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CHAPTER OUTLINE

In this chapter you will learn about: the basic distinction
between spoken and written language; the ways in which
languages of the world are written; the units from which
speech is composed: syllables, vowels and consonants;
phonetic symbols as a means of representing speech;
speech considered as an acoustic signal; the similarities and

differences in the speech sounds used in languages of the
world.
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The way we usually represent and describe speech depends on a powerful
idea that is already known by everyone who is literate in a language with
an alphabetic writing system. Human listeners can hear speech as a
sequence of sounds, and each sound can be represented by a written
mark. In this chapter we look at how this idea can be the basis of a com-
prehensive system of phonetic symbols, suitable for representing reliably
the sounds of any language - and at how this is different from the many
existing writing systems for particular languages.

Although there are estimated to be 5,000 to 8,000 languages in the world,
each with its own particular selection of sounds. the total number of sym-
bols required to represent all the sounds of these languages is not very
large - it is somewhere around two to three hundred. This, of course, is
because many sounds are found again and again in languages. The human
speech apparatus, which produces sounds, and the hearing mechanism,
which perceives them, are exactly the same all over the world. Languages
make their selection from the stock of humanly possible sounds - and
some sounds are so common and basic that they ave found in almost all
languages.

From surveys that compare the sounds employed in hundreds of lan-
guages, we know that almost all languages have consonant sounds
like those at the beginnings of the English words tea, key. pea, see, fee,
me and knee, and vowel sounds resembling those heard in seat and sal.
Although English has quite a large system of sounds, none of the
sounds is very unusual when seen in a global perspective. The most
unusual sounds in English are probably the so-called th- sounds heard
at the beginning of think and this. It's interesting that some varieties
of English don’t use these sounds, but replace them with others that
are more frequent in the world’s languages. Speakers from London,
for instance, often say fink rather than think. - ; =

The International Phonetic Alphabet

The International Phonetic Alphabet (IPA) aims to provide a separate sym-
bol for every sound used distinctively in a human language (see Figure 1.1).
Using symbols from the IPA, we should be able to represent the pronunci-
ation of any word or phrase in any human language. The IPA has grown
and evolved over more than a century of international collaboration, with
new symbols being added when new sounds turned up in languages that
had not previously been described.
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CONSONANTS (PULMONIC)
Bilabial | Labiodental] Dental |Alvcolar lPostalveolm' Retroflex | Palatal Velar Uvular | Pharyngeal | Glotial
Posve  |D D t d t dlc 7|k glq ¢ ?
Nasal m 1) n n n 1) N
Trilt B I R
Tap or Flap Iy [‘
Ficative | Q) fv|0o[sz|[J3 (s zal¢ i|x v[x 8B|hS[hh
1= [k
Approximant v I I ] 03
Gt 1 LT A2
Where symbols appear in pairs, the one to the right rep a voiced Shaded areas denote articulations judged impossible.
CONSONANTS (NON-PULMONIC) YOWELS
Clicks Voiced implosives Ejectives .me Cf'mm Back
O sitwial D s ’ Examples: Close 1a ¥ ted—— el
| Denal (3 JE— p’ Bitabial Iy U
| @ostatveatac j: Palatal £’ Demaliatveolar Closemid Ca@——980——Y¥ 20
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@ e
Open a (E——\—-— AesD

M Voiceless labial-velar fricative G Z Alveolo-palatal fricatives

W Voiced Iabial-velar approximant .I Alveolar fateral flap

U Voiced tebial-palatal approsi ﬁ _[ and X
H  voiceless epiglotaal fricative
g . o Affricates and double articulatioas
Volced epiglottal fricative con b copromoried by b Sy1ebols 1’('13 ts
Jrined by a tle bac if pecessary, g

2 Epiglonal plosive

Where symbals appear in pairs, the onc
to the right represants a rounded vowel.

SUPRASEGMENTALS

DIACRITICS  Diacritics may be placed above a symbol with a descender, e.g. Io_]

_ Volceless Il (;l Breathy voiced ]? a Dental td
. Voiced $ . oy b a | . apica td
iy Aspirated th dh _ Lingolbia (_1 o Laminal t d
, Morrounded Q) W L aialized Y dY| 7 Nusaticed é
. Less rounded 2 1 pataatized oA | " Nasatetense dn
, Adaced U Y Verizes tv dv ! Lateral release dI
_ Retracted c § Pharyngealized £ d | o sudblorene d é’
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* Midconalized é Raised € (I = voiced alveolac ficative) ?
,  Sylabic l'll . Lowerd ? (ﬁ = voiced bilabinl approximant) ‘g
. Noasylabie & ., Advanced Tongue Root € 4
* ety O @ | | RemstedToogekox € T

AGURE 1.1

The International Phonetic Alphabet.
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The IPA, then, is intended to confain all the sounds of human languages.
But where do the symbols come from? In a sense, any shapes would do, pro-
vided they were distinctive and available in sufficient numbers - and some
early attempts at phonetic alphabets did involve complicated invented
shapes.

The IPA takes the familiar Latin alphabet as its starting point. The twenty-
six letters of the alphabet are all used, mostly with values that seem very
natural to us, and further symbols are obtained in a variety of ways:

e by using small capital letters with different meanings from the lower
case ones; for example, [g] and [c| stand for different sounds, so do [n]
and [y]. Notice how square brackets are put around phonetic symbols.

e by turning or inverting existing letter shapes, as in [9]. {1} {wa} (]

e by using diacritics, which are dots, hooks, and other small marks
added to symbols, as in [g]. (a]

e by using some letters from the Greek alphabet. such as []p] and [x].
{though the values attached to the symbols are not necessarily Greek
sounds)

e by inventing new shapes, such as [u]]. [n]. The new shapes mostly look
like existing letters, or have some logical feature in them that high-
lights resemblances among sounds.

It's useful to consider some devices the [PA doesn’t generally use in form-
ing new symbols. Differences between fonts - the mere appearance ofa
letter — don’t matter. In particular, it doesn’t matter whether letters have
serifs (little cross strokes at the ends of lines). So [n] (with serifs) and [n]
(without) stand for the same sound. [n the same way. italic or bold are
never used to make different symbols.

Normal speech and pathological speech _

As you see from Figure 1.1, the chart of the [PA fits on one page. {t provides
nearly everything that is required to represent speech in any language -
at least, in the normal adult pronunciations of those languages. But
speakers who have speech disorders sometimes employ types of sound dif-
ferent from those used by any normal speaker. The IPA provides a supple-
mentary chart, and further diacritics, which may be needed to cope with
the range of sounds encountered in pathological speech.

T L i E)
‘ranscribing sounds’
After phonetic training, we can listen analytically to words or phrases,
imitate them, and record them with symbols. We can start from zero with
a language we do not know at all, transcribing words with the help of a
co-operative speaker who is willing to repeat words for us and listen to our
imitations. For instance, in the first session with a speaker of the language
Divehi (Maldive Islands), the first word asked for was the one for ‘hand’.
The response was transcribed as [ae?]. The two symbols [ae| represent a

ot
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particular gliding vowel sound (roughly like that in English eye), and [?]
represents a glottal stop. The native speaker of Divehi would not accept
lae] without the glottal stop as a version of ‘hand’, which showed that she
regarded the glottal stop as an essential sound in the word.

The next word asked for was that for ‘finger’. This time the response
was noted down as [ingili?}. Here the [i] symbols represent vowels approx-
imately like those in English beat, and again there is a final glottal stop.
The symbol [g] represents a sound which is encountered commonly in
English but spelled with n in conjunction with other letters (commonly
k or g). It is the nasal sound before the [k| of think, or the final sound of
thing for most speakers. Actually the English word finger contains exactly
the same sequence [ng] noted in the Divehi word. The next word asked for
was ‘head’ and this was noted down as [bd]. Here the symbol [5] repre-
sents a vowel somewhat like that in English saw. There seemed to be no
glottal stop at the end, but as the other two words noted so far had fin-
ished with a glottal stop. the investigator pointed to his head and tried a
version [bo?]. This produced laughter from the informant. It turns out
that [b>?] is a separate word meaning ‘frog’. This established that the
glottal stop was not just an automatic termination for Divehi words, but
a significant sound capable of marking distinctions between words.

If this process of imitation and transcription were continued, we could
expect to encounter all of the vowels and consonants employed in the
language, and select suitable symbols for transcribing them all. it makes
no difference to this process whether the language under investigation
happens already to have a written form. As a matter of fact, Divehi is a
written language, with a unique alphabet of its own; and the speaker in
question was literate in both Divehi and English - but these facts have no
relevance to the process of listening, imitating and transcribing.

Once a phonetic transcription has been made, it should sound right
when we read it aloud again. But people often have a wrong idea about
how precise phonetic transcription can be. The IPA symbols may look a bit
like mathematical symbols. but they are not used with mathematical
precision. Learning to transcribe is not at all like learning formal logic or
algebra - it is more like learning how to make a recognisable sketch of a
face or an object (one kind of transcription is even called impressionistic).
Different observers can make somewhat different transcriptions of the
same sample of speech, without either of them being necessarily ‘wrong’.
And however detailed we make our transcription, it remains only a rough
approximation compared with a sound recording, or a film of the speak-
er's actions in producing the speech.

Symbols for particular languages
The symbols needed to represent the sounds of any particular language -
whether it's English or Divehi. or any other - will be a selection from
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(a subset of) the [PA. As an illustration, symbols for representing one type
of English are given in the table below. This is followed by a specimen of
transcription for you to try reading.

Keyword Keyword
p pie J yes
t tie h hat
k key i pea
b buy { pit
d die e pet
9 guy x pat
m my a: pa
n no A pup
] sing D pot
f fee 3 paw
v van U put
0 thigh u too
M) though ) soda
s 50 31 bird
z Z00 el pay
] she al pie
3 measure oL boy
tf chip au now
dz jam u no
w wet &) near
r red =) hair
1 let

The mark ' indicates that the following syllable is stressed, and | indicates
a slight pause at the end of a phrase.

85 'n5:0 'wind an 03 'san wa di'spjuztin wit] waz da 'stronga |
wen o 'treevle 'ketm 2'lop | 'rept m 3 'woim 'klouk |

Ser o'grizd ot 89 'wan hu: 'E3ist sok'sizdid m ‘mertkig 02 ‘trevis
'tetk 1z 'klauk of | fud br kan'sidad 'strongo don 01 'ada |

‘Sen 82 'na0 'wind 'blu: 9z 'haid oz i 'kud | bat &5 'mo: hiz 'bluz !
85 mo: 'klausht did 82 'trevls 'fauld 1z 'klouk 2'raund him | on ot
Hazst 35 'no:0 'wind 'getv 'ap 01 9'tempt | ‘den 32 'san 'Jon aut
'wornlt | an r'mizdjatl 8o 'traevla 'tuk 'of 1z 'klauk | an sau 02 'nd:0
'wind waz 2'blardzd ta kan'es | 0at 82 'san waz 33 'strongar av
02 'tuz |

(The orthographic version of this text is given at the end of the answers
section for this chapter.)

The IPA does not provide fixed transcription systems for particular lan-
guages. It provides a stock of symbols, and principles and conventions for
using them - but there can be perfectly legitimate differences between
transcription systems for one and the same language. As a simple illus-
tration, consider the vowel in a Southern British pronunciation of a word

- e a———
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such as dress. [t is somewhere between the sounds represented [e] and [g]
in the [PA. We could use a diacritic added to one of these symbols to show
an intermediate quality - for instance [g]. But how inconvenient would it
be, all the way through a book on English pronunciation, or in a diction-
ary that shows pronunciations, to add the diacritic each time? Far better
to choose either [e] or [¢] for regular use, and give a once-for-all statement
that the actual quality is something like [¢]. In fact, some transcription
systems for English use [¢]| while others use [€].

