can be ruled
out by the examples in (8), where the stem has an underlying long vowel, and the
vowel is long in all contexts.

(8) a−andika ‘to write’ tw-a−andiike ‘we wrote’
¡ −¡ma ‘to win a case’ w-¡−¡mite ‘you won’
Ÿ®Ÿmba ‘to dig’ ny-Ÿ®Ÿmbite ‘I dug’
ba-Ÿ®Ÿmbite ‘they dug’
ba-¡−¡mite ‘they won’
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A further tonal consideration shows that examples such as those in (5) dif-
fer from those in (8) in having underlying short vowels. In the past tense illustrated
in these examples, every verb has a H tone on the first vowel of the stem: the data
in (9) further illustrate this point.

(9) tu-te −liike ‘we cooked’ tu-ke−eÏgiimbe ‘we dug tubers’
tu-ka −laaÏgite ‘we fried’ tu-ka−atite ‘we cut’

When the first vowel of the stem is long, it is realized with a falling tone, which is
to say that on a long vowel, the H tone appears on the first half of the long vowel.
Now notice that there is a tonal difference between those stems which begin with a
long vowel and those that begin with a short vowel: the initial syllable in the first
group has a falling tone while the initial syllable in the second group has a rising
tone.

(10) a. tw-¡ −¡mite ‘we won a case’ /¡¡m-/
ny-¡ −¡mite ‘I won a case’
ba-¡−¡mite ‘they won a case’

b. tw-ee−kite ‘we laughed’ /ek-/
ny-ee −kite ‘I laughed’
ba-e−kite ‘they laughed’

When the stem initial vowel is long, it has a falling tone as expected, and that tone
is not changed by the addition of a prefix, since applying Glide Formation to the
prefix does not cause a change in the length of the following vowel. However,
when the initial vowel is underlyingly short but becomes lengthened due to Glide
Formation applying to the L toned vowel of the subject prefix, a rising tone ˜ a
long vowel whose first half is L toned and whose second half is H toned ˜ is the
result. This tonal difference would be possible only if these stems contrast in their
vowel length.

There is a small complication in the operation of Glide Formation, which
demonstrates the crucial connection between application of Glide Formation and
compensatory lengthening of the following vowel. As can be seen in (11), when
the prefix with a high vowel is not at the beginning of the word, application of
Glide Formation is optional.

(11) ku-tu-a −kya ~ ku-tw-aa−kya ‘to hunt for us’
ku-ni-a −andika ~ ku-ny-a −andika ‘to write me’
a-lu-a−siime ~ a-lw-aa−siime ‘he borrowed it (11) (recent)’
baa-ki-u −nite ~ baa-ky-uu −nite ‘they harvested it (7) (remote)’
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These data show that the following vowel is lengthened only if Glide Formation
actually applies. This rules out the possibility of stating lengthening as an inde-
pendent process from Glide Formation.

In the examples of Glide Formation considered so far, the prefixal vowel
and following vowel had a different quality. Data in (12) show what happens when
the prefix vowel and following vowel are identical: a single long vowel results,
with no glide.

(12) k-i™®ge − ‘eyebrow’ /ki-™®ge −/ (Cl. 7) (cf. ka-™®ge − ‘little brow’)
m-uu −nene ‘tree’ /mu-u−nene/ (Cl. 3) (cf. kau−nene ‘little tree’)
l-iimye− ‘slug’ /li-imye−/ (Cl. 5) (cf. ma-imye− ‘sluge’)
k-uukumu− ‘to Ukumu’ /ku-ukumu −/ (Loc.) (cf. ukumu− ‘Ukumu’)

Additional data making the same point are given in (13), using the combination of
a verbal prefix plus a verb stem.

(13) ni™®siile ‘I went’ /ni-™®siile/
tuu −nite ‘we harvested’ /tu-u−nite/
muu −lwiike ‘you (pl) descended’ /mu-u−lwiike/
niki™®yite ‘I hid it (Cl.7)’ /ni-ki-™®yite/
baatuu −tite ‘they pulled us’ /ba-a-tu-u−tite/

There are two ways one might approach these data. On the one hand, one
might posit an independent rule which fuses sequences of identical high vowels
into one long vowel; on the other hand, one might apply Glide Formation, generat-
ing forms such as nyi™®siile and twuu −nite, and then delete the glide by a separate
rule. The specific context for deletion of a glide is when it is followed by an identi-
cal vowel.

(14) Glide Deletion

       /   

tense
hi
back
syl-
cons-

∅→
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Additional data refine the Glide Deletion rule, and support the hypothesis of Glide
Formation and Glide Deletion as the mechanism for handling identical vowel fu-
sion, since these data show that the expected glide can actually be found phoneti-
cally. When the high vowel is not preceded by a consonant, deletion of the glide is
optional and thus one may encounter a phonetic glide in this context.
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(15) /i-™®ge−/ • yi™®ge − ~  (opt) i™®ge− ‘eyebrows’
/u-uu −ji/ • wuu −ji ~  (opt) uu −ji ‘porridge’
/u-u −niilwe/ • wuu −niilwe ~  (opt) uu −niilwe ‘it was harvested’

1.2. Tone Assignment in Verbs

Verbs in Kimatuumbi have no lexical tone contrasts; instead, tone is as-
signed to verbs on the basis of morphological characteristics, such as verb tense,
interacting with phonological properties of the verb. In one set of verb tenses
which includes the infinitive, the future tense and the subjunctive, a H tone is as-
signed to the first vowel of the stem. When the initial syllable contains a short
vowel, this means that the vowel has a H tone, and if the initial syllable is long,
this means that the vowel bears a falling tone.

(16) Ïa −laÏaata ‘to shine’ ka−ata ‘to cut’
kuki-ka −ata ‘to cut it (cl. 7)’ ki-ka−ata id.
lya− ‘to eat’ kuu-lya− ‘to eat it (cl. 3)’
baa-te−leka ‘they will cook’ baaga-te−leka ‘they will cook them (cl. 6)’
ni-ka −atite ‘I cut (rec.)’ naa-ka−atite ‘I cut (rem.)’

This pattern makes sense if long vowels are treated phonologically as being
equivalent to a sequence of identical short vowels, as they are transcribed here.

A more interesting pattern is seen in the subjunctive tense, where a H tone
is assigned to the third vowel after the subject prefix. Data in (17) give uncompli-
cated examples of this pattern, where there are at least three vowels and none of
the vowels are long.

(17) n-teleke− ‘you (pl.) should cook’
ni-kemeke−me ‘I should call out frequently’
u-gundumu −ye ‘you should scare’
ba-tyatyak™®kiyane ‘they should plaster for each other’
u-gundumu −yegundumuye ‘you should scare frequently’

(18) shows that if there are only one or two vowels in the verb after the subject
prefix, H is assigned to the final vowel of the verb.

(18) u-lye− ‘you should eat’
ba-teme− ‘they should chop’

Assignment of H tone can be handled by the following rule.
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(19) H Tone Assignment
v • v − / Subj. prefix + V C0 V C0 ___ (in the subjunctive, participial)

In case there are long vowels in the first two syllables after the subject
prefix, the H tone is assigned to the third vowel as well ˜ however, this pattern is
clear only if long vowels are treated as equivalent to a sequence of short vowels, as
can be seen by the parellel transcription with vowel length and contour tones being
treated as atomic properties, assigned as plus or minus values of features to single
vowel segments. Consider the data in (20). In the first example, the H is assigned
to the first half of a long vowel, where it is phonetically interpreted as a falling
tone. In the second example, the third vowel is in the second half of a long vowel,
and thus the H is realized phonetically as a rising tone on a long syllable. In the
third example, the H tone is realized as a level H on a short vowel in the second
syllable, since the first syllable contains a long vowel, which counts as two vowels.
In the final example, the H is realized on the second syllable because the preceding
syllable is long which accounts for the first two vowels, and since the H is as-
signed to the first half of a long vowel, it is realized phonetically as a falling tone.

(20) i-ÏalaÏa−ate = iÏalaÏâ:te ‘it should shine’
u-lŸndŸŸ®le = ulŸndŸ‡:le ‘you should guard’
u-buunda −ye = ubu:nda −ye ‘you should blunt’
u-keeÏge−embe = uke:Ïgeˆ:mbe ‘you should dig tubers’

The description of this pattern is incoherent, unless one assumes that long vowels
are really sequences of identical vowels and rising and falling tones are really LH
versus HL sequences of tones on identical vowels.

In the examples presented above, the three-vowel sequence was contained
entirely within the stem. However, an object prefix may appear after the subject
prefix, and the vowel of that prefix will be included in the count, so that after an
object prefix, the H tone appears on the second vowel of the stem ˜ where it may
be realized phonetically as a rising tone if it lands on the second half of a long
vowel, or as a falling tone if it lands on the first half of a long vowel.

(21) u-ki-lye− ‘you should eat it (Cl. 7)’
mu-u-teme− ‘you (pl) should chop it (Cl. 3)’
mu-u-teme−teme ‘you (pl) should chop it (Cl. 3) often’
ba-ni-tele−ki ‘they should cook for me’
u-ki-buu −ndaye ‘you should blunt it (Cl. 7)’
u-ni-kala −aÏgi ‘you should fry for me’

Similarly, the aspect prefixes -ka- and -a- can appear after the subject prefix, and
they too are included in the count of vowels after the subject prefix.
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(22) ni-ka-kala−aÏge ‘I should go fry’
u-ka-gundu −muye ‘you should go scare’
w-aa-lŸndŸ®Ÿle ‘you should guard (fut)’
w-aa-buu −ndaye ‘you should blunt (fut)’

Finally, when the verb contains both an aspect prefix and an object prefix,
the H tone is assigned to the first vowel of the stem ˜ again, the H is assigned
consistently to the third vowel after the subject prefix.

(23) ni-ka-u-ku −Ïuunde ‘I should go filter it (Cl. 14)’
ba-ka-t-u −undwe ‘they should go untie us’
w-aa-ni-lŸ®ndŸŸle ‘you should guard me (fut.)’

This pattern of tone assignment is also found in the participial tense, as can
be seen in (24). The examples in (a) show that H is assigned to the final vowel if
the verb has only one or two vowels after the subject prefix; those in (b) show
straightforward assignment of H to the third vowel; (c) shows how the assignment
of tone is based on a phonological decomposition of long vowels into a sequence
of two short vowels; (d) shows that the object prefix is also included in the count
of vowels. These are exactly the patterns which were encountered in the subjunc-
tive tense.

(24) a. ka-ni-lya − ‘while I was eating’
ka-ni-tema− ‘while I was chopping’

b. ka-ba-teleka− ‘while they were cooking’
ka-ni-temate−ma ‘while I was chopping frequently’

c. ka-tu-lŸndŸŸ®la ‘while we were waiting’
ka-i-ÏalaÏa−ata ‘while it was shining’
ka-ni-buunda −ya ‘while I was blunting’

d. ka-ny-uu-tema − ‘while I was chopping it (Cl. 3)’
ka-ba-ku-tele−kya ‘while they were cooking for you’
ka-ni-ku-gundu −muya ‘while I was scaring you’

There is an interesting complication to the pattern of tone assignment,
where the H surfaces on the second vowel and not the third vowel. Just in case the
verb has a long vowel in the penultimate syllable and the tone would have been
assigned to the final syllable, H actually is realized on the penult, as a rising tone.

(25) u-kaa−te ‘you should cut’ *u-kaate −
u-too −le ‘you should take’ *u-toole −
kani-kaa−ta ‘while I was taking’ *kani-kaata−
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This apparent exception can be explained by assigning H to the third vowel, as
expected, and then applying a rule which retracts H tone from a final syllable to
the second half of a preceding long syllable.

(26) H Tone Retraction
vv c  v −  #  • vv − c  v  #

In certain other verb tenses, a H tone is assigned to the second vowel of a
stem, which includes the vowel of any object prefix. Examples of this pattern are
seen in (27) using the ‘when-habitual’ tense. Here too, the pattern of tone assign-
ment provides evidence for treating long vowels as a sequence of identical vowels,
so that if the first vowel is long the H is realized on the first syllable as a rising
tone, and if the first vowel is short and the second long, the H is realised on the
second syllable with a falling tone.

(27) patu−-lya − ‘when we eat’
paa −-ki-lya− ‘when he eats it (Cl. 7)’
paa−-tema− ‘when he chops’
paba −-kuna −kuna ‘when they grated coconuts frequently’
paa−-ki-te−ma ‘when he chops it (Cl. 7)’
pan™®-kaa−ta ‘when I cut’
paa −-ni-ka −atya ‘when he cuts for me’
pau −-lŸndŸ®Ÿla ‘when you guard’
paa −-ki-lŸ®ndŸŸla ‘when he guards it (Cl. 7)’

This same pattern is found in the relative clause habitual tense and the habitual.

(28) ywaa−-tele−ka ‘the one who cooks’
ywaa −-kute −lekya ‘the one who cooks for you’
ywaa−-kaa−ta ‘the one who cuts’
ywaa −-lŸndŸ®Ÿla ‘the one who waits’
baka−-tele −ka ‘if they cook’
baka −-kute −lekya ‘if they cook for you’
tuka −-goo −nja ‘if we sleep’

1.3. Phrasal Shortening

There is a general rule in Kimatuumbi that when a word is followed by a
modifier in its phrase, long vowels in the first word are shortened. Examples of
this can be seen in (29), where the noun in its citation form has a long vowel, but
when it is followed by a modifier such as a possessive pronoun, an adjective, a
relative clause or a determiner, the long vowel is shortened.
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(29) kiko −loombe ‘cleaning shell’
kiko −lombe c‡aa−Ïg¡ ‘my cleaning shell’
mikaa−te ‘loaves’
mikate− mik¡−l¡ mik¡−l¡ − ‘large loaves’
lukaa−mba ‘string’
lukamba − lwalu−p¡wa −aniike− ‘string which broke’
mboo −po ‘machete’
mbopo − ye ‘the machete’

The syntactic relation between the word that undergoes shortening and the
following word is crucial. If the two words are not in the head-modifier relation,
then there is no vowel shortening.

(30) [NP kiko −loombe −1  NP] [VP c‡aap¡−waaniike VP]
shell                            broken

‘The shell is broken’

[VP naampe−i [NP kiko −loombe NP] [NP Mambo −ondo NP] VP]
      I-him-gave                      shell                                 Mamboondo

‘I gave Mamboondo the shell’

[VP naakibwe −ni [NP kiko −loombe NP] li −ili − VP]
          I-it-saw                shell                          neg

‘I didn’t see the shell’

This rule also applies to verbs, when they are followed by objects or any
other word.

(31) nika-ka−laaÏga ‘I will go fry’
nika-ka−laÏga li − ‘I will not go fry’
nika-ka −laÏga kinja−ambu − ‘I will go fry cassava’
nika-ka −laÏga yo −opa −ta ee−la ‘I will go fry to get money’

We will formalize this process as follows, forgoing a detailed account of how the
syntactic conditions are to be imposed on this rule.

(32) Phrasal Shortening
VV • V /  __ ... #  X

                                             
1  The word-final H tone is assigned by a rule which will not be considered here.
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1.4. Interaction between processes

Now we turn to the interaction between the phonological processes moti-
vated above. Recall that there is a rule retracting a H tone from a final syllable to
an immediately preceding long penult, so that where one would have expected (on
analogy to uteleke−) that the subjunctive form should be *ukoomwe− because the fi-
nal vowel is the third vowel, the actual form is ukoo −mwe. However, a long vowel
which is derived by the compensatory lengthening side effect of Glide Formation
does not trigger this tone retraction process.

(33) a−ka ‘to hunt’ waake− ‘you should hunt’
e−ka ‘to laugh’ weeke− ‘you should laugh’
™®ya ‘to hide something’ wiiye− ‘you should hide’

We can explain these examples by assuming that Glide Formation applies after H
Tone Retraction. At the stage where H Tone Retraction applies, the verb waake− has
the form u-ake−, which has no long vowel, and therefore Retraction cannot apply.
Latter application of Glide formation yields waake−: the opportunity to apply Tone
Retraction has passed by.

Contrasting with stems of the form VCV such as -ake are stems of the
form VVCV, such as -aame. In such stems which have an underlying long vowel,
Glide Formation is not needed to create a long vowel that triggers Retraction, and
as the following data show, Retraction does apply to the H which is expected to be
on the final syllable.

(34) a−ama ‘to emigrate’ waa−me ‘you should emigrate’
Ÿ®Ÿmba ‘to dig’ wŸŸ®mbe ‘you should dig’

Thus, underlying /u-aame−/ undergoes Retraction to give uaa −me, which then under-
goes Glide Formation resulting in surface waa−me.

Another process which affects vowel length is Phrasal Shortening. The
examples in (35) are nouns which have an underlying final H tone that is preceded
by a penultimate long syllable. When the noun stands alone, the long vowel is un-
affected, and the final H tone is retracted, thus /mboopo−/ • [mboo −po] ‘machete’.
When the noun is followed by a modifier, the vowel is shortened, and therefore the
H tone remains in its underlying position, on the final syllable.

(35) mboo −po ‘machete’ mbopo− yaa −Ïg¡ ‘my machete’
kalataa−si ‘paper’ kalatas™® Ïg¡l¡ − ‘large piece of paper’
sipitaa−li ‘hospital’ sipital™® yŸno − ‘this hospital’
Ïkaa−te ‘loaf’ Ïkate−e mm™®g™® ‘raw loaf of bread’
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A related point can be made with verbs in the subjunctive tense; when the verb
stands alone, the vowel remains long so Retraction shifts the final H to the penult,
whereas if the verb is followed by a modifier, the vowel is shortened, so there is no
retraction.

(36) ubee −nde ‘you should shout’
ubende − ukumu − ‘you should shout at Ukumu’
ukoo −mwe ‘you should cough’
ukomwe − l™® ‘you should not cough’

These data demonstrate that Phrasal Shortening precedes Retraction, since
application of Shortening crucially deprives words of the long vowel required by
Retraction. We have also seen that Retraction precedes Glide Formation, giving
the strict ordering Shortening • Retraction • Glide Formation. The interaction
between all three of these processes can be directly investigated, by considering
words composed of prefix plus VCV and VVCV stem having a final H tone, fol-
lowed by a modifier. First we consider stems with underlying short vowels. As
seen in (37), such stems retain long surface vowels, and their final H does not al-
ternate in position.

(37) ly-oowa − ‘beehive’ ly-oowa− linaa −ntopa −‘heavy beehive’
lw-aate− ‘banana hand’ lw-aate− lwaa−Ïg¡ ‘my banana hand’
w-iiye− ‘you should hide’ w-iiye− kite −lee −ko ‘you should hide the pot’

Starting from underlying /u-iye− kite−lee−ko/, Shortening is not applicable because the
verb has no long vowels. Retraction would be the next rule applicable, but final H
does not retract because the preceding vowel has not become long yet. Finally,
Glide Formation applies to give the surface form: at this point the conditions for
Retraction and Shortening are found, but the opportunity to apply those rules have
already passed.

On the other hand, if the word has the underlying stem shape VVCV, the
conditions for H Tone Retraction are satisfied without application of Glide Forma-
tion. Thus, such nouns exhibit an alternation in the position of tone depending on
phrasal position, but  do not have an alternation in vowel length.

(38) mw-ee−mbe ‘mango tree’
mw-eembe− waa−Ïg¡ ‘my mango tree’
ky-ŸŸ®mbe ‘knife’
ky-ŸŸmbe − c‡inaa −ntopa − ‘heavy knife’

In its isolation form, the noun mwee−mbe is underlying mu-eembe−; it undergoes Re-
traction because of the long vowel, then Glide Formation applies, which has no
effect on surface vowel length because the initial vowel is already long. In the
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phrase mweembe− waa −Ïgu, the underlying form first undergoes Shortening, giving
muembe− waa −Ïgu. Retraction cannot apply to this because it has a short vowel in
the penult, and therefore the tone remains on the last syllable. Subsequently, Glide
Formation applies, giving the phonetic form.

To summarize, the following N rules have been motivated for Ki-
matuumbi, along with their crucial orderings.

(39)  Phrasal Shortening
VV • V /  __ ... #  X

 H Tone Assignment
v • v − / Subj. prefix + V C0 V C0 ___ (subjunctive, participial)

H Tone Retraction
vv c  v −  #  • vv − c  v  #

Glide Formation
   V
[+hi] • [-syl] / __ V

Glide Deletion

       /   

tense
hi
back
syl-
cons-

∅→























γ
β
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  tense
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back

V    

γ
β
α

2. Syrian Arabic

In this section, the core phonological processes of Syrian Arabic
(Damascus dialect) are investigated, focusing on the alternations which arise in the
inflectional paradigm of the verb. One of the central problems which pervades the
phonology is the issue of the underlying representation of vowels. It will be seen
that vowels have a somewhat abstract representation, so that underlying /i,u/ fre-
quently become [e,o], [¦] or is deleted, and often does not actually surface as [i,u].

2.1. Preliminary on morphological structure

Verb roots in Arabic are traditionally analysed as being composed of con-
sonants only. Vowels appear on the surface due to what is known as ‘templatic
morphology’, where the typical underlying stem shape is of the form CVCVC in
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the perfective aspect, and CCVC in the imperfective. The particular vowel used in
the perfective versus the imperfective is specified lexically, so some verbs use a in
the perfective and o in the imperfective (katab perf. -ktob impf. ‘write’), while oth-
ers use a in the perfective and e in the imperfective (h �amal perf. -h �mel impf.
‘carry’), and others use e in the perfective and a in the imperfective (Ü¦bel perf.
Übal impf ‘be able’). The imperfective stem can be used with subject suffixes to
form the imperative, or with subject prefixes and suffixes to form the imperfective
subjunctive. An additional prefix, b-, is used in indicative imperfective clauses.
The subject marking prefixes and suffixes are as follows.

(40) perf. imperf. subjunctive imperative
3m ∅ y¦-
3f -et t¦-
3p -u y¦-  -u
2m -t t¦- ∅
2f -ti t¦-  -i -i
2p -tu t¦-  -u -u
1s -t ¦-
1p -na n¦-

The underlying vowel patterns used are the following (where the first
vowel is the vowel of the perfective and the second vowel is the vowel of the im-
perfective): a/u, a/i, a/a, i/i, i/a. Often, the high vowels are phonetically realized as
[e], [o] or [¦], by rules to be discussed.

2.2. Basic CVCVC verbs

We begin our investigation by looking at the phonology of verb stems
which select a in both the perfective and the imperfective. The data in (41) are ex-
amples of verb stems which select this vowel pattern.

(41) ‘ask’ ‘shut’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m sa−Üal by¦ −sÜal y¦ −sÜal fa−tah� by¦ −ftah � y¦−ftah �
3f sa−Ület bt¦−sÜal t¦−sÜal fa −th�et bt¦−ftah� t¦−ftah�
3p sa−Üalu by¦−sÜalu y¦ −sÜalu fa −tah�u by¦ −ftah �u y¦ −ftah �u
2m saÜa−l¦t bt¦−sÜal t¦−sÜal fata−h�¦t bt¦−ftah� t¦−ftah�
2f saÜa −lti bt¦−sÜali t¦−sÜali fata−h�ti bt¦−ftah�i t¦−ftah�i
2p saÜa−ltu bt¦−sÜalu t¦−sÜalu fata−h�tu bt¦ −ftah �u t¦−ftah�u
1s saÜa−l¦t b¦−sÜal Ü¦−sÜal fata−h�¦t b¦−ftah� Ü¦ −ftah�
1p saÜa−lna mn¦−sÜal n¦ −sÜal fata−h�na mn¦−ftah� n¦−ftah�
imp sÜa−:l, sÜa−li, sÜa−lu fta −:h �, fta −h �i, fta −h �u
(masc sg, fem sg, pl)
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‘send’ ‘keep’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m ba−Ûat by¦−bÛat y¦−bÛat h�a−fazä by¦ −h�fazä y¦−h�fazä
3f ba−Ûtet bt¦−bÛat t¦−bÛat h�a−fzäet bt¦−h�fazä t¦−h�fazä
3p ba−Ûatu by¦ −bÛatu y¦ −bÛatu h �a−fazäu by¦ −h �fazäu y¦−h�fazäu
2m baÛa−t¦t bt¦−bÛat t¦−bÛat h�afa−zä¦t bt¦−h�fazä t¦−h�fazä
2f baÛa−tti bt¦−bÛati t¦−bÛati h�afa−zäti bt¦−h�fazäi t¦−h�fazäi
2p baÛa−ttu bt¦−bÛatu t¦−bÛatu h �afa−zätu bt¦−h�fazäu t¦−h�fazäu
1s baÛa −t¦t b¦−bÛat Ü¦ −bÛat h �afa−zä¦t b¦−h�fazä Ü¦ −h�fazä
1p baÛa−tna mn¦−bÛat n¦−bÛat h�afa−zäna mn¦−h�fazä n¦−h�fazä
imp bÛa −:t, bÛa −ti, bÛa −tu h �fa −:zä, h �fa −zäi, h �fa −zäu

We start with the perfective forms, which are the simplest. Apart from as-
signment of stress, the only alternation found in that tense is the deletion of the
second stem vowel a before the 3f subject suffix -et, where for example /saÜal-et/
• [saÜlet]. The context where this vowel is deleted ˜ VC__CV ˜ is the classical
context for vowel syncope, however, it must be noted that the parallel form saÜalu
does not undergo Syncope. At this point, we will propose a rule of Syncope, and
await further data before explaining exactly where the rule applies.

(42) Syncope
a • ∅ / VC __ Ce

As far as stress assignment is concerned, stress in these examples is assigned
either to the penultimate or antepenultimate syllable, depending on the suffix
which follows. Stress generally falls on the penult in these examples, including
when there is no affix, when the following affix is of the form -CV, and also be-
fore the suffix -et, but is on the antepenult before the 3p suffix -u. Further data will
be required to make the principles of stress assignment clearer.

The imperfective inflection is fairly simple. There are a number of ways to
state the generalization regarding stress for these forms. One generalization is that
stress appears on the penultimate or antepenultimate syllables, depending on
whether a vowel initial affix is added as was the case for perfective verbs; another
generalization is that stress in the imperfective is word initial. Since stress is not
generally word initial (cf. saÜa −ltu), we will not pursue the second observation fur-
ther, but will await further data to make clear what the stress pattern is.

There is an alternation in the form of the indicative prefix b-, which surfaces
as m- before the 1p imperfective prefix n¦. This is transparently an assimilation of
nasality, which can be accounted for by the following rule.
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(43) Nasalization
b • [+nasal] / __ [+nasal]

Another alternation occurs with a 1s subject. In the subjunctive, the prefix
surfaces as Ü¦ (Ü¦−sÜal), but there is no glottal stop in the indicative following b-
(b¦ −sÜal). One analysis would be that the prefix is underlyingly /¦/ and glottal stop
is inserted before an initial vowel. Or, the prefix could be /Ü¦/ and glottal stop de-
letes after a consonant. This will not work, given examples such as imperfective
bt¦ −sÜal and imperative sÜa −:l where postconsonantal glottal stop survives. There-
fore, we assume that the prefix is underlyingly /¦/ and posit the following rule.

(44) Glottal Prothesis
∅ • Ü / # ___ V

The last alternation which can be seen in this paradigm are found in the im-
perative. In the singular imperative, where no suffix is added, the stem vowel a is
lengthened to a:. This is due to a restriction on the minimum allowed size of a
word: *sÜal is too short a word in Syrian Arabic, and therefore the vowel must be
lengthened. The exact conditions on the minimal word will be discussed in detail
as more data becomes available, but roughly, the smallest word must contain two
vowels (including one long vowel), or else one vowel followed by two consonants.
The following rule will account for this lengthening in the singular imperative.

(45) Lengthening
V • VV / #C0 __ C#

We next turn to verbs which select a as the stem vowel in the perfective and
/u/ in the imperfective ˜ although it will take more analysis to justify the claim
that the vowel of the imperfective is actually u underlyingly, since on the surface
the vowel surfaces as o in most contexts, and at this point we could just assume
that the underlying vowel is /o/.

(46) ‘write’ ‘command’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m ka−tab by¦ −ktob y¦ −ktob Üa−mar by¦−Ümor y¦ −Ümor
3f ka−tbet bt¦ −ktob t¦ −ktob Üa−mret bt¦−Ümor t¦−Ümor
3p ka −tabu by¦ −k¦tbu y¦ −k¦tbu Üa −maru by¦−Ü¦mru y¦ −Ü¦mru
2m kata−b¦t bt¦ −ktob t¦ −ktob Üama−r¦t bt¦−Ümor t¦−Ümor
2f kata −bti bt¦ −k¦tbi t¦−k¦tbi Üama−rti bt¦−Ü¦mri t¦−Ü¦mri
2p kata−btu bt¦ −k¦tbu t¦ −k¦tbu Üama−rtu bt¦−Ü¦mru t¦−Ü¦mru
1s kata−b¦t b¦ −ktob Ü¦ −ktob Üama−r¦t b¦−Ümor Ü¦−Ümor
1p kata−bna mn¦ −ktob n¦ −ktob Üama−rna mn¦−Ümor n¦ −Ümor
imp kto −:b, kt¦ −bi, kt¦ −bu Ümo−:r, Üm¦−ri, Üm¦−ru



314 Chapter 9

‘study’ ‘cook’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m da−ras by¦ −dros y¦ −dros täa−bax by¦ −täbox y¦ −täbox
3f da−rset bt¦ −dros t¦ −dros täa−bxet bt¦ −täbox t¦ −täbox
3p da−rasu by¦ −d¦rsu y¦ −d¦rsu täa −baxu by¦ −tä¦bxu y¦ −tä¦bxu
2m dara−s¦t bt¦ −dros t¦ −dros täaba−x¦t bt¦ −täbox t¦ −täbox
2f dara−sti bt¦−d¦rsi t¦−d¦rsi täaba −xti bt¦ −tä¦bxi t¦−tä¦bxi
2p dara−stu bt¦−d¦rsu t¦−d¦rsu täaba −xtu bt¦ −tä¦bxu t¦ −tä¦bxu
1s dara−s¦t b¦ −dros Ü¦ −dros täaba−x¦t b¦ −täbox Ü¦ −täbox
1p dara−sna mn¦−dros n¦ −dros täaba−xna mn¦ −täbox n¦ −täbox
imp dro−:s, dr¦ −si, dr¦ −su täbo −:x, täb¦ −xi, täb¦−xu

The perfective form of the verb stems in (46) work exactly like those in (41): the
stem vowel is deleted before the suffix -et, and stress alternates between the penult
and the antepenult.

Turning then to the imperfective forms of the verb, the stem has a different
underlying phonological shape, namely CCoC (or CCuC). There is an alternation
within these verbs between CCoC and C¦CC, the latter appearing when a vowel
initial affix follows the stem. One might posit a rather complex rule which changes
the quality of the stem vowel and moves it between the first two stem consonants,
but a better analysis would decompose this alternation into two simple operations.
We will assume that the stem vowel is first deleted, so that underlying /by¦ktobu/
becomes by¦ktbu, and then exploit the fact that there are no clusters of three con-
secutive consonants in the language, which allows us to posit a rule of vowel
epenthesis inserting schwa after the first of three consecutive consonants. Since we
have not fully resolved the issue of Syncope in the perfective tense, we cannot yet
determine whether the vowel deletion rule found in the imperfective data is the
same rule as seen in the perfective forms. If indeed this vowel deletion were gov-
erned by the same rule, then the context could not be more specific than a follow-
ing -V suffix, since the lefthand contexts where deletion takes place differ consid-
erably, including just VC in the perfective but including VCC in the imperfective.
We will therefore leave this issue unresolved temporarily, but eventually we will
see that there must be two rules of vowel deletion. Epenthesis of schwa, on the
other hand, poses no problems and can be accounted for by the following rule.

(47) Epenthesis
∅ • ¦ / C __ CC

There is one further difference between these verbs and the verbs with /a/ in
the imperfective. In the imperative, when a vowel initial suffix is added, there is no
vowel lengthening, and instead the vowel o becomes schwa, thus /ktob-i/ • kt¦ −bi.
Once more data is available, it will be seen that this is a reflection of the restricted
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distribution of the vowel o (also e) in the language, which appears only in the last
syllable of a word. We will therefore tenatively assume the following rule.

(48) Mid vowel reduction
e,o • ¦ / __ C0 V

At this point, we turn to another class of verbs of the form CVCVC, this time
verbs with the vowel a in the perfective and /i/ in the imperfective ˜ on the sur-
face, the perfective vowel is [e] alternating with schwa.

(49) ‘carry’ ‘divide’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m h�a−mal by¦−h�mel y¦−h�mel Üa−sam by¦−Üsem y¦−Üsem
3f h�a−mlet bt¦−h�mel t¦−h�mel Üa−smet bt¦−Üsem t¦−Üsem
3p h�a−malu by¦−h �¦mlu y¦−h�¦mlu Üa−samu by¦−Ü¦smu y¦ −Ü¦smu
2m h�ama−l¦t bt¦−h�mel t¦−h�mel Üasa−m¦t bt¦−Üsem t¦−Üsem
2f h�ama−lti bt¦−h�¦mli t¦−h�¦mli Üasa−mti bt¦−Ü¦smi t¦−Ü¦smi
2p h�ama−ltu bt¦−h�¦mlu t¦−h�¦mlu Üasa−mtu bt¦−Ü¦smu t¦−Ü¦smu
1s h �ama−l¦t b¦−h�mel Ü¦−h�mel Üasa−m¦t b¦−Üsem Ü¦−Üsem
1p h�ama−lna mn¦−h�mel n¦−h�mel Üasa−mna mn¦−Üsem n¦−Üsem
imp h�me −:l, h �m¦ −li, h �m¦ −lu Üse−:m, Üs¦−mi, Üs¦−mu

‘wash’ ‘grasp’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m Æa−sal by¦−Æsel y¦−Æsel ka−mas‡ by¦ −kmes‡ y¦−kmes‡
3f Æa−slet bt¦−Æsel t¦−Æsel ka−ms‡et bt¦−kmes‡ t¦−kmes‡
3p Æa−salu by¦−Æ¦slu y¦−Æ¦slu ka−mas‡u by¦ −k¦ms‡u y¦ −k¦ms‡u
2m Æasa−l¦t bt¦−Æsel t¦−Æsel kama−s‡¦t bt¦−kmes‡ t¦−kmes‡
2f Æasa−lti bt¦−Æ¦sli t¦−Æ¦sli kama−s‡ti bt¦−k¦ms‡i t¦−k¦ms‡i
2p Æasa−ltu bt¦−Æ¦slu t¦−Æ¦slu kama−s‡tu bt¦−k¦ms‡u t¦−k¦ms‡u
1s Æasa−l¦t b¦−Æsel Ü¦−Æsel kama−s‡¦t b¦−kmes‡ Ü¦−kmes‡
1p Æasa−lna mn¦−Æsel n¦−Æsel kama−s‡na mn¦−kmes‡ n¦−kmes‡
imp Æse−:l, Æs¦−li, Æs¦−lu kme−:s‡, km¦−s‡i, km¦−s‡u

Inspection of these data shows that this set of verbs is essentially identical to the
previous set of examples, and differs only in that the vowel in the imperfective is
[e] and not [o]; otherwise, the two sets of data are the same.