Though both speaker and listener may have the impression that speech is a
sequence of sounds, the shortest stretch of speech that a speaker can actual-
ly pronounce in a fairly natural way is not the individual sound, but the syl-
lable. If a person is asked to speak very slowly, splitting words up into sec-
tions (e.g. for dictation), division will usually be into syllables. Thus the word
signal can be spoken as two chunks separated by a pause: sig - nal. This is
because signal is a word of two syllables. By contrast the word sign is a one-syl-
lable word (a monosyllable). It cannot be divided into two individually pro-
nounceable parts. It begins like sigh, but the remainder is the single sound
represented by n, which we can only pronounce in an unnatural and dis-
jointed way. The middle part of sign is also clearly the same as I or ¢ye, but
removing that portion leaves us with two sounds represented by s and n, sep-
arated by a gap. The conclusion is that sign, sigh and eye are all monosyllables.
Asyllable is like one pulse of speech. It always contains one loud or promi-
nent part (almost always a vowel sound), and may optionally have consonant
sounds preceding or following the vowel. [f we compare the pronunciations
of the three syllables be, eat and beat we can hear that they all contain the
same vowel sound, which we can represent with its phonetic symbol fi}. In be,
the vowel is preceded by a consonant sound [b], but nothing comes after the
vowel, giving [bi]. In eat there is nothing before the vowel, but a consonant
sound [t] follows. Beat [bit] has both preceding and following consonants.

The term segment is another way of referring to the individual speech
sounds that make up syllables. Segments are of two kinds: vowels and
consonants. Typical vowel segments are [i a u; a few examples of typical
consonants are [m b k f s]. Using V to stand for any vowel and C for any con-
sonant, the structure of a syllable or word can be shown as a string of Vs and
Cs. So, for example, the word book, pronounced [buk], is CVC. This means a
sequence of one consonant followed by one vowel which in turn is followed
by one consonant. This sort of representation is called a CV-skeleton.

Here are some examples of CV-skeletons for English, together with some
words that conform to each of them. Remember that we are dealing with
pronunciations, not spellings. The double -0o- in the conventional spelling
of book doesn't mean that the word contains two vowel sounds. To take
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Vv _oeve oh

cv ; be, my, see, saw, tea, you
VGl s eat, each, aim

vC book, chip, thumb, top, win
CCV “draw, glue, stay

cvcccc texts

ccev straw

Qveve unit

CVCevC signal

QW going

another example, look at the skeleton for unit. This word is spelt with a
vowel letter at the beginning, but it is pronounced with a consonal}t Seg—
ment in initial position, exactly like the word you. Notice also t_hat in win
and you the letters w and y stand for consonant sounds, _whereas in my, saw,
draw, stay, straw they are used as part of the representation of the vowel. .
As we see in rthese examples, when we represent careful pronuncia-
tions of whole words with CV-skeletons, there must be one V element for
each syllable. The three-syllable word banana has the skeleton CVCVCV.
In addition to simple vowels, like those heard in book, bit or cat, th.ere gre
also diphthongs, which are vowels of changing or ‘gliding’ quality like
those heard in voice or house. Since voice and house are one-syllable words,
English diphthongs must count as one V element rather than twc‘). Both
voice and house have the structure CVC, rather than CVVC. But going has
two syllables: one is the stem go, which contains a diphthong, the sec-
ond is the ending -ing. which contains a further vowel followed by the
consonant {pg]. . .
Some languages also permit certain consonants to be syllabic - .that 1'5,
to form a syllable by themselves. In English, [l] and [n] may be syllabic, as in
the second syllables of certain pronunciations of settle [setl] ?r sud.de‘n
[sadn). (The IPA diacritic added to the relevant consonants means ‘syllabic )
These words can be represented CVCG. But notice that there are also alter-
native pronunciations [setal], [sadan] in which the se?ond syllables f)f
these words contain a V element followed by a non-syllabic consonant, giv-
ing the structure CVCVC.

Syllables and words '

In a sense, spoken words are composed of syllables. The shortest possible
words are words of one syllable. The English words hand, arm, head, eye,
mouth are all monosyllables, as are have, be, go, do, make, eat, die. Of course,
English words may have two, three or more syllables. For example, tbe
English words mother, husband, river, heaven, berry have two syllables, WI}IIF
description, musical, prominent have three, applicable has four, characteristic
has five, and so on.
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But syllables are units of pronunciation rather than elements of word
structure. Notice that the word dog is a monosyllable, and so is its plural,
dogs; but the plural clearly consists of two elements of word structure: one
is the stem, dog-; the other is the ending indicating ‘plural’. There are thus
two elements of word-structure within the one syllable. On the other
hand, banana has three syllables, but just one element of word structure
(a stem), as the word isn’t made up of separate meaningful parts.

iprasegmentals

Segments aren’t the whole story. We also have to pay attention to features
that are not themselves segments, and that seem to spread across several
successive segments (often a whole syllable). Such properties are called
suprasegmentals. Stress and tone are in this category. In English, for
example, the noun import and the verb import have exactly the same seg-
ments. But the words are distinguished according to which of the two syl-
lables is stressed: the noun is IMport but the verb is imPORT. Here we've
used capitalisation to give an indication of which syllable is stressed, but
as you will see from the chart, the IPA provides symbols for suprasegmen-
tals too, and we will return to these in a later chapter.

Speech as an acoustic signal =

Like any sound, speech can be picked up with a microphone, recorded
and analysed. Sound is a rapid variation of pressure travelling through
some physical medium {such as air). The velocity of sound in air is about
330 metres per second {about 740 miles per hour). When variations in
pressure arrive at the eardrum, or at a microphone, they cause vibration
(tiny to-and-fro movements) of the eardrum or the diaphragm of the
microphone. The human listener experiences hearing a sound, and the
microphone produces an electrical signal which can be measured.

A graph showing variation of pressure (or equivalently, movements of
the eardrum) as a function of time gives the waveform of a sound. In a
perfectly quiet place. a microphone picks up no sound, and the resulting
waveform will be flat, showing no up and down movement at all. In most
locations there will generally be background or ambient noise (traffic or
aircraft noise from outside, wind, sounds from appliances, and so on) and
this will show as constantly fluctuating energy on a waveform. Speaking
reasonably close to a microphone results in a waveform that is much big-
ger than the ambient noise level.

Because the pressure variations in sound are very rapid. the amount of
detail we can see in a waveform depends on the scale on which it is plot-
ted. If a lot of time is shown in a small space, the details of the waveform
are lost, and we just see blocks of activity.

The amplitude of a wave is a measure of the size of the pressure varia-
tions (or eardrum movements). The auditory property that is correlated
with amplitude is loudness. Other things being equal, a wave with larger
variation in air pressure will correspond to a louder sound. In Figure 1.2 we
can see that the vowels have more energy (are louder) than the consonants.
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FIGURE 1.2

The waveform for Pater Piper picked a peck of pickled pepper The phrase has been
spaaially chosen so that the teelve syllables of the utterance can be counted. The
consanant sounds that separate the syllables have low amphtude, making the
prominent sounds at the centre of the syllables easy to see

Zooming in on the waveform, so that only a small fraction of a second is
shown. reveals the detailed pressure variations and can tell us something
about the sound of individual segments. It is generally convenient to
measure time not in whole seconds, but thousandths of a second. One
millisecond (ms) = 1/1000 second.

|333 law  ZFd |3+4 |346 IHB 350 352
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FIGURE 1.3

A short sample (about 22 milliseconds long) from the first vowel of Peter in the utter-
anca shown abova. The time scale shows milliseconds from the: start of the recording.
Al this point, the wavefarm has a regular repealing patiern. Listening 1o this sample, we
hear a very short but recognisable vowel [i].

The writing systems used by the languages of the world are many and var-
ious and it needs a whole book considerably larger than this one to deal
with them in detail. We will give a simple account here, which should give
you an idea of the amount of diversity in writing systems. Ways of writing
fall into three basic categories: (1) alphabetic systems, (2) syllabaries and
(3) logographic systems. -

Alphabets
If you are reading this book, you are of course familiar with at least one
alphabetic writing system. The writing system of English is a development

Introduction to speech
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of the Latin alphabet, as are many writing systems used for languages of
Europe and in many other parts of the world. Each of these languages has
adapted the alphabet used in classical Rome to suit its own needs. Some
languages have needed to add letters to the alphabet to suit their needs -
English, for instance, has added w.

Languages often differ in the value, or range of values, given to a par-
ticular letter. So, for instance, the English letter c represents the sounds
[s] as in cinema ot [k] as in cow, whereas in the writing system of Zulu
the same letter represents a click sound. In English, x commonly rep-
resents a sequence of consonants [ks}, as in six or tax, but in some lan-
guages (Maltese is an example) the same letter is used to represent the
sound [[]. which is the consonant at the beginning of the English word
shop.

There are alphabetic writing systems that have not come directly from
the Latin alphabet. You may be familiac with the Greek alphabet:
apydelnbikipvéompoTubXyw or with the Cyrillic alphabet, which is a
development of it, used to write Russian and somne other Slavonic languages:
AGTIEEHSHEKIMHOPCTY GX UM BBIBE0A. Some of the letters in both of these
resemble Latin letters. However, there are alphabets used around the world
where the letters look very different from the Latin ones. Here is par¢ of the
alphabet used to write modern Hebrew: XTI 220070, The direction
of writing can vary, too: the writing system of Hebrew and some other lan-
guages such as Arabic runs from right to left.

Despite their very different appearances, all alphabets are thought to be
developments of just one. And all alphabetic writing systems have in
common the fact that by and large each letter is an attempt to represent
a segment. Clearly, this is exactly the same principle that is used for pho-
netic transcription, and the IPA can be thought ofas a development of the
roman alphabet, adapted and extended to represent the sounds of all
languages.

Syllabaries
If spoken language consists of syllables, one way to write a language is
to provide one symbol for each possible syllable. This is what is done in
the type of writing system called a syllabary. Many different syllabaries
have evolved at different times in different parts of the world. A portion
of the Linear B syllabary, used to write an early form of Greek about 1500
BC, is shown in Figure 1.4. You can see that most of the symbols repre-
sent a CV syllable. But the symbols that represent syllables sharing the
same vowel do not appear to resemble each other. The same is true for
symbols that represent syllables that share a consonant. So the symbol
representing |di] looks nothing like that representing [ki] and the sym-
bol for [ka] is completely different to that for [ku]. Each symbol therefore
represents a complete syllable, which is not analysed into its component
segments.

A syllabary works well if the total number of different syllables that
need to be represented is reasonably small - say of the order of 100. Some
languages do have highly constrained syllable inventories and hence lend
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Writings in an
unknown script
were found on clay
tablets during an
archaeological exca-
vation on the island
of Crete around
1900, and termed
‘Linear B'. No-one
could decipher
them, or even be
sure what language
they were in, until
the 1950s, when an
Englishman called
Michael Ventris
showed that attacl-
ing certain syllabic
values to the marks
led to readings that
were overwhelming-
ly likely to be an
archaic form of -
Greek. ’
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FIGURE 1.4

Part of the Linear 8 syllabary, used to write an archaic form of Graek 4534t 1500 5C
(from G. Sampson, VWnting Systems, London: Hutchinson. 1985)

themselves to representation in this way. But the number of possible
English syllables is in tens of thousands; and the number of different syl-
lables that a human being can in principle make or recognise is perhaps
of the order of a million. So syllabic writing is not suitable for all lan-
guages, and would certainly not form a satisactory basis for a general sys-
tem of phonetic transcription.

Logographic writing

A logographic writing system does not attempt to represent the pronun-
ciation of words at all. The best known example is the one used in Chinese.
Each logogram (or character) represents a complete word and basically it
is up to the reader to know how the word is pronounced. There is just no
way of working out the pronunciation from the logogram. To illustrate
this here are two Chinese characters: ;

A< = tree, pronounced [mu| Z& = root, pronounced [ban|

It is easy to see the connection between the meanings of the two words and
why the characters resemble each other, but the pronunciations have
absolutely nothing in common. This means that there really is no equivalent
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of spelling in this type of system. As a further itlustration, here is the char-
acter meaning good. It is pronounced [hau].

¥

The lefthand side of this exists as a character in its own right. [t means
woman and is pronounced in a way that can be transcribed [ny] (the sym-
bol [y] means a vowel like that in French lune meaning ‘moon’). The right-
hand side of the character can also be used independently. It means child
and is pronounced [dz]. So there is no way of working out that good =
[hau| in Chinese from the character used to represent the word.

Finally, there are writing systems that are mixtures of the above types.
Ancient Egyptian hieroglyphics are a mixture of alphabetic writing and
logograms. Modern Japanese is written with a mixture of Chinese logograms
and two different syllabaries.

The relationship between speech and writing '

If we think of a language as a system for communication, then speech and
writing are the two main channels through which communication can
pass. Speech is the original channel for which human language evolved,
and all written languages have (or once had) a spoken form. Writing, the
preservation of language messages with visible marks, is a much later
development (from about the Bronze Age) and many languages today still
have no written form.

Speech and writing are obviously good for different things. Speech is fast
and interactive, and we can talk and listen while at the same time getting
on with somerthing else (such as working or eating). Talking is a social activ-
ity, and when we talk to other people we are doing much more than com-
municate linguistic messages. But like all sounds reaching our ears, speech
is fleeting. Writing is permanent, and gives human beings the power to
keep records. It also helps us organise ideas that would be too complex to
keep in our heads at once. Writing is in fact the most fundamental inven-
tion in the field we now call information technology.

People who do not make use of writing can pass stories, songs and
poems from one generation to the next by oral tradition - that is, by mem-
orisation and repetition. But in our society oral tradition has just about
died out, because it is assumed that everyone will learn to read and write.
Writing is used for law, religion, literature and science, and as a result has
become the basis of almost all education.

Within limits, we can swap messages between speech and writing. For
instance, we can write down the words somebody used when they were
speaking. This may preserve the ‘literal meaning’ of what was said, but we
will lose the intonation, loudness, voice quality, local accent - and the
information that enables us to tell whether the speaker is a man, woman
or child, and whether the speaker is someone we know. Equally, we can
make an attempt at speaking aloud anything that is written - but here we
have to supply all the characteristics that are not specified in writing. And
there certainly isn’t a spoken equivalent for everything that's written.
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Homophones are of ™,
course not just
found in English. A
simple example
from French is vin
meaning ‘wine' and
vingl meaning
‘twenty' both are
pronounced [VE]

Taking away the visual organisation of a written document may make it
more or less useless: think of the difficulties we would face in using a
purely spoken version of something like a telephone directory.

Writing is not simply a representation of speech. Admittedly, speech
was probably an important factor in the original development of writing,
and it remains true that in most writing systems, the way to write a word
has some connection with its pronunciation. But once writing has
become established, it tends to develop all kinds of peculiarities that do
not directly reflect speech. and which in fact have very little to do with
the language system either. The insistence on standardised spelling, punc-
tuation and the use of capital letters in the writing of English are exam-
ples. A schoolchild who writes beleeve will have the spelling crossed out
and corrected, even though it indicates the intended word quite as clearly
as the conventional spelling believe (and was in fact used in the first print-
ed version of Shakespeare's plays). The insistence on one spelling rather
than the other, and on a single spelling rather than two or more spellings
used interchangeably, is simply arbitrary. Conventions like this seem very
important to most educated people (perhaps because they have had
work very hard to learn them) but they are entirely artificial.

We have just shown that writing is not simply a representation of
speech. Much more obviously, speech is not in any sense a version of writ-
ing. People sometimes have quite powerful prejudices. believing that
speech should really be modelled on written language, or that spelling
somehow shows us how we should pronounce. We need o keep spoken
language and written language separate in our minds, and study each on
its own terms.

Homophones
A good example of the independence of speech and writing in the repre-
sentation of language comes [rom looking at homophones (different
words that are pronounced the same way). Consider, for example, the
English words that are conventionally written see and sea, They are pro-
nounced in exactly the same way [si]. Without the assistance of a mean-
ingful context the spoken words are completely indistinguishable. We can
go further, because there are at least two English words spelt see. One is the
verb meaning ‘to perceive with the eyes’, the other a noun meaning 'thg
area of authority of a bishop'. (These two words have entirely separate ori-
gins,) The same pronunciation is also used for the name of the letter C,
which is also used as a word (I tried hard in my exam, but Lonly gota C). So the
language has four words: see (verb). see (noun), sea and C. The four words af":
absolutely identical in speech. The writing system makes a three—\.\r‘ayvdls—
tinction, which may be useful, but has nothing to do with pronunciation.
Homophones are found scattered randomly - but fairly commonly - in
the vocabularies of languages. They are certainly not restricted to languages
that happen to have a written form. If we werc learning any unwritten lan-
guage we would almost certainly come across some examples before very
long. Of course, young children meet and cope with homophones such as
seefsea or vinjvingt long before they learn to read and write.
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sign languages

We have described speech and writing as the two channels for language.
Don’t the sign languages used by the deaf show us a third channel?
Certainly signing represents another mode of communication, which is
neither speech nor writing. But sign languages (such as British Sign
Language, BSL) don't operate by giving a word-for-word version of an oth-
erwise written or spoken language (such as English). The system underly-
ing the signs is a language in its own right. A message that has been orig-
inated in BSL has to be translated into English, not merely transposed into
speech or writing, to make it accessible to a person who doesn’t know BSL.
So signing isn’t an extra channe! for the thousands of conventional lan-
guages like English, which have spoken (and possibly written) forms.

Problems with syllables and segments
Although segments and syllables are important in the description of
speech, it is only fair to point out that there are some problems in defin-
ing and making use of these notions.

Sometimes the number of syllables in a word is uncertain or variable.
For example, the English word science may seem (o be two syllables or one.
It can be pronounced in a way that clearly has two syllables, or in another
that seems to have only one. There are also various intermediate pronun-
ciations over which people would not agree. The problem in words like
this is caused by adjacent vowel sounds without a consonant to separate
them. Adding rhe consonant {l] between the two vowels (and keeping the
other sounds the same) gives the word silence, and we have no doubt that
this has two syllables. Sometimes there are alternative pronunciations of
a word, which differ in the number of syllables. For example camera can be
pronounced as three syllables or two. The word prison has two syllables,
but prisoner can be pronounced as three or as two. When we hear particu-
lar examples of words such as camera or prisoner we can't always decide
whether we hear two syllables or three.

Qur perception of syllables is partly governed by our language experi-
ence. To a Japanese listener, the English syllable [bi] (be [bee) seems to con-
sist of two units rather than one, because it contains a vowel that is long
in duration. The first unit is a syllable {bi} with a short example of vowel
[i}. the second unit is another [i|, needed to account for the length of the
vowel. So the Japanese perception is [bi - i]. Add a consonant to give beat
and a Japanese listener now perceives three units: [bi - i - tu], because syl-
lables in Japanese cannot end with a consonant such as [t].

Some caution is needed with segments, too. Although they are essential
for phonetic description and transcription, we should beware of thinking
that segments are ‘real’ in any simple sense, or that they necessarily form
the basis of the production and perception of speech. Although recordings
of speech can be cut up reasonably well into syllables, the same is not true
for segments. And the movements we make in producing speech are smooth
and continuous, without abrupt joins between successive segments. Some
people even go so far as to claim that segments are complete illusions
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which we believe in only because of the alphabet. It is certainly true that
when we hear a stretch of speech in an unfamiliar language we may have
real doubts about what segments it contains. The same is true if we hear
words of a familiar language (such as English) spoken by a young child, or
by an adult who has suffered a stroke. And if short snippets of casual
speech are taken out of context and played to listeners, the listencrs make
wild attempts to make sense of what they hear and differ greatly from each
other in how many segments they seem to hear and what they are.

Chapter summary

Phonetic science is concerned with the objective description and analy-
sis of all aspects of speech. The representation of speech depends upon
treating it as a succession of sounds. The International Phonetic
Alphabet (IPA) aims to provide a symbol for any sound in any language.
The sounds in speech are of two kinds: vowels and consonants. Vowels
may be simple or diphthongal. Segments are grouped into syllables,
which are the smallest units that can be pronounced in a natural way.

Recording speech with a microphone enables us to display a waveform,
on which certain aspects of speech can be observed and measured.

Speech and writing are separate channels through which language
messages can be passed. The two channels have different uses and dif-
ferent characteristics. Writing is important in our culture but we must
avoid the mistake of believing that written language can somehow
show us what speech is really like (or how it ought to be}.

Exercises

Exercise 1.1

How many segments have the following words? Represent each word as a
string of Xs, one X for each segment. (Remember you are looking for sounds,
not letters.)
box

sory
possess
knees
quickly
thyme
climb
gnaw
mushroom
10 elephants

WO~ U S WN-—

Exeicise 1.2
" Represent the l‘ollmng Engltsh words usirig the symbols Cand V to make
CV-skeletons,
1 damp
2 fox

introduction to speech

friend

unit

talker

‘physics.

knowledge

spaghetti 3 ; )
columnist G e g < i
: 10 ghastliness :

L:i,'m%‘fmm.b{.-a

2 Exercsse 1.3

_For each of the QV-skeletons you have fcuund in 1.2, find at Ieast one ottier
= English word that will fit it

4 Exercise 1.4

~Examine the short Engllsh passage below and then list all the words you car
find in it that conform to each of the CV-skeletons given. Treat the sound {tf]
as at the beginning of chew, and the sound [d3] as at the beginning of jazz,
as single C elements rather than CC.

He tried to alter the height of the ladder, but it still would not reach the win-
dow, ‘You aren't having a lot of success, are you? said the old man. Colin
shook his head and smiled. He patted his pockets again, but he knew he had
lost the keys. He would have to try and break in, but he wanted to avoid
causing too much damage.

cv

CvC
cvCC
vC

VCC
Cvev
cavc
CQvCC
Qveve
Qvcavc
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Exercise 1.5

Here is a short passage of English. Determine the number of segments in
each word and count the number of words with one segment, with two
segments and so on. Then draw a bar chart with number of segments on the
horizontal axis and number of words on the vertical axis. Keep a record of
any words where the number of segments is problematic,

The first time | drove a car abroad was in ltaly. We picked up a car at the airport
and drove to where we were staying. It took us about five and a half hours. |

. ‘had a bit of trouble with the gears and spent the first couple of miles stuck in
©third, but after | got the hang of it, we got along fine. The next day Was a differ-
=rent matter. | suppose it Was oVerconfidence or something, but we neatly. had a
« ternible disaster. We set off to-see- some sight or other, | forget now where we

were going. Suddenly my wife screamed out that | was driving on the wrong -
side of the road. | managed to get back to the correct side just in time to miss
a large lorry which appeared round the bend in front of us. It would have been
a very nasty accident and | was extremely careful for the rest of the holiday.
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Exercise 1.6

Use the passage in exeicise 1.5 (or take 100 consecutive words {mm any ﬁ_f- :

other text or from a sample of recorded speech). Determine the number.of -
words pronounced with one syllable, two syllables, etc. Keep a list of problem-
atic cases. Again, draw. a bar_chart to show the results. Try this with te
recordings of different types and styles. : o

Exercise 1.7

Try to make up a 'sh'c_ﬂ-t passage of English using only monos_v,_r_l".ablé:s.":lheré-is '
actually at least one complete novel written this way (Launcelot Hogben,
Whales for the Welsh, London: Rapp-and Carroll, 1967). Heie is a specimen:

All the same, he was

not a bad clerk as dlerks go, and as clerks go he went

home in good time each night to the small house where he slept and took '
his one meal of the day. There he could cash in on the thoughts which came

to him at his desk .. .

Exercise 1.8
[Needs access 2 2 -
Windows Soun:

and replay the-

W it Sou o
counung ine number

o spzakineg, mxpress

at an estimation of th
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ster, with saundcard and microphone.] Using )
-acord some samples of speech into the computer

Lt ~¢ speech that daes not have long pauses

shows you ©i:3 Juration of a recording (in seconds). By
of = M=hlas in the recording, you can work out the rate

- - sacond. In a similar way, you can arrve
nents produced per second. [Note:

e number of 52

sound Recorder records and replays sound perfectly well, but the ‘wave-
forms' it displays are not accurate. Software to display waveforms correctly

can be downloaded f

Exercise 1.9

ree. See website link]

Two speech waveforms A and B are shown below. One is potalo, while the
other is pepper. Say which is which, and give reasons for your choice. '

Waveform A
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further reading
Most of the tapics introduced in this chapter will be considered in greater depth later in the book If you're
just beginning the study of phonatics, the best advice on further reading, once you've tried the ex'ercmes o
this chapter and looked at the accompanying website, is (o continue with the other chapters. You may like to
laok at the Handbook of the International Phonetic Association, Cambridge: Cambridge University Press
1999, for a comprehensive guide to the IPA, and examples of its application to around thirty !anguagesl
some of the background areas we have touched on in this introduction won't come up again, and u\;e
wouldn't recommend getting sidetracked onto thern at this early stage. But you may at some pa'lm in the
future want to know more about them. On writing systems, we'd recommend Flonan Coulmas, Wniting sys-
tems: An intraduction to their lingurstic onalysis, Cambridge: Cambridge University Press, 2003, You rar; learn
about the spelling system of English in Edward Camey, English spelling, London: Rouﬂecrjge 1997.1f \;rou are
interested in the decipherment of old scripts like Linear B, a good start is Maurice Pope Thé- s:ory‘ of '
decipherment: From hieraglyphs to Maya script, London: Thames and Hudson, rev, erjn 1999.