We now come to a fourth group of verbs, which select underlying /i/ in both
the perfective and imperfective ˜ again, we could also assume at this point that
the vowel is underlying /e/. The phonology of this class of verbs in the imperfec-
tive is identical to that of the immediately preceding set, and thus requires no addi-
tional comment. The vocalic pattern of the verb in the perfective, on the other
hand, is more complex.
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(50) ‘descend’ ‘hold’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m n¦−zel by¦−nzel y¦−nzel m¦−sek by¦ −msek y¦−msek
3f n¦−zlet bt¦−nzel t¦−nzel m¦−sket bt¦−msek t¦−msek
3p n¦−zlu by¦ −n¦zlu y¦−n¦zlu m¦−sku by¦ −m¦sku y¦−m¦sku
2m nz¦−l¦t bt¦−nzel t¦−nzel ms¦−k¦t bt¦−msek t¦−msek
2f nz¦−ltu bt¦−n¦zli t¦−n¦zli ms¦−ktu bt¦−m¦ski t¦−m¦ski
2p nz¦−lti bt¦−n¦zlu t¦−n¦zlu ms¦−kti bt¦−m¦sku t¦−m¦sku
1s nz¦−l¦t b¦−nzel Ü¦−nzel ms¦−k¦t b¦−msek Ü¦−msek
1p nz¦−lna mn¦−nzel n¦−nzel ms¦−kna mn¦−msek n¦−msek
imp nze−:l, nz¦−li, nz¦−lu mse−:k, ms¦ −ki, ms¦ −ku

‘dress’ ‘be able’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m l¦−bes by¦−lbes y¦−lbes Ü¦ −der by¦−Üder y¦ −Üder
3f l¦−bset bt¦−lbes t¦−lbes Ü¦ −dret bt¦−Üder t¦−Üder
3p l¦−bsu by¦ −l¦bsu y¦ −l¦bsu Ü¦ −dru by¦ −Ü¦dru y¦ −Ü¦dru
2m lb¦−s¦t bt¦−lbes t¦−lbes Üd¦ −r¦t bt¦−Üder t¦−Üder
2f lb¦−stu bt¦−l¦bsi t¦−l¦bsi Üd¦ −rtu bt¦−Ü¦dri t¦−Ü¦dri
2p lb¦−sti bt¦−l¦bsu t¦−l¦bsu Üd¦ −rti bt¦−Ü¦dru t¦ −Ü¦dru
1s lb¦−s¦t b¦−lbes Ü¦ −lbes Üd¦ −r¦t b¦−Üder Ü¦ −Üder
1p lb¦−sna mn¦−lbes n¦−lbes Üd¦ −rna mn¦−Üder n¦ −Üder
imp lbe−:s, lb¦ −si, lb¦ −su Üde −:r, Üd¦ −ri, Üd¦ −ru

Let us compare the perfective forms of /katab/ ‘write’ with /nizil/ ‘descend’
to see where the differences lie.

(51) 3m n¦ −zel ka−tab
3f n¦−zlet ka−tbet
3p n¦−zlu ka −tabu
2m nz¦−l¦t kata−b¦t
2f nz¦−ltu kata−bti
2p nz¦−lti kata −btu
1s nz¦−l¦t kata−b¦t
1p nz¦−lna kata−bna

In the case of stems with /a/ in the perfective, it is obvious that the stem has the
underlying shape CaCaC, since there is only one context where the stem is differ-
ent. For stems such as ‘descend’, it is not so obvious what the underlying stem is,
since the stem varies on the surface between C¦CeC, C¦CC and CC¦C. We will
begin with the alternation in the final vowel between e and ¦, since that is the most
straightforward. It has been observed above that e (and o) only appears in the final
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syllable of a word, and that there is a rule reducing the mid vowels to schwa in a
nonfinal syllable. Application of this rule accounts for the second stem syllable in
examples such as nz¦ −ltu from n¦ze−ltu where e appears as schwa.

Now we consider the issue of the V ~ ∅ alternation. Both of the stem vowels
are subject to deletion in some context, cf. n¦ −zel ~ n¦ −zlu, and n¦ −zel ~ nz¦ −ltu. Let us
assume that both vowels are underlyingly present, and are subject to deletion in
some context. Therefore, prior to deletion of the vowel, the perfective forms of
‘descend’ would be as follows.

(52) 3m n¦ −zel 3f n¦−z¦l-et
3p n¦−z¦l-u 2m n¦z¦−l-¦t
2f n¦z¦−l-tu 2p n¦z¦−l-ti
1s n¦z¦−l-¦t 1p n¦z¦−l-na

The generalization regarding retention of the vowel schwa is now clear: it is de-
leted if it is unstressed and in an open syllable, otherwise it is retained. At this
point we have no clear evidence whether the vowel that is deleted has the quality e
or ¦, and we will formalize our rule generally so that it would not matter what the
underlying vowel quality is.

(53) Nonlow vowel deletion

 CV     /   
low-

stress-

V    

∅→








These data help to clarify an aspect of the phonology of imperfective verbs
noted above. It was observed, in discussing stems such as katab ~ ktob, that there
is a V ~ ∅ alternation in the perfective; at that point it was not clear whether that
alternation was due to the same rule as the one which accounts for /katabet/ •
katbet. We can now see that these must be due to separate rules. Clearly, the dele-
tion of unstressed nonlow vowels in open syllables cannot be generalized to in-
clude low vowels, as shown by the many forms where unstressed /a/ does not de-
lete in an open syllable, such as 3p perfective sa −Üalu, imperfective by¦ −sÜalu, 2m
perfective saÜa −l¦t. We may now conclude that the ∅ alternant in the imperfective is
in fact due to this rule specifically targetting nonlow vowels, and not some general-
ized syncope rule affecting all vowels.

Now we have a rule which accounts for the V ~ ∅ alternation of stems like
n¦zel, and a rule which accounts for the e ~ ¦ alternation. The two most obvious
choices regarding the underlying form of the stem are n¦zel and nezel (another
possibility is /nizil/, but at this point there is little reason to assume that underlying
form). The advantage to assuming /n¦zel/ is that it is fairly non-abstract: the under-
lying vowel is actually attested in some surface form. On the other hand, assuming
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/nezel/ allows us to express another generalization regarding vowels: within a stem
type, there is only a single underlying vowel. Further data may clarify whether ei-
ther of these assumptions has an empirical advantage.

Since we understand the vocalic alternations in perfective stems with /e/, we
can present examples of stems with e in the perfective and a in the imperfective,
which is the last class of vocalic patterns.

(54) ‘accept’ ‘understand’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m Ü¦ −bel by¦−Übal y¦−Übal f¦−hem by¦−fham y¦−fham
3f Ü¦ −blet bt¦−Übal t¦−Übal f¦−hmet bt¦−fham t¦−fham
3p Ü¦ −blu by¦ −Übalu y¦ −Übalu f¦ −hmu by¦ −fhamu y¦−fhamu
2m Üb¦ −l¦t bt¦−Übal t¦−Übal fh¦−m¦t bt¦−fham t¦−fham
2f Üb¦ −lti bt¦−Übali t¦−Übali fh¦−mti bt¦−fhami t¦−fhami
2p Üb¦−ltu bt¦−Übalu t¦−Übalu fh¦−mtu bt¦−fhamu t¦−fhamu
1s Üb¦ −l¦t b¦−Übal Ü¦ −Übal fh¦ −m¦t b¦−fham Ü¦−fham
1p Üb¦−lna mn¦−Übal n¦−Übal fh¦−mna mn¦−fham n¦−fham
imp Üba−:l, Üba −li, Üba −lu fha −:m, fha −mi, fha −mu

The phonology of these stems is totally predictable at this point: the perfective
works like /nizil/ so both vowels are subject to deletion, and the imperfective
works like /saÜal/, so the stem vowel is not deleted.

2.3. Glide Initial CVCVC stems

In the data considered in the previous section, the nature of the root conso-
nants did not make any difference to the phonology of the verb. However, stems
with glides act different from other kinds of stems. In this section we concentrate
on stems whose initial consonant is a glide, primarily /w/, since those stems have a
different phonological pattern.

We will begin with verbs with a in both tenses; examples are given in (55).

(55) ‘place’ ‘entrust’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m wa−däaÛ byu −:däaÛ yu−:däaÛ wa −daÛ byu −:daÛ yu −:daÛ
3f wa−däÛet btu −:däaÛ tu−:däaÛ wa −dÛet btu −:daÛ tu−:daÛ
3p wa−däaÛu byu −:daÛu yu −:daÛu wa −daÛu byu −:daÛu yu −:daÛu
2m wadäa−Û¦t btu −:däaÛ tu−:däaÛ wada −Û¦t btu −:daÛ tu−:daÛ
2f wadäa−Ûti btu −:däaÛi tu −:däaÛi wada−Ûti btu −:daÛi tu−:daÛi
2p wadäa−Ûtu btu −:däaÛu tu −:däaÛu wada−Ûtu btu −:daÛu tu −:daÛu
1s wadäa−Û¦t bu −:däaÛ Üu −:däaÛ wada−Û¦t bu −:daÛ Üu −:daÛ
1p wadäa−Ûna mnu−:däaÛ nu −:däaÛ wada−Ûna mnu−:daÛ nu−:daÛ
imp wdäa:Û, wdäaÛi, wdäaÛu wda:Û, wdaÛi, wdaÛu
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The perfective inflection poses no problem. However, the imperfective of a
w-initial root differs radically from the phonology of a root beginning with another
consonant. Parallel examples from the subjunctive are given in (56).

(56) ‘place’ ‘ask’
3m y-u −:däaÛ y¦ −-sÜal
3f t-u−:däaÛ t¦−-sÜal
3p y-u −:daÛu y¦ −-sÜalu
2m t-u−:däaÛ t¦−-sÜal
2f t-u−:däaÛi t¦−-sÜali
2p t-u −:däaÛu t¦ −-sÜalu 
1s Ü-u −:däaÛ Ü¦−-sÜal
1p n-u −:däaÛ n¦ −-sÜal

Parallel to ‘ask’, we would have expected forms such as the following.

(57) 3m *y¦ −wdäaÛ 3f *t¦−wdäaÛ
3p *y¦−wdaÛu 2m *t¦−wdäaÛ
2f *t¦−wdäaÛi 2p *t¦−wdäaÛu
1s *Ü¦ −wdäaÛ 1p *n¦−wdäaÛ

The actual surface forms are accounted for by a glide-vocalization rule.

(58) Glide Vocalization
¦ w C • u: C

Given this simple rule, we can now consider other vowel patterns among
verb roots beginning with a glide. A number of such verbs have a in the perfective
and e (/i/) in the imperfective.

(59) ‘describe’ ‘promise’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m wa−säaf byu −:säef yu−:säef wa−Ûad byu −:Ûed yu −:Ûed
3f wa−säfet btu−:säef tu−:säef wa−Ûdet btu −:Ûed tu−:Ûed
3p wa−säafu byu −:säfu yu −:säfu wa−Ûadu byu −:Ûdu yu −:Ûdu
2m wasäa−f¦t btu−:säef tu−:säef waÛa−d¦t btu −:Ûed tu−:Ûed
2f wasäa−fti btu −:säfi tu−:säfi waÛa−dti btu −:Ûdi tu −:Ûdi
2p wasäa−ftu btu −:säfu tu −:säfu waÛa−dtu btu −:Ûdu tu −:Ûdu
1s wasäa−f¦t bu−:säef Üu −:säef waÛa−d¦t bu−:Ûed Üu −:Ûed
1p wasäa−fna mnu−:säef nu−:säef waÛa−dna mnu−:Ûed nu −:Ûed
imp wsäe−:f, wsä¦−fi, wsä¦−fu wÛe −:d, wÛ¦ −di, wÛ¦ −du
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Apart from the vocalization of root initial w with ¦, these verbs behave just like
roots such as h �amal. Similarly, stems with initial w may have the vocalic pattern e
in the perfective ~ a in the imperfective, and such verbs behave exactly like their
counterparts with a non-glide in initial position (e.g. deletion the vowel /i/ in an
unstressed open syllable).

(60)  ‘fall’ ‘arrive’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m w¦−ÜeÛ byu −:ÜaÛ yu −:ÜaÛ w¦ −säel byu −:säal yu−:säal
3f w¦−ÜÛet btu−:ÜaÛ tu −:ÜaÛ w¦ −sälet btu −:säal tu−:säal
3p w¦−ÜÛu byu −:ÜaÛu yu −:ÜaÛu w¦ −sälu byu −:säalu yu −:säalu
2m wÜe−Û¦t btu−:ÜaÛ tu −:ÜaÛ wsäe−l¦t btu −:säal tu−:säal
2f wÜe−Ûti btu −:ÜaÛi tu −:ÜaÛi wsäe−lti btu −:säali tu−:säali
2p wÜe−Ûtu btu−:ÜaÛu tu −:ÜaÛu wsäe−ltu btu −:säalu tu −:säalu
1s wÜe−Û¦t bu−:ÜaÛ Üu −:ÜaÛ wsäe−l¦t bu−:säal Üu −:säal
1p wÜe−Ûna mnu−:ÜaÛ nu −:ÜaÛ wsäe−lna mnu−:säal nu−:säal
imp wÜa−:Û, wÜa −Ûi, wÜa −Ûu wsäa−:l, wsäa−li, wsäa−lu

One stem begins with the glide y, which selects this same vowel pattern. As
the following paradigm shows, the glide y vocalizes to long i:.

(61) ‘dry up’
perf. impf. ind. impf. sbj

3m y¦−bes by™®:bas y™®:bas
3f y¦−bset bt™®:bas t™®:bas
3p y¦−bsu by™®:basu y™®:basu
2m yb¦−s¦t bt™®:bas t™®:bas
2f yb¦−sti bt™®:basi t™®:basi
2p yb¦ −stu bt™®:basu t™®:basu
1s yb¦ −s¦t b™®:bas Ü™®:bas
1p yb¦−sna mn™®:bas n™®:bas
imp yba −:s, yba −si, yba −su

This can be explained by a simple generalization of Glide Vocalization to include
all glides.

2.4. CV:C Stems

Not all stems are of the surface shape CVCVC, and in this section we con-
sider the phonology of stems with the shape CV:C, whose phonology differs con-
siderably from that of CVCVC stems. We begin with stems which select the vocal-
ism a in both the perfective and imperfective in (62).
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(62) ‘sleep’ ‘appear’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m na−:m bina−:m yna−:m ba−:n biba −:n yba −:n
3f na−:met b¦tna−:m tna−:m ba−:net b¦tba −:n tba −:n
3p na−:mu bina −:mu yna −:mu ba −:nu biba −:nu yba −:nu
2m n¦−m¦t b¦tna−:m tna−:m b¦−n¦t b¦tba −:n tba −:n
2f n¦−mti b¦tna−:mi tna−:mi b¦−nti b¦tba −:ni tba−:ni
2p n¦−mtu b¦tna−:mu tna−:mu b¦ −ntu b¦tba −:nu tba −:nu
1s n¦ −m¦t bna−:m na−:m b¦−n¦t bba −:n ba−:n
1p n¦−mna m¦nna−:m nna−:m b¦−nna m¦nba−:n nba −:n
imp na−:m, na −:mi, na−:mu ba −:n, ba −:ni, ba −:nu

‘fear’ ‘contain’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m xa−:f bixa −:f yxa−:f sa−:Û bisa −:Û ysa −:Û
3f xa−:fet b¦txa−:f txa−:f sa−:Ûet b¦tsa−:Û tsa −:Û
3p xa−:fu bixa −:fu yxa −:fu sa −:Ûu bisa −:Ûu ysa −:Ûu
2m x¦−f¦t b¦txa−:f txa−:f s¦−Û¦t b¦tsa −:Û tsa −:Û
2f x¦−fti b¦txa−:fi txa−:fi s¦−Ûti b¦tsa−:Ûi tsa−:Ûi
2p x¦−ftu b¦txa −:fu txa −:fu s¦ −Ûtu b¦tsa −:Ûu tsa −:Ûu
1s x¦ −f¦t bxa−:f xa−:f s¦−Û¦t bsa −:Û sa −:Û
1p x¦−fna m¦nxa−:f nxa−:f s¦−Ûna m¦nsa−:Û nsa −:Û
imp xa−:f, xa −:fi, xa −:fu sa−:Û, sa −:Ûi, sa −:Ûu

We will first take on the perfective conjugation. The alternation that needs to
be accounted for in this tense is between Ca:C and C¦C. Stems of the shape Ca:C
appear either when there is no suffix, or before the suffixes -u and -et, and stems of
the shape C¦C are found before suffixes of the shape CV and ¦C. This distribution
can be regularized by modifying our assumption about the underlying form of the
suffixes for 2m and 1s which seem to be /¦t/. It was previously noted that there are
no clusters of three consonants in the language and that such clusters, when cre-
ated, are broken up by insertion of the vowel schwa. There are also no clusters of
the form CC at the end of a word (except identical consonant clusters). This fact
raises the possibility that these suffixes are really /t/, and that the vowel is epen-
thetic. If that is the case, then the distribution of the two stem variants, Ca:C and
C¦C can be stated simply as: Ca:C becomes C¦C before a consonant-initial suffix.
This allows us to posit the following rule.

(63) Pre-cluster shortening
V: • ¦ / ___ CC

Furthermore, assuming that the 2m and 1s suffixes are really /t/ and that their
vowel is epenthetic now allows us to make more sense of the stress pattern of the
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language. Pursuing that assumption, examples of stress in the perfective and im-
perfective tenses of ‘ask’  are given, without the epenthetic vowel.

(64) 3m sa−Üal b-y¦ −-sÜal
3f sa−Ül-et b-t¦−-sÜal
3p sa−Üal-u b-y¦ −-sÜal-u
2m saÜa−l-t b-t¦−-sÜal
2f saÜa −l-ti b-t¦−-sÜal-i
2p saÜa−l-tu b-t¦−-sÜal-u
1s saÜa −l-t b-¦−-sÜal
1p saÜa−l-na m-n¦−-sÜal

From this, we can see that stress falls on the final vowel if it is followed by two
consonants, otherwise on the penult if that vowel is followed by two consonants,
and on the antepenult if neither of the following vowels are followed by two con-
sonants. In order to be consistent with the theory of stress assignment, and because
additional data will be better accounted for if we do so, we restate the generaliza-
tion not directly in terms of counting consonants, but rather in terms of an abstract
property of syllables, namely we will distinguish between light and heavy sylla-
bles. In Syrian Arabic, heavy syllables are ones containing a long vowel, or a short
vowel plus a consonant, except that at the end of a word, a single final consonant
does not suffice to make a syllable heavy, but two consonants do. Stated in those
terms, the generalization regarding stress is that the rightmost heavy syllable is
stressed. In the following rule, � indicates ‘syllable’ and �Š indicates ‘light sylla-
ble’: this rule allows up to two light syllables to be skipped over in placing stress.

(65) Stress assignment
� • �− / __ ((� Š)� Š) #

At this point, we can turn to the conjugation of CV:C verbs in the imperfec-
tive subjunctive. We see in (66) that while there is no alternation in the shape of
the stem in the imperfective, there is variation in the shape of the prefix, compared
to CVCVC verbs.

(66) ‘fear’ ‘ask’
3m y-xa −:f y¦−-sÜal
3f t-xa−:f t¦−-sÜal
3p y-xa −:fu y¦−-sÜalu
2m t-xa−:f t¦−-sÜal
2f t-xa−:fi t¦−-sÜali
2p t-xa −:fu t¦−-sÜalu 
1s xa−:f Ü¦−-sÜal
1p n-xa −:f n¦−-sÜal
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The explanatory basis for most of this alternation is already available. Following
the rule for stress assignment which we have proposed, we would expect to find
forms, after stress is assigned, such as /y¦-xa−:f/, /y¦-xa−:f-u/. Stress is assigned to
the stem vowel because it is long, in contrast to that of y¦ −sÜal. These forms contain
unstressed schwa in a closed syllable, which we have seen is subject to deletion.
Given application of the schwa deletion rule, all forms of the imperfective sub-
junctive are accounted for, save for the 1s form.

As for the 1s imperfective form, recall that that prefix was assumed to be /¦/.
Beginning with the underlying form /¦-xa:f/, stress assignment gives ¦xa −:f, then
schwa deletion gives the phonetic form xa −:f. This then completes the analysis of
the imperfective subjunctive, so we turn to the indicative, to see the effect of add-
ing the prefix b-. Representative examples of indicative and subjunctive CV:C
stems and indicative CVCVC stems are contrasted in (67).

(67) fear (subjunct) fear (indic) ask (indic)
3m y-xa −:f b-i-xa −:f b-y¦−-sÜal
3f t-xa−:f b¦-t-xa−:f b-t¦−-sÜal
3p y-xa −:fu b-i-xa −:fu b-y¦−-sÜalu
2m t-xa−:f b¦-t-xa−:f b-t¦−-sÜal
2f t-xa−:fi b¦-t-xa−:fi b-t¦−-sÜali
2p t-xa −:fu b¦-t-xa −:fu b-t¦−-sÜalu
1s xa−:f b-xa −:f b-¦−-sÜal
1p n-xa −:f m¦-n-xa−:f m-n¦−-sÜal

Simply adding the indicative prefix to the subjunctive form txa:f would yield
btxa −:f, with a cluster of three consonants: the surface form derives by applying
epenthesis. On the other hand, in the 1s form no such consonant cluster arises, and
therefore no vowel is inserted. It should also be noted, given the surface form
m¦nxa −:f from /b-n¦-xa−:f/, that the rule of b-nasalization must apply before epen-
thesis, since the latter rule separates b and the triggering nasal consonant.

Another set of forms to be concerned with in the indicative paradigm of
CV:C verbs is bixa −:f, bixa −:fu. From the underlying forms /b-y¦-xa−:f/, /b-y¦-xa−:f-u/
we would expect to derive b¦yxa −:f(u), considering only stress assignment, ¦-
deletion, and epenthesis. In addition, however, we have the rule of glide vocaliza-
tion which should apply to these forms giving bi:xa −:f(u). This is almost the corect
output, except for vowel length. At this point it is not clear whether the shortening
of the first vowel is due to it standing before another long vowel, or is due to being
unstressed. We will assume the latter explanation, and will seek further evidence
for that choice below.
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(68) Unstressed shortening
    V
[-stress]   • [-long]

Finally, it should be noted that in the imperative, the stem vowel is long in the sin-
gular masculine where no affix added, and in the feminine and plural forms where
a -V suffix is added. This contrasts with stems such as kto −:b ~ kt¦ −bi: the difference
is that in kto −:b vowel length is assigned to satisfy the word minimality requirement
but in xa −:f ~ xa −:fi the stem has an underlying long vowel. This then complete the
analysis of CV:C stems having the vocalic pattern a ~ a.

In (69) are given examples of CV:C verbs with the vocalic pattern a for the
perfective, u for the imperfective.

(69) ‘drive’ ‘say’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m sa−:Ü bisu −:Ü ysu −:Ü Üa −:l biÜu−:l yÜu −:l
3f sa−:Üet b¦tsu−:Ü tsu −:Ü Üa −:let b¦tÜu−:l tÜu−:l
3p sa−:Üu bisu −:Üu ysu −:Üu Üa −:lu biÜu −:lu yÜu −:lu
2m s¦−Ü¦t b¦tsu −:Ü tsu −:Ü Ü¦ −l¦t b¦tÜu−:l tÜu−:l
2f s¦ −Üti b¦tsu−:Üi tsu−:Üi Ü¦ −lti b¦tÜu−:li tÜu−:li
2p s¦−Ütu b¦tsu −:Üu tsu −:Üu Ü¦ −ltu b¦tÜu −:lu tÜu−:lu
1s s¦−Ü¦t bsu −:Ü su −:Ü Ü¦ −l¦t bÜu−:l Üu−:l
1p s¦−Üna m¦nsu −:Ü nsu −:Ü Ü¦ −lna m¦nÜu−:l nÜu−:l
imp su −:Ü, su −:Üi, su −:Üu Üu −:l, Üu −:li, Üu −:lu

‘visit’ ‘blame’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m za−:r bizu −:r yzu−:r la−:m bilu −:m ylu−:m
3f za−:ret b¦tzu−:r tzu−:r la−:met b¦tlu−:m tlu−:m
3p za−:ru bizu −:ru yzu −:ru la−:mu bilu −:mu ylu −:mu
2m z¦−:r¦t b¦tzu−:r tzu−:r l¦−:m¦t b¦tlu −:m tlu−:m
2f z¦−rti b¦tzu−:ri tzu−:ri l¦−mti b¦tlu−:mi tlu−:mi
2p z¦−rtu b¦tzu −:ru tzu −:ru l¦−mtu b¦tlu −:mu tlu −:mu
1s z¦−r¦t bzu−:r zu−:r l¦−m¦t blu−:m lu−:m
1p z¦−rna m¦nzu−:r nzu−:r l¦−mna m¦nlu−:m nlu−:m
imp zu−:r, zu −:ri, zu −:ru lu −:m, lu −:mi, lu −:mu

The importance of this set of verbs is the realization of the imperfective
vowel. Previous verbs have presented [a], [o] and [e], and never *[u], *[i] as the
vowel of the imperfective. With CV:C verbs, we find the long vowels [a:], [u:] and
(below) [i:], never *[o], *[e]. This complementarity suggests that the tense-related
vocalism reduces to a single, simpler system with just three vowels ˜ /a,u,i/ ˜
and derive mid vowel by a rule which is sensitive to vowel length.
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(70) Vowel Lowering
    V
[-long]   •  [-hi]

This predicts that there should be no short vowels [i], [u] in the language,
which is wrong: cf. bixa −:f ‘he fears’. This high vowel derives from a long vowel
by unstressed vowel shortening, so this is not a serious counteraxample. More
problematic is that the suffixes -u, -tu, -i, -ti do not undergo lowering. There are
three explanations for this. First, the suffixes might have underlying long vowels
(shortened because they are unstressed), so escape lowering. The difficulty with
this account is that it becomes hard to explain why these vowels are not stressed,
when stress otherwise seeks the last heavy syllable. The second alternative is that
lowering is morphologically restricted so that it does not affect suffixes. A third
possibility is that reduction does not affect word-final vowels. Lacking evidence to
choose between alternatives, we do not make a specific decision at this point.

The data in (71) provides examples of CV:C stems selecting the vocalic pat-
tern a ~ i, to complement the preceding data on the pattern a ~ u.

(71) ‘wake up’ ‘be absent’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m fa−:Ü bif™®:Ü yf™®:Ü Æa−:b biÆ™®:b yÆ™®:b
3f fa−:Üet b¦tf™®:Ü tf™®:Ü Æa−:bet b¦tÆ™®:b tÆ™®:b
3p fa−:Üu bif™®:Üu yf™®:Üu Æa−:bu biÆ™®:bu yÆ™®:bu
2m f¦−Ü¦t b¦tf™®:Ü tf™®:Ü Æ¦−b¦t b¦tÆ™®:b tÆ™®:b
2f f¦−Üti b¦tf™®:Üi tf™®:Üi Æ¦−bti b¦tÆ™®:bi tÆ™®:bi
2p f¦−Ütu b¦tf™®:Üu tf™®:Üu Æ¦−btu b¦tÆ™®:bu tÆ™®:bu
1s f¦ −Ü¦t bf™®:Ü f™®:Ü Æ¦−b¦t bÆ™®:b Æ™®:b
1p f¦−Üna m¦nf™®:Ü nf™®:Ü Æ¦−bna m¦nÆ™®:b nÆ™®:b
imp f™®:Ü, f™®:Üi, f™®:Üu Æ™®:b, Æ™®:bi, Æ™®:bu

‘remove’ ‘live’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m Üa−:m biÜ™®:m yÜ™®:m Ûa−:s‡ biÛ™®:s‡ yÛ™®:s‡
3f Üa −:met b¦tÜ™®:m tÜ™®:m Ûa−:s‡et b¦tÛ™®:s‡ tÛ™®:s‡
3p Üa −:mu biÜ™®:mu yÜ™®:mu Ûa−:s‡u biÛ™®:s‡u yÛ™®:s‡u
2m Ü¦−m¦t b¦tÜ™®:m tÜ™®:m Û¦−s‡¦t b¦tÛ™®:s‡ tÛ™®:s‡
2f Ü¦ −mti b¦tÜ™®:mi tÜ™®:mi Û¦−s‡ti b¦tÛ™®:s‡i tÛ™®:s‡i
2p Ü¦ −mtu b¦tÜ™®:mu tÜ™®:mu Û¦−s‡tu b¦tÛ™®:s‡u tÛ™®:s‡u
1s Ü¦−m¦t bÜ™®:m Ü™®:m Û¦−s‡¦t bÛ™®:s‡ Û™®:s‡
1p Ü¦ −mna m¦nÜ™®:m nÜ™®:m Û¦−s‡na m¦nÛ™®:s‡ nÛ™®:s‡
imp Ü™®:m, Ü™®:mi, Ü™®:mu Û™®:s‡, Û™®:s‡i, Û™®:s‡u
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This then completes the analysis of CV:C verb stems.

2.5. CVCCVC stems

Another class of stems has the shape CVCCVC. The examples in (72) have
the vowel a in the perfective and i in the imperfective.

(72) ‘close’ ‘try’
perf. impf. ind. perf. impf. ind. impf. sbj

3m sa−kkar bisa −kker tsa −kker z‡a−rrab biz‡a−rreb tz‡a−rreb
3f sa−kkaret b¦tsa−kker tsa−kker z‡a−rrabet b¦tz‡a−rreb tz‡a−rreb
3p sa−kkaru bisa −kkru ysa −kkru z‡a−rrabu biz‡a −rrbu yz‡a −rrbu
2m sakka−r¦t b¦tsa−kker tsa−kker z‡arra−b¦t b¦tz‡a−rreb tz‡a−rreb
2f sakka−rti b¦tsa −kkri tsa−kkri z‡arra−bti b¦tz‡a−rrbi tz‡a−rrbi
2p sakka−rtu b¦tsa −kkru tsa −kkru z‡arra−btu b¦tz‡a−rrbu tz‡a−rrbu
1s sakka−r¦t bsa−kker sa−kker z‡arra−b¦t bz‡a−rreb z‡a−rreb
1p sakka−rna m¦nsa−kker nsa−kker z‡arra−bna m¦nz‡a−rreb nz‡a−rreb
imp sa −kker, sa −kkri, sa −kkru z‡a −rreb, z‡a −rrbi, z‡a −rrbu

This paradigm reinforces aspects of our analysis of vowel deletion. We saw two
patterns of vowel deletion, one via an apocope rule deleting unstressed non-low
vowels in an open syllable, and one via a syncope rule deleting unstressed a in an
open syllable, when the vowel is preceded by VC. Underlying /sakkaret/ cannot
undergo syncope of /a/ because the vowel is preceded by a consonant cluster; but,
/y¦-sakkir-u/ undergoes apocope of i despite the preceding consonant cluster.

2.6. CVCV Stems

Our next class of verb stems are those of the shape CVCV. Consideration of
these stems will lead us to posit a new rule. We will start with verbs having a in all
tenses: examples are given in (73).

(73) ‘read’ ‘begin’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m Üa −ra by¦−Üra y¦ −Üra ba −da by¦ −bda y¦ −bda
3f Üa −ret bt¦−Üra t¦ −Üra ba−det bt¦ −bda t¦−bda
3p Üa −ru by¦−Üru y¦ −Üru ba −du by¦ −bdu y¦ −bdu
2m Üare−:t bt¦−Üra t¦ −Üra bade−:t bt¦ −bda t¦−bda
2f Üare−:ti bt¦−Üri t¦ −Üri bade −:ti bt¦ −bdi t¦−bdi
2p Üare−:tu bt¦−Üru t¦ −Üru bade −:tu bt¦ −bdu t¦ −bdu
1s Üare −:t b¦−Üra Ü¦−Üra bade −:t b¦−bda Ü¦ −bda
1p Üare−:na mn¦−Üra n¦ −Üra bade−:na mn¦−bda n¦−bda
imp Üra:, Üri:, Üru: bda:, bdi:, bdu:
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‘disobey’ ‘grow’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m Ûa−säa by¦−Ûsäa y¦−Ûsäa na−ma by¦−nma y¦−nma
3f Ûa−säet bt¦−Ûsäa t¦−Ûsäa na−met bt¦−nma t¦−nma
3p Ûa −säu by¦−Ûsäu y¦−Ûsäu na−mu by¦ −nmu y¦ −nmu
2m Ûasäe−:t bt¦−Ûsäa t¦−Ûsäa name−:t bt¦−nma t¦−nma
2f Ûasäe−:ti bt¦−Ûsäi t¦−Ûsäi name−:ti bt¦−nmi t¦−nmi
2p Ûasäe−:tu bt¦−Ûsäu t¦−Ûsäu name−:tu bt¦−nmu t¦−nmu
1s Ûasäe−:t b¦−Ûsäa Ü¦−Ûsäa name−:t b¦−nma Ü¦−nma
1p Ûasäe−:na mn¦−Ûsäa n¦−Ûsäa name−:na mn¦−nma n¦−nma
imp Ûsäa:, Ûsäi:, Ûsäu: nma:, nmi:, nmu:

In the perfective tense, we encounter a number of alternations at the juncture
of the stem final vowel a and a following suffix. On the one hand, if the following
suffix begins with a vowel, the stem vowel a is deleted; thus underlying Üara-et
and Üara-u surface as Üar-et and Üar-u, due to the following rule. We note that
there are no clusters of vowels in any of our data for this language.

(74) Vowel cluster simplification
V • ∅ / __ V

On the other hand, when the stem is followed by a consonant-initial suffix, the fi-
nal stem vowel becomes [e:]. We will tenatively formalize this rule as in (75), but
will re-analyze this process when additional data is available.

(75) a • e: / ___ + C

Note that the 2m and 1s suffixes, which appear as -¦t when added to a consonant
final stem, pattern with other consonant initial suffixes in triggering this rule. We
have seen other evidence supporting the claim that the schwa in these suffixes is
epenthetic, since these suffixes pattern with other consonant initial suffixes with
respect to stress assignment and the shortening of stem vowels in CV:C verbs.

The derivation of imperfective forms does not pose any particular challenge,
given that we have motivated a rule deleting a stem vowel before a suffix vowel.
Surface [by¦−Üra] derives from /b-y¦-Üra/ by stress assignment, and /b-y¦-Üra-u/ be-
comes [by¦−Üru] by vowel cluster reduction and stress. The imperative forms Üra −:,
Üri −:, Üru −: merit a brief comment. These derive from /Üra/, /Üra-i/, /Üra-u/. Vowel
cluster reduction and stress apply to give Üra −, Üri−, Üru −, and lengthening the of
vowel in subminimal words then accounts for the long vowel in these forms.

The next set of stems that we will consider are those with a in the perfective
and i in the imperfective, examples being given in (76).
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(76)  ‘build’ ‘invoke’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m ba−na by¦ −bni y¦ −bni da −Ûa by¦ −dÛi y¦ −dÛi
3f ba−net bt¦ −bni t¦−bni da−Ûet bt¦−dÛi t¦−dÛi
3p ba −nu by¦ −bnu y¦ −bnu da −Ûu by¦ −dÛu y¦ −dÛu
2m bane−:t bt¦ −bni t¦−bni daÛe−:t bt¦−dÛi t¦−dÛi
2f bane −:ti bt¦ −bni t¦−bni daÛe−:ti bt¦−dÛi t¦−dÛi
2p bane −:tu bt¦ −bnu t¦ −bnu daÛe−:tu bt¦−dÛu t¦ −dÛu
1s bane−:t b¦ −bni Ü¦ −bni daÛe−:t b¦−dÛi Ü¦ −dÛi
1p bane−:na mn¦−bni n¦ −bni daÛe−:na mn¦−dÛi n¦ −dÛi
imp bn™®:, bn™®:, bnu −: dÛ™®:, dÛ™®:, dÛu −:

‘extinguish’ ‘speak’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m täa−fa by¦ −täfi y¦−täfi h�a−ka by¦ −h �ki y¦ −h �ki
3f täa−fet bt¦−täfi t¦−täfi h�a−ket bt¦ −h �ki t¦−h�ki
3p täa−fu by¦ −täfu y¦−täfu h �a −ku by¦ −h �ku y¦ −h �ku
2m täafe−:t bt¦−täfi t¦−täfi h�ake−:t bt¦ −h �ki t¦−h�ki
2f täafe−:ti bt¦−täfi t¦−täfi h �ake −:ti bt¦ −h �ki t¦−h�ki
2p täafe−:tu bt¦−täfu t¦−täfu h �ake −:tu bt¦ −h �ku t¦ −h �ku
1s täafe−:t b¦−täfi Ü¦ −täfi h�ake−:t b¦ −h �ki Ü¦ −h�ki
1p täafe−:na mn¦−täfi n¦−täfi h�ake−:na mn¦−h�ki n¦−h �ki
imp täf™®:, täf™®:, täfu −: h �k™®:, h �k™®:, h �ku −:

The perfectives are parallel to the perfectives of Üara etc. so they require no com-
ment. The imperfectives derive simply, given the rule of vowel cluster reduction
and the underlying vowel which they select in the imperfective. Underlying /t¦-
bni/ surfaces as [t¦−bni] ‘she built’, and /t¦-bni-i/ surfaces as homophonous [t¦−bni]
‘you f. built’ (cf. /t¦-Üra/ • [t¦−Üra] ‘she read’, /t¦-Üra-i/ • [t¦−Üri] ‘you f. read’).

The third class of vowel final verbs are those which select the vowel i in the
perfective and a in the imperfective.

(77) ‘stay’ ‘get stuck’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m b¦−Üi by¦ −bÜa y¦ −bÜa s‡¦−fi by¦−s‡fa y¦−s‡fa
3f b¦−Üyet bt¦−bÜa t¦ −bÜa s‡¦−fyet bt¦−s‡fa t¦−s‡fa
3p b¦−Üyu by¦ −bÜu y¦ −bÜu s‡¦−fyu by¦ −s‡fu y¦−s‡fu
2m bÜ™®:t bt¦−bÜa t¦−bÜa s‡f™®:t bt¦−s‡fa t¦−s‡fa
2f bÜ™®:ti bt¦−bÜi t¦−bÜi s‡f™®:ti bt¦−s‡fi t¦−s‡fi
2p bÜ™®:tu bt¦−bÜu t¦ −bÜu s‡f™®:tu bt¦−s‡fu t¦−s‡fu
1s bÜ™®:t b¦−bÜa Ü¦−bÜa s‡f™®:t b¦−s‡fa Ü¦−s‡fa
1p bÜ™®:na mn¦−bÜa n¦ −bÜa s‡f™®:na mn¦−s‡fa n¦−s‡fa
imp bÜa−:, bÜ™®:, bÜu −: s‡fa −:, s‡f™®:, s‡fu −:



Analytic Sketches 329

The inflection of the imperfective of these verbs is exactly identical to that of a ~ a
verbs like Üa −ra. The perfective on the other hand requires some analysis. We can
see that before a vowel-initial suffix in the perfective, the final vowel becomes the
glide y. Thus, /b¦Üi-et/ becomes [b¦−Üyet] and /b¦Üi-u/ becomes [b¦Üyu]. Obvious, a
rule of glide formation is at work in these data. However, we must ask why no
glide formation was found in apparently parallel forms such as /t¦-bni-u/ •
[t¦bnu] ‘you pl. built’. The answer is that the forms are not entirely parallel, and
the crucial difference is the number of consonants appearing before the stem final
vowel. In the case of /b¦Üi-et/, Glide Formation can apply without creating an il-
licit sequence of three consonants, so [b¦−Üyet] results. In /t¦-bni-u/ on the other
hand, were Glide Formation to apply, illicit *[t¦−bnyu] with a CCC sequence would
result. Therefore, we must constrain Glide Formation so that its application does
not result in three consonants.

(78) Glide Formation
   V
[+hi]  •  [-syllabic] / V C ___ V

A final set of CVCV verbs will be considered here, namely those whose ini-
tial consonant is a glide. We have previously seen that initial glides are subject to a
vocalization process in imperfective forms, and CVCV verbs are subject to such a
process. The verb in (79) illustrates the conjugation of a verbs with the vowel pat-
tern i ~ a.

(79) ‘be low’
perf. impf. ind. impf. sbj

3m w¦−täi byu −:täa yu −:täa
3f w¦ −täyet btu −:täa tu−:täa
3p w¦−täyu byu −:täu yu −:täu
2m wtä™®:t btu −:täa tu−:täa
2f wtä™®:ti btu −:täi tu −:täi
2p wtä™®:tu btu −:täa tu−:täa
1s wtä™®:t bu −:täa Üu −:täa
1p wtä™®:na mnu−:täa nu −:täa
imp wtäa −:, wtä™®:, wtäu −:

Glide vocalization applies as expected in the imperfective. Underlying /b-y¦-wtäa-i/
undergoes stress assignment and vowel cluster reduction to give intermediate
by¦−wtäi, which then undergoes glide vocalization to give surface [byu:tiä]

The examples in (80) involve a verb with a in the perfective and i in the im-
perfective.
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(80) perf. impf. ind. impf. sbj
3m wa−fa byu −:fi yu −:fi
3f wa−fet btu −:fi tu −:fi
3p wa−fu byu −:fu yu −:fu
2m wafe−:t btu −:fi tu −:fi
2f wafe−:ti btu −:fi tu −:fi
2p wafe−:tu btu −:fu tu −:fu
1s wafe−:t bu −:fi Üu−:fi
1p wafe−:na mnu −:fi nu −:fi
imp wf™®:, wf™®:, wfu −:

The perfective forms are just like other CVCV verbs having the vowel a. The im-
perfective forms can also be derived from the rules available. The form [yu −:fi] de-
rives from underlying /y¦-wfi/; stress assignment gives the intermediate form
[y¦−wfi], and the derivation of this form is completed by applying glide vocaliza-
tion. The form [yu −:fu] derives from /y¦-wfi-u/ analogously. The rules applicable
here are stress assignment, glide vocalization, and vowel cluster reduction. Note
that glide formation might, in principle, apply to /y¦-wfi-u/, but does not. Evi-
dently, the verb has a consonant cluster at the stage where Glide Formation might
apply, and that consonant cluster prevents Glide Formation from applying. Later,
Glide vocalization eliminates the glide from the surface, but this process is ordered
after the decision has been made to not apply Glide Formation.

2.6.1. CVCC STEMS

The final class of verbs which will be considered are those of the shape
CVCC, where the final two consonants are identical. Examples with a verb select-
ing a in the two tenses are given in (81).

(81) ‘remain’ ‘remain’
perf. impf. ind. impf. sbj perf. impf. ind. impf. sbj

3m ta−mm bita−mm yta−mm däa−ll bidäa −ll ydäa −ll
3f ta−mmet b¦tta−mm tta−mm däa−llet b¦tdäa−ll tdäa−ll
3p ta−mmu bita −mmu yta−mmu däa −llu bidäa −llu ydäa −llu
2m tamme−:t b¦tta−mm tta−mm däalle−:t b¦tdäa−ll tdäa−ll
2f tamme−:ti b¦tta−mmi tta−mmi däalle−:ti b¦tdäa −lli tdäa−lli
2p tamme−:tu b¦tta−mmu tta−mmu däalle −:tu b¦tdäa −llu tdäa −llu
1s tamme−:t bta−mm ta−mm däalle−:t bdäa −ll däa−ll
1p tamme−:na m¦nta−mm nta−mm däalle−:na m¦ndäa−ll ndäa −ll
imp ta−mm, ta−mmi, ta−mmu däa −ll, däa −lli, däa −llu

The aspect of these verbs which is most in need of comment is the fact that in the
perfective tense, epenthetic e: is found before consonant initial suffixes. We have
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previously encountered this e: in the conjugation of CVCV verbs, where we as-
sumed that it represented a change of the underlying vowel to e:. However, another
possibility is that with CVCV verbs, e: is inserted, giving intermediate Üarae:t, and
then vowel cluster reduction applies to give the surface form. The appearance of e:
in the same context with CVCC verbs give credence to that analysis. What remains
to be clarified is the context where e: is inserted: we find e: inserted after stems of
the form CVCC and CVCV, as expressed in the following rule.

(82) Stem augmentation

  C       
V
C

 CVC / :e  +→∅








The rules which have been motivated here, and the important orderings, are
summarized below. A number of rules can be assumed to apply relatively early,
and their specific ordering is not particularly important.

Syncope a • ∅ / VC __ Ce
Nasalization b • [+nasal] / __ [+nasal]
Lengthening V • VV / #C0 __ C#

Stem augmentation  C       
V
C

 CVC / :e   +→∅








Stress assignment � • �− / __ ((� Š)� Š) #
Pre-cluster shortening V: • ¦ / ___ CC

For other rules, the order of application becomes more important.

Nonlow vowel deletion    
 CV     /   

low-

stress-

V    

∅→








Glottal Prothesis ∅ • Ü / # ___ V

Epenthesis ∅ • ¦ / C __ CC
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Glide Vocalization ¦ w C • u: C

Vowel lowering     V
[-long]   •  [-hi]

Mid vowel reduction e,o • ¦ / __ C0 V

Unstressed shortening     V
[-stress]   • [-long]

Glide Formation    V
[+hi]  •  [-syllabic] / V C ___ V

Vowel cluster simplification V • ∅ / __ V
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Abstractness and Psychological Reality

A fundamental question of phonology has been “how abstract is phonol-
ogy”, specifically, how different can the underlying and phonetic forms of a word
be? The heart of this question is whether grammars of languages require entities
that are not directly observed. Intimately related to this is the question whether a
linguistic model that requires elements that cannot be directly observed reflects
what the human mind is actually capable of. The very concept of a mental repre-
sentation of speech, such as a phonological surface form like [s¥ks] “socks” which
is not itself an observable physical event, requires abstracting away from many
specifics of speech. Without generalizing beyond the directly observable, it would
be impossible to make even the most mundane observations about any language.
The question is therefore not whether phonology is abstract at all, but rather what
degree of abstractness is required.

If underlying representations are fully concrete ˜ if they are the same as
surface representations ˜ the underlying forms of English [kh¥rts] “courts” and
[khowdz] “codes” would be /kh¥rt-s/ and /khowd-z/. Such an extremely surface-
oriented view of phonology would pay no attention to the fact that these words
have in common the plural morpheme, whose pronunciation varies according to
the environment. By hypothesizing that the underlying form of [kh¥rts] is /kh¥rt-z/,
we can say that the plural pronounced s in [kh¥rts] and the plural pronounced z in
[khowdz] are one and the same thing, thus we standardly accept an element of ab-
stractness in all phonological analysis, because of the benefits which this abstract-
ness yields in terms of giving a unified explanation to the various ways in which
the plural morpheme is pronounced.

1. Why Limit Abstractness?

First we must understand what motivates concern over abstractness.

This chapter explores the extent to which underlying and surface forms can
be different ˜ what constraints if any are tenable within the formal theory,
what the issues are in limiting abstractness, and how to address these ques-
tions empirically. The central question raised in this chapter is “what counts
as evidence for a phonological analysis?”.
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1.1. Limiting possible analyses

One reason to limit the divergence between underlying and surface forms
is to constrain the theory of phonology, to prevent it from making wrong claims
about how languages work. With no constraint on abstractness, every conceivable
derivation from underlying to surface form would in principle be allowed by the
theory. Just as the theory of phonology seeks to constrain the concept of “possible
rule”, so that an imaginable rule such as {s,p,q,r} • {m,l,t,v} / __ {s,k,¦,m}
(unattested in any human language) can be ruled out on formal grounds, so too
might we wish to rule out a derivation from underlying /qo‰Þi½Í§/ to surface [g¦ra−z‡]
as too abstract. Since a goal of linguistic theory has been to restrict the class of
theoretically possible languages to just the type that is actually observed, limiting
abstractness in a well-defined way limits the number of possible languages.

Another reason for concern over abstractness is that it makes a particular
claim about human cognition, that the mentally stored units of language can in-
clude things that the speaker has not actually heard, but arrives at by inference
based on a line of indirect evidence. Since first language acquisition does not pro-
cede by conscious reasoning, it cannot be taken for granted that everyday reason-
ing skills are automatically available to children.

Mental reality and language acquisition. This second consideration, whether
abstractness (of some particular degree) is part of human cognitive capacity, is the
most important question arising in this debate: this is a fundamental consideration,
for a theory that seeks a model of language in the mind. Because the details of
specific languages are not built into children at birth but must be induced from the
ambient linguistic data aided by whatever language faculty is universally available
to all humans (i.e. the theory of grammar), a basic concern regarding the psycho-
logical reality of grammatical constructs ˜ for phonology, rules and underlying
forms ˜ is whether they can be learned from the primary language data.

The role of a universal grammatical component is to make the job of lan-
guage acquisition easier, by uncompromisingly removing certain kinds of imagin-
able descriptions from consideration. The theory of distinctive features is one way
of making the job of acquiring a language easier, since it limits the possible ways
of analysing a set of data. Universal constraints on abstractness might similarly
help a child trying to arrive at underlying representation for a language, and there
have been a number of proposals as to the relationship between the underlying and
surface forms. Attractive as it might seem to propose formal constraints on the the-
ory of grammar to prohibit English from having /qo‰Þi½Í§/ be the underlying form of
[g¦ra−z‡] “garage”, we will not actually assume that this is a matter for the formal
theory of grammar; rather, it is a consequence of how a phonology is learned, thus
the question of abstractness is outside the domain of grammatical theory.
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Faced with a word pronounced [d¥g], a child learning English has no rea-
son to assume that its underlying form is anything other than /d¥g/. But faced with
the word “atom” [£ −D¦m] and the related word “atomic” [¦th¥−mŸk], the child needs
to arrive at an underlying representation for the root on which these two words are
based, such that rules of English phonology can apply to derive the phonetic vari-
ants [£ −D¦m] and [¦th¥−m-Ÿk]: an appropriate representation would be [£t¥m]. It is in
the face of such a specific motivation for an abstract underlying form that we
would assume the underlying form isn’t simply the surface form. The solution to
the so-called problem of abstractness which will be adopted here is, simply, that
abstractness per se is not a problem: what really requires investigation is the kind
of evidence that properly motivates a phonological analysis.

Abstractness and phonemic representations. One particular degree of abstract-
ness is widely accepted as self-evident, needing no further justification, namely
that underlying representations do not contain allophonic variants of phonemes. It
is generally assumed that English [st¥p], [th¥p] are underlyingly /st¥p/, /t¥p/, with-
out aspiration, because there is (by assumption) no underlying aspiration in Eng-
lish. Similarly, we know that the underlying form of [hŸDŸÏ] “hitting” is /hŸtŸÏ/, not
only because the flap is an allophone in English, but also because of the related
word [hŸt] “hit” where the [t] is directly pronounced. Thus, it is commonly as-
sumed that underlying forms are at least as abstract as phonemic representations,
with all allophonically predictable features eliminated.

This assumption can lead to problems. What is the medial consonant in the
underlying form of a word like [waDr �] “water”? Assuming that the flap is not a
phoneme in English (there are no minimal or near-minimal pairs contrasting [t] or
[d] vs. [D]), this forces us to say that it must be something other than [D]. The word
is spelled with t, but spelling is not relevant to underlying representations. Children
acquire words without knowing how to spell, and most languages of the world are
unwritten yet underlying representations must be acquired for all human lan-
guages. Spelling is also unreliable, and could lead us to the unjustified conclusion
that the underlying vowels of [tuw] “too”, “to”, “two”, [Èruw] “through”, [duw]
“due” and [druw] “drew” are all different.

Since [waDr �] is not composed of a root plus suffix, we cannot look at re-
lated forms to reveal the underlying consonant (as we can in “wad-er” versus
“wait-er”, both [weyDr �]). Any number of hypotheses could be set forth ˜ /waDr �/,
/watr�/, /wadr �/, /waÅr �/, /waÄr �/, /waÆr�/ and so on. Hypotheses like /waÄr �/ and /waÆr�/
can be rejected on the grounds that they are pointlessly abstract, containing seg-
ments which do not occur phonetically in English, and there is no reason to believe
that they exist underlyingly. Nothing is gained by positing such underlying repre-
sentations, thus nothing justifies these hypotheses. Two facts weight decisively
against hypothetical /waÄr�/, /waÆr�/ and their ilk. First, there is no evidence for a
rule in English effecting the change /å/ • [D] or /Ä/ • [D] and addition of such a
rule, required to convert the underlying form into the surface form, rules against
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such an analysis since there exist analyses which at least do not force the inclusion
of otherwise unmotivated rules. Second, a specific choice between /waÄr �/ and
/waÆr�/, or /waÛr �/ and innumerable other possibilities which also lack an underlying
flap, is totally arbitrary and leaves the language analyst ˜ student and child alike
˜ with the unresolvable puzzle “why this underlying form and not some other”,
which can only be resolved by fiat.

The hypothesis of underlying /waÅrä/ is less abstract in a qualitatively dif-
ferent way since it is composed only of observed segments of English; it is, how-
ever, factually wrong, because it would be impossible to craft rules for English to
turn /Å/ into a flap in this context (consider “father”, “bother”, “weather” which
indicate that there cannot be a rule changing /Å/ into a flap in some context). Only
three hypotheses remain viable: /waDr �/, /watr�/, and /wadr�/. None of these hypothe-
ses posits surface non-existent segments, and given the rules of English ˜ Flap-
ping, specifically ˜ any of these underlying representations would result in the
correct surface form.

There is no standard answer to the question of the underlying form of
“water”, but certain arguments can be marshalled to support different positions.
We initially rejected the theory that the underlying form might be /waDr �/ because it
posits what we assumed to be a non-existent underlying segment in the language,
but we should reconsider that decision, to at least explicit our argument for reject-
ing an underlying flap. Hypothesizing /waDr �/ necessitates another phoneme in the
inventory of English underlying segments, violating an analytic economy principle
which says that you should select a parsimonious underlying inventory for a lan-
guage. This reflects the basic principle of scientific reasoning that simpler, more
economical solutions are better than complicated solutions that posit unnecessary
machinery. But no concrete linguistic arguments indicate that elimination of pho-
nemes is an actual goal of phonological acquisition. Economy of the underlying
inventory cannot be judged in a theoretical vacuum, and in one contemporary the-
ory, Optimality Theory, it is impossible to state generalizations about underlying
representations, so it is impossible to say that English has no underlying flap.

A somewhat stronger argument against allowing an underlying flap is that
the surface distribution of [D] is limited. It only appears between vocoids (vowels
and glides), and only if the following vowel is unstressed, which is precisely the
context where /t,d/ actively are changed into the flap [D] (“hit” [hŸt] ~ “hitting”
[hŸDŸÏ]; “hide” [hayd] ~ “hiding” [hayDŸÏ]). We can explain the lack of words in
English like *[hiD], *[Duwl], *[£fDrä] and *[¦D£ −k], if we assume that the flap [D] is
not in the inventory of underlying segments of English, and only derives from /t/
or /d/ by this specific rule. This argument recognizes the importance of capturing
major generalizations about language, which is the central concern of linguistics: it
says that it would be too much of a coincidence if, in assuming underlying /D/ in
“water”, we failed to note that underlying flap only appears in a very few contexts.

This argument is founded on the presumption that distribution of segments
in underlying forms cannot be restricted: otherwise we would simply state a re-
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striction on where underlying flaps appear and let the underlying form of [waDr �] be
fully concrete. Some theories do not have conditions on underlying forms
(Optimality Theory), others do. Something like conditions on underlying forms
seem inevitable, since for example there cannot be any words in English of the
form sCiVCi, hence *slil, *sneen, *spup, *skuck; yet, it is uncertain what status
such conditions have in the theory of grammar.

Still, even if we decide that the underlying form doesn’t have a flap, that
leaves open the choice between /t/ and /d/, which is purely arbitrary. The choice
might be made by appealing to markedness (Chapter 8), insofar as [t] is a less
marked i.e. crosslinguistically common segment than [d]. Whether this reasoning
is correct remains to be determined empirically.

1.2. A principled limit on abstractness?

In connection with our first neutralization rule, final devoicing in Russian
(chapter 4), we explained the alternation [porok] “threshold (nom. sg.)” ~ [poroga]
“threshold (gen. sg.)” by saying that underlyingly the stem “threshold” ends with
/g/. The abstract representation /porog/ for [porok] “threshold (nom. sg.)” is justi-
fied by the fact that the fact that [porok] and [poroga] have the same root mor-
pheme, and /porog/ is one of the two actually occurring pronunciations of the mor-
pheme. In hypothesizing underlying forms of morphemes, we have repeatedly em-
phasized the utility of considering any and all of the surface realizations of a given
morpheme as candidates for being the underlying form. We might even advance a
formal principle regarding abstractness:1 

(1) The underlying form of a morpheme must actually be pronounced as such
in some surface form containing the morpheme

When you look at a broad range of phonological analyses,  it very often
turns out that the supposed underlying form of a morpheme is indeed directly ob-
served in some surface form. Nonetheless, such a principle cannot be an absolute
condition on the relation between underlying and surface forms, that is, it cannot
be a principle in the theory of grammar. Recall from chapter 4 that in Palauan, all
unstressed vowels become schwa, and underlying forms of roots may contain two
full vowels, for example /daÏob/ “cover”, /teÜib/ “pull out”, /Ïetom/ “lick”. We
are justified in concluding that the first vowel in /daÏob/ is /a/ because it is actually
pronounced as such in [m¦-da−Ï¦b] when the first root vowel is stressed, and we are
justified in concluding that the second vowel is /o/ because that is how it is pro-
nounced in [d¦Ïo −bl]. Although each hypothesized underlying vowel can be pro-
nounced in one surface variant of the root or another, no single surface form ac-

                                             
1 Principles to this effect were proposed in the theory of Natural Generative Phonology, cf.
Vennemann 1974.
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tually contains both vowels in their unreduced form: the hypothesized underlying
form /daÏob/ is never pronounced as such, thus our analysis of Palauan is a coun-
terexample to the excessively restrictive statement (1). Similar examples come
from English (cf. the underlying stem /t¢l¢gr£f/ which explains the surface vowel
qualities in [t¢−l¦gr£ �f] and [t¦l¢−gr¦f-™¯y]) and Tonkawa (cf. /picena/ which is justi-
fied based on the surface forms picna-n-oÜ and we-pcen-oÜ). Condition (1) also run
into problems in Yawelmani (chapter 7), which has a rule shortening a long vowel
before a cluster of two consonants, and another rule inserting i after the first of
three consonants. The two rules apply in stems such as /Üa:ml/, so that epenthesis
turns /Üa:ml-hin/ into [Üa:mil-him], and shortening turns /Üa:ml-al/ into [Üamlal].
The problem for (1) is that /Üa:ml/ can never be pronounced as such, since either
the vowel is shortened, or i is inserted.

Rather than abandon the enterprise of doing phonology in these languages
out of misguided allegiance to an a priori assumption about the relationship be-
tween underlying and surface forms, we might consider a weaker constraint, which
allows underlying forms of morphemes to be composed of segments that are ac-
tually pronounced in some attestation of the morpheme, but disallows representa-
tions that are more abstract.

(2) The underlying form of a word must contain only segments actually pro-
nounced as such in some related word containing the morpheme

Even this cannot be an absolute requirement. One case that runs afoul of
this condition is the case of stem-final voiced stops in Catalan (Chapter 5, problem
4). There is a rule devoicing final obstruents, and another rule spirantizing intervo-
calic voiced stops. These rules result in alternations such as s¢k “dry (masc.)” ~
s¢k¦ “dry (fem.)” from /s¢k/, versus sek “blind (masc.)” ~ seÆ¦ “blind (fem.)” from
/seg/. The underlying voiced stop /g/ is not directly attested in any form of the stem
/seg/, and thus runs afoul of constraint (2).

Another counterexample to (2) is Kihehe (Chapter 7). That language has a
rule assigning H tone to a penultimate vowel that is not also immediately preceded
by a H. This rule accounts for the position of the second H tone in words like ku −-
kam-™®l-a “to milk for”, ku −-kam-il-a −n-a “to milk for each other”, and the lack of H
tone in ku −-kam-a “to milk” where the penultimate vowel is preceded by a H toned
vowel. Surface forms such as ku −-kam-y-a − “to cause to milk” and ku −-kam-w-a − “to
be milked” would seem to be exceptions, but actually they follow the general pat-
tern perfectly, as long as we recognize that the underlying forms are /ku −-kam-i-a/
and /ku −-kam-u-a/. Given those underlying forms, the H is regularly assigned to the
penultimate vowel giving ku −-kam-™®-a and ku −-kam-u −-a, and then the high vowels
become glides before a vowel, causing the H tone to be transfered to the final
vowel. The important point about these examples is that the assumed vowels of the
causative and passive are never surface vowels: they appear only as glides, since
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by quirks of Kihehe morphology, the morphemes -i and -u are always followed by
a vowel suffix, so they always undergo glide formation

1.3. Case studies in abstract analysis

We will look in depth at two cases of abstract phonological analysis, one
from Kimatuumbi and one from Sanskrit, where abstract underlying forms are
well-motivated; these are contrasted with some proposals for English, which are
not well-motivated. Our goal is to see that the problem of abstractness is not about
the formal phonetic distance between underlying and surface forms, but rather it
involves the question of how strong the evidence is for positing an abstract under-
lying representation.

Abstract mu in Kimatuumbi. Kimatuumbi provides an example of an abstract
underlying representation, involving an underlying vowel which never surfaces as
such. In this language, the noun prefix which marks nouns of lexical class 3 has a
number of surface realizations such as [m], [n], [Ï] and [mw], but the underlying
representation of this prefix is /mu/, despite the fact that the prefix never actually
has that surface manifestation with the vowel u.

We begin with the effect which nasals have on a following consonant. Se-
quences of nasal plus consonant are subject to a number of rules in Kimatuumbi,
and there are two different patterns depending on the nature of the nasal. One such
nasal is the prefix /n†-/, marking nouns and adjectives of grammatical class 9. When
this prefix comes before an underlyingly voiced consonant, the nasal assimilates in
place of articulation to that consonant, by a general rule that all nasals agree in
place of articulation with an immediately following consonant.

(3) adjective (cl. 9) verb
m-bomwa−ana− bo −mwaana “pointlessly destroy”
Ï-golo −ka − go −loka “be straight”
n†-j‡ilu −ka − j‡™®luka “fall down”

When added to a stem beginning with a nasal consonant, the nasal deletes.

(4) adjective (cl. 9) verb
mama−andwa− ma−maandwa “nail”
mim™®na− m™®mina “spill”
nama−ta− na−mata “be sticky”

The prefix /n†/ causes a following voiceless consonant to become voiced.
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(5) adjective (cl. 9) verb
n-dŸnŸ®ka − tŸ®nŸka “cut”
n-dema−.a− te−ma “chop”
n†-j‡ap™®ic‡a − c‡a−piic‡a “be clean”

Finally, /n†/ causes a following glide to become a voiced stop.

(6) adjective (cl. 9) verb
n†-j‡uku −ta − yu −kuta “be full”
Ï-gwaa−.a−  wa− “die”
Ï-gwŸkŸ®lya − wŸ®kŸlya “cover”

We know that the prefix is underlyingly /n†/ because that is how it surfaces before
vowel-initial adjectives such as n†-epee−si “light (cl. 9)”, n†-i™®pi “short (cl. 9)”.

Different effects are triggered by the nasal of the prefix /mu/ which marks
2 pl. subjects on verbs. This prefix has the underlying form /mu/, and it can surface
as such when the following stem begins with a consonant.

(7) mu-buund™®ke “you should store”
mu-laabu−ke “you should breakfast”
mu-j‡iiÏg™® “you should enter”
mu-goo −n†je “you should sleep”

A rule deletes the vowel u preceded by m when the vowel precedes a con-
sonant, and this rule applies optionally in this prefix. Before a stem beginning with
a voiced consonant, deletion of the vowel results in a cluster of a nasal plus a con-
sonant, and m causes nasalization of the following consonant (compare the exam-
ples in (7) where the vowel is not deleted).

(8) m-muund™®ke “you should store”
n-naabu −ke “you should breakfast”
n†-n†iiÏg™® “you should enter”
Ï-Ïoo −n†je “you should sleep”

This reveals an important difference between the two sets of post-nasal processes.
In underlying nasal+C sequences such as /n†-bomwa −ana−/ • m-bomwa −ana −
“destroyed (cl. 9)”, the nasal only assimilates in place of articulation to the follow-
ing C, but in nasal+C sequences derived by deletion of u, the prefixal nasal causes
nasalization of a following voiced consonant.2 

                                             
2 The reason for this difference, as shown in Odden 1996, is that /mu/ first becomes a syl-
labic nasal m �, and nasalization takes place after a syllabic nasal.
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Another difference between /n†C/ versus /muC/ is evident when the prefix
/mu/ comes before a stem beginning with a nasal consonant. The data in (9) show
that when u deletes, the resulting cluster of nasals does not undergo nasal deletion

(9) mu-m™®miine m-m™®miine “you (pl.) spilled”
mu-no −olite n-no −olite “you (pl.) sharpened”
mu-Ïa−andite Ï-Ïa−andite “you (pl.) played”

In comparison, class 9 /n†-mim™®na−/ with the prefix /n†/ surfaces as mim™®na − “spilled
(cl. 9)”, having undergone degemination.

A third difference between /n†+C/ versus /mu+C/ emerges with stems that
begin with a voiceless consonant. As seen in (10), /mu/ simply assimilates in place
of articulation to the following voiceless consonant.

(10) mu-paa−nde m-paa−nde “you should plant”
mu-teleke− n-teleke− “you should cook”
mu-c‡one− n†-c‡one − “you should sew”
mu-kalaa−Ïge Ï-kalaa−Ïge “you should fry”

Remember, though, that /n†/ causes a following voiceless consonant to become
voiced, so /n†-tŸnŸ −ka −/ • ndŸnŸ −ka − “cut (cl. 9)”.

Finally, /mu/ causes a following glide to become a nasal.

(11) mu-wŸkŸl™® Ï-ÏwŸkŸl™® “you should cover”
mu-yŸkŸt™® n†-n†ikŸt™® “you should agree”

Underlying /n†/, on the other hand, causes a following glide to become a voiced
stop, cf. /n†-wŸkŸ®lya −/ • Ï-gwŸkŸ®lya − “covered (cl. 9)”.

The differences between /n†/ and /mu/ go beyond just their effects on fol-
lowing consonants: they also have different effects on preceding and following
vowels. In the case of /mu/, the preceding vowel lengthens just in case u deletes.