KEY TERMS
Aperiodic
Complex tones
Cycle

Frequency

Hertz

Larynx

Periodic
Pitch

Sine wave
Voiced
Voiceless
Whisper

CHAPTER OUTLINE

In this chapter you will learn about: the structure of the
larynx; how the larynx is used to produce voiced and
voiceless sounds; how larynx activity can be observed and
monitored; the role of voice in the languages of the world;
the waveforms of voiced and voiceless sounds.
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INTRODUCING PHOMETIC 3CENCE

The basis of all normal speech is a controlled outflow of air from the
lungs. Air flows up the trachea (windpipe) and out of the body through
the mouth or the nose. On the way it must pass through the larynx. a
structure formed of cartilages and visible on the outside of the neck as the
‘Adam’s apple’. The airway from the larynx to the lips. and the side-branch
via nasal cavities to the nostrils, contain all the organs that control the
production of speech sounds, and are known as the vocal tract.

We cannot see directly into the larynx, but it can be observed in a mirror
placed right at the back of the mouth (a laryngoscope mirror) — for this,
the subject must keep the mouth wide open. Another way is with a

- fibrescope, which can be inserted via the nose and does not prevent the

subject from speaking. Both methods give a top view of the larynx, and
this is how it is usually shown in pictures and diagrams.

The cartilages of the larynx together form a short section of tube through
which air must flow on its way to and from the lungs. The two main carti-
lages are the cricoid (which is a ring-shaped cartilage at the base) and the
thyroid cartilage, which forms the prominence which can be seen and felt
in the neck. The larynxes of males and females are essentially similar,
though the male larynx is generally larger and more prominent.

Vocal folds

Contained within the cartilages are the two vocal folds (vocal cords in
older terminology), one at the left and one at the right. Looking down on
the larynx from above we see the top surfaces of the folds. The folds are
fixed adjacent to each other at the front. but at the back they are attached
to the two moveable arytenoid cartilages. If the back ends of the folds are
held apart, a roughly triangular space opens up between the folds. The
space between the folds is called the glottis. As the back ends of the folds
are brought together, the glottis can be narrowed to a slit, and then closed
completely as the folds are pressed together. In this position, they prevent
any air flowing through the larynx.

For normal breathing, the glottis is open and air passes in and out
silently. For certain speech sounds, too, the glottis is open. For the sound
[f], for example, air flows out rapidly through the open glottis (but is
obstructed as it leaves the vocal tract through a narrow gap between
upper teeth and lower lip).

celess sounds
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There is another adjustment of the glottis that is of great importance in the
Sroduction of speech. If the vocal folds are held gently together and air
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under pressure from the lungs is pushed between them, the folds can be
made to vibrate evenly to produce the tone we call voice. [fwe sustain a vowel
sound such as [i] or [a}, the tone we hear is contributed by the vibrating folds
‘A sound of this type is said to be voiced. The rapid vibration of the folds car;
be felt with fingertips applied to the neck on the outside of the larynx. It is
not only vowels that are voiced, but many consonants such as [m] [v] z]. [fwe
sing a vowel, or one of these voiced consonants, we can change the pitch of
the note we are singing by varying the rate of vocal fold vibration.

Sounds like [f]-and [s], which are made without vocal fold vibration, are
said to be voiceless. The airflow is converted into sound energy not at‘ the
larynx, but elsewhere in the vocal tract. There is no tone fror: the larynx
and nothing will be felt with fingertips applied there. ‘

All vowels are normally voiced. Consonant sounds come in both voiced
and voiceless kinds, and in fact voicing versus voicelessness is the only dif-
ference between certain pairs of consonants. For example, comparing [f]
and [v] we find that the only difference between them is that [v] is voiced
while [f] is voiceless. The position of the rest of the vocal tract is the same
With a little practice, it is possible to hold the position for [f] and contin:
ue to produce sound, while switching voicing on and off. This gives a
sequence [fvfv...|. The sounds [s] and [z| are related in the same wt;y and
a similar alternating sequence {$zsz} should be tried.

Vibration of the vocal folds

The way in which the vocal folds vibrate for voice is quite similar to the
v:ray that the lips can be made to vibrate by blowing air between them (the
lips are made to vibrate this way by the player of a brass instrument such
as a trumpet or trombone, or by anyone making the sound known as a

Thyroid cartilage
Cricothyroid
muscle

FRONT

Vocal folds

Cricoid \ Glottis
cartilage 7
Trachea
FIGURE 2.1
The cartilages of the larynx, seen fromthe  FIGURE 2.2

right-hand side. View of larynx from above.

.



‘raspberry’). The series of events for one complete cycle of vibration of the
vocal folds is as follows:

e First the vocal folds are together, and stop the airflow.

® Air from beneath pushes up between the folds, forcing them apart
near the middle.

® A burst of air flows through, but this begins to be cut off as the folds
recoil back to the closed position.

¢ As the opening gets smaller, the rapid airflow through the narrowing
gap leads to suction which helps to complete the closure rapidly and
effectively.

e Once the folds are closed completely, the cycle of vibration begins
again, and the folds are once aéain forced open.

It is important to understand that the openings which appear as part of the
cycle of vibration at not at all like the stationary open glottis position that
is obtained by moving the arytenoid cartilages apart. During voicing, the
arytenoids remain still and close together. The process of vibration will
repeat for as long as air under pressure is supplied from the lungs, and as
long as the tension and position of the folds is suitable.

This is a simplified account of vocal fold vibration. Because the folds have
vertical thickness, they do not necessarily close face-to-face all at once.
Commonly they close at the bottom first, and the closure then rolls up
through the folds. And the ‘closure’ doesn’t have to be totally complete -
vibration can take the form of alternating more-open and more-closed
positions.

Observing vocal fold vibration

[t is very useful for many purposes to observe what actually happens when
the vocal folds are vibrating. For instance, if a speaker is having trouble
with producing vocal fold vibration normally, observation of the vibratory
pattern may give a clue to what is wrong with the larynx. Also, as we shall
see in Chapter 10, some languages use different types of vocal fold vibra-
tion to signal the difference between one word and another. It is obviously
a good idea to see how these differences are actually produced. We will
now have a look at two techniques for observing vocal fold vibration.

The Laryngograph

Vocal fold vibration can be detected and measured with a device called the
laryngograph. It works by passing a tiny high frequency electric current
across the larynx from one fold to the other. The degree of contact
between the folds controls the current, which can be measured and
turned into a waveform showing the vibration. The device is completely
non-invasive and harmless: the electrodes are simply placed comfortably
on the outside of the neck, either side of the thyroid cartilage.

Vorfce

25

Time (milliseconds)

10 20

I.,.,l.o.lu ulllllflllllnl ||nnl||ul.mJululnnhml

30

-|ull|u|nﬂllu||\ aalig ..tuuh g

Sl

N _, :
\ \

| |

AN V4 L /

FIGURE 2.3
Larvngograph (lowar) and microphone waveforms,

In Figure 2.3, the lower waveform, obtained with a laryngograph, shows
five closures of the vocal folds from a stretch of voicing. Up corresponds
to contact, down to opening. If heard, this wave is Just a buzzing sound.
The upper simultaneous waveform is from a microphone and shows the
result of modification of the voicing tone by the rest of the vocal tract.
This sounds like the vowel of bird, which is the voiced sound that the
sp.eaker wis producing. Notice that the two waveforms have the same rep-
et.uion rate, This rate, as we shall see below, is what determines the pitch
of the sound we hear. As the repetition rate of the speech waveform (the
output of the vocal tract) is identical with that of the |
form (the contact pattern of the vibrating vocal folds and therefore relat-
ed to the input to the vocal tract), we must conclude that the rate of vocal
fold vibration determines the pitch of voiced sounds.

aryngograph wave-

Stroboscope

The vibrating vocal folds can be filmed, but a very high film speed is
needed to show the details of vibration (ordinary film runs at 24 pictures
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per second, and even a low-pitched male speaker will have completed 2 or
3 vibrations in 1/24 of a second). An alternative is to use a stroboscope — 2
flashing light of the sort used to slow down or freeze the appearance of
rotating machinery - together with a suitable camera. A refinement is to
trigger a stroboscope from the lafyngograph waveform, which allows us
to see the appearance of the folds at precisely determined points in the
waveform (see Figure 2.4).

Voiced and voiceless sounds are to be heard in all languages, and for the
most part languages make use of differences between voiced and voiceless
consonants like that already pointed out for English. There are, however.
certain languages where the voicing or voicelessness of consonants can’t
make a difference to meaning, because it is largely an automatic conse-
quence of the position of a consonant within a word. Many indigenous
languages of Australia are like this. In the language Dyirbal, for example,
the word for ‘stone’ is generally [tiban] with a voiceless consonant at the
beginning, and a voiced one within the word. But the initial sound can be
made voiced with no change of meaning, giving [diban], and. though it is
less usual, the consonant within the word can be voiceless, giving two fur-
ther versions [tipan] and [dipan]. It is not unusual for children acquiring
English speech to go through a stage of context-sensitive voicing which
resembles this.

When we whisper a sound, there is no vocal fold vibration, and so no
musical pitch. But whisper is not the same as voicelessness. To whisper a
sound, we make a narrow opening between the folds (the glottis becomes
a small opening) and air flows noisily through that opening. The noise
from airflow takes the place of the tone produced by voicing, and is
applied to just those speech sounds that would normally be voiced. If we
whisper a whole utterance, what we do is to use the whisper position for
the voiced sounds, and the voiceless position for the voiceless ones, SO we
are still switching back and forth between two adjustments of the larynx.

To prove that whisper and voicelessness are different, try comparing the
sequences [afa] and [aval. In the ordinary way, they are distinct because [f]
is voiceless and [v] is voiced. But are they still different when whispered?
There seems to be a clearly audible difference. so the attempt at [v] which
turns up in whispered speech cannot be identical with the voiceless sound
[f]. In the whispered [v], there is a narrowed glottis, and airflow noise is
being generated there as well as at the lip-teeth constriction. But for [f],
whether it occurs in ordinary speech or in a whispered context, the glot-
tis is open allowing air to flow freely.

Voice

contact phase

open phase

FIGURE 2.4

Stroboscopic photographs
showing two instants
during the vocal fold
vibratory cycle. The front
of the larynx is at the
bottom of the pictures.
Compare the
laryngograph waveform
with that shown in
Figure 2.2 (courtesy of
Laryngograph Ltd).
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FIGURE 2.5

Part of a periodic wave
obtained by sounding a
tuning fork close to a
microphone,

Periodic waves

The waveforms of voiced and voiceless sounds are quite different. A wave
that has a pattern that repeats regularly in time is called periodic A
period runs from one clearly identifiable point on the wave (e.g. an
upwards-going zero-crossing) to the next place where this point occurs. So
one period of a simple (sine) wave contains one upwards-and-over excur-
sion, and one downwards-and-up-again excursion, returning to the zero
line. The length of one period is the periodic time, T.
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The source of periodic waveforms in speech is voicing. So whenever we see
a speech waveform with a regularly repeating pattern, we know it must
have been produced with vocal fold vibration.

The number of repetitions (or cycles) per second is termed the frequency.
This was formerly expressed in cycles per second (c.p.s or c/s), but the unit
now used is the Hertz (Hz): 1 Hz = 1 c.p.s. .

Frequency and period are clearly related. The shorter the pe.rlod. the
more periods will be completed in one second. The relationship is f=1/T,
where fis in Hz and T in seconds. Similarly, T = 1/f.