(12) iwŸkŸlyo − mu-too −le  “you should take the cover”
iwŸkŸlyo −o n-too −le id.
n†uu −mba mu-bomwaa−ne “you should destroy the house”
n†uu−mbaa m-momwaa−ne id.

On the other hand, /n†/ has no effect on the length of a preceding vowel.

(13) iwŸkŸlyo m-bwapwa−anika − “broken cover”
n†umba − m-bomwa−ana− “destroyed house”
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Finally, /n†/ surfaces with a palatal nasal before a vowel, and the length of
the following vowel is not affected (the next vowel is long only if it is underly-
ingly long). But the 2 pl. prefix /mu/ surfaces as [mw] before a vowel due to a
process of Glide Formation, and the following vowel is always lengthened.

(14) stem
/n†/ /i™®pi/ n†-i™®pi “short (cl. 9)”

/epee−si/ n†-epee−si “light (cl. 9)”
/mu/ /ŸŸmba/ mw-ŸŸ®mb-e “you should dig”

/eleew/ mw-eelee−w-e “you should understand”

In summary, a number of properties distinguish /mu/ from /n†/. Apart from the im-
portant fact that positing these different underlying representations provides a pho-
nological basis for distinguishing these effects, our choices of underlying forms are
uncontroversial, because the posited forms of the prefixes are actually directly at-
tested in some surface variant: recall that the 2 pl. verbal subject prefix /mu/ can
actually be pronounced as [mu], since deletion of /u/ is optional for this prefix.

Now we are in position to discuss a prefix whose underlying representa-
tion can only be inferred indirectly. The prefix for class 3 nouns and adjectives is
underlyingly /mu/, like the 2 pl. verbal subject prefix. Unlike the verb prefix, the
vowel /u/ of the class 3 noun prefix always deletes, and /mu/ never appears as such
on the surface ˜ its underlying presence can only be inferred indirectly.3  A strong
indication that this prefix is underlyingly /mu/ is the fact that it has exactly the
same effect on a following consonant as the reduced form of the subject prefix mu
has. It causes a voiced consonant to become nasalized.

(15) infinitive adjective (cl. 3)
bu −undika m-muu −ndika − “store”
la−abuka n-naa −buka − “breakfast”
j‡™®iÏgya n†-n†i™®Ïgya − “enter”
go −on†ja Ï-Ïoo −n†ja − “sleep”

It forms a geminate nasal with a following nasal.

(16) infinitive adjective (cl. 3)
ma−ta m-ma−ta “plaster”
mu−lika m-mu−lika “burn”
na−mata n-na−mata “be sticky”

                                             
3  Deletion of u is obligatory in this prefix and optional in the subject prefix because sub-
ject prefixes have a ‘looser’ bond to the following stem than lexical class prefixes, which
are joined with the stem to form a special phonological domain.
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It also does not cause a following voiceless consonant to become voiced.

(17) infinitive adjective (cl. 3)
pa−anda m-paa−nda− “plant”
te−leka n-tele−ka− “cook”
c‡o−na n†-c‡ona −.a − “sew”
ka−laaÏga Ï-kala−aÏga− “fry”

Another reason to believe that this prefix is underlyingly /mu/ is that when
it comes before a stem beginning with a vowel, the prefix shows up as [mw] and
the following vowel is lengthened.

(18) infinitive adjective (cl. 3)
a −libika mwaal™®bika− “break”
e −puka mweepu−ka− “avoid”
Ÿ®Ÿmba mwŸŸ®mba− “dig”
o −toka mwooto −ka − “puncture”

Under the hypothesis that the class 3 prefix is /mu/, we automatically predict that
the prefix should have this exact shape before a vowel, just as the uncontroversial
prefix /mu/ marking 2 pl. subject has.

Finally, the data in (19) show that this prefix has the same effect of length-
ening the preceding vowel as the 2 pl subject prefix has.

(19) mwoo −go “cassava” mwoogoo m-mou− “rotten cassava”
mpŸla− “football” mpŸla −a m-puwa −anika − “broken football”
nko −ta “sweets” nkota−a n-noga.a − “good sweets”
nkwa− “spear” nkwa −a n-k¡ −l¡ − “big spear”

The only reasonable assumption is that this prefix is underlyingly /mu/, despite the
fact that the vowel u never actually appears as such. Direct attestation of a hy-
pothesized underlying segment does provide very clear evidence for the segment in
an underlying form, but underlying forms can also be established by indirect
means, such as showing that one morpheme behaves in a manner parallel to some
other which has a known and uncontroversial underlying form.

Abstract /ai/ and /au/ in Sanskrit. A significantly more abstract representation of
the mid vowels [e:,o:] is required for Sanskrit. These surface vowels derive from
the diphthongs /ai/, /au/, which are never phonetically manifested in the language.
The surface vowels (syllabics) and diphthongs of Sanskrit are in (20).

(20) a  i  u  r �  l �       a:  e:  i:  o:  u:  r�:   a:i  a:u
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Two things to be remarked regarding the inventory are that while the language has
diphthongs with a long first element a:i, a:u, it has no diphthongs with a short first
element. Second, the mid vowels only appear as long, never short. These two facts
turn out to be related.

One phonological rule of the language fuses identical vowels into a single
long vowel. This process operates at the phrasal level, so examples are quite easy
to come by, simply by combining two words in a sentence.

(21) na “not”  +  asti “is”  • na:sti “is not”
na “not”  +  a:ste: “he sits” • na:ste: “he doesn’t sit”
nadi: “river”  +  iwa “like” • nadi:wa “like a river”
yadi “if”  +  i:c�warah “lord” • yadi:c�warah “if the lord”
nadi: “river”  +  i:c�warah “lord” • nadi:c �warah “lord river”
sa:dhu “well”  +  uktam  “said” • sa:dhu:ktam “well said”

A second process combines long or short a with i and u (long or short), giving the
long mid vowels e: and o:.

(22) ca “and”  +  iha “here” • ce:ha “and here”
ca “and”  +  uktam “said” • co:ktam “and said”
sa: “she”  +  uktam “said” • so:ktam “she said”
sa: “she”  +  i:c �wara “O Lord” • se:c�wara “she, O Lord”

These data point to an explanation for the distribution of vowels noted in (20),
which is that underlying ai and au become e: and o:, and that this is the only
source of mid vowels in the language. This explains why the mid vowels are all
long, and also explains why there are no diphthongs *ai, *au.4 

There is a word-internal context where the short diphthongs ai and au
would be expected to arise by concatenation of morphemes, and where we find
surface e:, o: instead. The imperfective tense involves the prefixation of a-.

(23) bhar-at-i “he bears” a-bhar-at “he bore”
tun†j-at-i “he urges” a-tun†j-at “he urged”
wardh-at-i “he grows” a-wardh-at “he grew”

If the stem begins with the vowel a, the prefix a- combines with following a to
give a long vowel, just as a+a • a: at the phrasal level.

(24) aj-at-i “he drives” a:j-at “he drove”
an†c-at-i “he bends” a:n†c-at “he bent”

                                             
4  There is also a rule shortening a long vowel before another vowel at the phrasal level,
which is why at the phrasal level /a:/ plus /i/ does not form a long diphthong [a:i].
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When the root begins with the vowels i, u, the resulting sequences ai(:), au(:) sur-
face as long mid vowels

(25) il-at-i “he is quiet” e:l-at “he was quiet”
i:ksä-at-i “he sees” e:ksä-at “he saw”
uksä-at-i “he sprinkles” o:ksä-at “he sprinkled”
ubj-at-i “he forces” o:bj-at “he forced”

These alternations exemplify the rule where /ai,au/ • [e:,o:].
The have shown that /a+i, a+u/ surface as [e:,o:], so now we will concen-

trate on the related conclusion that [e:,o:] derive from underlying /ai, au/. One ar-
gument supporting this conclusion is a surface generalization about vowel combi-
nations, that when a combines with what would surface as word initial o: or e:, the
result is a long diphthong a:u, a:i.

(26) a. ca “and” +  o:ksäat “he sprinkled” •  ca:uksäat “and he sprinkled”
ca “and” + e:ksäat “he saw” •  ca:iksäat “and he saw”

b. ca “and” +  uksäati “he sprinkles” •  co:ksäati “and he sprinkles”
ca “and” + i:ksäati “he sees” •  ce:ksäati “and he sees”

This fusion process makes sense given the proposal that [e:] and [o:] derive from
/ai/ and /au/. The examples in (26b) remind us that initial [e:,o:] in these examples
transparently derive from /a+i/, /a+u/, because in these examples /a/ is the imper-
fective prefix and the root vowels u,i can be seen directly in the present tense. Thus
the underlying forms of [ca:uksäat] and [ca:iksäat] are [ca#a-uksäat] and [ca#a-iksäat].
The surface long diphthong derives from the combination of the sequence of a’s
into one long a:.

Other evidence argues for deriving surface [e:,o:] from /ai,au/. There is a
general rule where the high vowels /i,u/ surface as the glides [y,w] before another
vowel, which applies at the phrasal level in the following examples.

(27) e:ti “he comes”  +  r�säi “seer” • e:ty r �säi
yadi “if”  +   aham “I” • yady aham
yadi “if”  +   a:ditya:h “sons of Aditi” • yady a:ditya:h
e:ti “she comes”  +  uma: “Uma:” • e:ty uma:
bhawatu “let it be”  +  i:c �warah “lord” • bhawatw i:c �wara
sadhu “well”  +  e:ti “he comes” • sadhw e:ti
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The mid vowels [e:,o:] become  [ay, aw] before another vowel.5 

(28) prabho: “O Master”  +  e:ti “he comes” • prabhaw e:ti
wane: “in the forest”  +  a:ste: “he sits”  • wanay a:ste:
wane: “in the forest”  +  e:ti “he comes” • wanay e:ti
prabho: “O Master”  +  o:ksäat “he sprinkled” • prabhaw o:ksäat

This makes perfect sense under the hypothesis that [e:,o:] derive from /ai,au/. Un-
der that hypothesis, /wanai#a:stai/ undergoes glide formation before another vowel
(just as /yadi#aham/ does), giving [wanay#a:ste:].

Abstractness in English. We now consider cases where abstract analyses have
been proposed, but where the legitimacy of these analyses has been seriously
questioned: since the main point being made here is that abstract analyses can be
well-motivated, it is important to consider what is not sufficient motivation for an
abstract analysis. A classical case of questionable abstractness is the analysis of
English [¥y] proposed in Chomsky & Halle 1968 (SPE), that [¥y] derives from /¤ƒ/.
In SPE, English vowels are given a very abstract analysis, with approximately the
following relations between underlying and surface representations of vowels,
where /™ƒ uƒ/ and so forth represent tense vowels in the transcription used there.

(29) /™ƒ/ •  [ay] /uƒ/ •  [aw]
/eƒ/ •  [iy] /oƒ/ •  [uw]
/£ƒ/ •  [ey] /¥ƒ/ •  [ow]
/¤ƒ/ •  [¥y] /aƒ/ •  [¥§]

The first step in arguing for this representation is to defend the assumption
that [ay], [aw] [iy], [uw], [ey], [ow] derive from /™ƒ/, /uƒ/, /eƒ/, /oƒ/, /£ƒ/ and /¥ƒ/. This
claim is motivated by the Trisyllabic Laxing alternation in English which relates
the vowels of divine ~ divinity ([ay] ~ [Ÿ]), profound ~ profundity ([aw] ~ [¦]), se-
rene ~ serenity ([iy] ~ [¢]), verbose ~ verbosity ([ow] ~ [¥]) and sane ~ sanity ([ey]
~ [£]). These word pairs are assumed to be morphologically related, so that both
words in the pair involve a common root: the question is what the underlying
vowel of the root is. It is assumed that tense vowels undergo a process known as
Vowel Shift, which rotates a tense vowel’s height one degree upward ˜ low
vowels become mid, mid vowels become high, and high vowels become low. An-
other process that is relevant is Diphthongization, which inserts a glide after a
tense vowel agreeing in backness with that vowel. By those rules (and a few oth-
ers), /s£ƒn/ becomes [seƒyn], /sereƒn/ becomes [s¦r™±yn] and /div™ƒn/ becomes [d¦vayn].
By the Trisyllabic Laxing rule, when a tense vowel precedes the penultimate syl-

                                             
5  An optional rule, most usually applied, deletes the glide in this context, giving a vowel
sequence.
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lable of the word the vowel become lax, which prevents the vowel from shifting in
height (shifting only affects tense vowels). Accordingly, [d¦vayn] and [d¦vŸn¦tiy]
share the root /d¦v™ƒn/. In [d¦vayn], the tense vowel dipthongizes to [d¦v™ƒyn], which
undergoes Vowel Shift. In /d¦v™ƒn-iti/, the vowel /™ƒ/ instead undergoes Trisyllabic
laxing, and therefore surfaces as [Ÿ].

In this way, SPE reduces the underlying vowel inventory of English to /™ƒ/
/uƒ/ /eƒ/ /oƒ/ /£ƒ/ /aƒ/ /¥ƒ/, plus the diphthong /¥y/. Having eliminated most of the diph-
thongs from underlying representations, we are still left with one diphthong. In
addition, there is an asymmetry in the inventory, that English has three out of four
of the possible low tense vowels, lacking a front round vowel [¤ƒ]. It is then sur-
mised that this gap in the system of tense vowels, and the remaining diphthong,
can both be explained away simultaneously, if [¥y] derives from underlying /¤ƒ/.
Furthermore, given the system of rules in SPE, if there were a underlying vowel
/¤ƒ/, it would automatically become [¥y].

Briefly, /¤ƒ/ undergoes diphthongization to become ¤ƒy because ¤ƒ is a front
vowel and the glide inserted by dipthongization has the same backness as the pre-
ceding tense vowel. The vowel ¤ƒ is subject to backness readjustment which makes
front low vowels [+back] before glides (by the same process, £y which derives
from /™ƒ/ by Vowel Shift becomes [ay]). Since hypothesized /¤ƒ/ does not become
*[o‰], and must remain a low vowel in order to undergo backness adjustment,
Vowel Shift must not apply to /¤ƒ/. This is accomplished by constraining the rule to
not affect a vowel whose values of backness and roundness are different.

What constitutes a valid motivation? This analysis of [¥y] is typical of highly
abstract phonological analyses advocated in early generative phonology, where
little concern was given to maintaining a close relation between surface and under-
lying forms. The idea of deriving [¥y] from /¤ƒ/ is not totally gratuitous, since it is
motivated by a desire to maintain a more symmetrical system of underlying repre-
sentations. But the goal of producing symmetry in underlying representations can-
not be maintained at all costs, and whatever merits there are to a symmetrical,
more elegant underlying representation must be balanced against the fact that ab-
stract underlying forms are inherently difficult for a child to learn. Put simply, the
decision to analyse English vowels abstractly is justified only by an esoteric philo-
sophical consideration ˜ symmetry ˜ and we have no evidence that this philo-
sophical perspective is shared by the child learning the language. If achieving
symmetry in the underlying form isn’t a sufficient reason to claim that [¥y] comes
from /¤ƒ/, what would motivate an abstract analysis?

Abstractness can easily be justified by showing that it helps to account for
phonological alternations, as we have seen in Palauan, Tonkawa, Kimatuumbi,
Kihehe and Sanskrit. No such advantage accrues to an abstract analysis of [¥y] in
English. The only potential alternations involving [¥y] are a few word pairs of
questionable synchronic relatedness such as joint ~ juncture, point ~ puncture,
ointment ~ unctious, boil ~ bullion, joy ~ jubilant, soil ~ sully, choice ~ choose,
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voice ~ vociferous, royal ~ regal. This handful of words gives no support to the
abstract hypothesis. If underlying /¤ƒ/ were to undergo laxing, the result should be
the phonetically nonexistant vowel [¤], and deriving the mixture of observed
vowels [§], [¡], [uw], [ow], or [iy] from [¤] would require rather ad hoc rules. The
hypothesized underlying vowel system /™ƒ uƒ eƒ oƒ £ƒ ¥ƒ ¤ƒ/ runs afoul of an otherwise
valid implicational relation in vowel systems across languages, that the presence of
a low front rounded vowel (which is one of the more marked vowels in languages)
implies the presence of non-low front round vowels. This typological implicational
principle would be violated by this abstract analysis of English, which has no un-
derlying /u‰, o‰/: in other words, idealisations about underlying forms can conflict.

An important aspect of the argument for [¥y] as /¤ƒ/ is that there is inde-
pendent motivation for the rules that would derive [¥y]: but the argument for those
rules is not ironclad, in particular the Vowel Shift rule. The motivation for Vowel
Shift in synchronic English hinges on alternations of the type divine ~ divinity,
profound ~ profundity, and these alternations are restricted and unproductive in
English (unlike the phonological alternations in the form of the plural suffix). A
consequence of the decision to analyse all cases of [ay] as deriving from /™ƒ/ is that
many other abstract assumptions had to be made to explain the presence of tense
vowels and diphthongs in unexpected positions (such as before the penultimate
syllable). To acount for the contrast between contrite ~ contrition where /™ƒ/ be-
comes lax and t • s‡, versus right ~ righteous where there is no vowel laxing and t
• c‡, it was claimed that the underlying form of right is /rixt/, and rules are devel-
oped whereby /ixC/ • [ayC]. Abstract /x/ is called on to explain the failure of Tri-
syllabic Laxing in the word nightingale, claimed to derive from /nixtVng£ƒl/. To
explain the failure of Trisyllabic Laxing in words like rosary, it is assumed that the
final segment is /y/ and not /i/, viz. /r¥ƒsVry/. Other examples of abstract analysis in
SPE are that the contrast between veto (with no flapping of /t/ and a secondary
stress on the final vowel) vs. motto (with flapping of /t/ and no secondary stress)
can be predicted by positing different underlying vowels ˜ /m¥to/  vs. /veƒt¥/, even
though the vowel qualities of the two words are surface identical. Words such as
relevance are claimed to contain an abstract non-high front glide, whose function
is to trigger assibilation of /t/ and then delete, so relevance would derive from
/relevante/, /e/ representing a non-syllabic non-high front vocoid (a segment not
attested in any language to date).

It is not sufficient to simply reject these analyses as being too abstract,
since that would amount to circularly answering the abstractness controversy by
fiat. We need to pair that rejection with an alternative analysis that states what we
do do with these words, and this reanalysis formed a significant component of
post-SPE research. More importantly, we need to identify the methodological as-
sumptions that resulted in these excessively abstract analyses. One point which
emerged from this debate is that a more conservative stance on word-relatedness is
called for. A core assumption in doing a phonological analysis is that we establish
and underlying representations whereby related words can be derived from a uni-
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fied source by the application of phonological rules. The concept ‘related word’
needs to be scrutinized carefully, because liberally assuming that all ‘related
words’ have common underlying forms can yield very abstract analyses.

Word Relatedness. Consider word pairs such as “happy” / “glad”, “tall” / “long”
and “young” / “old”. Such words are “related”, in having similar semantic proper-
ties, but they are not morphologically related, and no one would propose deriving
both “happy” and “glad” from a single underlying root. Nor would anyone pro-
pose treating such pairs as brain / brandy, pain / pantry, grain / grant as involving
a single underlying root, since there is no semantic relation between members of
the pair. Pairs such as “five” / “punch”, “crane” / “cranberry” are related histori-
cally, but the connection between the words is known only to students of the his-
tory of English. The words “father” and “paternal” are related both semantically
and phonologically, as are “brother” and “fraternal”, or “mother” and “maternal”,
but this does not mean that we can derive “father” and “paternal” from a single
underlying root which is part of the synchronic grammar of English. It may be
tempting to posit relations between “choir” and “chorus”, “foil” and “folly”,
“shield” and “shelter”, or “hole” and “hollow”, but again these do not represent
processes of word formation which are part of modern English grammar.

It is uncontroversial that words such as “cook” and “cooked” or “book”
and “books” are morphologically related: the words share common roots “cook”
and “book”, and there are highly productive morphological processes which de-
rives plurals of nouns and past tense forms of verbs. Any analysis of English word
formation which failed to capture the formal relatedness of these words would be
inadequate, and an analysis of word structure which required such regular present /
past or singular / plural pairs to be independently listed in the lexicon would be
little better than a theory of syntax which required phrases like “Tom slept” and
“Sue slept” to be independently listed. The relation between “tall” and “tallness”
or “compute” and “computability” is similarly undeniable. In such cases, the syn-
tactic and semantic relations between the words is transparent and the morphologi-
cal processes represented are regular and productive.

Some morphological relations are not so clear: -ment attach to some verbs
such as bereavement, achievement, detachment, deployment, payment, placement,
allotment, but it is not fully productive since we don’t have *thinkment, *takement,
*allowment, *intervenement, *computement, *givement. There are a number of
verb / noun pairs like explain / explanation, decline / declination, define / defini-
tion, impress / impression, confuse / confusion which involve affixation of -(Vt)-
ion, but is not fully productive as shown by the nonexistence of pairs like contain /
*contanation, refine / *refination, stress / *stression, impose / *imposion, abuse /
*abusion. Since it is not totally predictable which -ion nouns exist or what their
exact form is, it is plausible that these words are just listed in the lexicon. If each
word is listed in the lexicon, there is no reason why the words could not have
slightly different underlying forms.
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It is thus legitimate to question whether pairs such as verbose / verbosity,
profound / profundity, divine / divinity represent cases of synchronic derivation
from a single underlying root, rather than being phonologically and semantically
similar pairs of words, which are nevertheless entered as separate and formally
unrelated lexically items. The question of how to judge formal word-relatedness
remains controversial to this day, and with it, many issues pertaining to phonologi-
cal abstractness.

2. Independent Evidence: Historical Restructuring

Kiparsky’s seminal 1968 paper ‘How Abstract is Phonology’ raises the
question whether limits on abstractness are possible and desirable. Kiparsky’s par-
ticular concern is the postulation of segments which are never realized in the lan-
guage, cases where the language is assumed to have an underlying distinction be-
tween two segments which are always phonetically merged. A classic example of
this kind of abstractness is Hungarian, which has a vowel harmony rule where suf-
fix vowels agree with the preceding vowel in backness, e.g. ha:z-am “my house”,
fu‰l-em “my ear”, ke:s-em “my knife”, vi:z-em “my water”. A relatively small
number of roots with the front vowels i:, i  or  e: always have back vowels in suf-
fixes, e.g. he:j-am “my rind”, nyi:l-am “my arrow”. The abstract analysis proposed
for these roots is that they have underlying back vowels /i½/, /i½:/ and /¦:/, and a rule
fronts these vowels neutralizing /i½/, /i½:/ with /i/, /i½:/ and /¦:/ with /e:/. This move
makes thse roots phonologically regular. The reasoning is that since these surface
front vowels seem to act as though they are back vowels, in terms of the vowel
harmony system, maybe they really are back vowels at a deeper level.

Kiparsky terms this kind of analysis absolute neutralization, to be distin-
guished from contextual neutralization. In contextual neutralization, the distinc-
tion between two underlying segments is neutralized in some contexts, but is pre-
served in others. Final devoicing in Russian is contextual neutralization because in
the words /porok/ and /porog/, the distinction between k and g is neutralized in the
nominative singular [porok], but is maintained in genitive [poroka] vs. [poroga].
With absolute neutralization, the distinction is eliminated in all contexts, and thus
in Hungarian, /i½/ is always neutralized with /i/. Kiparsky argues that while contex-
tual neutralization is common and has demonstrable psychological reality, absolute
neutralization is a theoretically constructed fiction.

In arguing against the possibility of absolute neutralization in a language,
Kiparsky faces the challenge that a number of cases of such abstractness had been
postulated, so good reasons for rejecting those analyses must be found. Kiparsky
focuses on the extent to which the psychological reality of theoretical constructs
can be measured ˜ this is an important consideration since linguistic theories are
usually intended to be models of the psychological processes underlying linguistic
behavior. The problem is that it is impossible to directly test whether linguistic
constructs are psychologically valid by any simple or obvious tests. Linguistic
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properties are highly abstract, and not easily tested in the same way that one can
experimentally test the ability to perceive touch or distinguish colors or sounds.
Kiparsky argues that one can, in certain circumstances, use the pattern of language
change as a theory-external test of linguistic theories. It is argued that evidence
from historical sound change can provide just such a test.

An abstract phonological distinction cannot be justified on the basis of the
fact that two historically distinct sounds merge in in the history of a language, so
even if is shown that Hungarian he:j “rind” and nyi:l “my arrow” derive from ear-
lier *h¦:j and *nyi½:l, this would not be evidence for an abstract underlying form in
modern Hungarian. A child learning the language has no access to this kind of
historical information. What Kiparsky points out is that one can inspect a later
stage of a language to gain valuable insights into the analysis of a language that
was actually given at an earlier stage of the language, and then adduce general
principles about grammars based on such independent evidence.

2.1. Yiddish final devoicing

The history of Yiddish devoicing provides one important example of his-
torical evidence bearing on the abstractness controversy. In the oldest forms of
German, represented by Old High German, there was no restriction against word-
final voiced consonants, so Old High German had words like tag ‘day’ ~ tag-a
‘days’, gab ‘he gave’ ~ gaƒbumes ‘we gave’, sneid ‘he cut’ ~ sn™ƒdan ‘to cut’, hand
‘hand’ , land ‘land’. Between 900 and 1200 in the Middle High German period, a
rule of devoicing was added, which resulted in tac ‘day’ ~ tage ‘days’, gap ‘he
gave’ ~ gaƒben ‘we gave’, sneit ‘he cut’ ~ sn™ƒden ‘to cut’, hant ‘hand’ ~ hende
‘hands’, wec ‘road’ ~ weges ‘roads’.

Around this time, Yiddish began to develop as a language separate from
German, and would have shared this devoicing rule. Devoicing of final consonants
in Yiddish is attested in manuscripts from the 13th century where “day” is written
<tak>, using the letter kuf [k] and not gimel [g]. In some dialects, such as Central
and Western Yiddish, this devoicing persists up to today, where you find tak “day”
~ tag-n “days”, lant “land” ~ lend-¦r “lands”, with the stem final voiced conso-
nants of /tag/, /land/ undergoing final devoicing in the singular. In some dialects
such as the Northeastern dialect of Yiddish, the devoicing rule was lost from the
grammar, so that dialect has tog “day” ~ tog-n “days”, where the originally voiced
consonant actually re-appears as voiced. This process where an earlier sound
change is dropped from the grammar is known as reversal of sound change.

There are what appear to be mysterious exceptions to the generalization
that original voiced consonants are restored in Northeastern Yiddish. One such
case is the word gelt “money”, which derives historically from geld with a voiced
consonant. The explanation for the different treatments of gelt and tag, words
which both ended with voiced consonants at earlier stages of the language, is based
on differences in the presence or absence of phonological alternations within the
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paradigm of a word. In the case of tag, the plural form had a suffix -n, and so while
the singular was subject to devoicing, the plural was not: this word had the para-
digmatic alternations [tak] ~ [tagn]. On the basis of these alternations, a child
learning the language would have no problem discovering that the underlying form
of the stem is /tag/. It is expected that once the final devoicing rule is lost, the un-
derlying form /tag/ resurfaces since there is no longer a devoicing rule.

In the word gelt, the situation was different. There was no inflectional
ending which followed this particular noun. At the earliest stages of the language,
a child learning the language only encounters [geld], and there would be no basis
for assuming that the underlying form is anything other than /geld/. When the de-
voicing rule was added to the grammar, the pronunciation of the word changed to
[gelt]. Since this particular consonant was always word-final, the devoicing rule
would have always applied to it, so the stem only had the phonetic form [gelt].
Although either /geld/ or /gelt/ as underlying form would yield the surface form
[gelt], there is no reason to assume that the surface and underlying forms are dif-
ferent. A priori criteria may support one decision or the other, but what we need to
know is, what independent test tells us that our reasoning is correct? The loss of
the devoicing rule provides exactly the needed empirical test: it allows us to know
what underlying form Yiddish-learning children must have assumed at this earlier
stage. Knowing the actual underlying form provides an important insight into the
learning strategies that children make during language acquisition.

When the final devoicing rule was added and there are no phonetic alter-
nations in gelt, a child would have no reason to assume that the underlying form of
the word is anything other that /gelt/. The child never hears geld, and has no reason
to think that the underlying form is different from the surface form. At an even
later stage of the language, the rule of final devoicing is dropped from the grammar
of certain dialects. This allows the underlying and historically original voiced con-
sonant of tag to be pronounced again, since it is no longer subject to devoicing and
thanks to the paradigmatic k ~ g alternation the underlying form was established as
being /tag/. This rule loss has no effect on gelt, since despite being derived histori-
cally from a voiced consonant, the final consonant of the stem had been reanalysed
as being an underlying voiceless consonant ˜ a reanalysis which is predicted by
the presumption that an underlying form is different from the surface form only if
there is good reason for assuming so. Because there are no surface alternations for
this word, there was no reason to assume an abstract underlying form.

Another important kind of exception to the reversal of devoicing is seen in
the adverb avek “away”. This word was originally aveg, with a voiced consonant.
This adverb also had no inflected relatives which allowed the underlying voicing
of the final consonant to be unambiguously determined, so once the devoicing rule
is added to the grammar, it was impossible to determine whether the underlying
form was /avek/ or /aveg/. Again, starting from the assumption that underlying
forms do not deviate from surface forms without reason, there is no reason to as-
sume that phonetic [avek] derives from anything other than /avek/, once the word
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is actually pronounced [avek]. The fact that the underlying form is directly re-
vealed as avek in the dialects which dropped devoicing supports this decision.

The example also reveals something interesting about what might (but
does not) constitute a ‘reason’ for abstractness. The adverb avek is historically re-
lated to the noun veg “way”. The voicing of the last consonant in the noun stem
can be recovered within the paradigm given the earlier alternations vek “way” ~
vegn “ways”, because the singular and plural forms of the noun are clearly related
to each other. The evidence from the plural noun had no impact on the child’s de-
cisions about the underlying form for the adverb, since there is no clear synchronic
connection between the adverb and the noun ˜ there is no general process deriv-
ing nouns and adverbs from a unified source, and no good reason to see the kind of
connection between the noun “way” and the adverb “away” that would warrant
deriving the words from a single underlying root. The divergence of the words veg
and avek in the history of Yiddish points out that one cannot gratuitously assume
that any two phonetically and semantically similar words are actually derived from
a single underlying form.

2.2. Byelorussian and Ukranian palatalization

Similar restructuring and rule loss is found in the history of Ukranian and
Byelorussian. In the dialects of proto-Indo-European which developed into proto-
Slavic, certain verbs suffixed -y- in the present tense, so inflectional paradigms
would have included forms such as sid-y-o† “I sit”, sid-e:-ti “to sit”, beg-y-o† “I
run”, beg-i-ti “to run”, plak-y-o† “I cry”, plak-a-ti “to cry”. In later proto-Slavic, a
number of palatalization processes were added, one including one turning dy into j‡
and gy into z‡. With the addition of palatalization, a child learning the language
would encounter phonetic forms such as sij‡-u ~ sid-iti, bez‡-u ~ beg-i-ti and plac‡-u
~ plak-a-ti. The paradigmatic alternations j‡ ~ d in some roots and z‡ ~ g in others
would have resulted in a mildly abstract analysis of the palatals in sij‡u and biz‡u as
deriving from /d/ and /g/, with which they alternate in the verbal paradigm.

Much later in the development of Slavic, a rule was added to the grammars
of the Western Slavic languages (Russian, Byelorussian, and Ukranian), where the
voiced affricate j‡ spirantizes to z‡. This changed the phonetic realization of the ver-
bal alternations, so that children heard siz‡-u ~ sid-iti and biz‡-u ~ big-i-ti. Again, the
pattern of alternations within the paradigm still provides the basis for positing that
siz‡u has an underlying voiced alveolar stop and biz‡u has a voiced velar stop.
Moreover, the fact that the voiceless stops k, t appear as affricates, not fricatives
(cf. plac‡-u “I cry” ~ plak-a-ti “to cry”, moloc‡-u “I thresh” ~ molot-i-ti “to thresh”)
indicates that spirantization is not a direct result of the palatalization process,
which is to say, this change does not reflect a modification of palatalization itself,
but indicates a spirantization ot voiced affricates.

The above scenario also describes the state of affairs in modern Russian.
However, there were two further developments in Byelorussian and Ukranian.
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First, /g/ became Æ in Byelorussian, h in Ukranian. Second, the rule of palatal spi-
rantization was lost, so now Ukranian and Byelorussian have the alternations sij‡u,
sid-iti and biz‡u ~ biÆ-i-ti. The analysis of these forms is straightforward. Given
these phonetic forms, we can assume that the underlying forms of sij‡u and biz‡u are
synchronically /sid-y-u/ and /biÆ-y-u/.

Although original dy therefore appears as j‡ in Ukranian and Byelorussian,
and not as z‡ as it does in Russian, not every original dy shows up as j‡. The word
“middle” mez‡a derives originally from *medyo (ultimately from proto-Indo-
European *medhyo, cognate with English middle). Thus proto-Slavic *medyo is
phonologically parallel to *sedyo†: ˜ why then does dy show up as j‡ in sij‡u but as
z‡ in mez‡a? The answer lies in the fact that there was an active pattern of pho-
nological alternation in the verb between d and j‡ ~ z‡ which allowed the child to
know that the underlying form had /dy/, with a stop. On the other hand, the word
medyo was morphologically isolated ˜it is not related to other words manifesting
the /d/ directly which could have led to the kind of alternations needed to support
an abstract phonological alternation. At the stage when the word was pronounced
medya, there was no reason to assume that the underying form is anything other
than medya. When palatalization was added to the grammar, the word would have
been pronounced mej‡a, and there would be no reason to assume that the underlying
form is other than mej‡a: we predict that the underlying form had to be restructured,
because the child could not know about earlier /medya/. When the rule of palatal
spirantization was added, the surface form was pronounced mez‡a, leading to fur-
ther restructuring, so that the underlying and surface forms are identical lacking
any evidence for a more abstract underlying representation. When the rule of  spi-
rantization is then lost in Ukranian and Byelorussian, we do not expect an affricate
to re-emerge in this word, since the underlying form has been restructured so that it
has an underlying palatal fricative.

2.3. Historical evidence and the treatment of absolute neutralization

Kiparsky draws two main conclusions from these and similar cases. First,
he points out that in lieu of phonological alternations supporting abstractness, the
surface and underlying forms should be assumed to be identical: alternations are
central to supporting an abstract underlying form. Second, and more controver-
sially, these examples are used in an argument against the psychological reality of
absolute neutralization. The argument is as follows. Cases such as Yiddish and
Ukranian show the psychological reality of processes of contextual neutralization,
since contextual neutralization can be reversed. However, there is no known case
where absolute neutralization has been historically reversed: if absolute neutraliza-
tion had the psychological reality of contextual neutralization, we would expect to
find a reversal of absolute neutralization, and we have not. Therefore, putative
cases of absolute neutralization lack psychological reality.
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Kiparsky proposes that morphemes seem to motivate abstract segments are
simply lexical exceptions to the rule in question: they fail to undergo or trigger a
rule. For the problematic roots of Hungarian where front vowels seem to trigger
back harmony, such as he:j-am “my rind”, nyi:l-am “my arrow”, Kiparsky’s pro-
posal is that these roots are simply marked as exceptions to vowel harmony and, on
the assumption that harmonizing suffixes all contain underlying back vowels, the
fact that back vowels appear in suffixes after these roots boils down the the fact
that the suffixes have underlying back vowels, and since these roots do not trigger
vowel harmony the underlying vowel quality is preserved on the surface.

3. Well-motivated Abstractness

While it is certainly true that some putative processes of absolute neutrali-
zation are not well supported and the abstract property only diacritically marks a
root as an exception to one rule rule, there are internally well-supported cases of
absolute neutralization. Two famous cases are found in Yawelmani discussed by
Kisseberth 1969 and Maltese discussed by Brame 1972.

3.1. Yawelmani /u:/

Aspects of Yawelmani have been discussed in chapter 7. Two of the most
important processes are vowel harmony and vowel shortening. The examples in
(30) demonstrate the basics of vowel harmony: a suffix vowel becomes rounded if
it is preceded by a round vowel of the same height.

(30) nonfuture imperative dubitative passive aorist
xat-hin xat-k’a xat-al xat-it eat
dub-hun dub-k’a dub-al dub-ut lead by hand
xil-hin xil-k’a xil-al xil-it tangle
k’oÜ-hin k’oÜ-k’o k’oÜ-ol k’oÜ-it throw

Thus the root vowel /o/ has no effect on the suffixes /hin/ and /it/ but causes
rounding of /k’a/ and /al/˜ and the converse holds of the vowel /u/.

The data in (31) show that long vowels cannot appear before two conso-
nants. These stems have underlying long vowels, and when followed by a conso-
nant-initial affix, the vowel shortens.

(31) nonfuture imperative dubitative passive aorist
dos-hin dos-k’o do:s-ol do:s-it report
säap-hin säap-k’a säa:p-al säa:p-it burn
lan-hin lan-k’a la:n-al la:n-it hear
mek’-hin mek’-k’a me:k’-al me:k’-it swallow
won-hin won-k’o wo:n-ol wo:n-it hide
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Another class of verb roots has the surface pattern CVCV:C ˜ the pecu-
liar fact about these roots is that the first vowel is always a short version of the
second vowel.

(32) nonfuture imperative dubitative passive aorist
p’axat-hin p’axat-k’a p’axa:t-al p’axa:t-it mourn
Üopot-hin Üopot-k’o Üopo:t-ol Üopo:t-it arise from bed
yawal-hin yawal-k’a yawa:l-al yawa:l-it follow

There are problematic roots, illustrated in (33), in terms of their pattern of
vowel harmony. Although the stem vowel in these examples is a mid vowel, a
following non-high vowel does not harmonize ˜ they seem to be exceptions. But
worse, a following high vowel does harmonize with the root vowel, even though
the root mid vowel does not even satisfy the basic phonolgical requirements for
harmony, that the vowels must be of the same height. In the examples [wo:Üuy-
hun],  [do:lul-hun], the second vowel is an epenthetic vowel, thus these roots un-
derlyingly have the shape CV:CC, parallel to [Üa:mil-hin] ~ [Üamlal] “help”.

(33) nonfuture imperative dubitative passive aorist
c’om-hun c’om-k’a c’o:m-al c’o:m-ut destroy
säog-hun säog-k’a säo:g-al säo:g-ut uncork
wo:Üuy-hun wo:Üuy-k’a woÜy-al woÜy-ut fall asleep
do:lul-hun do:lul-k’a doll-al doll-ut climb

A noteworthy property of such roots is that their vowels are always long.
There is another irregularity connected with certain surface mid vowels.

The data in (34) illustrates a set of CVCVV(C) roots, where, as we noticed before,
the two vowels are otherwise identical. In these verbs, the second long vowel is a
non-high version of the first vowel.

(34) nonfuture imperative dubitative passive aorist
hiwet-hin hiwet-k’a hiwe:t-al hiwe:t-it walk
hibey-hin hibey-k’a hibe:y-al hibe:y-it bring water
Üile:-hin Üile-k’ Üile-l Üile-t fan
nine:-hin nine-k’ nine-l nine-t get quiet
säudok’-hun säudok’-k’a säudo:k’-al säudo:k’-ut remove
t’unoy-hun t’unoy-k’a t’uno:y-al t’uno:y-ut scorch
c’uyo:-hun c’uyo-k’ c’uyo-l c’uyo-t urinate

Note too that these stems act irregularly with respect to vowel harmony ˜ they do
not trigger harmony in mid vowels, and thus do not act like mid vowels; and they
exceptionally trigger harmony in high vowels, as high vowels do.
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When you consider the vowels of Yawelmani ˜ [i e a o u e: o: a:] ˜ you
see that long high vowels are lacking in the language. The preceding mysteries are
solved if you assume, for instance, that “scorch” is /tunu:y/. As such, the root
would obey the canonical restriction on the vowels of a bivocalic stem ˜ they are
the same vowel ˜ and you expect /u:/ to trigger harmony on high vowels but not
on mid vowels, as is the case. A subsequent rule lowers /u:/ to [o:], merging the
distinction between underlying /o:/ and /u:/.

The assumption that /u:/ becomes [o:] hence some instances of [o:] derive
from /u:/ explains other puzzling alternations. There is a vowel shortening process
which applies in certain morphological contexts. One context is the causative,
which adds the suffix -a:la and shortens the preceding stem vowel.

(35) nonfuture plain nonfuture causative
tis-hin tis-a:la-hin come out
hoyo:-hin hoy-o:lo-hin have a name
mek’-hin mik’-a:la-hin eat
c’om-hun c’um-a:la-hin destroy

We have seen in (33) that the root [c’o:m] has the phonological characteristics of
an abstract vowel, so given the surface-irregular pattern of vowel harmony in
c’om-hun, c’om-k’a we can see that the underlying vowel must be a high vowel.
The fact that the vowel actually shows up as a high vowel as a result of the mor-
phologically conditioned shortening rule gives further support to the hypothesized
abstract underlying vowel.

The approach which Kiparsky advocates for absolute neutralization does
not work for Yawelmani, in that one cannot simply say that these words are ex-
ceptions. Being an exception has a specific meaning: it means that a given mor-
pheme fails to undergo or trigger a rule which it otherwise would undergo. The
fact that vowel harmony does not apply in c’o:m-al can be handled by saying that
c’o:m- is an exception to vowel harmony. This root does actually trigger vowel
harmony, as shown by c’o:m-ut, and this application of vowel harmony is quite
problematic, since vowel harmony is applying when the formal conditions of the
rule are not even satisfied on the surface. By marking a root as an exception, we
are saying that although the root would be expected to undergo a rule, it simply
fails to undergo the rule. What we have in Yawelmani is something entirely differ-
ent ˜ a form is triggering a rule even though it should not. The exceptionality
analysis also offers no account of stems such as c’uyo:-hun, where the first vowel
should have been a copy of the second vowel but instead shows up as a high
vowel; nor does the exceptionality account have any way to explain why the
‘exceptional’ roots show up with high vowels when the root is subject to morpho-
logical vowel shortening as in c’om-hun ~ c’um-a:la-hin.
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3.2. Maltese /Û/

Another well-supported case of absolute neutralization comes from Mal-
tese. We begin by outlining some basic phonological processes. In the subsequent
section, we consider a number of examples which seem to be inexplicable in terms
of the general phonology of the language if underlying forms are limited to just
those segments which are directly revealed in pronunciation. However, positing an
abstract underlying consonant /Û/ in these words provides a very simple account of
the data, given the independently motivated phonological rules of the language.

3.2.1. BASIC PHONOLOGY OF MALTESE

The examples in (36) examplify two central processes of the language,
namely stress assignment and apocope. Disregarding one consonant at the end of
the word, the generalization is that stress is assigned to the last heavy syllable ˜
one that ends in a (non-final) consonant or one with a long vowel.

(36) se −na “year” sulta −an “king”
Üattu−us “cat” h �du −ura “greenness”

h�a−taf “he grabbed” be −zaÜ “he spat”
h�a−tf-et “she grabbed” be−zÜ-et “she spat”
h �ta−f-t “I grabbed” bza−Ü-t “I spat”
h�ta−f-na “we grabbed” bza −Ü-na “we spat”
ba−ram “he twisted” se−raÜ “he stole”
ba−rm-et “she twisted” se−rÜ-et “she stole”
bra−m-t “I twisted” sra −Ü-t “I stole”
bra−m-na “we twisted” sra −Ü-na “we stole”

The second group of examples also illustrate apocope, which deletes an unstressed
vowel followed by CV. The underlying stems for “grabbed” and “spat” are /h �ataf/
and /bezaÜ/, as seen in the 3 sg. masc. form of the verb. Following the stress rule,
when the 3 sg. fem. suffix -et is affixed, /h�ataf-et/ and /bezaÜ-et/ are stressed on the
initial syllable, which results in intermediate h �a −taf-et and be−zaÜ-et. The intermedi-
ate forms are subject to apocope rule (37), which give the surface forms.

(37)      V • ∅ / __ CV
[-stress]

In the case of /h �ataf-t/ and /bezaÜ-t/, stress is assigned to the final syllable since
that syllable is heavy (only one final consonant is disregarded in making the de-
termination whether a syllable is heavy), and therefore the initial vowel is deleted.
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Two other rules of the language are unstressed-vowel reduction and vowel
harmony. By the former process, motivated by the data in (38), unstressed i re-
duces to e. The underlying form of the 3fs suffix is actually /-it/, and that vowel
can be seen directly when the suffix is stressed. The underlying form of k™®teb is
/kitib/. When stress falls on the first syllable of this root, the second syllable re-
duces to e, but when stress is final, the second syllable has i.

(38) ha−tf-et “she grabbed” h �atf™®t-kom “she grabbed you (pl)”
be−zÜ-et “she spit” bezÜ-™®t-l-ek “she spit at you”
k™®teb “he wrote” kt™®b-t “I write”

Thus the following rule is motivated.

(39)         i     • [-hi]
[-stress]

By vowel harmony, /i/ becomes [o] when preceded by o.

(40) ko −rob “he groaned” ko −rb-ot “she groaned”
s‡o −rob “he drank” s‡o −rb-ot “she drank”

Surface ko −rb-ot derives from /korob-it/ by applying stress assignment, the vowel
harmony in (41), and apocope.

(41) i • [+round] /       V        C0 ___
            [+round]

Based on examples such as h �a −taf ~ h �ta −f-t, we expect any underlying
CVCVC stem to have the shape CCVC when a consonant-initial affix is added.
This is because the addition of a C-initial affix renders the final stem syllable
heavy, so it should be stressed, and since the the first stem vowel is unstressed, it is
deleted by apocope. The examples in (42) show that if the stem begins with a so-
norant, the vowel i is inserted: the initial cluster RC does not occur.

(42) la−Üat “he hit” ro −h �os “it (m) became cheap”
la−Üt-et “she hit” ro −h �s-ot “it (f) became cheap”
ilÜa−t-t “I hit” irh �o −s-t “I became cheap”
ilÜa−t-na “we hit” irh �o −s-na “we became cheap”

ma−rad “he became sick” ne−fah� “he blew”
ma−rd-et “she became sick” ne−fh�-et “she blew”
imra−d-t “I became sick” infa −h �-t “I blew”
imra−d-na “we became sick” infa −h �-na “we blew”
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ma−s‡at “he combed” ne−faÜ “he spent”
mas‡t-et “she combed” ne−fÜ-et “she spent”
ims‡a−t-t “I combed” infa−Ü-t “I spent”
ims‡a−t-na “we combed” infa−Ü-na “we spent”

Given only the stress assignment and apocope rules, we predict that /laÜat-na/ •
lÜa −t-na: the sonorant plus obstruent sequence is eliminated by the following rule.6 

(43) ∅ • i / # ___ [+sonor]  C

These processes can be seen at work in the imperfective conjugation,
which involves a prefix ni- “1st person”, ti- “2nd person” or yi- “3rd person” plus
a suffix -u “plural” for plural subjects. The underlying prefix vowel i is seen in the
following data.

(44) n™®-msah� “I wipe” t™®-msah� “you wipe”
n™®-s‡bah � “I resemble” t™®-s‡bah� “you resemble”
n™®-sh �aÜ “I smash” t™®-sh �aÜ “you smash”
n™®-kteb “I write” t™®-kteb “you write”
n™®-tlef “I lose” t™®-tlef “you lose”

When the first stem vowel is o, the prefix vowel harmonizes to o.

(45) no −-bzoÜ “I spit” to −-bzoÜ “you spit”
no −-krob “I groan” to −-krob “you groan”
no −-h �lom “I dream” to−-h �lom “you dream”
no −-Ütol “I kill” to −-Ütol “you kill”
no −-rbot “I tie” to −-rbot “you tie”
no −-lÜot “I hit” to −-lÜot “you hit”

The stem-initial consonant is important in determining whether there is harmony;
if the first consonant is a coronal obstruent, there appears to be no harmony.

(46) n™®-drob “I wound” t™®-drob “you wound”
n™®-tlob “I pray” t™®-tlob “you pray”
n™®-skot “I become silent” t™®-skot “you become silent”
n™®-zloÜ “I slip” t™®-zloÜ “you slip”
n™®-s‡rob “I drink” t™®-s‡rob “you drink”

                                             
6  The reason why this consonant sequence is disallowed is that it involves a “sonority re-
versal”. The universally preferred order of consonants in the syllable onset places obstru-
ents before sonorants.
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Examples such as no −-bzoÜ show that the coronal obstruent must be immediately
after the prefix vowel to have a blocking effect on harmony. The explanation for
this apparent failure of harmony is simply that there is a rule fronting o when a
coronal obstruent follows.

(47) o • [-back] / __   
son-
cor+










Another process lowers /i/ to a before the “guttural” consonants Ü and h�.

(48) na−-Üsam “I divide” ta −-Üsam “you divide”
na−-Übad “I seize” ta −-Übad “you seize”
na−-Übez “I jump” ta −-Übez “you jump”
na−-Übel “I agree” ta −-Übel “you agree”
na −-h �rab “I flee” ta−-h�rab “you flee”
na−-h�raÜ “I burn” ta −-h�raÜ “you burn”
na−-h�dem “I work” ta −-h�dem “you work”
na −-h �leb “I milk” ta−-h�leb “you milk”

This motivates the following rule of Guttural Lowering.7 

(49) i • [+low] / __     C
 [+low]

The data in (50) and (51) illustrate another phonological process of the
language. In the imperfective form, when the verb stem has a medial obstruent, the
prefix vowel is stressed on the surface and the medial stem vowel deletes before
the suffix -u.

(50) n™®-msah� “I wipe” n™®-msh �-u “we wipe”
n™®-zfen “I dance” n™®-zfn-u “we dance”
no −-bzoÜ “I spit” no−-bzÜ-u “we spit”
n™®-dh �ol “I enter” n™®-dh �l-u “we enter”
na−-Üsam “I divide” na −-Üsm-u “we divide”
na−-h�dem “I work” na −-h �dm-u “we work”

                                             
7  The treatment of the pharyngeal h � as [+low] is uncontroversial, but assigning glottal stop
that feature contradicts the standard definition of [+low]. Recent research in feature theory
shows that there needs to be a feature including laryngeal glides in a class with low vowels
and pharyngeal consonants.
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This is as expected: underlying /ni-msah �-u/ is assigned stress on the first syllable,
and the medial unstressed vowel deleted because it is followed by CV. The exam-
ple [no −bzÜu] from /ni-bzoÜ-u/ shows that harmony must precede apocope, since
otherwise apocope would have deleted the stem vowel which triggers harmony.

When the second stem consonant is a sonorant, in the presence of the suf-
fix -u the prefix has no stress, and the stem retains its underlying vowel, which is
stressed.8 

(51) n™®-dneb “I sin” ni-d™®nb-u “we sin”
n™®-tlef “I lose” ni-t™®lf-u “we lose”
n™®-tlob “I pray” ni-to −lb-u “we pray”
no −-krob “I groan” no-ko −rb-u “we groan”
no−-Ümos “I kick” no-Üo −ms-u “we kick”
na −-h �rab “I flee” na-h �a −rb-u “we flee”
na−-h�raÜ “I burn” na-h �a−rÜ-u “we burn”
na−-Üleb “I overturn” na-Ü™®lb-u “we overturn”
na −-h �leb “I milk” na-h �™®lb-u “we milk”

Based solely on stress assignment and apocope, as illustrated in (50), we would
predict *n™®dnbu, *no −tlbu. This again would result in an inattested consonant cluster
in the syllable onset ˜ a sonorant followed by an obstruent ˜ which is avoided
by a process of vocalic metathesis whereby n™®-tlif-u • ni-t™®lf-u.

In some stems which undergo this process of metathesis, the stem vowel
alternates between i and a.

(52) n™®-frah � “I rejoice” ni-f™®rh �-u “we rejoice”
n™®-tlaÜ “I leave” ni-t™®lÜ-u “we leave”
n™®-sraÜ “I steal” ni-s™®rÜ-u “we steal”

The underlying stem vowel is /i/ in these cases. When no vowel suffix is added,
underlying /ni-frih�/ becomes [n™®-frah �] by Guttural Lowering (49). When the suffix
-u is added, the process of stem-internal metathesis moves underlying /i/ away
from the guttural consonant which triggers this lowering process, hence the under-
lying vowel is directly revealed.

The stems which we have considered previously are of the underlying
shape CVCVC. There are also stems with the shape CVVC, illustrated in the per-
fective aspect in (53).

                                             
8  Recall that unstressed i reduces to [e], so surface [n™®-dneb] derives from /ni-dnib/. The
underlying high vowel is revealed with the stem vowel is stressed, as in [nid™®nbu].
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(53) da−ar “he turned” sa −ar “it (masc.) grew ripe”
da−ar-et “she turned” sa−ar-et “it (fem.) grew ripe”
da−ar-u “they turned” sa −ar-u “they grew ripe”
do −r-t “I turned” s™®r-t “I became ripe”
do −r-na “we turned” s™®r-na “we became ripe”
do −r-tu “you turned” s™®r-tu “you became ripe”

These stems exhibit a process of vowel shortening where aa becomes o or i (the
choice is lexically determined) before a CC cluster.

(54) aa • i,o / __ CC

When the imperfective prefixes ni-, ti- are added to stems beginning with a
long vowel, stress is assigned to that vowel and the prefix vowel is deleted. In the
case of the first person prefix /ni/, this results in an initial nC cluster, which is re-
paired by inserting the vowel i.

(55) in-du −ur “I turn” in-s™®ir “I become ripe”
t-du −ur “you turn” t-s™®ir “you become ripe”
in-su −uÜ “I drive” in-z™®id “I add”
t-su−uÜ “you drive” t-z™®id “you add”

From underlying /ni-duur/, one would expect stress to be assigned to the final syl-
lable because of the long vowel. Since the vowel of the prefix /ni/ would therefore
be unstressed and in an open syllable, that vowel should delete, giving ndu −ur. The
resulting illicit syllable onset is thus repaired by inserting the vowel i.

3.2.2. APPARENT IRREGULARITIES

A number of verbs seem to be irregular, and yet they are systematic in
their irregularity: the irregularity is only in terms of the surface form, which can be
made perfectly regular by positing an abstract underlying consonant /Û/. One set of
examples is seen in the data in (56), where the stem contains a surface long vowel.
This long vowel is unexpectedly skipped over by stress assignment, unlike verbs
with underlying long vowels such as in-duur “I turn” seen in (53).

(56) n™®-sool “I cough” ni-so −ol-u “we cough”
n™®-soob “I lament” ni-so −ob-u “we lament”
n™®-laab “I play” ni-la −ab-u “we play”
n™®-baat “I send” ni-ba −at-u “we send”
no −-Üood “I stay” no-Üo −od-u “we stay”
no −-bood “I hate” no-bo −od-u “we hate”
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The location of stress and the retention of the prefix vowel in no −-Üood is parallel to
the retention of the prefix vowel in other tri-consonantal stems in (44)-(48), such
as n™®-msah � “I wipe”. If the underlying stem of n™®-sool had a consonant, i.e. were
/sXol/ where X is some consonant yet to be fully identified, the parallelism with
ni-msah � and the divergence from in-du −ur would be explained. The surface long
vowel in n™®sool would derive by a compensatory lengthening side effect coming
from the deletion of the consonant X in /n™®-sXol/.

Another unexpected property of the stems in (56) is that when the plural
suffix -u is added, the prefix vowel is stressless and unelided in an open syllable,
and the stress shifts to the stem, e.g. ni-so −ol-u “we cough”. Thus contrast ni-so −ol-u
with n™®-msh �-u “we wipe” which differ in this respect, and compare ni-so −ol-u to ni-
s‡o −rb-u “we drink” which are closely parallel. Recall that if the medial stem conso-
nant is a sonorant, expected -CRC-V undergoes metathesis of the stem vowel
around the medial consonant, so /ni-s‡rob-u/ becomes ni-s‡o −rb-u (creating a closed
syllable which attracts stress). If we hypothesize that the stem “cough” is /sXol/,
then the change of /ni-sXol-u/ to ni-so −Xl-u (phonetic niso −olu) would make sense,
and would further show that X is a sonorant consonant: Û qualifies as a sonorant (it
involves minimal constriction in the vocal tract).

Another pecularity of these stems is the fact that their long vowels resist
shortening before CC.

(57) so −ol “he coughed” so −olt “I coughed” so −olna “we coughed”
so −ob “he lamented” so−obt “I lamented” so −obna “we lamented”
Üa −ad “he stayed” Üa −adt “I stayed” Üa −adna “we stayed”
ba−ad “he hated” ba−adt “I hated” ba−adna “we hated”

In contrast to examples in (53) such as da −ar ‘he turned’, do −r-t “I turned” with
vowel shortening before CC, these long vowels do not shorten. Continuing with
the hypothesis of an abstract underlying consonant in /soXol/, we can explain the
preservation of the long vowel in [so −olt] if we assume that this form derives from
sXol-t, where deletion of X (which we suspect is specifically Û) lengthens the
vowel, but does so after the rule of vowel shortening has applied.

There is a further anomaly in a subset of stems with the consonant X in the
middle of the root: if the initial stem consonant is a sonorant, then epenthetic i ap-
pears when a consonant-initial (stress-attracting) suffix is added. Compare the ex-
amples in (58a) where the first consonant is not a sonorant with those in (58b)
where the first consonant is a sonorant.

(58) a. Üa −ad “he stayed” Üa −adt “I stayed”
ba−ad “he hated” ba−adt “I hated”
so −ol “he coughed” so −olt “I coughed”
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b. ma−ad “he chewed” ima−adt “I chewed”
na−as “he dozed” ina −ast “I dozed”
la−aÜ “he licked” ila−aÜt “I licked”

The verbs in (58b) behave like those in (42), e.g. la −Üat “he hit” ~ ilÜa −t-t “I hit”
where initial RC undergoes insertion of vowel i. The forms in (58b) make sense on
the basis of the abstract forms that we are assuming, ma −Ûad ~ mÛa −dt, where the
latter form undergoes vowel epenthesis and then the consonant Û deletes, lengthen-
ing the neighboring vowel. Before Û is deleted, it forms a cluster with the preced-
ing sonorant, which triggers the rule of epenthesis.

Other mysteries are solved by positing this consonant in underlying forms.
In the following examples in the perfective tense, the first stem consonant appears
to be a coronal obstruent. We have previously seen that when the stem initial con-
sonant is a coronal obstruent, there is no vowel harmony (or, vowel harmony is un-
done) as in n™®-tlob “I pray”, so the examples in (59) are exceptional on the surface.
In addition, the prefix vowel is long, whereas otherwise is has always been short.

(59) no −odos “I dive” to −odos “you dive”
no −oj‡ob “I please” to −oj‡ob “you please”
no −otor “I stumble” to −otor “you stumble”

These forms are unexceptional if we assume that the initial consonant of the stem
is not d, j‡, t, but the abstract consonant Û, thus /Ûdos/, /Ûj‡ob/, /Ûtor/: Û is not a
coronal obstruent, so it does not cause fronting of the prefix vowel.

Other examples, where the stem vowel is not /o/, provide crucial evidence
regarding the nature of this abstract consonant. The data in (60) show a lengthened
prefix vowel, which argues that the stems underlyingly have the initial abstract
consonant that deletes and causes vowel lengthening.

(60) na−alaÜ “I close” ta −alaÜ “you close”
na−asar “I squeeze” ta−asar “you squeeze”
na−aras‡ “I tickle” ta−aras‡ “you tickle”

In addition, the quality of the prefix vowel has changed from /i/ to [aa], even
though in these examples the consonant which follows on the surface is a coronal.
If the abstract consonant is a pharyngeal, then the vowel change is automatically
explained by the Guttural Lowering rule.

We have considered stems where the first and second root consonants are
the consonant Û: now we consider root-final Û. The data in (61) shows examples of
verbs whose true underlying stems in the perfective are CCV.
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(61) na−-Üra “I read” na −-Üra-w “we read”
n™®-mla “I fill” n™®-mla-w “we fill”

The plural suffix /u/ becomes [w] after final a. Although the second consonant is a
sonorant, the metathesis rule does not apply in na −Üraw because no cluster of con-
sonants containing a sonorant in the middle would result.

Now compare verbs with a medial sonorant where the final consonant is
hypothesized /Û/. The singular columns do not have any striking irregularities
which distinguish them from true CVCV stems.

(62) n™®-sma “I hear” ni-s™®ma-w “we hear”
n™®-zra “I sow” ni-z™®ra-w “we sow”
n™®-bla “I swallow” ni-b™®la-w “we swallow”
na−-Üla “I earn” na-Ü™®la-w “we earn”

The prefix vowel is unstressed and in an open syllable, which is found only in
connection with metathesis: but metathesis is invoked only to avoid clusters of the
forms CRC, which would not exist in hypothetical *[n™®blau]. This can be explained
if we assume that the stem ends with /Û/ Thus /ni-smiÛ-u/ would be expected to
surface as nis™®mÛu, by analogy to /ni-tlob-u/ • [nito −lbu] “we ask”. The consonant
/Û/ then induces lowering of the vowel i, and Û itself is deleted, giving the surface
form.

A final set of examples provides additional motivation for assuming under-
lying Û. Participles are formed by giving the stem the shape CCVVC, selecting ei-
ther ii or uu. As the data in (63) show, stems ending in the consonant /Û/ realise
that consonant as [h �] after long high vowels.

(63) Üa −tel “he killed” Üt™®il “killing” maÜtu −ul “killed”
h�a−taf “he grabbed” h �t™®if “grabbing” mah �tu −uf “grabbed”
k™®teb “he wrote” kt™®ib “writing” miktu −ub “written”
fe−tah� “he opened” ft™®ih � “opening” miftu −uh � “opening”
te−fa “he threw” tf™®ih � “throwing” mitfu −uh � “thrown”
ba−la “he swallowed” bl™®ih � “swallowing” miblu −uh � “swallowed”
Üa −ta “he cut” Üt™®ih� “cutting” maÜtu−uh � “cut”
Üa −la “he earned” Ül™®ih� “earning” maÜlu −uh � “earned”

These data provide evidence bearing on the underlying status of the ab-
stract consonant, since it actually appears on the surface as a voiceless pharyngeal
in (63). Although the forms of the participials [ft™®ih �] and [tf™®ih �] are analogous, we
can tell from the inflected forms [fe −tah �] “he opened” versus [te −fa] “he threw” that
the stems must end in different consonants. The most reasonable assumption is that
the final consonant in the case of [te −fa] is some pharyngeal other than [h �], which
would be [Û]. Thus at least for verb stems ending in /Û/, the underlying pharyngeal



Abstractness and Psychological Reality 367

status of the consonant can be seen directly, even though it is voiceless. Since the
abstract consonant can be pinned down rather precisely in this context, we can rea-
son that in all other contexts, the abstract consonant must be /Û/ as well.

The crucial difference between these examples of abstractness and cases
such as putative /i½/ and /¦/ in Hungarian, or deriving [¥y] from /¤ƒ/ in English, is
that there is strong language-internal evidence for the abstract distinction /u:/ vs.
/o:/ in Yawelmani, or for the abstract consonant /Û/ in Maltese.

4. Grammar-external evidence for abstractness

Yawelmani and Maltese provide well-motivated abstract analyses, based
on patterns of alternation in the grammar. We would still like to find grammar-
external that abstract analyses can be psychologically valid reality, analogous to
the historical arguments which Kiparsky adduced from the history of Yiddish and
Ukranian as supporting a more surface-oriented approach to phonology.

4.1. Abstract analysis and historical change: Tera

One such argument for the psychological reality of abstract analysis comes
from Tera. Newman 1972 provides a synchronic and diachronic argument for ab-
stract phonology, where similar surface forms have different underlying forms.

The synchronic argument. The data in (64) illustrate a basic alternation in Tera.
Certain nouns ending in [i] in their citation forms lack that vowel in phrase medial
contexts.

(64) na seÌi “this is a snake” na seÌ  Ëa “this is not a snake”
na deËi “this is gum” na deË Ëa “this is not gum”

dala wa wuÌi “Dala pointed”
dala wa wuÌ  koro “Dala pointed at the donkey”
dala wa mbuki “Dala threw”
dala wa mbuk koro “Dala threw at the donkey”

Not all words ending in [i] prepausally enagage in this alternation, as the data in
(65) demonstrate.

(65) na wuÌi “this is milk” na wuÌi Ëa  “this is not milk”
a saËi “this is a stick” na saËi Ëa “this is not a stick”

Given a vowel ~ ∅ alternation plus a set of stems which are invariantly i-
final in (65), we might be led to surmise that the stems in (64) are C-final, and take
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an epenthetic vowel [i] phrase-finally. This can be ruled out given the data in (66),
where the stem ends in a consonant both phrase-medially and phrase-finally.

(66) na ruf “this is a baboon” na ruf Ëa “this is not a baboon”
tin zoË “she is a slob” tin zoË Ëa “she is not a slob”
na ËoÏ “this is white” na ËoÏ Ëa “this is not white”

A completely surface-oriented account where the underlying form morpheme must
be one of the surface variants of the morpheme is untenable: the nouns in (64) have
a variant with the vowel [i] but selecting /i/ for the underlying form would fail to
distinguish (64) from (65) which always have [i], and the nouns of (64) also have a
variant with no final vowel but the nouns in (66) always lack a final vowel.

Other roots of the variable-final type give evidence that the problematic
stems in (64) uunderlyingly end in schwa. The data in (67) provide monosyllabic
words which have the shape Ci prepausally and C¦ phrase medially.

(67) dala wa zäi “Dala received”
dala wa zä¦ sule “Dala received a shilling”
dala wa Ìi “Dala went”
dala wa Ì¦ goma “Dala went to the market”

These words contrast with ones that have invariant [i] in both contexts.

(68) dala wa zäi “Dala paid”
dala wa zäi sule “Dala paid a shilling”
dala wa vi “Dala roasted”
dala wa vi zäu      “Dala roasted meat”

For the stems in (67), an obvious and nonabstract solution is available: the
stems end with /¦/, and that there is a rule turning schwa into [i] prepausally.

(69) ¦ • i / ___ ##

This rule applies in dala wa Ìi “Dala went” from dala wa Ì¦, but final schwa is
unaffected in dala wa Ì¦ goma “Dala went to the market”. The stems in (68) do
not alternate since they end in the vowel /i/. This solution is nonabstract since the
underlying form, /Ì¦/, is one of the observed surface variants, and as we have em-
phasised throughout this book, citation forms do not have a special position in
terms of the logic of discovering an underlying form.

There are other stems with final [i] prepausally and [¦] phrase medially.

(70) na p¦rsi “this is a horse”
na p¦rs¦ Ëa “this is not a horse”
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dala wa k¦di “Dala pulled”
dala wa k¦d¦ koro “Dala pulled a donkey”

These stems all either have the shape [CVCC¦] phrase-medially, or else [CVZ¦]
where Z is a voiced consonant.

This gives the following groups of stems with an underlying final schwa.

(71) Stem shape medial prepausal
C¦ C¦ Ci
CVCC¦ CVCC¦ CVCCi
CVZ¦ CVZ¦ CVZi
CVC¦ CVC CVCi

For most of these stems, postulating underlying schwa is quite concrete, since
schwa actually surfaces in phrase-medial context. However, in polysyllabic stems
such as deËi ~ deË with a single voiceless consonant before the final schwa, the
analysis is abstract because schwa is never phonetically manifested. The decision
that the vowel in question is schwa is based on analogy with a known behavior of
schwa: it becomes [i] prepausally.

Our analysis requires a rule delete word-final phrase-medial schwa provid-
ing the stem is polysyllabic and ends only in a single voiceless consonant.