Human hearing covers a range of about 20 Hz to 20,000 Hz. Frequency
is related to the auditory sensation of pitch: the higher the frequency,
the higher the pitch. The A which is sounded as the orchestra tunes up
has a frequency of 440 Hz; middle C has a frequency of 264 Hz. An octave
corresponds to a doubling of frequency. So the C below middle C ha.s a
frequency of 132 Hz, the one above it 528 Hz. Alternating current mains
supply in the UK has a frequency of 50 Hz: when this is heard ov?r a loud-
speaker, the effect is of a deep hum. The normal speaking voice of an
adult male has an average fundamental frequency of about 120 Hz.

One thousand Hertz = 1 kilohertz (kHz). The frequencies corresponding
to the pitch of the voice are of the order of a few hundred ¥-Iz. A soprano
may be able to reach the second C above middle C, wh{ch has a fre-
quency a little over 1 kHz. But everyone’s speech contains f:nergy ztt
frequencies higher than this. Speech is intelligible (though it doesn’t

sound very natural) if only frequencies up to about 2.5 kHz are repro-
duced (as they are in a communications radio link); the telephone passes
frequencies up to about 3 kHz. A *hi-fi’ system will typically pass frequen-
cies up to 20 kHz.

Voice
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Digitising speech

Nowadays sound waveforms are mainly handled in digitised form. The
tracks on a CD, or wav files in a computer, are simply long strings of num-
bers representing waveforms sampled at regular intervals. The sampling
rate controls what frequencies will be preserved when the wave is recon-
structed. Basically you have to sample at a rate that is at least twice the
highest frequency you need to show. A CD works at a sample rate of more
than 40 kHz, enabling it to provide ‘hi-fi' sound to 20 kHz or so. For many
of the waves shown in this book we were able to use slower sampling rates
of 16 kHz or even 10 kHz, giving us much smaller wav files.

Music files in computers and on the Internet aren’t usually wav files,
but MP3s. This is a clever way of compressing the information in a wav
file, so that it takes up less storage. The compressed version can then be
expanded again, with little loss of quality. It works for speech too (but isn't
necessarily the best way to process speech). Actually, methods of data com-
pression and expansion were originally developed for speech — and the
need to fit more and more telephone conversations into a channel with
limited capacity was a spur to the development of speech technology.

Not all sounds have periodic waveforms. A waveform that does not repeat
along the time axis is termed aperiodic; sounds with aperiodic waveforms
strike us as ‘noises’ rather than tones. Hisses, rumbles and roars are exam-
ples. An aperiodic sound results from random, irregular vibration.
Voiceless sounds in speech have aperiodic waveforms: the source of ran-
dom energy is the turbulent flow of air through the articulatory constric-

tion. Aperiodic waves can be sampled and digitised just like periodic ones,
of course.
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Certain speech sounds (for example, voiced fricatives such as [v]) employ
voice and noise together. The waveforms of such sounds are corre-
spondingly a mixture of periodic and aperiodic. The waveform for a
fully voiced [v] shows a basically periodic appearance, with added noise.

One type of periodic waveform has a very simple wavelike appear-
ance. They are sine waves, such as are produced by the simplest vibrat-
ing systems (e.g. a tuning fork, or the electronic tone generator used

FIGURE 2.6

A section about 13 ms in
duration cut from an
aperiodic wave (actually a
sustained [s] sound).
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FIGURE 2.7
The waveform for a sustained [v] sound, showing a mixture of periodic and aperiodic
energy.

when a person’s heariﬁg is being tested). This waveshape is of great
mathematical and physical importance, as any more complex wave can
be regarded as being composed of a number of sine waves of different
frequencies and amplitudes added together. Human speakers don’t and
can’t produce sine waves (but the wave produced by whistling is fairly
sine-like).

In practice, however, the periodic tones encountered either in speech or
music are not sine waves (or pure tones), but complex periodic tones. The
waveform of a complex tone is periodic, and the period and correspon-
ding frequency can be caleulated. But the waveshape within each period
shows a pattern — sometimes very complicated — which results from the
simultaneous presence of many component frequencies.

25171
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Chapter summary

periodic energy in speech.
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FIGURE 2.8
A sustained [a] vowel, showing a complex periodic wave.

We normally speak while breathing out. Air passing out of the lungs
mist go through the larynx, where its flow is controlled by the vocal

folds. They may be open (as for breathing. and for voiceless sound 4
‘ = S5t s VP N
clos "Vdj makes

a distinction between consonar if]
and this is utilised in many language : _
Thave complex periodic waveforms, and voicing is the
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. Exercise 23 RS AR S e
 Every English we rdl contains at least one voiced segment, but not every word
 contains a voiceless segment. In fact, whole phrases and sentences can be
" concocted that do not contain any voiceless segments (g Im worried by
 Lillan’s wandering around Venezuela alone). What is the longest all-voiced:
sequence you can devise? TGS i T e
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CHAPTER OUTLINE

In this chapter you will learn about: active and passive
articulators; complex articulation; instrumental techniques
for investigating place of articulation; the anatomy of the
vocal tract; the concept of articulation; the main places of
articulation for consonant sounds.
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Nasal

Hard Palate
Cavity
: Soft Palat
In this chapter we shall look at one of the features used to describe the pro- Q-I;;ZI 5 SrapaT
' i i
duction of consonant sounds. In Chapter 2 we saw that consonants can differ

is voi 5 i i s| is voiceless
in voicing. So, for example, [p] is voiceless and [b] is voiced. [s] is

Upper ——
and |2] is voiced, and so on. However, it is fairly easy to see that [p] and [b],

Pharynx

Lip
for instance, have quite a lot in common. If you say the Iinglish_ words pat
and bat while looking in a mirror you will see that the first thing you do Toner / Larynx
for each word is close your lips. It isn’t so easy with [s] and [z], but you may Lip
be able to feel that for both these sounds the tip of your tongue gets ve . i .
close to the roof of your mouth not far behind your upper: front L?e[l;- :'3; |
saying Sue and zoo, making the first consonant very long. The topic of thi I Oral FIGURE 3.1
chapter is where in the vocal tract consonants .m. pmduced.. _ . Cavity The vocal tract
Before we look at the details, a word of warning. '.?peech 15 1eally=tl {2:2
ter of movement. Try saying the ﬁrs(:l‘:l:‘?;:::-;‘;:irl:: ::3:; Tﬁf?‘;p:‘:a“gue For the next stage of our tour we will be concerned with the roof of the
and c.oncentmte on the [‘l'l.('JVemEl'l(S fem are no pauises between soun ds. oral cavity. You can get an idea of the shape of this by moving the tip of
and jaw. You sl?ould “OHC(? "haLt 1ever itl is impossible to capture this your tongue slowly back. Start with the tongue tip on the edge of your
'mings are moving all the tlm.(-‘:. :;‘:re ue-ed 1‘0 have some points of refer- upper front teeth. As you move it backwards, it will travel along a bony
continual movemt?m on l"'fp.*‘!l ﬂl; imilarities and differences between ridge called the alveolar ridge. Then the roof of the mouth domes
ence, some way of Cﬂieg"ns_mg_ t‘w ;cn we say. for example, that the con- upwards. The roof is still hard at this point because there is bone under-
speech sounds. Sr)nur warning li;whsh w;)rd ;hin!’. is made by the tip of lying the surface. As you move your tongue tip further back, you may be
sonant at the beginning of 1ht“: ng st et Lwe may seem to be say- able to feel that the roof of the mouth becomes soft. Not everyone can curl
the tongue and the back.ofl.hi. UPP;L R vocal‘tl'il"-‘l taking up a static the tongue far enough back to feel this, so don't try too hard. This area is
geresesessesecnnee,,  ing that the (-.or!sonant is produced by i Jow did it get there? How called the soft palate or velum. That's about as far as we can go with the
* Thisis the sortof ™% position, but this leaves out a lot of the story. How " l.,g f these tongue tip.
: advice one receives: long does it stay there? How does it Qs awa?‘ SRR Some’o will For the next bit you really need a mirror and a torch. If you open your
§ '{‘n_?s‘s yql.;r-aons;ls :; aspects of speech production ‘form ri'he toplz f:fucl-giz:feg' I::‘gz ‘::unds mouth as wide as you can and shine the torch into it, you should be able
‘E ;{i‘;‘z};};ﬁ‘ﬁ;’l’x :: Zc:; \t]::zli:h:i !.Tre::e:el::—:::l:;g;, 351;1;?eu|]:asic terminology and concepts to adjust1 the 'anglle otf1 your Enirl;(l)lr ) Fhat you1 1cafl]n slee to th;e1 very batc;( of
Ty, ith the convex for the cl.assiﬁ:::ation of speech sounds before we consider these more fﬁur 0;3 fcg‘:lt}‘ frtl t le tcer}[]:e’ _ erlel 1(51 Etl hsma X eiﬁy part anglng‘l':trln
: partofithe septurn - ; detailed aspects of the production of speech. This chapter and th;: nexl; gr:i:: ir?Lati;)so palate. This is called the uvula (the name means ‘little
Ve 5 . ’ x - 1 L )
2 Zl;rtr;‘:ldtmﬁ:::zi e will introduce the basics. We start with the places in the vocat B N Beyond the uvula there is a cavity leading down to the larynx and the
3 quite = to toudi the = where speech sounds can be made. lungs. This cavity is known as the pharynx.
b ith the | : We dealt with the structure of the larynx in Chapter 2, where we were
: '_.3 r ct concerned with its function in producing voice. As we will see, the larynx
b : i is also important for the production of consonant sounds. Finally, we
' We will now begin a brief guided tour of the vocal tract. It ﬂ:light be he‘;’: must not forget that above the roof of the mot{th is a large space — the
b * ful if you have a small pocket mirror and a smal} torch. We will sm.rl att ‘—l nasal cavity. There are no moveable parts in this, so it is not possible to
front of the vocal tract and work our way inside. You can use the voca perform an articulation here. The nasal cavity is important for speech
- tract outline in Figure 3.1 to check where we are at any stage. i sound production, however, as we shall see in Chapter 4.
$ We begin with the lips. Notice that you can move both your “PP‘—'fla"k‘ Ne)ft i shall turn our attention to the tf)ngue. For the purposes of
your lower lip. You can also round your lips and ?mtrudc 1h.e1n. Tl'?(l :Om describing speech sounds we need to recognise five areas of the tongue.
ing in the mirror and saying a long [u] sound as in the English WO: o These are:
Your lower lip can also quite easily contact your upper front teeth. Try say . N . q
i :nglish word four while looking in the mirror. Some people can sEtueigpiatitheivery frontengy )
s ifn:ghe top lip contact the bottom front teeth, but this is a lot trick- e the blade, which is the part which lies below the alveolar ridge when
?;iﬂa?; tlt:is posilt)iml: is not normally used to produce speech sounds. the tongue is at rest
.
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FIGURE 3.2
Areas of the tongue.

This picture comes i
: from a bogk pub-

lished in 1667 The
“author wanted to
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e the front, which lies below the hard palate when the tongue is at rest
e the back, which lies below the soft palate when the tongue is at rest
e the root, which faces backwards towards the rear wall of the pharynx.

You can see all of the above marked on the vocal tract outline in Figure
3.2,

The term articulation is used to refer to the narrowing or constriction of
the vocal tract during the production of a speech sound. Two articulat(_)rs
are involved, a passive articulator, which does not move, and a'n acu?'e
articulator, which moves toward the passive articulator. The passive artic-
ulator is usually some part of the upper surface of the vocal tract and the
active articulator is most often some part of the tongue. For some.speech
sounds both articulators move, so the distinction between passive and
active cannot be maintained. .

There are many different kinds of articulation. For example, in produ'c-
ing the sound [p] the vocal tractis completely closed because the two artic-
ulators are in firm contact. In a sound like [w], on the other han-d. the
articulators do not actually touch each other. For all of the descriptlo_ns of
articulations below, we must remember that the lungs are Rushmg a
stream of air out of the vocal tract and that the articulation interferes
with this airstream in some way. If the two articulators are in firm cohn-
tact, then the airflow will be blocked. If there is a gap between the artic-
ulators, then air will escape. This aspect of an articulation is one (')f the
topics for Chapter 4. In this chapter we shall concentrate 01.1 where in the
vocal tract articulations take place when we are producing consonant
sounds.

The location in the vocal tract where an articulation occurs is called the

place of articulation. For most articulations the term used to describe
the place of articulation is based on the name of the passive articulator
concerned. Here is a list of places of articulation:

Place of articulation
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Bilabial: both the upper and lower lips are active articulators for this
place. Sounds like [p b m] are bilabial. For all of these, the two lips are
in contact and the vocal tract is completely closed. For a sound like (D)
the lips are close together and air is pushed between them. This
sound occurs in Japanese. If you know a Japanese speaker, ask them to
pronounce the word Fuji and watch their lips closely.

Labiodental: the active articulator is the lower lip and the passive articu-
lator is the edge of the upper front teeth. {f v] are labiodental sounds.
For these sounds, the lip does not contact the teeth firmly and air can
escape between the two articulators. Another labiodental sound
which is used sometimes in English is [m)]. Here the contact is firm
and there is no escape of air. This sound is found for the m in words
like comfort and triumph.

Dental: the active articulator is the tongue tip and the passive articula-
tor is the back or the edge of the upper front teeth. The sounds at the
beginning of the words think and though are dental in our pronunciation.
The symbols are [0] and [3] respectively. Another example of a dental
sound is the t sound in eighth. The symbol for this is [t]. (Not all kinds
of English use [0} and [0].)

Alveolar: the active articulator is the tip or the blade of the tongue and
the passive articulator is the alveolar ridge. [t d n | s 2] are all alveolar
sounds used in English. For the first four of these there is firm con-
tact between the articulators, but for the last two there is a gap
through which air can escape.

Postalveolar: there are two sorts of postalveolar sound. Both have the
rear part of the alveolar ridge as the passive articulator. One type has
the tip of the tongue as the active articulator. An example is the
sound at the beginning of the word red in most varieties of English.
Here the tongue tip is curled back slightly and gets close to, but does
not actually touch, the back of the alveolar ridge. The symbol is [1].
This type of sound is sometimes called apical postalveolar. The sec-
ond type has the tongue blade as the active articulator. The sound at
the end of the word fish is an example. The symbol is for this is {1

The tongue blade is raised so that it approaches the back part of the
alveolar ridge. This type of sound is sometimes called laminal y
postalveolar.

Retroflex: the active articulator is the tongue tip and the passive articu-
lator is the hard palate. The tongue is curled back so that it approaches
the roof of the mouth behind the alveolar ridge. This type of sound
does not occur in most accents of English, but does occur in many
languages of India and in the English of speakers from those areas, as
well as many other languages. [ d ] are examples of retroflex sounds.
The Tamil (Southern India and Sri Lanka) word [mande] ‘skull’ contains
two retroflex consonants. Notice that the symbols all have a descending
hook to the right.

Palatal: the active articulator is the front of the tongue and the passive
articulator is the hard palate. An example of a palatal sound regularly
used in English is the consonant at the beginning of the word yes. The
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symbol for this is [j]. Another example, from French t‘hi‘s fime, is the
consonant at the end of the word montagne (‘mountain ). The symbol
for this is [n]. This sound also occurs in Spanish, for e:fampl(_a the sec-
ond consonant in maiiana [mapana] (‘tomorrow’) and in Italian, for
example the third consonant in lasagna |lasapal. )

Velar: the active articulator is the back of the tongue and the passive
articulator is the soft palate. [k], as at the beginning of mrw _and‘ lg] as
a the end of dog are examples of velar consonants used in l-.nghsh..

Uvular: the active articulator is the back of the tongue and the pafswc
articulator is the very back part of the velum, where the uvula is .
located. Uvular sounds do not occur in English, but can be found in
some varieties of Arabic. They sound like very far'back‘velar sounds.
For example, [q] is the uvular equivalent of [k] and [a] is the uvular
equivalent of [g].

Pharyngeal: the active articulator is the root of the tm.1gue and :ha? pas-
sive articulator is the rear wall of the pharynx. Again we do not use
this place of articulation for English, but Arabic has phary-ngeal
sounds. For instance, |1 sounds like a very intense and noisy f‘l sm1me

Glottal: the articulators are the vocal folds, both of which are active. l:or
[?]. known as glottal stop, the vocal folds are in firm contact, blocking
the airflow from the lungs. Glottal stop is well known as a feature of
the accent of English spoken in London (and in many other places 100).
Listen to a Londoner saying butter or water. It is very likely that the [t]
in the middle will be replaced by [?].

Here is a table listing the active and passive articulators for each place

of articulation:

Table 3.1 Summary of place of articulation labels.
Active articulator

Passive articulator

Place of articulation

Bilabial

Labiodental = -

Dental -
Alveolar. -
 Postalveol;

Place of articulation
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We will now have a look at some examples of vocal tract outlines illus-
trating different articulations. There are four of these in Figure 3.3. Before
reading the rest of this section, have a look at them and see if you can
decide what the place of articulation is in each case.

In outline {a), we can see that the lips are open and that the tongue tip
is touching the alveolar ridge. Notice also that the rear surface of the soft
palate is in contact with the rear wall of the upper part of the pharynx.
The airways through the oral and nasal cavities are completely blocked.
This is an alveolar articulation of the kind used for [t] or [d].

In outline (b), again the lips are open and the soft palate is in more or
less the same position as before. This time, however, the back of the
tongue is bunched up and is in contact with the soft palate. This is a velar
articulation of the kind used for [k] or [g].

(d)

FIGURE 3.3
Example articulations.
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In outline (c), the tongue does not seem to be doing anything interest-
ing. The soft palate is in the same position as for the previous two out-
lines. Notice that the lower lip is very close to the upper front teeth and
that the lips are open. This is a labiodental articulation. [f] and [v] are
produced like this.

Finally, in outline (d) the tongue is bunched up so that the blade is very
close to the rear part of the alveolar ridge, although it does not actually
touch it. The lips are open and the soft palate is as before. This is a (laminal)
postalveolar articulation, as for [f] or [3].

So far, the articulations we have met have been simple, in the sense that
they have only one constriction in the vocal tract and involve only one pair
of articulators. However, some speech sounds are more complex than this.
As an illustration, let’s look at what happens in a sound like {w}, as at the
beginning of the English word well. If you look in a mirror while saying this
sound, you should see that your lips are rounded and protruded. So there
is a bilabial articulation going on. What you won't be able to see and what
is very difficult to feel, is that at the same time the back of the tongue is
raised tov ::rds the soft palate. It doesn’t actually touch the soft palate, but

it gets . <axnnably close. So there is a velar articulation going on. Sounds
lits 05 e called double articulations and [w] is known as a labial-velar.
Othv. |- alvelar articulations include simultaneous [k] and [p], which

occurs 1. 2 number of West African languages, such as Yoruba (Nigeria).

Another example of a double articulation is the first sound in the French
word huit { = ‘eight’). The symbol for this is [f]]. Again there is lip rounding
and protrusion, but this time it is the front of the tongue which is raised
towards the hard palate. This sound has a labial-palatal articulation.

Double articulations all have in common the fact that the two con-
strictions are of the same type. So in [w]. for example, both constrictions
are fairly wide. In the West African simultaneous [kp] sound, both artic-
ulations are complete closure. But there is a second type of complex
articulation where this is not the case. Let’s take the first sound in the
English word twin as an example of this. Again, if you look in a mirror
while saying this sound, you should see that your lips are rounded —
again we have a bilabial articulation. At the same time, your tongue tip
or blade forms a complete closure by contacting the alveolar ridge. But
this is not a double articulation, because one of the constrictions (the
alveolar one in this case) is narrower than the other one. This is a case of
a primary articulation, accompanied by a secondary articulation and
the sound at the beginning of twin is called a labialised alveolar and is
symbolised [t*].

Sounds that have the same active and passive articulators are said to be
homorganic. For example [t d n 1 s z] are homorganic since they all have the

i
i
A
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tip of the tongue as the active articulator and the alveolar ridge as the
passive articulator. But [t] and [{] are not homorganic, even though they
both use the tongue tip, because the passive articulator is different (alveo-
lar ridge in one case, hard palate in the other). Similarly [n] and [p] are not
homorganic either, because although both are formed on the hard palate
the active articulator is different (tongue tip versus tongue front).
Languages quite often make use of homorganic sequences of consonants.

For example the English words hand, cold, best, jump, think all end with
homorganic sequences.

You may be wondering how we know what articulations are used for
speech sounds. Most of what goes on in speech is very difficult to see and
takes place very rapidly. For a long time phoneticians had to rely mostly on
their own intuitions and feelings. Some more objective techniques were
available, but these tended to be very laberious and time-consuming. More
recently, especially since computer technology became widely available, it
has been possible to record the movements and positions of a speaker’s
articulators with a fair degree of accuracy.

Electropalatography

One technique for doing this is electropalatography. This involves the
speaker wearing a specially made false palate in which a number of elec-
trodes are embedded. The electrodes are sensitive to the contact by the
speaker's tongue. The outputs of the electrodes are continuously moni-
tored by computer while the speaker is talking and the resulting analysis
is displayed as a series of figures known as palatograms.

A number of different electropalatography schemes are in use, but one
common one involves a false palate with 62 electrodes. These are arranged
in groups to cover the alveolar ridge and hard palate. The conventional
way of displaying the output is in a grid of cells like that in Figure 3.4 A.
The alveolar area is at the top and the border with the soft palate area at
the bottom. If a cell is empty, then no tongue contact was recorded there.
Contact is shown as a filled cell, as in B-E in the figure. .

The examples shown represent static positions of the articulators, but
usually electropalatography is used to record the changing state of tongue
contact during the production of a sequence of speech sounds.

Before we look at the palatograms in more detail, we must remember
that this technique can give us useful information about sonte, but not all,
speech sounds. It cannot tell us about the articulation of sounds that do
not involve some part of the tongue as an articulator - bilabial or glottal
sounds for instance - or sounds where the articulation does not take place
in the oral cavity, such as pharyngeal sounds.

If welook at palatogram B in the figure, we can see that all the black-
ened cells are at the back of the oral cavity. We can also see that the vocal
tract is completely blocked at this point, and presumably further back
too, beyond the area covered by the palate. This is what one might

artificial palate for
speech research was
used’in America in
1880. It was made
of a sheet of thin

ed with a mixture
of chalk dust and
alcohol. Tongue con-
tact wiped away the
coating and then
the palate was
removed and -

black rubber paint-

R T T e s
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FIGURE 3.4
Example palatograms.

FIGURE 3.5
An x-ray photograph of
the vocal tract at rest.

expect to see for a velar sound such as [k]. In palatogram C the same kind
of blockage is seen, but seems to be even further back.

Palatograms D and E are reasonably similar. They both show active contacts
at the front of the oral cavity. D is a dental sound and E an alveolar. Again
there is a complete blockage in both. Notice also that there are active contacts
all the way down both sides of the oral cavity. We will deal with this aspect of
articulation in greater detail in Chapter 4. For now we will just point out that
if the rims of the tongie do not contact the sides of the roof of the mouth,
then air can escape that way. The [d] sound at the beginning of dog would pro-
duce a palatogram like D, whereas the [I] sound at the beginning of log would
produce a palatogram without the active contacts at one or both sides.

X-rays

Another w. stgating the articulation of speech sounds is to use x-
ray photoy:. ... - ~even \-ray cinematography. An x-ray photograph show-
ing the vocal tract appee: < as Figure 3.5.

The subject is an adoicscent female, and her vocal tract is in a relaxed
breathing position. Her teeth are lightly together, her lips parted slightly,
and the velum down to permit breathing through the nose. The outline of
the alveolar ridge and hard palate can be seen clearly, as well as soft
tissues such as the tongue outline.

Figaes S sl an x-ray photograph of an adult male subject in the
position foc = . 1+ 2 central vowel in Russian. The superimposed numbers
on the picts :. -1 aw (1) the centre of the tongue and (2) the nasal cavity

d palate, and (3} the end of the velum, which is in a
‘ssed against the rear wall of the pharynx. You can see

Jus Shovr o

raised posiiin.

Place of articulation

43

that the tongue is domed upwards towards the rear of hard palate, but
that it is not very close to it. In fact the speaker is producing a vowel sound
rather like the [i] in beat, though somewhat further back on the palate.
This articulation is quite similar to that for the consonant sound [j] at the
beginning of yacht.