(72) ¦ • ∅ /  V     C       ___  # ...
        [-voice]

More evidence supports abstract schwa in certain words. The examples in
(73a) show that when a vowel -a marking definite nouns is suffixed to a stem such
as /p¦rs¦/ which ends in schwa, schwa deletes, whereas underlying /i/ is not de-
leted. The data in (73b) show the same thing with the imperative suffix /u/.

(73) a. p¦rsi  – /p¦rs¦/ “horse” p¦rs-a “the horse”
wuÌi “milk” wuÌi-a “the milk”

b. vi “to roast” vi-u “roast!”
Ìi  –  /Ì¦/ “to go” Ì-u “go!”
k¦di – /k¦d¦/ “to pull” k¦d-u “pull!”
mbuki  – /mbuk¦/ “to throw” mbuk-u “throw!”

This motivates a rule of prevocalic schwa deletion, which provides another diag-
nostic that differentiates schwa from /i/.

(74) ¦ • ∅ / __ V
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Although “throw” only has the surface variants [mbuki] ~ [mbuk], it behaves ex-
actly like stems such as /k¦d¦/ where schwa is phonetically realized, and acts un-
like /vi/, in losing its final vowel before another vowel.

Finally, there is an allomorphic variation in the form of the adjective suffix
-kandi, which shows up as -kandi when the stem ends in a vowel (saËir taÌa-kandi
“heavy stick”) and as -ndi when the stem ends in a consonant (saËir teËer-ndi
“straight stick”). The stem “long” ends in abstract schwa, since it alternates be-
tween final [i] (saËira k¦ri “the stick is long”) and medial ∅ (saËira k¦r Ëa “the
stick is not long”). Furthermore, the stem selects the post-vocalic variant of the
adjective suffix (saËir k¦r-kandi “long stick”), even though on the surface the stem
ends with a consonant and not a vowel. This anomaly is explained by the hypothe-
sis that the stem does in fact end in a vowel, namely schwa.

The diachronic argument. Thus multiple lines of argument establish the presence
of an abstract vowel schwa in a number of words in the synchronic grammar of
Tera. A recent sound change in Tera provides a grammar-external test of the valid-
ity of the abstract hypotheses. In one particular dialect of Tera, spoken in the town
of Zambuk, a phonological rule was added to the grammar which palatalized t, d
and Ì to c, j and j’ before i. In comparison, the dialect of Tera spoken in Wuyo is
representative of the rest of Tera, in retaining the original alveolars. Thus we find
Wuyo da, Zambuk da “one” with no palatalization before a, but Wuyo di, Zambuk
ji “to get up” where d palatalizes in the Zambuk dialect. There are synchronic al-
ternations which further motivate this palatalization process in the contemporary
grammar of the Zambuk dialect, so where the Wuyo dialect has xat-a “my
brother”,  xat-in “his brother”, the Zambuk dialect has xat-a, xac-in. In Wuyo one
finds wuÌi “milk” and in Zambuk one finds wuj’i, deriving from /wuÌi/ ˜ that the
final vowel is /i/ and not /¦/ is shown by the phrase medial form wuÌi.

While palatalization is active in the Zambuk dialect, it does not affect all
surface sequences of alveolar plus [i], in particular it does not affect [i] which de-
rives from schwa. In the Wuyo dialect “to pull” is k¦di before pause, k¦d¦ medially
(cf. dala wa k¦d¦ koro ‘Dala pulled a donkey’), and therefore we know that the
stem is /k¦d¦/. In the Zambuk dialect, the medial form is also k¦d¦, showing that
the stem does end in schwa in that dialect, and the prepausal form is k¦di. Thus
palatalization does not apply to the output of final schwa-fronting: the failure of
palatalization to apply to this derived [di] sequence provides another diagnostic of
the distinction between /i/ and [i] derived from /¦/.

Further confirming our hypothesis about abstract schwa, the stem /wuÌ¦/
“to point” which appears in the Wuyo dialect as wuÌi prepausally and as wuÌ me-
dially (dala wa wuÌ koro “Dala pointed at a donkey”) appears as wuÌi in the Zam-
buk dialect, without palatalization, as is regularly the case with the vowel [i] de-
rived from /¦/. The fact that the innovative sound change of palatalization found in
the Zambuk dialect is sensitive to the sometimes abstract distinction between un-
derlying versus derived schwas, especially in cases such as /wuÌ¦/ where the pos-
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tulated schwa is truly abstract since it never appears on the surface, gives important
support to the claim that abstract underlying forms can be psychologically real.

4.2. Abstract reanalysis in Kimatuumbi NC sequences

Other historical evidence for the reality of abstract phonology comes from
a historical reanalysis of postnasal consonants in the Bantu language Kimatuumbi.
Nouns in Bantu languages are composed of a prefix plus stem, and the prefix
changes between singular and plural. For example the proto-Bantu word mu-ntu
“person” contains the Class 1 prefix mu- marking certain singular nouns, and the
plural ba-ntu “people” contains the Class 2 prefix ba-. Different nouns take differ-
ent noun-class prefixes (following the tradition of historical lingusitics, recon-
structed forms are marked with an asterisk).

(75) PB singular class PB plural class gloss
*m¡-nt¡ 1 *ba-nt¡ 2 person
*m¡-g¡nda 3 *mŸ-g¡nda 4 field
*li-tako 5 *ma-tako 6 buttock
*m-paka 9 *dim-paka 10 cat
*l¡-badu 11 *dim-badu 10 rib

A post-nasal voicing rule was added in the Proto-Rufiji-Ruvuma subgroup
of Bantu (a subgroup which includes Kimatuumbi), so that original *mpaka “cat”
came to be pronounced mbaka in this subgroup.

(76) Proto-Bantu Kimatuumbi
*mpaka mbaka “cat”
*ÏkaÏga ÏgaaÏga “guinea fowl”
*ntembo ndeembo “elephant”
*m¡nt¡ muundu “person”
*mpembe mbeembe “horn”
*Ïk¡Ïg¡nŸ ÏguuÏguni “bedbug”

cf. *mbabada mbabala “bushbuck”
*mb¡di¾ mbwi “goat”
*mb¡a mbwa “dog”

Another inconsequential change affecting this subgroup of languages is that the
class 10 prefix, originally *din-, lost di, so the class 10 prefix became completely
homophonous with the class 9 prefix.

In the Nkongo dialect of Kimatuumbi, there was a change in the morpho-
logical system so that nouns which were originally assigned to classes 9-10 now
form their plurals in class 6, with the prefix ma-. Earlier *Ïaambo “snake ~
snakes” now has the forms Ïa −ambo “snake” / ma-Ïa −ambo “snakes”.
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Given a surface form [mbwa] “dog” (from proto-Bantu *m-b¡a), origi-
nally in noun class 9-10, the phonetically concrete analysis is that the underlying
form in proto-Rufiji is /m-bwa/. It is always pronounced as [mbwa], and the root is
always preceded by a nasal prefix since both the singular and plural prefixes end in
a nasal. No alternations in the phonetic realization of the initial consonant would
give reason to think that phonetic [b] derives from underlying /b/. By the same rea-
soning, we predict that the underlying form of earlier mpaka “cat” is reanalysed as
/b/, once the word came to be pronounced as mbaka in all contexts.

The restructuring of the morphological system on Nkongo Kimatuumbi
whereby the original class pairing 9-10 is reanalyzed as 9-6 allows us to test this
prediction, since nouns with their singulars in class 9 no longer have a nasal final
prefix in all form: the plural has the prefix ma-. As the following data show, the
concrete approach is wrong.

(77) Proto- Kimatuumbi Original Innovative
Bantu singular plural plural
*m-pembe m-beembe m-beembe ma-peembe “horn”
*Ï-k¡k¡ Ï-guku Ï-g¡k¡ ma-kuku “chicken”
*m-b¡a m-bwa m-bwa ma-pwa “dog”
*m-babada m-babala m-babala ma-pabala “bushbuck”
*m-b¡di m-bwi m-bwi ma-pwi “goat”
*m-baÏgo m-baaÏgo m-baaÏgo ma-paaÏgo “warthog”
*m-b¡t¡ka m-b¡t¡ka m-b¡t¡ka ma-p¡t¡ka “antelope”

We see that while the distinction between /mp/ and /mb/ was neutralized, it was
neutralized in favor of a phonetically more abstract consonant /p/ rather than the
concrete consonant /b/.

This reanalysis did not affect all nouns which had a singular or plural in
class 9-10; it affected only nouns which originally had both their singulars and plu-
rals in this class, i.e. only those nouns lacking alternation. Nouns with a singular in
class 11 and a plural in class 10 preserve the original voicing of the consonant.

(78) PB Kimatuumbi Kimatuumbi
singular plural

*m-badu lu-bau m-bau “rib”
*n-godi lu-goi Ï-goi “rope”
*n-dŸmi lu-lŸmi n-dŸmi “tongue”
*Ï-k¡Ïg¡nŸ lu-kuuÏguni Ï-guuÏguni “bedbug”
*n-tond¡a lu-toondwa n-doondwa “star”

A word such as “rib” always had a morphological variant of the word which trans-
parently revealed the underlying consonant, so the contrast between /n-toondwa/
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• [ndoondwa] and /n-goi/ • [Ïgoi] was made obvious by the singulars [lu-
toondwa] and [lu-goi].

While it is totally expected that there should be a neutralization of *mp and
*mb in words like mbaka, mbwa, since there would have been no evidence to sup-
port a distinction between surface [mb] deriving from /mb/ versus [mb] deriving
from /mp/, surprisingly from the viewpoint of concrete phonology, the direction of
neutralization where [mb] is reanalysed as /mp/ is unexpected. One explanation for
this surprising reanalysis regards the question of markedness of different conso-
nants. Given a choice between underlying /m+b/ and /m+p/, where either choice
would independently result in [mb], one can make a phonetically conservative
choice and assume /m+b/, or make a choice which selects a less marked consonant,
i.e. /m+p/. In this case, it is evident that the less marked choice is selected, just in
case the choice of consonants is empirically arbitrary.

Such examples illustrating phonetically concrete versus abstract reanalyses
motivated by considerations such as markedness are not well enough studied that
we can explain why language change works one way in some cases, and another
way in other cases. In the case of Yiddish avek from historically prior aveg, there
would be no advantage at all to assuming underlying /aveg/, from the perspective
of markedness or phonetic conservatism. In the case of Ukranian mez‡a from mej‡a,
a choice was made in favor of the concrete form /mez‡a/, which may indicate that
the alternative of /mej‡a/ does not constitute a sufficient improvement in marked-
ness to warrant selecting an abstract underlying form. It remains possible that such
choices are random: this is an open area of research.

4.3. Language games and Bedouin Arabic

Language games can also provide evidence for the mental reality of under-
lying representations. Their relevance is that language game modifications are not
always performed on the surface form, so by modifying the phonetic environment
in which segments appear, game may cause rules to apply when they would not
normally (providing evidence for the reality of the phonological process), or pre-
vent a rule from applying when it normally would (revealing the abstract underly-
ing form). An example of such evidence comes from Bedouin Arabic spoken in
Saudi Arabia, discussed by Al-Mozainy 1984. A number of verbs have the under-
lying form /CaCaC/, but this analysis is abstract in that, for these verbs, the first
vowel sequence is never found on the surface, and surfaces as [CiCaC].

4.3.1. REGULAR LANGUAGE PHONOLOGY

We begin by motivating aspects of the phonology of the language, espe-
cially underlying representations, using regular language data. Verb stems may
have different underlying vowels, but the passive is formed by systematically re-
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placing all underlying vowels with /i/. Underlying /i/ deletes in an open syllable, as
shown by the following data.

(79) 3sg Masc 3sg Fem 1sg
h�zim h�izm-at h�zim-t “be tied”
h�fir h�ifr-at h�fir-t “be dug”
s‡rib s‡irb-at s‡rib-t “be drunk”
Ûzim Ûizm-at Ûzim-t “be invited”
lbis libs-at lbis-t “be worn”

Taking underlying /h�izim/ and /h�izim-t/ as examples, the vowel /i/ in the first syl-
lable is in an open syllable, so the rule of high-vowel deletion applies, giving
[h �zim] and [h�zimt]. In the case of /h �izim-at/, both vowels i are in an open syllable:
the second i deletes, which makes the first syllable closed, and therefore the first
vowel does not delete, resulting in [h �izmat]. The following rule of high-vowel de-
letion is thus motivated by these data.

(80) i • ∅ / __ CV

Now we consider another class of nonpassive verbs, where the underlying
stem shape is CaCiC. In these stems, the second vowel shows up as i when there is
no vowel after the stem. The first vowel of the stem alternates between [i] and [a],
surfacing as [i] when the second vowel appears as [i], otherwise surfacing as [a].
Examples of verbs with this vocalic pattern are seen in (81).

(81) 3sg Masc 3sg Fem 1sg
simiÛ samÛ-at simiÛ-t “hear”
libis labs-at libis-t “wear”
s‡irib s‡arb-at s‡irib-t “drink”
yibis yabs-at yibis-t “become dry”
silim salm-at silim-t “save”
h�ilim h�alm-at h�ilim-t “dream”
fixir faxr-at fixir-t “be proud”

In underlying /samiÛ-at/, the vowel /i/ is in an open syllable so it delete, giving
[samÛat]. In /samiÛ/ and /samiÛ-t/, final /i/ does not delete since it is not in an open
syllable, and /a/ assimilates to [i] before [i], by the following harmony rule.

(82) a • i / __ C i

Note that this creates a surface [i] in an open syllable which does not undergo de-
letion.
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Now we turn to stems with the underlying shape /CaCaC/. In a number of
such verbs this representation is uncontroversial since that it how it surfaces.

(83) 3sg Masc 3sg Fem 1sg
gaÛad gÛad-at gaÛad-t “sit”
waÛad wÛad-at waÛad-t “promise”
täaÛan9 täÛan-at täaÛan-t “stab”
sah�ab sh �ab-at sah�ab-t “pull”
täah�an täh�an-at täah�an-t “grind”
daxal dxal-at daxal-t “enter”
naxal nxal-at naxal-t “sift”

Examples such as [gÛadat] from /gaÛad-at/ illustrate the application of another rule,
one deleting /a/ when followed by CVCV.

(84) a • ∅ / __ CVCV

An important fact about the stems in (83) is that the second consonant is a
guttural (x, Æ, h �, h, Ü or Û). There is a dissimilative process in the language turning
/a/ into [i] in an open syllable if the next vowel is /a/, providing that the vowel is
neither preceded nor followed by a guttural consonant. In the above examples, the
consonant in the middle of the stem is a guttural, so neither the first nor the second
vowels can undergo the dissimilative raising rule. Now consider the data in (85),
where the first consonant is a guttural but the second is not.

(85) 3sg Masc 3sg Fem 1sg
Ûazam Ûzim-at Ûazam-t “invite”
h�azam h�zim-at h�azam-t “tie”
hakam hkim-at hakam-t “rule”

Here the first vowel of the stem cannot become [i] because of the preceding conso-
nant, but the second vowel does dissimilate to [i] when followed by /a/, and thus
/Ûazam-at/ becomes [Ûzimat] (with deletion of the first vowel by (84)). This rule is
separate from the harmony rule that turns /a/ into [i] before [i], because harmony
applies irrespective of the flanking consonants, cf. [h�ilim] “he dreamt”.10 

                                             
9 Following Semitic transcription practices, pharyngealised coronals are indicated with a
dot underneat the consonant.

10  This verbal restriction on the consonant next to the target vowel goes beyond what is
allowed in the version of the formal theory presented here. How such conditions are to be
incorporated into an analysis has been the subject of theoretical debate.
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(86) a • i / ___C   V    (/a/ is nor adjecent to a guttural consonant)

In [Ûazam] and [Ûazamt], there is no dissimilation because the first consonant is
guttural, which prevents the following /a/ from undergoing dissimilation.

Examples in (87) show the same restriction on dissimilation of the second
vowel /a/, which does not become [i] when the last consonant is a guttural.

(87) 3sg Masc 3sg Fem 1sg
difaÛ dfaÛ-at difaÛ-t “push”
räikaÛ räkaÛ-at räikaÛ-t “bend”
xadaÛ xdaÛ-at xadaÛ-t “cheat”

Another consonantal property inhibiting dissimilation is a coronal sono-
rant. In this case, if the two vowels are separated by any of /n, r, l/, there is no dis-
similation. In the examples of (88), the first vowel is prevented from dissimilating
because the vowel is preceded by a guttural. The second vowel is prevented from
dissimilating because it is separated from /a/ by a coronal sonorant. Therefore, both
underlying stem vowels remain unchanged.

(88) 3sg Masc 3sg Fem 1sg
h�afar h�far-at h�afar-t “dig”
h�amal h�mal-at h�amal-t “carry”
Æasal Æsal-at Æasal-t “wash”

In the examples of (89), the first vowel is followed by a consonant other than a
coronal sonorant, and is neither preceded nor followed by a guttural. Therefore, the
first vowel dissimilates to [i]. The second vowel is followed by a coronal sonorant,
so there is no dissimilation in the second syllable.

(89) 3sg Masc 3sg Fem 1sg
nizal nzal-at nizal-t “get down”
sikan skan-at sikan-t “occupy”
kisar ksar-at kisar-t “break”
difan dfan-at difan-t “bury”
nital ntal-at nital-t “steal”
s‡itar s‡tar-at s‡itar-t “divide”

In (90) we find verbs with a coronal sonorant as the second consonant. The
second vowel /a/ dissimilates before a, since the intervening consonant is neither
guttural not a coronal sonorant. The preceding coronal sonorant has no effect on
dissimilation, since unlike the effect of gutturals, coronal sonorants only have an
effect if they stand after the target vowel.
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(90) 3sg Masc 3sg Fem 1sg
jalas jlis-at jalas-t
garäasä gräisä-at garäasä-t “sting”
garäatä gräitä-at garäatä-t “throw”
sarag srig-at sarag-t “steal”
balas blis-at balas-t “denounce”
s‡anag s‡nig-at s‡anag-t “hang”
daras dris-at daras-t “study”

Finally, verbs with no gutturals or coronal sonorants are given in (91).

(91) 3sg Masc 3sg Fem 1sg
kitab ktib-at kitab-t “write”
misak msik-at misak-t “catch”
sikat skit-at sikat-t “stop talking”
nitaf ntif-at nitaf-t “pluck”
gisam gsim-at gisam-t “divide”
giÅab gÅib-at giÅab-t “catch”
nikas nkis-at nikas-t “retain”

By the deletion rule (84), underlying /katabat/ becomes ktabat, which becomes
[ktibat] by dissimilation. In /katab-t/, since the first vowel is not followed by
CVCV it cannot elide, and it dissimilates to [i] before [a] in the second syllable.

The claim that the second syllable of verbs like [kitab] contains underlying
/a/ is mildly abstract, insofar as it shows up with [a] as long as it is not open. The
claim that the first syllable contains /a/, on the other hand, is abstract since there is
no context in this verb where the underlying /a/ appears as such in these verbs, and
instead the vowel only appears as [i]. However, we know that the initial vowel
cannot be /i/, since if it were, that vowel would delete in an open syllable ˜ con-
trast active [kitab] and [kitabt] from /katab/ and /katab-t/, with the passives [ktib]
and [ktibt] from /kitib/ and /kitib-t/.

The occurrence of non-deleting [i] in an open syllable is entirely predict-
able. It appears when neither the first nor second stem consonants are gutturals,
and when the second stem consonant is not a coronal sonorant. This non-deleting
[a] is thus in complementary distribution with surface [a] (which non-abstractly
derives from underlying /a/), which only appears when one of the first two conso-
nants is a guttural or the second consonant is a coronal sonorant.

Hence there is strong language-internal motivation for claiming that the
initial vowel of stems such as [kitab] is underlyingly /a/, and is subject to dissimi-
lation to [i] or deletion. This analysis is abstract in that the vowel of these roots
does not appear as [a]. However, by analogy to stems such as jalas or h �afar which
do manifest the vowel [a] phonetically, we can suspect that the first vowel of all
non-passive verbs is in fact underlying /a/.
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4.3.2. LANGUAGE GAME EVIDENCE

There is a language game used by speakers of Arabic which provides in-
dependent evidence for the mental reality of these rules and underlying representa-
tions. The rule for the language game is very simple: permute the order of conso-
nants within the root. Now let us consider the various phonetic results of permuta-
tion on the the verb forms h �azam “he tied” and h �zim-at “she tied”.

(92) “he tied” “she tied”
h�amaz h�mizat ~
zah�am zh�amat ~
zimah� zmah�at

In the unpermuted form h �azam, the first vowel does not dissimilate because of the
preceding guttural; in unpermuted h �zimat the second stem vowel dissimilates be-
cause it is neither preceded nor followed by a gutural, and is not followed by a
coronal sonorant. In the permuted forms h �amaz and h �mizat, where the second and
third consonants have exchanged place, the vocalic pattern remains the same be-
cause the transposition has not crucially changed the consonantal environment.

Now consider the forms zimah � ~ zmah �at. This pattern of transposition has
two effects on the vowel pattern. First, because the first consonant is now not a
guttural, the dissimilation rule can apply in the first syllable, demonstrating the
reality of the dissimilation rule. Second, because the final consonant is now a gut-
tural, the dissimilation rule cannot apply in the second syllable, demonstrating the
reality of the blocking condition on dissimilation. Finally, in the case of zah �am ~
zh �amat, because the medial consonant is a guttural, neither vowel can dissimilate.

A crucial example, in terms of testing the validity of the proposed /CaCaC/
underlying form for surface [CiCaC] stems, is a stem such as /dafaÛ/ “push”,
which surfaces as [difaÛ]. Such a supposed underlying representation is abstract,
since the vowel of the first syllable always surfaces as [i] or ∅, cf. difaÛ “he
pushed”, dfaÛat “she pushed”, never as a. This stem contains a final pharyngeal
consonant, and therefore movement of that consonant to first or second position
will put the first vowel in contact with a pharyngeal: this should then block dis-
similation, and will directly reveal the hypothesized underlying vowel.

(93) “he pushed” “she pushed”
fidaÛ fdaÛat ~
daÛaf dÛafat ~
Ûadaf Ûdifat ~
Ûafad Ûfidat



Abstractness and Psychological Reality 379

The fact that this vowel actually surfaces as [a] under the circumstances predicted
by the abstract hypothesis gives strong support to the claim for an abstract repre-
sentation of such stems as having the vowel pattern /CaCaC/.

5. How Abstract is Phonology?

We may now summarise our investigation into the question of abstract
representations in phonology. On the one hand we have argued for abstract analy-
ses of Kimatuumbu, Yawelmani, Maltese and other languages; but we have argued
against abstract analyses of English. The reason for this apparent inconsistent view
of abstractness is that abstractness per se is not the issue; the right question to be
focusing on is what motivates an analysis. Thus we conclude that the formal theory
of grammar does not impose any constraints on the relation between underlying
and surface forms, though the theory does (at least by assumption) state what kinds
of elements can exist in underlying representations, specifically, phonetically in-
terpretable combinations of features, i.e. segments.

This does not mean that highly abstract underlying representations can be
gratuitously assumed. Underlying representations need to be motivated, because
they must be acquired by children learning the language, and the best assumption
to make is that in lieu of evidence to the contrary, underlying and surface forms
should be identical. The question that needs further investigation is, what consti-
tutes valid ‘evidence to the contrary’? Actual phonological alternations in the
shape of a morpheme provide very powerful evidence for abstractness. It remains
an open question whether other considerations are also valid in constructing an
underlying form.

Although we have focused on the relation between underlying and surface
forms, the more important question which this raises is, what counts as valid evi-
dence for testing a phonological theory. It has proven extremely difficult to resolve
questions about the psychological reality of theorized linguistic constructs. Two
approaches, both valid, have been taken. One is the “domain-internal” approach,
where formal constraints are proposed to the effect that (for example) underlying
forms should be a subpart of an actually pronounced word in the language, or un-
derlying forms should only contain segments are actually pronounced in the lan-
guage. We cannot show that these claims are literally “wrong”: what we can do is
show that if you take such a position, you will be unable to capture important gen-
eralizations about the phonologies of Maltese and Yawelmani, for example.

The other approach, the “domain-external” approach, seeks evidence from
outside the domain of synchronic phonological grammars themselves, in an at-
tempt to find independent evidence that answers the question of what is actually in
the mind of the speaker. Any number of such approaches can be imagined ˜ neu-
rosurgery, psycholinguistic testing, language games, historical change, the study of
language acquisition, and so on. Such evidence is extremely hard to find in the first
place: virtually all relevant experimental work is conducted on a tiny handful of
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commonly spoken languages, which typically do not have internally well-
motivated abstractness. Additionally, the experimental methodology must be criti-
cally evaluated, which is usually very difficult to do outside of one’s own disci-
pline. Finally the evidence must be interpreted against a general theory of e.g.
child developmental psychology. The question of how to empirically validate the-
ory-internal hypotheses remains very much an open question in phonology, as it is
in all scientific domains.

Exercises

1. Slovak
The focus of this problem is the underlying representation of diphthongs.

Discuss the underlying status of diphthongs in Slovak, based on these data.

A. There is a process of lengthening which takes place in certain morphologi-
cal contexts, including the genitive plural and the diminutive.

nom. sg gen. pl.
lip li:p ‘linden tree’
muxa mu:x ‘fly’
lopata lopa:t ‘shovel’
sr �na sr�:n ‘deer’
z‡ena z‡ien ‘woman’
kazeta kaziet ‘box’
hora huor ‘forest’
sirota siruot ‘orphan’
p£ta piat ‘heel’
m£ta miat ‘mint’
kopito kopi:t ‘hoof’
bruxo bru:x ‘belly’
blato bla:t ‘mud’
salto sa:lt ‘somersault’
embargo emba:rg ‘embargo’
yabl �ko yabl �:k ‘apple’
koleso kolies ‘wheel’
lono luon ‘lap’
hov£do hoviad ‘beast’
vla:da vla:d ‘government’
blu:za blu:z ‘blouse’
dla:to dla:t ‘chisel’
vi:no vi:n ‘vine’
c‡iara c‡iar ‘line’
hniezdo hniezd ‘nest’
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noun diminutive
hrad hra:dok ‘castle’
list li:stok ‘leaf’
xl �p xl �:pok hair’
kvet kvietok flower’
hov£do hoviadok ‘beast’

B. There is also a shortening rule that applies in certain morphological con-
texts, including the imperfective of verbs and the comparative of adjectives.

perfective imperfective
odli:sity odlisovaty ‘to distinguish’
ku:pity kupovaty ‘to buy’
ohla:sity ohlasovaty ‘to announce’
predl �:z‡ity predl �zvaty ‘to extend’
oblietaty obletovaty ‘to fly around’
uviazaty uv£zovaty ‘to bind’

adjective comparative
bli:ski blis‡si: ‘near’
u:ski us‡s‡i: ‘narrow’
kra:tki krats‡i: ‘short’
bieli bels‡i: ‘white’
rietki rets‡i: ‘rare’

C. There is an alternation in the form of case suffixes which is governed by
properties of the stem which precedes

n.s g.s n.p d.p l.p
mesto mesta mesta: mesta:m mesta:x ‘town’
blato blata blata: blata:m blata:x ‘mud’
hov£do hov£da hov£da: hov£da:m hov£da:x ‘town’
pi:smeno pi:smena pi:smena: pi:smena:m pi:smena:x ‘letter’
za:meno za:mena za:mena: za:mena:m za:mena:x ‘pronoun’
dla:to dla:ta dla:ta dla:tam dla:tax ‘town’
vi:no vi:na vi:na vi:nam vi:nax ‘wine’
hniezdo hniezda hniezda hniezdam hniezdax ‘nest’
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n.s g.s
za:hrada za:hrad ‘garden’
ni:z‡ina ni:z‡in ‘hollow’
za:toka za:tok ‘inlet’
pi:smeno pi:smen ‘letter’
za:meno za:men ‘pronoun’
liec‡ivo liec‡iv ‘drug’

D. Some stems underlyingly end with consonant clusters, and undergo a
process of vowel epenthesis that eliminates certain kinds of consonant clusters.

n.s g.s
ikra ikier ‘roe’ (cf. also ikernati: ‘abounding in roe’)
ihla ihiel ‘needle’
dogma dogiem ‘dogma’
sosna sosien ‘pine tree’
bedro bedier ‘hip’
radlo radiel ‘plow’
hradba hradieb ‘rampart’
doska dosiek ‘board’
kri:dlo kri:del ‘wing’
c‡i:slo c‡i:sel ‘number’
pa:smo pa:sem ‘zone’
vla:kno vla:ken ‘fiber’
pla:tno pla:ten ‘linen’

Advanced Topics and Readings

In addition to Chomsky & Halle 1968, which established a characteristic
mode of reasoning valuing formal simplicity of grammars as the highest criterion
for evaluating grammars and claims about grammars, a number of phonological
works in that era would freely invoke abstract distinctions to solve what would
currently be considered to be small problems, ones not warranting those assump-
tions about underlying forms. Thus Zwicky 1965 proposed that retroflex stops of
Sanskrit in root-final position be derived from /lt/, /ld/, /lth/, /ldh/, in order to effect
a formal simplification of the grammar. Harris 1969 proposes that there is an un-
derlying tense / lax contrast in Spanish mid vowels although all vowels are tense
on the surface, in order to distinguish those vowels which diphthongize when
stressed (conta −r “to count”, cue−nto “I count”) from those which do not (monta −r “to
mount”, mo −nto “I mount”). Lightner 1972 gives a very abstract account of Russian
phonology, particularly driven by the principle of reducing underlying segments,
so that the non-alternating nouns s‡um “noise” is derives from /xeumax/.
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A number of works including Crothers 1973, Hudson 1974, Vennemann
1974 and Hooper 1976 reacted to such highly abstract analyses, and the latter three
scholars proposed an alternative framework, the theory of Natural Generative Pho-
nology, which prohibited such abstract analyses by imposing conditions on under-
lying forms themselves (e.g. an underlying form must be one of the observed sur-
face variants), and which prohibited the rule ordering necessary for an abstract
analysis to be implementable. Even practicioners staying within the theoretical as-
sumptions of standard generative phonology of the time called into question the
highly abstract analysis of English proposed in SPE: cf. Hoard 1972, Goyvaerts &
Pullum 1975, Lightner 1976, and of course Kiparsky 1968 which provided the
whole impetus for this line of questioning.

Other cases of reasonably-well motivated absolute neutralization beyond
the celebrated cases of Yawelmani and Maltese include Nupe (proposed in Hyman
1970, 1973; argued against in Harms 1973); various Uralic and Altaic languages
discussed in Vago 1973, especially in Manchu (also argued for in Odden 1978);
Piggott 1980, which argues for abstract short /e/ in Odawa in order to distinguish
instances of surface [i] which trigger palatalization and fail to trigger vowel coa-
lescence from other instances of surface [i] which fails to trigger palatalization and
do trigger vowel coalescence. Vago 1973 also shows that a Kiparsky-style rule-
exception analysis of Hungarian does not work, since that analysis requires alter-
nating suffix vowels to all be [+back] whereas in fact there is a lexical contrast
between front and back vowels in harmonically alternating suffixes.

The topic of the psychological reality of various phonological entities is
discussed in a number of places. Sapir 1933 is particularly important in providing
some of the the first and most widely known arguments for a particular analysis (of
Southern Paiute and Nootka) based on the behavior of speakers of unwritten lan-
guages attempting to render their languages in written form for the first time.
Similar evidence from outside the standard corpus of forms generated by a gram-
mar has involved poetry (Zeps 1963, Kiparsky 1968b, Malone 1982, 1988, Chen
1984), language games (Chao 1934, Sherzer 1970, Hombert 1973, Campbell 1980,
McCarthy 1985, Bagemihl 1988, Bao 1990, Pin†eros 1998), patterns of adaptations
in borrowed words (Hyman 1973, Lovins 1975, Silverman 1992, Paradis 1996,
Paradis & Prunet 2000), speech errors (Fromkin 1971, Stemberger 1985, Stem-
berger & Stoel-Gammon 1991), and historical change along the lines of the Yid-
dish and Tera evidence discussed above (Skousen 1975, Kiparsky 1982).
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Nonlinear Representations

The theoretical model which we have been assuming ˜ known as the lib-
near theory of representation ˜ was generally accepted and proved to be quite
successful in explaining a number of facts about sound systems. A defining charac-
teristic of the theory is the view of segments as being matrices of feature values
where every segment has a specification for each of the two dozen distinctive fea-
tures. There was, however, one phonological realm which the theory had largely
ignored, and that was tone.

1. The Autosegmental theory of tone: the beginnings of a change

There were a few proposals regarding features for tone, but they did not
reach the degree of acceptance that those for other features had reached. One of the
primary problems that impeded the development of a set of features for tone was
how to represent contour tones such as rising and falling.

1.1. The problem of contours

One possibility is that contour tones are simply H or L tones with a posi-
tive specification for a feature “contour”. We could take the pitch at the beginning
of a vowel as representing the “basic” tone value, and if the pitch changes from
that point (either up or down), then the vowel is [+contour]. This gives us the fol-
lowing representations of H, L, R (rising) and F (falling) tones.

(1) H = [+H,-contour] R = [-H,+contour]
L = [-H,-countour] F = [+H,+contour]

This final chapter introduces an alternative model, the nonlinear theory,
of how sounds are represented. The purpose of this chapter is to show
how troublesome facts can lead to a reconceptualization of a domain
which seemed to be understood, leading to an even better understanding
of the nature of language sounds. This will also help you to understand
how and why theories change.
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Such a theory would ultimately be inadequate since it ignores tone levels (Mid,
Superlow, Superhigh), but we can pursue this theory to see what progress can be
made. Perhaps if this theory works, it can be modified to account for other tone
levels.