It is often quite difficult to see the details of articulation on x-rays and
one needs quite a lot of experience to make sense of the pictures. It is
usual to present the results of xray investigations by showing tracings
from the original photographs. There are a couple of examples of these,
showing consonant articulations, in Figure 3.7. They are from the same
classic study as Figure 3.6 and show the same adult male subject. You
should be able to work out what places of articulation are involved. Trace
Ais a dental sound. In fact it is (t]. Trace B is a velar [k].

Magnetic resonance imaging
Apart from the difficulty of interpretation of x-ray pictures, the main
drawback of the technique is the radiation risk to the speaker. A much

FIGURE 3.6
X-ray view of the vocal

tract in the position for a

vowel (from G. Fant,

Acoustic Theory of Speech

Production, The Hague:
Mouton, 1960).
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FIGURE 3.7 )
Tracings from X-ray images

FIGURE 3.8

MRI scans (from

S. Narayanan, A. Alwan
and K. Haker, ‘An
Articulatory Study of
Fricative Consonants
using MRI,' JASA (1995),
1325-64).

(b)

more recent and, as far is known, completely safe technique is magnetic
resonance imaging (MRI). Put very simply. this involves placing the sub-
ject in an imager which applies a very strong magnetic field to the body.
The field causes the vast majority of protons of hydrogen atoms to line up
in the direction of the subject’s head or feet. Most of the magnetic fields
created by these hydrogen protons are cancelled out by a proton lined up
in the opposite direction. However, a few protons (2 or 3 out of every mil-
lion) do not have their magnetic fields cancelled out in this way. The
machine applies a radio frequency pulse specific to hydrogen and this
causes the uncancelled protons to resonate at a particular frequency.
When the pulse is turned off, these protons return to their natural align-
ment within the magnetic field and give off excess energy as a result. The
imager detects this energy and turns the signal into an image. As you can
see from the two MRI scans in Figure 3.8, the resulting images are very
much clearer and easier to interpret.

Place of articulation

45

Unfortunately, MRI is a much slower technique, at least at present, and
it is not easy to get moving pictures of the vocal tract using MRI. Scan A
shows an alveolar [s|. Notice that the tip of the tongue is quite far forward
and the blade is not very close to the alveolar ridge. Scan B is a postalveo-
lar [f]. This time the tip is a little further back and it is the blade of the
tongue which is articulating with the rear part of the alveolar ridge.

In this section we will take a brief look at how place of articulation is used
in the world’s languages. This is quite a big subject and a complete account
at this stage would involve using many terms we have not yet intro-
duced. So to keep things simple we will confine our accou nt to oral stops -
sounds like [p| or [tf] where there is a complete closure in the vocal tract.
There is more detail on this sou nd-type in Chapter 4.

Quite a few languages use only three places of articulation for stops and
the most popular places are bilabial, alveolar (or alternatively dental) and
velar, Examples are: Finnish and Maori. English uses four places of articu-
lation for stops: bilabial, alveolar, postalveolar and velar. Other four-place
stop systems may use palatal stops instead of postalveolar. Examples are
Malay and Gugu-Yulanji (Australia) with bilabial, dental, palatal and velar.
Hindi is an example of a language with stops at five places (bilabial, den-
tal. postalveolar, retroflex and velar).

Only a few of the world's languages use as many as 6 places of articula-
tion for stops. These are almost all Australian languages like Aranda,
which has bilabial, dental, alveolar, postalveolar, retroflex and velar stops
and Diyari with bilabial, dental, alveolar, retroflex, palatal and velar stops.

Places of articulation can be ranked according to their occurrence in
stop systems of the world’s languages. The ranking looks like this:

Alveolar/dental > velar > bilabial >> palatal > uvular > retroflex > others

Where > means ‘occurs more frequently than' and >> means ‘much
more frequently than'. In fact, the first three places in the ranking are
almost equal in frequency of occurrence.
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In this chapterwe have introduced the concept of place ofamculauqn

‘I‘hemam areas of articulation for consonants are the llPS-".

tp. blade. front, back and root. An articulation is a n
_striction of the vocal tract caused by an active arnculato ppmachmg a
assive articulator, or by two active articulators approaéhmg L
= another Articulations may be simple and consist of only one constriction,

flation) or of a primary and a secondary articulation.

e chapter includes a brief overview of instrumental techniques for
investigating place of articulation: electropalatography, x-ray photogra-
phy and magnetic resonance imaging and concludes with a look at
how places-of articulation for oral stop consonants are used by the
world’s languages.

ey may be complex and consist of two equal constrictions (a double |

Exercises
Exercise 3.1

In each of the groups of sounds below there is one. that
the same place of articulation as the others. Try to identify:
“You will probably need to look at the IPA chart on page 3.
(a} [l' sf ) b pfbm] () [kcg uxl

| Exercise 3.2 :
) Belcw n; some Engllsh ,words Each has a 5uggqstéd ch
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3
4
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. ng.
i) Somet:mes the child uses a: \rok:elem sound in plat:e of the adul

(D) Conversely, the child also sometimes uses a vmce-:l seund whr-.-re 1l

‘Exercise 3.5

Exercise 3.7 ' : P
“On page % we mentioned that an ammlahen lrwalwng Ihe upper l;p a _' tf

~sound. Try to work out-when- th:s*happens

“adult uses a voiceless one. When?

Below there are some unlabelled vocal tract outllnes sz tr.a wark out what e
the place of articulation:is in each case. S

Exercise 3.6
The vocal tract diagrams below have had the auilme of the tongue: removed.-' 5
Photocopy or trace the outlines and then try to fill in the t tongue outline for
the articulations indicated. In each case draw the relevam part of the tongue-‘- .

~ in/contact with the passive articulator.

lower front teeth is possible, but that it is not normally

tion of speech sounds. Can you lhmk of ; any cther ossible

we have not mentioned? B T St L
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Further reading

An excellent account of place of articulation with many examples from languages around the world can be
found in chapter 2 of Peter Ladefoged and lan Maddieson, The sounds of the world's languages, Oxford:
Blackwell, 1996. Another very detailed account you might like to look at is chapter 8 of ). C. Catford,
Fundomental problems in phonetics, Edinburgh: Edinburgh University Press, 1977, There is a survey of the

sound systems of over 300 languages in lan Maddieson, Patterns of sounds, Cambridge: Cambridge
University Press, 1984.
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FIGURE 4.1
Simple tube and piston
model of the vocal tract.

‘We have now seen that consonant sounds may differ in voicing and in place
of articulation. The final basic distinction between consonants is known as
manner of articulation and that is the subject of this chapter. A manner of
articulation label, such as ‘plosive’ or ‘fricative’, refers to the way in which
the airstream used for a speech sound is modified by the primary and sec-
ondary articulators. Is the airstream completely blocked? Can the air escape
through the nasal cavity? Does the air pressure inside the vocal tract rise?
These are the sorts of questions we will be investigating below.

Once we have learnt to apply manner labels correctly we shall be in a
position to give a three-term label to a consonant, specifying its Voice,
Place, Manner, usually abbreviated VPM. VPM labels are useful shorthand
for identifying most consonants of the world’s languages, although they
are not the complete story by any means.

“The breath, circulating in the-lungs, is forced upwards and impinges
on the head, reaches the speech-organs and gives rise to speech
sounds. These are classified in five ways — by tone, by length, by place
of articulation, by process-of-articulation and by secondary features. . .
Thus the 'ph(')neticiaﬂs have spoken: take careful heed.’ This ‘quiete is-
taken from an Indian work thought to have been written sometime
between 500 and 150 BC. - ) :

In order to describe some aspects of the way air flows through the vocal
tract during the production of a consonant, it is useful to simplify things
a little and view the tract as a straight tube rather like a bicycle pump. In
the case of the vocal tract air is usually set in motion by the lungs, but
in our simpler model we’ll use a piston that fits tightly into the tube as in
Figure 4.1.

V4
piston

If we were to push the piston to the left, the air in the tube would be
displaced and pushed out of the tube. As the tube is open and without any
obstruction, the air would flow out without making any appreciable
noise. The air particles would all move parallel to one another in what is
known as laminar flow.
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In Figure 4.2 we have blocked the end of the tube. Now when we try to
push the piston, the air particles to the left of it cannot escape and they
become more and more crowded together as the space between the piston
and the blockage gets smaller. The air pressure inside the tube rises.
Eventually of course the piston will become very difficult to move and if
we continue with some mechanical means to push the piston, the tube
will burst apart. If we were suddenly to remove the blockage, air would
burst out of the tube with a loud pop.

In Figure 4.3 we have introduced a narrowing into the tube. The air can
escape, but not as freely as in the unconstricted tube. The air pressure
between the piston and the constriction will rise and the air flowing
through the constriction will become turbulent, that is, the air particles
will no longer flow in parallel paths but will collide into one another and
make a noise.

Try this simple experiment. First purse your lips as though you were
going to whistle. Now breathe out as gently as you can. You should not hear
any noise at all. The air is flowing through the constriction too slowly to
become turbulent. Now, with exactly the same lip position, imagine you
are trying to blow out all the candles on a birthday cake. This time you
should hear quite a strong hissing noise caused by the turbulent airstream.
From this we can see that the airflow must be rapid enough and the
constriction narrow enough if there is to be any turbulence and any noise.

We will now leave our simple tube model behind and examine what
happens in the vocal tract itself. First, it is fairly obvious that the two
articulators for a consonant sound may take up a variety of different
positions with respect to one another. For our purposes it is adequate to
recognise three distinct positions or degrees of stricture,

1. Closure: the articulators are in firm contact

FIGURE 4.2
A blocked tube,

FIGURE 4.3
A constricted tube,
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FIGURE 4.4

An alveolar stop
articulation (a) with velic
closure (b) with the
velum open.

2. Narrowing: the articulators are close together but not touching
3. Approximation: there is a reasonably wide gap between the articulators

Degrees 1 and 2 cause a rise in air pressure inside the vocal tract (unless
the air can escape by another route) and sounds produced like this are
called obstruents. Degree 3 does not cause a pressure rise and sounds
produced in this way are called sonorants.

This obstruentjsonorant distinction is a very important one both pho-
netically and phonologically and we will come across it again and again.
Just to give a very simple example: the rise in air pressure during an obstru-
ent makes it difficult to maintain vocal fold vibration for a long period.
Obstruent sounds quite often lose their voicing in unfavourable environ-
ments - they become devoiced. Sonorants tend not to be affected in the
same way. We will look at devoicing in more detail in a later chapter.

T "hf!ia’r‘.‘;—'#;a"-..;:fm-'-_ﬁ" 715t
bsi oral and nasal,

The narrowest sort of constriction one can produce in the vocal tract is of
course a complete blockage of the airstream. For this the two articulators
are in firm contact for an appreciable amount of time. Try saying a long [n]
sound. You should be able to feel that the tip and/or blade of your tongue
is pressing firmly against your alveolar ridge and the sides of your tongue
are pressed against your upper side teeth and gums. The same is true fora
sound like [t] or [d], but these sounds usually do not last long enough for us
to get a clear impression of what the articulators are doing. Such sounds,
where the vocal tract is completely blocked for a time are called stops, and
they can be produced at many places of articulation, bilabial, labiodental,
dental, alveolar and so on. The diagrams in Figure 4.4 show the position of
the articulators for the two alveolar stops: (a) [t] (or [d}) and (b} [n}.

(a) (b)
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Although diagrams (a) and (b) in Figure 4.4 are both of alveolar stops,
there is of course a difference between them. Look at the position of the
soft palate. In diagram (a) it is raised and is in contact with the rear wall
of the pharynx. This is called a velic closure or a velopharyngeal closure.
This closure prevents air escaping through the nasal cavity. Stops made
with a velic closure are called oral stops. Oral stops belong to the obstru-

‘ent class, as there is an appreciable rise in air pressure in the vocal tract.

In diagram (b) there is no velic closure and air can escape freely through
the nasal cavity, although it is prevented from escaping through the oral
cavity by the alveolar stop articulation. Stop articulations without a velic
closure and with nasal airflow are called nasal stops ot, more simply,
nasals. Nasals are sonorant sounds. because the airstream produced by
the lungs can escape via the nasal cavity and there is no rise in air pressure
inside the vocal tract.