An essential test of any theory of features is how well it accounts for pho-
nological processes. This theory of tone representations makes predictions, for ex-
ample it predicts that R and F will be a natural class because they are [+countour],
and it predicts that L and R are a natural class because they are [-H]. As it happens,
some relevant typological work had been done on natural tone rules, most noteably
Hyman & Schuh 1974. Such research has shown that the following are fairly
common tonal processes.

(2) a. H • R / {L,F} ___ b. L • F /{H,R} ___
c. H • F / ___ {L,R} d. L • R / ___ {H,F}

The problem is that the “[±contour]” theory does not provide any natural way to
express all of these processes. The last two processes can be formulated:

(3) c. [+H] • [+contour] / ___ [-H]
d. [-H] • [+contour] / ___ [+H]

However, the first two processes cannot be formalized, since {L,F} or {H,R} are
not a definable class using this theory.

This theory also predicts the following rules, which are simply the rules in
(3) with the conditioning environment on the left rather than the right.

(4) *[+H] • [+contour] / [-H] ___ (H • F / {L,R} ___)
*[-H] • [+contour] / [+H] ___ (L • R / {H,F} ___)

Unlike the common rules in (2), such rules are totally non-existent in the
languages of the world. The “[±contour]” theory thus makes a bad prediction, that
certain processes should exist when they do not, and in addition the theory pro-
vides no way to express certain very natural processes, in particular processes
where the conditioning environment is on the left. Finally, even for the two proc-
esses which the theory can formalize in (3), there is an unexplained element of
arbitrariness ˜ why should a H tone become a falling tone before [-H]? Those
processes are formally just as simple to express as the rules in (5), and should
therefore be found as commonly as the former set of rules, but in fact this latter set
of rules is completely unattested.

(5) c. [+H] • [+contour] / ___ [+H] (H • F / __ {H,F})
d. [-H] • [+contour] / ___ [-H] (L • R / __ {L,R})
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It is obvious that this theory of tone is wrong, but what is the alternative?
There was a long-standing intuition that contour tones were in some sense com-
posite tones, so that a rise was simply a combination of a L followed by a H, and a
fall is a combination of a H followed by a L; falling and rising pitch is simply the
continuous transition between the higher and lower pitch levels that H and L de-
fine. An example of the kind of phonological patterns which were responsible for
this intuition is the pattern of tone changes that result from merging vowels be-
tween words in Etsako (Yekhee), illustrated below.

(6) ™®dze− e−la� • ™®dze−la� ‘three axes’
e�ke− e−la� • e �ke−la� ‘three rams’
u −dze − o �kpa − • u −dzoˆkpa − ‘one axe’
o �ke − o �kpa − • o �koˆkpa − ‘one ram’
o −wa � o −wa � • o −wo‡wa � ‘every house’

The combination of H+L results in a falling tone, and L+H results in a rising tone.
How can the intuition that fall is H+L and rise is L+H be expressed in the theory?

There is little problem in doing this for contour tones on long vowels,
since long vowels can be represented as a sequence of identical vowels, so treating
a long rising tone as being a sequence of tones is easy.

(7) a‡: = a�a− =   

tone-H
rd-
back
syllabic

 

tone-H-
rd-
back
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The problem is short contour tones.

1.2. Autosegmental contours

A resolution of this problem was set forth in Goldsmith 1976, who pro-
posed that tones be given an autonomous representation from the rest of the seg-
ment, so that regular segments would be represented at one level and tones would
be an another level, with the two levels of representation being synchronized via
association lines. This theory, known as autosegmental phonology, thus posited
representations such as those in (8).

(8) a−   = H a‡   =  L  H aˆ  =     H  L

a    a  a
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The representation of [a−] simply says that at the same time that the rest of the vocal
tract is in the configuration for the vowel [a], the larynx should be vibrating at a
high rate as befits a H tone. The representation for [a‡] on the other hand says that
during the time that the rest of the vocal tract is producing the short vowel [a], the
larynx should start vibrating slowly (produce a L tone) and change to a higher rate
of vibration to match that specified for a H tone ˜ this produces the smooth in-
crease in pitch which we hear as a rising tone. The representation of [â] simply
reverses the order of the tonal specifications.

The view which autosegmental phonology takes of rules is different from
that taken in the classical segmental theory. Rather than viewing the processes in
(2) as being random changes in feature values, autosegmental theory views these
operations as being adjustments in the temporal relations between the segmental
tier and the tonal tier. Thus the change in (2a) where H becomes rising after L and
fall can be expressed as (9).

(9) (H)    L     H  (H)    L     H
  •

         V     V            V    V

By simply adding an association between the L tone element on the left and the
vowel which stands to the right, we are able to express this tonal change, without
actually changing the intrinsic feature content of the string: we change only the
timing relation between tones and vowels. This is notated as in (10), where the
dashed association line means “insert an association line”.

(10) L     H

V     V

Two other notational conventions are needed to understand the formulation of
autosegmental rules. First, the deletion of an association line is indicated by
crossing out the line:

(11) H
 x
V

Second, an element (tone or vowel) which has no corresponding association on the
other tier (vowel or tone) is indicated with the mark ‘′’, thus, V′ indicates a tone-
less vowel and H′ indicates a H not linked to a vowel.

One striking advantage of the autosegmental model is that it allows us to
express this common tonal process in a very simple way. The theory also allows
each of the remaining processes in (2) to be expressed equally simply ˜ in fact,



388 Chapter 11

essentially identically, as involving an expansion of the temporal domain of a tone
either to the left or to the right.

(12) H     L    (=(2b)) H   L    (=(2c)) L     H    (= (2d))

V    V V  V V    V

The problem of the natural classes formed by contour tones and level tones
was particularly vexing for the linear theory. Most striking was the fact that what
constitutes a natural class for contour tones depends on the linear order of the tar-
get and conditioning tones. If the conditioning tones stand on the left, then the
natural classes observed are {L,F} and {H,R}, and if the conditioning tones stand
on the right, then the natural groupings are {L,R} and {H,F}. In all other cases, the
groupings of elements into natural classes are independent of whether the target is
to the right or the left of the trigger. The autosegmental representation of contour
tones thus provides a very natural explanation of what is otherwise a quite bizarre
quirk in the concept “natural class”.

The autosegmental model also provides a principled explanation for the
nonexistence of rules such as (4), i.e. the rules H • F / {L,R} ___ and  L • R /
{H,F} ___. The change of H to F after L would involve not just an adjustment in
the temporal organisation of a L-H sequence, but would necessitate the insertion of
a separate L to the right of the H tone, which would have no connection with the
preceding L; the change of H to F after R is even worse in that the change involves
insertion of L when H is remotely preceded by a L. Thus, the closest that one could
come to formalising such a rule in the autosegmental approach would be as in (13).

(13) L  (H)   H           •    L  (H)   H   L

  V        V              V         V

As we will discuss in this chapter, autosegmental theory resulted in a considerable
reconceptualization of phonological processes, and allowed the theory of rules to
be considerably constrained so that such rules which perform arbitrary actions in
arbitrary contexts simply were rendered formally impossible to state.

In addition to the fact that the theory provides a much-needed account of
contour tones, quite a number of other arguments can be given for the autosegmen-
tal theory of tone. The essential claim of the theory is that there is not a one-to-one
relation between the number of tones in an utterance and the number of vowels: a
single tone can be associated to multiple vowels, or a single vowel can have mul-
tiple tones. Moreover, an operation on one tier, such as the deletion of a vowel,
does not entail a corresponding deletion on the other tier. We will look at a number
of arguments for the autonomy of tones and the vowels which phonetically bear
them in the following sections.
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1.3. Tone Preservation

One very common property exhibited by tones is stability, where the de-
letion of a vowel does not result in the deletion of the tone born by the vowel. Very
commonly, the tone of a deleted vowel is transferred to the neighboring vowel,
often resulting in a contour tone. We have seen an example of this phenomenon in
Yekhee, where the combination of a L vowel plus H vowel results in a rising toned
vowel, and H+L gives a falling toned vowel.

(14) o �ke − o �kpa − • o �koˆkpa − ‘one ram’
o −wa � o −wa � • o −wo‡wa � ‘every house’

In the autosegmental theory, deletion of a vowel does not directly affect the tone
which was associated to it, and as a result, after deletion of the vowel the tone
simply remains on the tonal tier with no association to the segmental tier ˜ such
an unassociated tone is referred to as a floating tone.

(15) L   H  L     H            LH L    H H    L  H    L           H LH    L

o k e   o kp a    •    o k o kp a o w a   o w a    •    o w o w a

One of the principles proposed in this theory is that all vowels must (eventually)
bear some tone, and all tones must be born by some vowel ˜ this condition is
known as the Wellformedness Condition. Accordingly, the unassociated tones
which resulted from the deletion of a vowel would then be associated to the fol-
lowing vowel, resulting in a falling or rising tone.

(16) LH L    H     H LH    L

o k o kp a     o w o w a

The combination of two like-toned vowels, as in the case of e�ke− e−la � •
e�ke−la � ‘three rams’, brings out another principle of the theory. By the operation of
vowel deletion and re-association of the floating tone, one would expect the fol-
lowing representation.

(17) L H H L

e k e l a

This would not be distinct from the simple tone melody LHL: (17) says that the
vowel e should be produced at high pitch at the beginning and at the end, with no
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other pitches being produced. The Twin Sister Convention was proposed as a
constraint on the theory, so that such a phonetically indistinguishable representa-
tion is formally disallowed.

(18) Twin Sister Convention
Adjacent identical tones on one vowel are automatically simplified

Another illustration of the autosegmental treatment of tone preservation
comes from Lomongo. When vowels are brought together, either directly in the
underlying representation or as the result of deleting certain consonants, the vowel
sequence is reduced to a single vowel which preserves all of the component tones
of the two vowels. This can result not just in the simple contours R and F, but also
the complex three-tone contours fall-rise (FR) and rise-fall (RF).

(19) H+H • H be�ta−mba− be−fe− • be �ta−mbe−fe− ‘two trees’
L+L • L la � ™¯to −ko � • l™¯to −ko � ‘with the fork’
H+L • F mpu �lu − ™¯n¢ − • mpu �jw™̧n¢ − ‘these birds’
L+H • R la� b¥−na� • l¥‡na� ‘with the baby’
H+F • F so −ngo −lo − ¥ˆtsw¢ � • so −ngo −l¥̂tsw¢ � ‘may S. enter’
H+R • FR ba �lo −nga − ba‡ka −e − • ba �lo −ngaˆ −ka −e − ‘his blood’
L+F • RF fa �ka�la� ¥ˆtswa� • fa �ka�l¥‡ �tswa � ‘F. comes in’
L+R • R ba‡nko � ba‡m¥‡ • ba‡nka‡m¥‡ ‘those others’
R+F • RF ¥‡m¥‡ êmbe� • ¥‡me‡ �mbe� ‘may someone else sing’

The derivation of the last example illustrates how the autosegmental theory ex-
plains the pattern elegantly. In this case, the first vowel deletes, causing its two
tones to become floating. Those tones are associated to the following vowel by the
Wellformedness Conditions. This results in two adjacent H tones on one vowel,
which by the Twin Sister Convention reduce to one H, giving the phonetic output.

(20) LH  LH  HL    L    LH  LH  HL    L
• •

¥  m  ¥     e mb e     ¥  m        e mb e

LH   LH HL L    LH   L  H  L L
•

 ¥  m     e mb e     ¥  m     e mb e

The fact that the theory effortlessly handles three-tone contours, when the linear
theory struggled to handle even two-tone contours, is clear evidence that autoseg-
mental theory is the better theory.
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1.4. Across-the-board effects

Another phenomenon which argues for the autosegmental representation
of tone is across-the-board tone change. An illustration of such a tonal effect can
be found in Shona. The examples in (21) show that if a noun begins with some
number of H tones, those H’s become L when preceded by one of the prefixes ne−-,
se−- and che−.

(21) N with N like N of N Gloss
mbwa− ne−-mbwa� se−-mbwa� che−-mbwa� dog
ho −ve − ne −-ho �ve � se−-ho �ve� che −-ho �ve � fish
mbu −ndu −dz™® ne −-mbu �ndu �dz™¯ se −-mbu �ndu �dz™¯ che −-mbu �ndu �dz™¯ army worm
ha−ka−ta� ne−-ha�ka�ta� se−-ha�ka�ta� che−-ha�ka�ta� bones
be −nz™®bvu �nza − ne −-be �nz™¯bvu �nza − se −-be �nz™¯bvu �nza − che −-be �nz™¯bvu �nza − fool

As shown in (22) and by the last example of (21), a H tone which is not part of an
initial string of H’s will not undergo this lowering process.

(22) N with N like N of N Gloss
mu�ru−me− ne−-mu�ru−me− se−-mu�ru−me− che−-mu�ru−me− man
ba�dza− ne−-ba�dza− se−-ba�dza− che−-ba�dza− hoe

The problem is that if we look at a word such as mbu −ndu −dz™® as having
three H tones, then there is no way to apply the lowering rule to the word and get
the right results. Suppose we apply the following rule to a standard segmental rep-
resentation of this word.

(23)   V   • [-H] /   se,ne,che ___
[+H]               [+H]

Beginning from /ne−-mbu −ndu −dz™®/, this rule would apply to the first H toned vowel
giving ne−-mbu �ndu −ndz™®. However, the rule could not apply again since the vowel of
the second syllable is not immediately preceded by the prefix which triggers the
rule. And recall from examples such as ne−-mu �ru −me− that the rule does not apply to
non-initial H tones.

This problem has a simple solution in autosegmental theory, where we are
not required to represent a string of n H-toned vowels as having n H tones. Instead,
these words can have a single H tone which is associated to a number of vowels.

(24)        H    H        H     H     L   H

mbwa hove mbundudzi benzibvunza
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Given these representations, the tone lowering process will only operate on a sin-
gle tone, the initial tone of the noun, but this may be translated into an effect on a
number of adjacent vowels.

(25)        L    L        L     L     L   H

mbwa hove mbundudzi benzibvunza

There is a complication in this rule which gives further support to the auto-
segmental account of this process. Although this process lowers a string of H tones
at the beginning of a noun, when one of these prefixes precedes a prefixed struc-
ture, lowering does not affect every initial H tone. When one prefix precedes an-
other prefix which precedes a noun with initial H’s, the second prefix has a L tone
and the noun keeps its H tones.

(26) N of N like of N gloss
mbu −ndu −dz™® che −-mbu �ndu �dz™¯ se −-che �-mbu −ndu −dz™® army worm
ha−ka−ta� che−-ha�ka�ta� se−-che�-ha−ka−ta� bones

However, if there are three of these prefixes, the second prefix has a L tone, and
lowering also affects the first (apparent) string of tones in the noun.

(27) se −-ne �-che −-mbu �ndu �dz™¯ like with of army worm
se−-ne�-che−-ha�ka�ta� like with of bones

A simple statement like “lower a sequence of adjacent H’s” after a H prefix would
be wrong, as these data show. What we see here is an alternating pattern, which
follows automatically from the rule that we have posited and the autosegmental
theory of representations. Consider the derivation of a form with two prefixes.

(28)  H    H        H       H    L        H
•

se-che-mbundudzi      se-che-mbundudzi

The lowering of H on che gives that prefix a L tone, and therefore that prefix can-
not then cause lowering of the H’s of the noun. On the other hand, if there are
three such prefixes, the first H toned prefix causes the second prefix to become L,
and that prevents prefix number 2 from lowering prefix 3. Since prefix 3 keeps its
H tone, it therefore can cause lowering of H in the noun.

(29)  H  H    H        H  H  L    H           L
    •

se-ne-che-mbundudzi se-ne-che-mbundudzi
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Thus it is not simply a matter of lowering the tones of any number of vowels. Un-
like the traditional segmental theory, the autosegmental model provides a very
simple and principled characterization of these patterns of tone lowering.

1.5. Melodic patterns

Another phenomenon which supports the autonomy of tones and segments
is the phenomenon of melodic tonal restriction. In some languages, there are re-
strictions on the possible tones of words, irrespective of the number of vowels in
the word. Mende is an example of such a language. Although this language has H,
L, rising, falling and rise-falling tones, the distribution of those tones in words is
quite restricted. Words can be analysed as falling into one of five tone melodies,
illustrated in (30).

(30) H p¢−l¢− ‘house’, k¥− ‘war’
L b¢ �l¢ � ‘trousers’, kpa � ‘debt’
HL ke −nya �, mbuˆ ‘owl’
LH n™̄ka−, mba‡ ‘rice’
LHL n™¯k™®l™¯ ‘groundnut’, nya�haˆ ‘woman’, mba‡ � ‘companion’

If tones were completely unrestricted, then given five surface tones, one would
predict 25 patterns for bisyllabic words and 125 patterns for trisyllabic words. In-
stead, one finds 5 patterns no matter how many vowels there are.

This distribution can be explained if the restriction is simply stated at the
level of the tonal representation: the tone pattern must be one of H, L, LH, HL or
LHL. As seen in (31), given an autosegmental representation of tone, n™¯k™®l™¯, nya �haˆ
and mba‡ � all have the same tonal representation.

(31)  LHL    L H L  LHL

nikili nyaha  mba

1.6. Floating tones

Another tonal phenomenon which confounds the segmental approach to
tone but is handled quite easily with autosegmental representations is the phe-
nomenon of floating tones, which are tones not linked to a vowel.

Anlo tone. The Anlo dialect of Ewe provides one example. The data in (32) illus-
trate some general tone rules of Ewe. Underlyingly, the noun “buffalo” is /eƒtoƒ/.
However, it surfaces as [e �to �] either phrase-finally or when the following word has
a L tone.
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(32) e�to� ‘buffalo’ e�to� me� ‘in a buffalo’
eƒtoƒ ÇeƒÇleƒ ‘buffalo-buying’ eƒtoƒ dy™® ‘on a buffalo’
eƒtoƒ meƒgbe− ‘behind a buffalo’

These alternations are explained by two rules; one rule lowers M to L at the end of
a phrase, and the second assimilates M to a following L.

(33) M • L / ___# M • L / ___L

Thus in the citation form, /eƒtoƒ/ first becomes eƒto�, then [e �to �].
Two other tone rules are exemplified by the data in (34).

(34) e�to− ‘mountain’ e�to − dy™® ‘on a mountain’
e�to„ me„gbe− ‘behind a mountain’

Here, we see a process which raises M to Superhigh tone (SH) when it is sur-
rounded by H tones; subsequently a non-final H tone assimilates to a preceding or
following SH tone.

(35) M • SH / H __ H H • SH % SH__

We know from eƒtoƒ meƒgbe− that meƒgbe− has the tones MH. Therefore, the underlying
form of e�to„ me„gbe− is e�to − meƒgbe−. The underlying form is subject to the rule raising
M to SH since the M is surrounded by H tones, giving e�to − me„gbe−. This undergoes
the SH assimilation rule. Another set of examples illustrating these tone processes
is (36), where the noun /a �ty™®keƒ/ ends in the underlying sequence HM. When fol-
lowed by /meƒgbe−/, the sequence HMMH results, so this cannot undergo the M
raising rule. However, when followed by /dy™®/, the M raising rule applies to /keƒ/,
giving a SH tone, and the preceding syllable then assimilates this SH.

(36) a�ty™®ke� ‘root’ a�ty™®keƒ ÇeƒÇleƒ ‘root-buying’
a �ty™®keƒ meƒgbe − ‘behind a root’ a�ty™²ke„ dy™® ‘on a root’

There are some apparently problematic nouns which seem to have a very
different surface pattern. In the citation form, the final M tone does not lower;
when followed by the MM-toned participle /ÇeƒÇleƒ/, the initial tone of the participle
mysteriously changes to H; the following L toned postposition me� inexplicably has
a falling tone; the postposition /meƒgbe −/ mysteriously has an initial SH tone.

(37) eƒtoƒ ‘mortar’ eƒtoƒ Çe−Çleƒ ‘mortar-buying’
eƒtoƒ mê ‘in a mortar’ eƒtoƒ dy™® ‘on a mortar’
eƒtoƒ me„gbe− ‘behind a mortar’
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All of these mysteries are resolved, once we recognise that this noun actually does
not end with a M tone, but rather ends with a H tone that is not associated to a
vowel, thus the underlying form of the noun “mortar” is (38).

(38) e  t  o

M   M   H

Because the noun ends in a (floating) H tone and not a M tone, the rule lowering
prepausal M to L does not apply, which explains why the final tone does not lower.
The floating H associates to the next vowel if possible, which explains the appear-
ance of a H on the following postposition as a falling tone (when the postposition
is monosyllabic) or level H (when the next word is polysyllabic). Finally, the
floating H serves as one of the triggering tones for the rule turning M into SH, as
seen in eƒtoƒ me„gbe−. The hypothesis that this word (and others which behave like it)
ends in a floating H tone thus provides a unified explanation for a range of facts
that would otherwise be inexplicable. However, the postulation of such a thing as a
“floating tone” is possible only assuming the autosegmental framework.

Mixtec. Another example of floating tones can be seen in the language Mixtec. As
the data in (39) indicate, some words such as “will eat” in the lefthand column
have no effect on the tone of the following word, but other words such as the ap-
parently homophonous verb “will go away” cause the initial tone to become H.

(39) su �c‡™® ‘child’
koƒo � ‘snake’
keƒeƒ ‘will eat’ keƒeƒ ‘will go away’
keƒeƒ su �c‡™® ‘the child will eat’ keƒeƒ su −c‡™® ‘the child will go away’
keƒeƒ koƒo � ‘the snake will eat’ keƒeƒ ko −o � ‘the snake will go away’

A similar effect is seen in (40), where “all” has no effect on the following word,
but “that” causes raising of the initial tone of the next word.

(40) ta�ka− su �c‡™® ‘all the children’ ma−a− su −c‡™® ‘that child’
ta�ka− beƒÜeƒ ‘all the houses’ ma−a− be−Üeƒ ‘that house’
ta �ka − koƒo � ‘all the snakes’ ma−a− ko −o� ‘that snake’
ta�ka− m™̄n™± ‘all the puddles’ ma−a− m™®n™± ‘that puddle’

These data can be explained very easily if we assume the following underlying
representations.
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(41)   MM   MMH      L  H                     HH H

k e e k e e t a k a m a a

Ga†. Other evidence for floating tones comes from Ga†, as shown in Paster 2000. In
this language, there is a rule changing the tone sequence HL at the end of a phrase
into H!H. The operation of this rule can be seen in the data of (42), where the pres-
ence of the future tense prefix baa − causes a change in the tone of final L-toned
verbs with the shape CV.

(42) 3s. past 3s future
e-c‡a e-baa−-!c‡a− ‘dig’
e-j‡o e-baa−-!j‡o− ‘dance’
e-gbe e-baa−-!gbe− ‘kill’
e-kp¢ e-baa−-!kp¢ − ‘sew’

e-s‡¥† e-baa−-!s‡¥−† ‘pull’

e-tu† e-baa−-!tu− † ‘jump’
e-wo e-baa−-!wo − ‘wear’

The necessity of restricting this rule to a HL sequence which is at the end of a
phrase is demonstrated by examples such as ebaa −gbe Ako “he will kill Ako”,
ebaa −kp¢ ataade− “he will sew a shirt”, ebaa −s‡¥† kpaÏ “he will pull a rope”, where the
sequence is not prepausal. This restriction also explains why verbs with long vow-
els or two syllables do not undergo this alternation: the L toned syllable that comes
after the H is not also at the end of the phrase

(43) 3s. past 3s. future
e-gb¥¥ e-baa−-gb¥¥ ‘hunt’
e-hao e-baa−-hao ‘worry’
e-s¥¥ e-baa−-s¥¥ ‘catch’
e-s¥le e-baa−-s¥le ‘pray’
e-hala e-baa−-hala ‘chose’

A final condition on this rule is that it does not apply to tense-inflections on verbs,

for example the plural imperative -a (ny¢†−-he−-a “buy (pl.)!”) or the habitual -¥ (e-
ma†je−-¥ “he sends”).

A second relevant rule is Plateauing, whereby HLH becomes H!HH. This
can be seen in (44) involving verbs with final HL.1  When the following object
begins with a H tone, the resulting HLH sequence becomes H!HH.

                                             
1  In these examples, the rule changing prepausal HL to H!H does not apply to the verb in
citation form because the L tone is in a tense suffix.
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(44) ny¢†−-he−-a “buy (pl.)!”

ny¢ − †-he−-!a− tu†− “buy (pl.) a gun!”

ny¢ − †-he−-a f¥ “buy (pl.) oil!”

e-ma†je−-¥ ako “he sends Ako”
e-ma†je−!¥− a−ku− “he sends Aku”

m™†®Ï −gbe kwakw¢ − “I am killing a mouse”

m™†®Ï −!gbe − fo −te “I am killing a termite”

This rule also applies within words, when the verb stem has the underlying tone
pattern LH and is preceded by a H toned prefix.

(45) 3s. past 3s. future
e-hulu − e-baa−!-hu −lu − “jump”
e-kase− e-baa−!-ka−se− “learn”
e-kojo − e-baa−!-ko −jo − “judge”

e-ma†je− e-baa−!-ma−†je− “send”

There are a number of areas in the language where floating tones can be
motivated. The perfective tense provides one relevant example. Consider the data
in (46), which contrasts the form of the subjunctive and the perfective. Segmen-
tally these forms are identical: their difference lies in their tone. In both tenses the
subject prefix has a H tone. In the perfective, the rule affecting prepausal HL ex-
ceptionally fails to apply to a L toned CV stem, but in the subjunctive that rule
applies as expected.

(46) 3s. subjunctive 3s. perfective
e−-!c‡a− e−-c‡a ‘dig’
e−-!j‡o− e−-j‡o ‘dance’
e−-!gbe− e−-gbe ‘kill’
e−-!kp¢ − e−-kp¢ ‘sew’
e−-!s‡¥−† e−-s‡¥† ‘pull’
e−-!wo − e−-wo ‘wear’

You might think that the perfective is an exception, but there is more to it than
that.

Another anomaly of these verbs forms is that the Plateauing rule fails to
apply between the verbs of (46) and an initial H tone, even though the requisite
tone sequence is found.
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(47) e −-gbe a −ku − ‘he has killed Aku’

e−-s‡¥† gu−!g¥− † ‘he has pulled a nose’
e−-wo j‡w¢ −!¢ − ‘he has worn grass’

The failure of both the HL • H!H rule and the Plateauing rule can be ex-
plained by positing that the perfective tense is marked by a floating L tone which
comes between the subject prefix and the verb stem; thus the phonological repre-
sentation of perfective e−-wo would be (48).

(48) H  L   L

e  -  wo

The floating L between the H and the L of the root means that the H is not next to
the prepausal L, which we have already seen is a crucial condition for the change
of HL to H!H. In addition, the presence of this floating L explains why this verb
form does not undergo Plateauing. Thus two anomalies are explained by the postu-
lation of a floating tone.

Other examples of the failure of the Plateauing rule in this tense can be
seen below. The examples from the simple past show that these verbs underlyingly
have the tone pattern LH, which surfaces unchanged after the L toned subject pre-
fix used in the simple past. The subjunctive data show that these stems do other-
wise undergo Plateauing after a H toned prefix; the perfective data show that in the
perfective tense, Plateauing fails to apply within the word.

(49) 3s. past 3s. subjunctive 3s perfective
e-hulu − e−!-hu −lu − e −-hulu − “jump”
e-kase− e−!-ka−se− e−-kase− “learn”
e-kojo − e−!-ko −jo − e −-kojo − “judge”

e-ma†je− e−!-ma−†je− e−-ma†je− “send”

Again, these facts can be explained by positing a floating tone in the perfective
tense: that L means that the actual tone sequence is HLLH, not HLH, so Plateauing
would simply not be applicable to that tone sequence.

(50) H L L H

e -  hulu

Finally, the postulation of a floating L as the marker of the perfective ex-
plains why a downstep spontaneously emerges between the subject prefix and a
stem initial H tone.



Nonlinear Representations 399

(51) 3s. past 3s. subjunctive 3s perfective
e-be− e−-be− e−!-be− quarrel

e-chu− † e−-chu− † e−!-chu− † send

e-du− † e−-du− † e−!-du − † cultivate
e-fo− e−-fo− e−!-fo− weep
e-f¥−te− e−-f¥−te− e−!-f¥−te− pour
e-ja−le− e−-ja−le− e−!-ja−le− rinse

Thus the postulation of a floating tone as the marker of the perfective explains a
number of anomalies: insofar as floating tones have a coherent theoretical status in
autosegmental phonology but not in the linear theory, they provide strong support
for the correctness of the autosegmental model.

1.7. Tonal Morphemes

Another example of the kind of dissynchrony between tones and vowels
which is explained by the autosegmental model is the tonal morpheme, where a
particular morpheme is expressed solely as a tone ˜ this is a variant of the prob-
lem of floating tones. One such example is the expression of case-marking and the
marking of modified nouns in Angas. When a noun is case-marked in Angas
(when it is at the end of the subject or object NP, for example), case marking is
indicated with a suffixed floating H which links to the final vowel, forming a rising
tone if the final tone of the noun is M or L. When a noun is followed by an adjec-
tive in its phrase, that fact is marked by the suffixation of a floating L tone, which
forms a falling contour tone when the last tone is M or H.

(52) te−Ï ‘rope’ te−Ï ‘rope (case)’ têÏ ‘rope (modified)’
mu−s ‘cat’ mu−s ‘cat (case)’ mûs ‘cat (mod.)’
c‡e−n ‘hoe’ c‡e−n ‘hoe (case)’ c‡ên ‘hoe (mod.)’
ny™® ‘elephant’ ny™® ‘elephant (case)’ ny™̧ ‘elephant (mod.)’
Üaƒs ‘dog’ Üaƒ −s ‘dog (case)’ Üaƒ �s ‘dog (mod.)’
z‡waƒl ‘boy’ z‡waƒ −l ‘boy (case)’ z‡waƒ �l ‘boy (mod.)’
Íeƒm ‘child’ Íeƒ −m ‘child (case)’ Íeƒ �m ‘child (mod.)’
ma�s ‘locust bean’ ma‡s ‘bean (case)’ ma�s ‘bean (mod.)’
pu �k ‘soup’ pu‡k ‘soup (case)’ pu �k ‘soup (mod.)’
Üa �s ‘tooth’ Üa‡s ‘tooth (case)’ Üa�s ‘tooth (mod.)’
j‡o−l™̄ ‘ape’ j‡o−l™µ ‘ape (case)’ j‡o−l™̄ ‘ape (mod.)’

Tiv is another language with morphemes being marked by tone, in this
case verbal tense-aspect. Verb roots in Tiv lexically have either a H tone or a L
tone on the first syllable of the root. The general past tense is marked with a float-
ing L tone; the past habitual with a H; the recent past with the tone sequence HL.
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(53) H verbs L verbs
General Past (L)
va− ‘come’ dza� ‘go’
u −ngwa� ‘hear’ ve�nde � ‘refuse’
ye−ve�se� ‘flee’ ngo�ho �ro � ‘accept’

Past Habitual (H)
va− dza−
u −ngwa − ve �nde −
ye−ve−se− ngo �ho −ro −

Recent Past (HL)
va− dza−
u −ngwa − ve �nde −
ye−ve−se� ngo �ho −ro �

In addition to showing the effects of various floating tone morphemes
which mark tense-aspect, these data illustrate the application of a contour-
simplification rule. We now consider how representative forms are actually de-
rived. The concatenation of the L root ngohoro and the recent past morpheme
gives the following underlying form.

(54)      L     H L

ngohor

These tones must be assigned to the vowels of the stem: we can see that the first
tone links to the first free vowel and the second tone links to the second free
vowel. This is an instance of one-to-one left-to-right mapping.

(55) Link free tones to free vowels, one-to-one, from left to right

This process is so common that it had been thought that it is actually a universal
convention on free tones ˜ we now know, since languages have been discovered
which do not obey this condition ˜ that it is a language specific rule, though a
very common one. Application of this rule to (54) gives the surface form.

Now consider the disyllabic L root ve�nde−. This root has two vowels but
three tones. If all of the tones were to be associated to the vowels of the root, this
would force the final syllable to bear the tone sequence HL, i.e. it would have a
falling tone. We can see that there are no contour tones in the data. This leaves us
with two possibilities in accounting for ve�nde−: either the rule associating floating
tones to vowels simply does not link a floating tone to a vowel that already has a
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tone, or floating tones do associate to vowels that already bear a H and then some
later rule eliminates tonal contour tones. If we assume that floating tones are all
initially associated to a vowel and contours are later eliminated, we will require the
following rule, which deletes the L tone component of a falling tone.

(56) H   L • ∅

V

Finally, we come to the monosyllabic root /dza �/, which surfaces with a H tone just
in case one of the floating tone patterns H or HL is added to the root. This can be
explained by the hypothesis that floating tones are associated to root vowels even
when this would result in a contour tone. Linking the melodic tones to this root
would result in the following representation.

(57)     L H L

dza

Rule (56) applies in a mirror-image fashion, that is, it deletes L in combination
with a H on a single vowel, standing either before or after the H. This explains
why the lexical H tone is replaced with a H tone. If we were to assume the alterna-
tive account, that floating tones only link to vowels which do not have any other
tone, then we would be unable to explain why the lexical L is replaced by H when
a melodic pattern with a H tone is added.

1.8. Toneless vowels

Another phenomenon demonstrating the independence of tones and vow-
els is the existence of underlyingly toneless vowels. This can be illustrated with
data from Margyi. There are two tones in Margyi, H and L, but there are three un-
derlying types of vowels in terms of tonal behavior, namely H, L and toneless. Ex-
amples of underlyingly toneless morphemes are /Ì¦l/ “buy”, /sk¦/ “wait” and /na/
“away”. When two morphemes with underlying tones are combined, there are no
surface tone changes. However, when one of the toneless morphemes is combined
with a morpheme with tone, the toneless morpheme takes on the tone of the tone-
bearing morpheme.

(58) ta− + ba− • ta−ba− ‘to cook all’
nda �l + ba − • nda �lba − ‘to throw out’
Ì¦l + ba − • Ì¦ −lba − ‘to buy’
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na − + Ìa � • na −Ìa � ‘give me’
h¦ �r™¯ + Ìa � • h¦ �rÌa � ‘bring me’
sk¦ + Ìa� • sk¦ �Ìa� ‘wait for me’

ta− + na • ta−na− ‘to cook and put aside’
nda �l + na • nda �lna � ‘to throw away’
Ì¦l + na • Ì¦ �lna � ‘to sell’

As (59) indicates, this can be accounted for by spreading tone (i.e. adding associa-
tions between tone and vowels) to toneless vowels.

(59)          H   H     L

Ì¦l + ba ta + na ndal + na

The form Ì¦ �l-na � ‘to sell’, which combines two toneless morphemes, illus-
trates another property of tone systems. Since all vowels must on the surface have
some tonal specification, the following question arises: if there is no tone present
in the string which could spread to toneless vowels, how do toneless vowels get
their surface tone. The answer is that there are also rules of default tone assign-
ment, which guarantee that if a vowel does not otherwise have a tone value, one is
automatically assigned. Such a rule can be formalized as (60).

(60) L
•

V′ V

Generally, in languages with two levels of tone, the default value assigned
to otherwise toneless vowels is L; in languages with three tone levels, the default
tone specification is usually M tone. Yoruba is a language with three tone levels,
where it can be argued that M toned vowels are actually underlyingly toneless, and
M tones are assigned by a default tone assignment rule. The examples in (61) illus-
trate a very general tone spreading rule whereby L tone becomes falling after H,
and H tone becomes rising after L. However, M is unchanged after either L or H,
and M also has no effect on a following L or H.

(61) ko � p¥ � ‘it is not plentiful’ ko� du �n ‘it is not sweet’
o− p¥ˆ ‘it is plentiful’ o − duˆn ‘it is sweet’
¢ �k¥‡ ‘lesson’ ¥�b¥ƒ ‘monkey’
¥�f¥� ‘mourning’ g™®gaƒ ‘height’
™±säe− ‘work’ eƒjo� ‘snake’
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The question is how to exclude M tone from being targetted by this rule, and how
to prevent M tone from spreading. If we assume that tonally unspecified vowels
are assigned a M tone by default, and that M tones in Yoruba derive only from
application of this default specification rule, then we can explain these patterns
rather simply. We can assume the following tone spreading rule, where T repre-
sents any tone.

(62)  T  T

 V  V

The fact that contours are not formed with M tone follows from the fact that a
contour is two tone specifications on one vowel, plus the hypothesis that M tone is
only assigned if there is no tonal specification on a vowel.

1.9. Tonal mobility

The final demonstration of the autonomy of tone from segments is the tone
mobility, which is the fact that tones can move about from vowel to vowel quite
easily, in a fashion not shared with segmental properties. One example of tonal
mobility comes from Runyankore, seen in (63). This language has an underlying
contrast between words whose last syllable is H toned, and those whose penulti-
mate syllable is H toned. In pre-pausal position, underlyingly final H tones shift to
the penultimate syllable, thus neutralizing with nouns having an underlyingly pe-
nult H. When some word follows the noun, the underlying position of the H tone is
clearly revealed.

(63) Nouns with penult H
o �ku �gu −ru � ‘leg’ o �ku �gu −ru � ku �ru �u �nj™¯ ‘good leg’
o �mu �ko −z™¯ ‘worker’ o �mu �ko −z™¯ mu �ru �u �nj™¯ ‘good worker’
e�mbu−z™̄ ‘goat’ e�mbu −z™¯ nu �u �nj™¯ ‘good goat’
e �ch™¯ko −po � ‘cup’ e �ch™¯ko −po � ch™¯ru �u �nj™¯ ‘good cup’
e �mb™®bo � ‘seeds’ e �mb™®bo � nu �u �nj™¯ ‘good seeds’

Nouns with final H
o �mu �gu −z™¯ ‘buyer’ o �mu �gu �z™® mu �ru �u �nj™¯ ‘good buyer’
o�mu�ka −ma� ‘chief’ o�mu �ka �ma − mu �ru �u �nj™¯ ‘good chief’
e�e−mbwa� ‘dog’ e�e �mbwa − nu �u �nj™¯ ‘good dog’
o �bu −ro � ‘millet’ o�bu �ro − bu �ru �u �nj™¯ ‘good millet’
ka �su −ku � ‘parrot’ ka�su �ku − nu �u �nj™¯ ‘good parrot’

There are a number of reasons internal to the grammar of Runyankore for treating
L tone as the default tone, and for only specifying H tones in the phonology so that
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phonetically L tones vowels are actually toneless. This alternation can be ac-
counted for by the following rule of tone-throwback.

(64)         H
         x
V C0V ##

Another example of tone shift can be seen in Kikuyu. Like Runyankore,
there are good reasons to analyse this language phonologically solely in terms of
the position of H tones, with vowels not otherwise specified as H being realised
phonetically with a default L tone. We will follow the convention adopted in such
cases as marking H toned vowels with an acute accent, and not marking toneless
(default L) vowels.

Consider the Kikuyu data in (65) from the current habitual tense. The first
two examples in (65a) would indicate that the morphemes to-, -r¥r-, -aÆ- and -a are
all toneless. The third example, however, shows the root r¥r with a H tone: this
happens just in case the root is preceded by the object prefix ma. In (65b), we see
that ˜ in contrast to what we see in (65a) ˜ the habitual suffix -aÆ- has a H tone
when it is preceded by the root tom (which is itself toneless on the surface). As
with (65a), the syllable that follows ma has a H tone.

(65) a. to- r¥r - aÆ-a ‘we look at’
we-look at-hab-tense

to-mo- r¥r -aÆ-a ‘we look at him’
we-him-look at-hab-tense

to-ma- r¥−r -aÆ-a ‘we look at them’
we-them-look at-hab-tense

b. to-tom-a−Æ-a ‘we send’
to-mo-tom-a−Æ-a ‘we send him’
to-ma-to−m-a−Æ-a ‘we send them’

It is clear, then, that certain syllables has the property of causing the following
syllable to have a surface H tone. This is further demonstrated in (66), where the
derivational suffixes -er- and -an- follow the roots -r¥r- and -tom-: we can see that
the syllable after -tom always receives a H tone.

(66) to-r¥r-er-aÆ-a ‘we look for’
to-tom-e−r-aÆ-a ‘we send for’
to-r¥r-an-aÆ-a ‘we look at each other’
to-tom-a−n-aÆ-a ‘we send each other’
to-r¥r-er-an-aÆ-a ‘we look for each other’
to-tom-e−r-an-aÆ-a ‘we send for each other’
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Further examples of this phenomenon are seen in the examples of the re-
cent past in (67). In (67a), the root r¥r (which generally has no H tone) has a H
tone when it stands immediately after the recent past tense prefix -a-; or, the object
prefix that follows -a- will have a surface H tone. The examples in (67b) show the
same thing with the root -tom- which we have seen has the property of assigning a
H tone to the following vowel.

(67) a. to-a-r¥−r-a ‘we looked at’
to-a-mo−-r¥r-a ‘we looked at him’
to-a-ma−-r¥−r-a ‘we looked at them’

b. to-a-to−m-a− ‘we sent’
to-a-mo−-tom-a− ‘we sent him’
to-a-ma−-to−m-a− ‘we sent them’

The most reasonable assumption to make is that the verbal root -to −m- un-
derlyingly has a H tone, as does the object prefix -ma −- and the tense prefix -a-, and
this H tone is subject to the following rule of tone shift, which moves every H tone
one vowel to the right.

(68)  H
 x

V V

Thus, /to-to −m-er-aÆ-a/ becomes totome −raÆa, /to-ma−-r¥r-aÆ-a/ becomes tomar¥ −raÆa,
and /to-a−-ma−-to −m-a/ becomes toama −to −ma −.

(69)      H   H  H
     x       x     x

t o a m a t o m a

An even more dramatic example of tone shifting comes from Digo. In this
language, the last H tone of a word shifts to the end of the word. The root vugura
is toneless, as is the object prefix ni, but the object prefix a “them” has an underly-
ing H tone, which is phonetically realised on the last vowel of the word. Similarly,
the root togora is toneless, as is the subject prefix ni, but the 3rd sg. subject prefix
a has a H tone, which shifts to the end of the word. Lastly, the root tsukura is
toneless, as is the tense-aspect prefix -na-, but the perfective prefix ka has a H tone
which shifts to the last vowel of the word.

(70) a. ku-vugura ‘to untie’ ku-vugurira ‘to untie for’
ku-ni-vugurira ‘to untie for me’ ku-a-vugurira− ‘to untie for them’

b. ku-togora ‘to praise’ ni-na-togora ‘I’m praising’
a-na-togora− ‘he’s praising’
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c. ku-tsukura ‘to carry’ ni-na-tsukura ‘I’m carrying’
a-na-tsukura − ‘he’s carrying’ ni-ka-tsukura − ‘I have carried’

These data can be accounted for by a rule of tone shift which is essentially the
same as the Kikuyu rule, differing only in that the tone shifts all the way to the end
of the word.

(71)  H
 x

V  ... V#

2. Extension to the segmental domain

The foregoing modification of phonological theory had the obvious good
consequence that tonal phenomena could be accounted for very nicely manner,
whereas previously tone was largely outside the grasp of the theory. The impact of
autosegmental phonology was much more profound than that, however. The obvi-
ous thing to wonder, if tones are separate from the rest of the segment, then per-
haps segments themselves are not such monolithic, unstructured entities. And so
investigators looked for evidence for a similar separation of segmental features.

2.1. The autonomy of all features

An example of segmental phenomena which are reminiscent of autoseg-
mental tonal properties are floating segmental features as morphemes. One such
case is seen in Vata, there the past tense marker can be argued to be simply the
specification [+hi], which is suffixed to the stem and is realised phonetically on the
last vowel.

(72) n le ‘I eat’ n li ‘I ate’
n pl¢ ‘I pass’ n plŸ ‘I passed’
n ml¢ ‘I go’ n mlŸ ‘I went’
n no ‘I hear’ n nu ‘I heard’
n z¥ ‘I place’ n z¡ ‘I placed’
n w¥l¥ ‘I wash’ n w¥l¡ ‘I washed’

A second example comes from Fula, where a particular grammatical
agreement pattern (‘pattern B’ below) is marked by a prefix composed of the seg-
mental specification [-continuant] which causes an initial continuant to become a
stop.



Nonlinear Representations 407

(73) pattern A pattern B
wecco becce ‘rib’
wibjo bibje ‘wing’
ruulde duule ‘cloud’
sekko cekke ‘mat’
hello kelle ‘slap’
yeËre jeËel ‘seed’
yimre jimel ‘poem’
yontere jonte ‘week’

Aramaic CP. Azerbaijani Aramaic provides evidence for treating the feature
[constricted pharynx] ([CP]) autosegmentally. This dialect has a contrast between
pharyngealised or emphatic vowels (AEIUO) specified as [+CP], and plain vowels
(aeiuo). In most words, either all of the vowels are emphatic, or none of them are.

(74) AmrA ‘wool’ brata ‘daughter’
zArÜA ‘seed’ bela ‘house’
qUlOx ‘stand up!’ nuŠj‡um ‘sorcery’

Some words may have non-emphatic vowels followed by emphatic vowels. In such
a case, the first emphatic vowel is always a low vowel.

(75) s‡arAw ‘corn growing wild’ riswAy ‘unmannerly speech’
seyfullAh ‘a great deal’ fandbAz ‘trickster’
nis‡An ‘sign’ pes‡tAmAl ‘towel’
milAqE ‘hung grapes’ eliyAhU name
galimbAj‡I ‘brother’s wife’ silAhlAmIs‡ ‘supplied with weapons’

These distributional properties will play an important role in arguing for an auto-
segmental treatment of [CP].

In line with the fact that all vowels in a word generally agree in the feature
[CP], (76) shows that suffixes harmonize in [CP] with the preceding vowel.

(76) lixm-a ‘bread’ lixm-e pl.
pirc‡axwar-a ‘old woman’ pirc‡axwar-e pl.
nOhr-A ‘mirror’ nOhr-E pl.
dIqnAxwAr-A ‘old man’ dIqnAxwAr-E pl.

klu ‘write! (sg)’ klu-mun pl.
bilbul ‘seek!’ bilbul-un pl.
qU ‘rise!’ qU-mUn pl.
mIs‡ltUn ‘make a king!’ mIs‡ltUn-Un pl.
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[CP] will spreads through a whole sequence of suffixes.

(77) miŠr-a ‘she said’ xIt-lAx ‘you (f.sg.) sewed’
mir-wa-la ‘she had said’ xIt-wA-lAx ‘you had sewn’
mir-wa-la-la ‘she had said it’ xIt-wA-lAx-U ‘you had sewn them’

We will assume that the only value underlyingly marked for this feature is
[+CP], and that [+CP] spreads to the right by the following rule.

(78) [+CP]

  V     V

This rule thus explains why [+CP] vowels are always followed by [+CP] vowels.
However, we also need to explain why roots with a [+CP] specification (generally)
have [+CP] beginning with the first vowel. We can assume that, in the general case
the specification [+CP] is not associated to any particular vowel, but is just float-
ing, and an unassociated [+CP] specification is associated to the first vowel of the
word by the following rule.

(79)     [+CP]′

# C0 V

The derivation of mIs‡ltUn-Un ‘make a king (pl.)!’ shows these rules.

(80)    [+CP]     (rule (79)) [+CP]        (rule (78)) [+CP]
• •

mis‡itun-un mis‡itun-un mis‡itun-un

There are some suffixes whose vowels are invariably emphatic; that vowel
is always the vowel [A]. No suffixes are invariably plain.

(81) qalaŠma ‘pen’ qalam-dAn ‘case for scribe’s utensils’
qand ‘sugar’ qand-dAn ‘sugarbowl’
s‡akaŠr ‘sugar’ s‡akaŠr-dAn ‘sugarbowl’

dukana ‘store’ dukan-dAr ‘shopkeeper’
mewana ‘guest’ mewan-dAr ‘hospitable’

j‡ut ‘plow’ j‡ut-kAr ‘plower’
nuŠj‡um ‘sorcery’ nuŠj‡um-kAr ‘sorcerer’
naqs‡ ‘engraving’ naqs‡-kAr ‘engraver’
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These suffixes will be assumed to have underlying [CP] specifications, in contrast
to most other suffixes which are unspecified for [CP]. Since the suffix vowel is
lexically associated with [+CP], it does not associate to the first vowel of the word,
and since it does not associate to the first vowel of the word, [+CP] does not spread
to any vowels before that of the suffix.

We also find spreading of [+CP] between members of a compound. In the
examples of (82), [+CP] spreads from the first compound to the second.

(82) tAhA ‘3’ imme ‘100’
tAhA-mmE ‘300’
dIqnA ‘beard’ xwara ‘white’
dIqnA-xwArA ‘old man’

This is the expected pattern: [+CP] spreads rightward from the first member of the
compound to the second.

If the second member of the compound has [+CP] vowels, [+CP] spreads
through the second member of the compound.

(83) xwara ‘white’ dIqnA ‘beard’
xwArA-dIqnA ‘old man’
be ‘without’ hAd ‘limit’
bEhAd ‘exceedingly’
qahwa ‘coffee’ xAnA ‘shelter’
qAhwA-xAnA ‘coffee-room’

This apparent exceptional leftward spreading of [+CP] is nothing of the sort.
Rather, the second member of the compound has a floating [+CP] specification; in
a compound, that feature links to the first vowel of the word by rule (79), and then
spreads to the right.

(84)                [+CP]                [+CP]                  [+CP]
         •   •

xwara   diqna xwara   diqna xwara   diqna

Another case of [+CP] appearing to the left of the morpheme where it
originates is seen in (85), where a prefix is added to a root with a floating [+CP]
specification.

(85) xos‡ ‘good’ na-xos‡ ‘ill’
hAq ‘right’ nA-hAq ‘wrong’
rAzI ‘satisfied’ nA-rAzI ‘unsatisfied’
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pyala ‘fall’ ma-pole ‘cause to fall’
s‡atoe ‘drink’ ma-stoe ‘give drink’
myAsA ‘suck’ mA-mOsE ‘give the suck’
rAdOxE ‘boil (intr.)’ mA-rdOxE ‘boil (tr.)’

Given the assumption that a root specification of [+CP] is not generally associated
in the underlying form (except in roots such as (75) where [+CP] is unpredictably
associated to a non-initial low vowel), our analysis predicts that the [+CP] specifi-
cation will link to the first vowel of the word, which will be the prefix vowel in
this case, and spreads to the right thereafter.

The locational suffix -istan has the interesting property that it causes all
vowels in the word to which it is attached to become [+CP].

(86) xaraba ‘ruined’ xArAb-IstAn ‘ruined place’
c‡ol ‘uninhabited land’ c‡Ol-IstAn ‘wilderness’
hind ‘India’ hInd-IstAn ‘India’

This makes sense if the suffix -istan also has a floating specification [+CP], which
automatically associates to the first vowel of the stem and then spreads rightward.

(87)              [+CP]              [+CP]      [+CP]
•   •

xarab -  istan xarab -  istan xarab -  istan

2.2. Feature geometry

It was soon realized that an autosegmental account of all features could be
given ˜ that in principle, all features are autonomous from all other features, and
could exhibit the kind of behavior which motivated the autosegmental treatment of
tone. The question then arises as to exactly how features are arranged, and what
they associate to, if the “segment” has had all of its features removed. The gener-
ally accepted theory of how features relate to each other is expressed in terms of a
feature-tree such as (88). This tree ˜ known as a feature geometry ˜ expresses
the idea that while all features express a degree of autonomy, certain subsets of the
features form coherent phonological groups, as expressed by their being grouped
together into constituents such as “Laryngeal” and “Place”.
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(88) Root

lateral strident
consonantal sonorant

   continuant       nasal

           Laryngeal    Place

                                        voice
                        constricted
                           glottis                         Coronal                  Dorsal

                             Labial
spread              anterior        high
glottis                           distributed                            low

                              round                    back
                                    ATR

The organisation of features into such a structure went hand-in-hand with
the realization that the theory of rules could be constrained in very important ways.
A long-standing problem in phonological theory was the question of how to ex-
press rules of multiple-feature assimilation. Such rules are extremely common, and
one such example can be seen in Kimatuumbi. In this language, a nasal consonant
agrees in place of articulation with the following consonant. In the following ex-
amples, the plural noun prefix is underlyingly /n†/ and appears as such before a
vowel, but assimilates to a following consonant.

(89) singular plural
lw-aa−mbo n†-aa−mbo “bead”
lu �-go −i¾ Ï-go −i¾ “rope”
lu �-ba −u � m-ba−u� “rib”
lu �-j‡i¾™ � ®Ïgya − n†-j‡i¾™ � ®Ïgya − “entered”
lu�-laa−la n-daa−la “pepper”

The question is, how can this rule be formally expressed? It is a simple matter to
write a rule assimilating a nasal to a single place of articulation, so for example a
rule which changes /n†/ into [m] before a labial could be written as (90a), or a rule
changing /n†/ to [Ï] before a velar could be written as (90b).

(90) a.    
coronal
anterior

      / 
cororal-
anterior

  nasal][ 















+

++
→+
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b.    
coronal
back
hi

      / 
cororal-
back
hi

  nasal][

































−

+

+

+

+

→+

However, it was impossible to write a single rule to express both changes, since the
actual feature values assigned to a nasal are not constant ˜ they depend on the
feature value of the following segment.

Since such assimilations are quite common, formal machinery was intro-
duced into the theory which made it possible to account for such cases where the
actually assigned values are variable. Feature variables (also know as alpha no-
tation) were also available in the linear theory, and are defined as follows.

(91) Each occurrence of an individual variable (›, Ä, Æ...) is replaced with the
value “plus”, or each occurrence of the variable is replaced with “minus”.

Thus a rule containing a variable is really an abbreviation for two rules, one con-
taining plusses for a given variable and one containing minuses. A rule containing
a variable is known as a metarule, which it is an expression referring to a class of
simple rules containing no variables. Thus the metarule in (92a) expands to (is an
abbreviation of) the simple rules in (92b).

(92) a. C • [›voice] / ___ [›voice]

b.   
[-voice] ___ / [-voice]  C

voice][ ___ / voice][  C









→

++→

Each variable is expanded independent of other variables, so the metarule (93a)
expands into the four simple rules (93b).

(93) a.    
nasal
voice

 ___ / 
nasal
voice

  C 















→

β
α

β
α
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b.   

nasal
voice

 ___ / 
nasal
voice

  C

nasal
voice

 ___ / 
nasal
voice

  C

nasal
voice

 ___ / 
nasal
voice

  C

nasal
voice

 ___ / 
nasal
voice

  C

  









































































































−

−

−

−
→

+

−

+

−
→

−

+

−

+
→

+

+

+

+
→

Using this variable notation, a general form for a rule of nasal place-
assimilation can be given as in (94).

(94)    

ddistribute
high
back
anterior
coronal

 ___ / 

ddistribute
high
back
anterior
coronal

  C













































→

θ
δ
γ
β
α

θ
δ
γ
β
α

The one good thing that can be said about this addition to the theory is that it does
allow formalisation of rule which exists, and which could not be formalized
(within the linear theory) if there were no such notation.

However, the notation also makes some very bad predictions. First, notice
that complete place assimilation requires specification of ten features in total. For-
mally speaking, this rule is less simple, and given the principle of rule simplicity
employed in that theory, should occur less frequently, than a rule such as (95).

(95) C • [›coronal] / ___ [›coronal]

Thus the prediction is that rule (95) should be a much more common rule. This
prediction is totally wrong: a rule like (95) is not just uncommon, it is completely
unattested. Were there to be such a rule that assimilates only the specification of
coronal, we would expect to find sets of assimilations such as the following.

(96) mc‡ • nc‡ (not n†c‡) Ïc‡ • n†c‡
n†p • Ïp np • mp
n†k • Ïk nk • mk
n†t • n†t nc‡ • nc‡
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The fact that the feature-variable theory allows us to formulate such an unnatural
process at all, and assigns a much higher probability of occurrence to such a rule,
is a sign that something is wrong with the theory.

The theory says that there is only be a minor difference in naturalness be-
tween (97) and (94), since the rules are the same except that (97) does not include
assimilation of the feature [anterior].

(97)    

ddistribute
high
back
coronal

 ___ / 

ddistribute
high
back
coronal

  C





































→

θ
δ
γ
α

θ
δ
γ
α

Yet there is a huge empirical difference between these two rules: (94) is very
common, (97) is unattested. Rule (97) is almost a complete place-assimilation rule,
except that anteriority is not assimilated, and thus /np/, /n†k/ and /mt/ would become
[mp], [Ïk] and [nt] as expected, but /n†t/ and /nc‡/ would not undergo assimilation
(as they would have under complete place assimilation); similarly, /Ïc‡/ would be-
come [n†c‡] as expected (and as well-attested), but /Ïp/ and /Ït/ would become [näp]
and [nät], since the underlying value [-anterior] from /Ï/ would not be changed.
Thus the inclusion of feature variables in the theory incorrectly predicts the pos-
sibility of many types of rules which do not exist in human language.

Another problem with the variable-feature theory is that it does not give
any special status to a rule where both occurrences of › occur on the same feature,
versus on different features. You can just as easily have a rule such as the follow-
ing in feature-variable theory, where the variables on the structural change are
shifted down by one feature in the specification of the context.

(98)    

ddistribute
high
back
anterior
coronal

 ___ / 

ddistribute
high
back
anterior
coronal

  C













































→

δ
γ
β
α
θ

θ
δ
γ
β
α

This rule describes an equally unnatural and unattested process whereby a conso-
nant becomes [t] before [py], [p] before [q], and [py] before [k]. Rules such as (98)
do not exist in human language, which indicates that the linear theory which uses
this notation as a means of expressing assimilations makes poor predictions regard-
ing the nature of phonological rules.
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Equally bad is the fact that the variable notation allows us to refer to le-
gions of unnatural classes by randomly linking two unrelated features with a single
variable:

(99)  
lateral
voice

   d.    
anterior
coronal

   c.    
nasal

ddistribute
  b.     

round
high

    a. 































α
α

α
α

α
α

α
α

Class (a) applied to vowels would refer to [u‰,u,e,¦,a]; (b) would refer to [n‹,n†,p,tä,k]
but would exclude [m,nä,t»,c‡,Ï]; (c) groups together [t,k] and excludes [p,c‡]; (d) re-
fers to [l] plus voiceless consonants. Such groupings do not constitute natural
classes, and such groupings are not attested in any language. Indeed, were such
groupings to be found, one would rightly question the very correctness of distinc-
tive feature theory itself.

With the advent of a theory of feature geometry such as in (88), this prob-
lem disappeared. In that theory, the process of place assimilation is fomulated not
as the change of one feature value into another, but is expressed as the spreading of
one node ˜ in this case the Place node ˜ at the expense of another place node.
Thus the change /n†/ • [m] / __ [p] is seen as working as in (100).

(100) root root

[nasal]        x
    Place Place

  Coronal Labial

     +distrib
         -anterior

Just tone assimilation is the rightward or leftward expansion of the domain of a
tone feature, this process of place assimilation is expansion of the domain of one
set of place specifications, to the exclusion of another. When one Place node
spreads and replaces the Place node of a neighboring segment, that means that all
of the original place features are deleted, and the segment then comes to bear the
entire set of place features that the neighboring segment has.

What the feature variable notation was able to do was express multiple-
feature assimilations, but given this alternative theory, multiple feature assimila-
tions will be recast as spreading some node such as Place. The feature variable
notation can be entirely eliminated since its one useful function is expressed by
different means. The theory of feature geometry enables a simple hypothesis re-
garding the form of phonological rules, which radically constrains the power of
phonological theory. This hypothesis is that phonological rules can perform one
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simple operation (such as spreading, inserting or deletion) on a single element (a
feature or organising node in the feature tree).

The thrust of much work on the organisation of phonological representa-
tions has been to show that this theory indeed predicts all and only the kinds of
assimilations found in human languages (specific details of the structure of the
feature tree have been refined so that we now know, for examples, that the features
which characterise vowel height form a node in the feature tree, as do the features
for the front/back distinction in vowels). The nonlinear account of assimilations
precludes the unnatural classes constructed by the expressions in (99), since the
theory has no way to tie a specific value for a feature to the value of another fea-
ture. The theory does not allow a rule like (97), which involve spreading of only
some features under the place node. The nature of a tree like (88) dictates that
when a rule operates on a higher node, all nodes underneath it are affected equally.
Unattested ‘assimilations’ typified by (98) cannot be described at all in the feature
geometric theory, since in that theory the concept ‘assimilation’ necessarily means
‘of the same unit’, which was not the case in the variable feature theory.

The theory of features in (88) makes other claims, pertaining to how place
of articulation is specified, which has some interesting consequences. In the linear
model of features, every segment had a complete set of plus or minus values for all
features at all levels. This is not the case with the theory of (88). In this theory, a
well-formed consonant simply requires specification of one of the articulator
nodes, Labial, Coronal or Dorsal.2  While a coronal consonant may have a specifi-
cation under the Dorsal node for a secondary vocalic articulation such as palatali-
zation or velarization, plain coronals will not have any specification for [back] or
[high]; similarly, consonants have no specification for [round] or Labial unless
they are labial consonants, or secondarily rounded. In other words, segments are
specified in terms of positive, characteristic properties.

This has a significant implication in terms of natural classes. Whereas la-
bials, coronals, and dorsals are natural classes in this theory, given that each has a
common property ˜ and in actual phonological processes, these segments do
function as natural classes ˜ the complement of these sets do not function as units
in actual processes, and the theory in (88) provides no way to refer to the comple-
ment of those classes. Thus there is no natural class of [-coronal] segments in this
theory, which would be the set [p,k] excluding [t,c‡]. Coronal is not seen as a binary
feature in the theory, but is a single-valued or privative property, and thus there is
no way to refer to the non-coronals since natural classes are defined in terms of
properties which they share, not properties that they don’t share (just as one would
not class rocks and insects together as a natural group, to the exclusion of flowers,
by terming the group ‘the class of non-flowers’). Importantly, phonological rules
do not ever seem to refer to the group [-coronal], even though the class [+coronal]

                                             
2  Laryngeal consonants like h and Ü, however, may lack any place specifications: the fea-
ture structure of laryngeals remains a topic for investigation.
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is well attested as a phonological class. The model in (88) explains why we do not
find languages referring to the set [p,k]. It also explains something that was unex-
plained in the earlier model: the consonantal groupings [p,t] versus [c‡,k] are unat-
tested in phonological rules. The earlier model predicted these classes, which are
based on assignment of the feature [±anterior]. In the model (88) the feature
[anterior] is a dependent of the Coronal node, and thus labials and velars do not
have a specification of [anterior], so there is no basis for grouping [p,t] or [c‡,k]
together.

Exercises

1. Lulubo

Note on tone marks: [v¯ ƒ] = rising tone from low to mid, [vƒ �] = falling tone from
mid to low, [vƒ −] = rising tone from mid to high and [v® ƒ] = falling tone from high to mid.
Give the underlying form of the noun roots and whatever morphemes mark the four case
forms in the following data; briefly discuss what theoretically interesting property these
data illustrate.

subject unfocused focused proper name
object object object

e�b™̄ a−ndä¢ � e�b™̄ a−ndä¢ � e�b™‡ a−ndä¢ � e�b™̄ ƒ ‘lion’
a�rŸƒ a−ndä¢ � a�rŸƒ � a−ndä¢ � a�rŸƒ − a−ndä¢ � a�rŸƒ ‘bird’
t»™® a−ndä¢ � t»™̂ a−ndä¢ � t»™® a−ndä¢ � t»™® ƒ ‘cow’

2: Holoholo

Verbs in this language are composed of an infinitive prefix or a subject
marker, followed by an optional negative prefix, followed by an optional object
pronoun, and lastly the verb stem. The verb stem is composed of a root, plus any
number of optional derivational suffixes, plus the final morpheme -a which means
“verb not in the past tense” or -ile meaning “past tense”. There are a number of
consonant mutation rules which can be ignored (eg. il • in ), and some of the
segmental allomorphs are rather obscure (some examples: kuhuule−e−na from
/kuhuulilana/, or kumweenaˆ from /kumonila/). The details of how to get kumweena
are not important: what is important is getting the correct tone. Focus on tonal
rules and rules relating to vowel sequences. Assume a general principle of com-
pensatory lengthening for this language whereby any rule of glide-formation or
vowel fusion that applies to an underlying V+V sequence will lengthen the remain-
ing vowel; therefore a gliding rule applying to /i+o/ will create [yoo], with length-
ening of [o] being an automatic side-effect of glide formation.
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There are some interesting regularities regarding vowel length that you
should also consider. There are no surface representations such as *[kuponka] with
a short vowel followed by the sequence nasal plus consonant. There are no forms
like *[kufyaka] with short vowel after a glide. Furthermore, you will note that
there are no words in the language that end in long vowel.

kumona − to see kusila− to forge
kulola to look at kubula to draw
kumona −naˆ to see other kusil™®laˆ to forge for
kulolana to look at each other kubulila to draw for
kusil™®la −na to forge for each other kubulilana to draw for each other
kutege−le −la to listen kutege−le −sya to make listen
kutege −le −lana to listen to each other kusololana to choose each other
kulya − to eat kuhya − to carry
kuliilâ to eat for kuhiilâ to carry for
kubuusyaˆ to ask kukwaatâ to own
kubiihaˆ to be bad kuhiita to be black
kutuuta to hit kusyiika to bury
kuliil™®la to eat for for kukwaata−na to own each other
kubiikaˆ to put kubiik™®lila to put for
kumweenâ to see for
kusyiikana to bury each other kutuutila to hit for
kwiita− to call kwiita−nâ to call each other
kweema to suffer kwaat™®kâ to split
kweele−lâ to clean up kweele−la−na to clean up each other
kwiihaga to kill kwiihagana to kill each other
kooja to rest kuula to buy
kooga − to wash kooge −laˆ to wash for
kooge −le −la to wash for for kooge −le −lana to wash for each other
kutoonta − to fill kutoonta−ma −na to be full
kuloomba − to request kuloombe −laˆ to request for
kuloombe −la −na to request for each other kusiinda−laˆ to make disappear
kusiing™®naˆ to put across kusiing™®n™®na to put across for
kwiimba− to sing kwiimb™®lâ to sing for
kunywiisaˆ to make drink kunywiis™®™®bwa to be made to drink
kuhuule −e −na to hit for each other kutimw™®™®na to break for
kuhima − to leave kuhimyaˆ to make leave
kukwaatâ to own kukwaatyâ to make own
koonka − to suck koonkyaˆ to make suck
kubusa − to miss kubusyaˆ to make miss
kukoloma to irritate kumukoloma to irritate him
kubako −lo −ma to irritate them kulola to look at
kumulola to look at him kubalo−laˆ to look at them
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kumumona − to see him kubamo −na − to see them
kutege−le −la to listen to kumutege−le −la to listen to him
kubate−ge −le −la to listen to them kusimo−na − to not see
kusilo −laˆ to not look at kusiko−lo −ma to not irritate
kusimu −lo −la to not look at him kusiba−lo −laˆ to not look at them
kusimu −mo −na − to not see him kusiba−mo −na − to not see them
kutiin™®na to worry kusit™®™®n™®na to not worry
kwiit™®™®n™®na to worry oneself kumutiin™®na to worry him
kwiilo −laˆ to look at oneself kwiimo−na − to see oneself
kuula to buy kusyuulâ to not buy
kusyuula −na to not buy each other kusimu−u −la to not buy him
kwiita− to call kusiita− to not call
kusiilo −laˆ to not look at oneself kusiimo−na − to not see oneself

ulolile− you (sg) looked usil™®le− you (sg) forged
tulolile − we looked tusil™®le− we forged
mulolile − you (pl) looked musil™®le− you (pl) forged
u −lo −lile − he looked u−s™®l™®le− he forged
ba −lo −lile− they looked ba −s™®l™®le− they forged