Try this experiment. Say the word ado and repeat it over and over. After
the first two or three repetitions pinch your nostrils firmly and keep
repeating the word. Then release your nostrils again and repeat the word
some more. You should have had no difficulty saying the word with your
nostrils blocked and the sound of the word should have been exactly the
same when your nostrils were blocked and when they were free. Now
follow the same procedure with the word unknown. No problem with it
when your nostrils were free, was there? But very probably you will have
found that this word is impossible to say normally when pinching your
nostrils. The air cannot flow out of your nose as it should for the nasal
stops in this word and so the vocal tract quickly fills with air. The air
pressure rises, the vocal folds stop vibrating and you get to feel a little
uncomfortable.

Nasals in most languages of the world are voiced and can occur at many 4}7

places of articulation. Table 4.1 shows the voiced nasals from the IPA
consonant chart. However, voiceless nasals are perfectly possible and a
small number of languages do use them. In order (o symbolise a voiceless
nasal, the voiced nasal symbol is used, but it is accompanied (above or
below) by a small circle. So a voiceless bilabial nasal is represented as [m].
This sound is used in Burmese, for example in a word like |ma) meaning
notice. It may also be used in English at the beginning of the interjection
usually written hmm! (= [mmy]).

We now turn to look at oral stops ir more detail. Let us take the voiceless
bilabial oral stop [p] as an example. For this, the lips are completely closed,
blocking the airstream through the oral cavity. There is also a velic clo-
sure, so the air cannot escape via the nose. This configuration of the artic-
ulators is maintained for a short time, around 120 ms. During this phase
the air pressure inside the vocal tract rises rapidly. When the bilabial
closure is released, the compressed air bursts out of the vocal tract with a
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FIGURE 4.5
Phases of plosive
production.

FICURE 4.6
Phases of affricate
production

small explosive noise. Such sounds are called plosives. They can be viewed
as consisting of three phases (1) The approach phase, when the articula-
tors are forming the oral closure , (2) the hold or compression phase, when
the air pressure rises and (3) the release or plosion phase when the artic-
ulators part and the compressed air is released. This is sometimes repre-
sented as in Figure 4.5.

approach hold release

Plosives are one kind of oral stop. Another kind involves the same
approach of the articulators, the same kind of hold phase, but a much
slower parting of the articulators during the release phase. During the
slower release, the air rushing between the two articulators makes a hiss-
ing sound. Such consonants are known as affricates. English has two
affricate consonants: a voiceless postalveolar affricate [(f], as at the begin-
ning and end of church, and its voiced counterpart [d3], as the beginning
and end of judge. There are many other possibilities, however. German, for
instance, has a voiceless alveolar affricate [ts], as at the beginning of the
word Ziel [ts1:]], meaning ‘aim, goal’.

The phases of production of an affricate can be represented as in Figure 4.6.

approach hold release

Fricatives are consonant sounds that are produced with a very narrow
opening between the active and passive articulators. As we saw above on
Pp. 105-6, when air is forced through a narrow gap, the flow becomes tur-
bulent. It is this turbulence that creates the acoustic energy for fricative
sounds.

Fricatives may be produced at many different places of articulation and
may have all kinds of modifications. The first distinction between fricative
types we will discuss is that of median vs lateral fricatives.

As a good example of a median fricative, let us take [s] - voiceless alveolar
median fricative. If you produce an [s] sound and then, without changing
the position of the articulators, breathe in forcefully, you should feel cold
air on the middle of your alveolar ridge. You should not feel anything at
the sides of your oral cavity. This is because the articulators are arranged

Manner of articulation

so that air flows only through a narrow channel in the centre of the
cavity. This is why an articulation of this type is termed median. The
sides of the tongue are in firm contact with the upper side teeth and
gums, preventing airflow passing that way. A palatogram for [s] might be
as in Figure 4.7.

A lateral fricative has the articulators in a position where airflow is
blocked on the midline of the oral cavity, but there is a narrow space
between the sides of the tongue and the upper side teeth and gums, so
the airstream can escape laterally. In order to get an impression of what
this sounds like, first produce a long [I] sound. Then, keeping the articu-
lators in the same position, turn off the vocal fold vibration and blow
hard. The sound involved is [¢], a voiceless alveolar lateral fricative. The
tongue tip contacts the alveolar ridge firmly, preventing air escape. One or
both sides of the tongue are close to, but not actually touching the upper
side teeth. The pattern of palate contact would be something like that in
Figure 4.8.

Table 4.2 shows the symbols for the median fricative consonants from
the IPA chart.

The consonants above come in voiceless (left) and voiced (right) pairs.
The voiced fricatives have two simultaneous sound sources: the friction
noise of the turbulent air produced at the place of articulation and the
sound made by the vibrating vocal folds. We can see the difference
between the voiceless and voiced fricative sounds in the two speech pres-
sure waveforms in Figure 4.9. The sounds involved are [s] and [z].

The two lateral fricatives on the IPA chart are both alveolar - the voice-
less one we have already met and the voiced one is symbolised [B]. An
example of the voiceless alveolar lateral fricative in use is the Welsh word
cyllell (‘knife’) [katet]. An example of the voiced alveolar lateral fricative is
the first sound in the Zulu word [ka:la| (‘play’).

KR s T SR
Approximants, like fricatives, have no complete closure in the vocal tract
and also come in two main varieties, median and lateral. Unlike fricatives,
however, approximants are sonorants and do not have a stricture narrow

enough to cause a rise in air pressure and turbulence, at least at the rates
of airflow found in normal speech.

Table 4.2. Median fricative consonants of the 1PA,
 bilabial 2 :
~labiodental -
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Palatogram of [i].
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FIGURE 4.9
Waveforms for (a) [s] and (b) [Z]

Lateral approximants have a complete closure between the articulators
on the midline of the vocal tract, but one or both sides of the tongue are
not very close to the upper side teeth and gums. When air escapes over
the tongue rims and out of the oral cavity, it does so without becoming
turbulent. Essentially, the position of the articulators is the same as that
for the lateral fricative depicted in Figure 4.8.

Lateral approximants may occur at a number of places of articulation
and are usually voiced. Here are some examples:

voiced alveolar [l
voiced retroflex [[]
voiced palatal 14

Lateral approximants are often simply called laterals. We are familiar with
the voiced alveolar lateral in English. An example of a retroflex lateral in
use is the word [a]ts] meaning ‘day’ in Aranda, an Australian language.
The palatal lateral occurs in Italian, for instance. The word aglio (‘garlic’)
[a££0] contains a long version of this sound.

Median approximants have no complete closure anywhere on the mid-
line of the vocal tract. Air can pass freely over the centre of the tongue and
exit without turbulence. You may come across two older terms for medi-
an approximants: glide and frictionless continuant.

Some median approximants are very like vowels. They are produced in
the same area of the oral cavity as vowel sounds. They are sometimes called
semivowels, Examples are [w] voiced labial-velar median approximant, as
at the beginning of well and [ j] voiced palatal median approximant, as at
the beginning of yes.

Other median approximants are not so vowellike. These include r
sounds such as [1], which is a voiced postalveolar median approximant
(shown in Figure 4.10), [v] a voiced labiodental median approximant, [uj] a
voiced velar median approximant, and (k] a voiced uvular median approxi-
mant. Essentially, at any place where a fricative is possible you can also
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make a median approximant. ‘Median approximant’ is usually abbreviated
to just approximant.

The final aspect of manner of articulation that we shall examine has to do
with the timing rather than the nature of the events involved. We will
start by looking at the difference between a plosive and a tap and take as
our examples the two consonants [d], voiced alveolar plosive, and [r],
voiced alveolar tap. The latter sound is quite familiar to speakers of
English and is used in many varieties of US English for the consonant in
the middle of words like atom. The sequence of events for both of these
sounds is essentially the same, but everything happens much more quick-
ly for the tap. Crucially, the amount of time the two articulators stay in
contact is very short for the tap (around 20 ms), much shorter than for the
plosive. This means that there is no time for an appreciable increase in air
pressure in the case of the tap and therefore this sound type belongs to
the sonorant class. The timing of a plosive and a tap is compared in the
schematic diagrams in Figure 4.11.

The lower diagram in Figure 4.11 shows what happens during the pro-
duction of a trill (sometimes called a roll). This sound type consists of
a series of very rapid tap-like closures between the active and the pas-
sive articulator. The mechanism by which this is achieved is very simi-
lar to the way in which the vocal folds vibrate. The rate of vibration is,
however, much slower because the structures involved have a much
greater mass. Figure 4.12 shows the speech pressure waveform for (r]
voiced alveolar trill pronounced between two vowels. The effects of the
individual closures of the tongue tip show up as very brief troughs in
the waveform. There are five such troughs and the trill lasts approxi-
mately 370 ms, so the rate of vibration of the tongue tip is about 23 Hz.

Spanish is an example of a language that uses both an alveolar tap and
an alveolar trill, for instance pero [pero] means ‘but’ and perro [pero]

FIGURE 4.10
The articulation of [1]

rsounds and later-
als taken together
are sometimes called
Tiguids". Contrary to
what you might
think, this doesn't
describe their sound
or the way they are
produced. It resulls
Jrom an:inappropri-
ate translation of
the Greek word
hygros which
means ‘varidble” or
‘inconstant’ when
-applied to the
changeable behay-
four of these sounds
in the detailed
-analysis of Ancient
Greek versification.

> .
sessssnsnsensanet

cesssassasmanmERRRE

R L R R AR R R LA A AR L AN A

.
.
-

sasssssnsannn

asawsssssaBERRERRRRR R,

R T R T



60

INTRODUCING PHONETIC SCIENCE

FIGURE 4.11
Timing comparison of
plosives, taps and trills.
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FIGURE 4.12
Speech pressure waveform for [r].

means ‘dog’. Trills at other places of articulation are found in the world’s
languages. A voiced uvular trill [r] is reasonably common. It sounds a lit-
tle like a gargle. The uvula itself trills against the back of the tongue. A
much rarer trill, found in only one or two languages, is [B] voiced bilabial
trill. This is the sort of noise that is often represented as Brrv and is used
to indicate that you are feeling cold.

The final manner of articulation we shall discuss is the flap. This is
very similar to a tap in that there is a single extremely brief closure
between the articulators. It is difficult to diagram the sequence of events
for a flap in the same manner as that used in Figure 4.11. The diagram
would be identical to that for a tap. However, there is an important dif
ference between the two articulations. For the tap, the active articulator
moves rapidly towards the passive articulator and rapidly away again, as
we have seen. For a flap, the active articulator strikes the passive articu-
lator as it passes by. The only flap symbol on the IPA chart is [t] voiced
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FIGURE 4.13
The sequence of events in a retroflex flap.

retroflex flap. Figure 4.13 shows the articulation of this sound. First, the
tongue tip curls back behind the alveolar ridge, and then flaps forwards
and downwards, striking the rear part of the alveolar ridge as it does so.
An example of a voiced retroflex flap in use in a word is [sagi], which
means ‘burnt’ in Punjabi.

The manner of articulation labels that we have introduced are: plosive,
allricate, nasal, fricative (lateral and median), approximant (lateral and
median), tap, fap and trill. These labels complete a very frequently used
method of specifying consonants known as Voice, Place, Manner (VPM)
labels. To give a simple example, let us consider the sound {s]. First we need
to determine if the vocal folds are vibrating or not during the production
of the sound. As they are not, we label the sound voiceless, Next we need to
consider which articulators are concerned in the production of the sound.
For [s], the tongue tip or blade articulates with the alveolar ridge, so the
place of articulation is alveolar. Finally we need to specify exactly what
kind of articulation is formed for this sound. The active articulator, the
tongue tip/blade, approaches close to the alveolar ridge and touches at the
sides, but does not form a complete closure. Furthermore, the airstream
produced by the lungs is made turbulent when it passes through the nar-
Tow constriction. The manner of articulation is therefore fricative, Putting
all this together, [s] has the VPM label *voiceless alveolar fricative’.

In Chapter 3 we had a brief look at the use of place of articulation in the
world’s languages by concentrating on oral stops, that is, plosives and

*




62

INTRODUCING PHONETIC SCIENCE

affricates. Here we will look at how the world’s languages use manner of
articulation.

All known languages have plosives, but that is not true for the other
manners we have described above. The vast majority of languages have
median fricatives, and typically languages have a fricative system that is
as large or larger than the oral stop system of the language. English is
typical in this respect with oral stops at four places: bilabial, alveolar,
postalveolar and velar, and fricatives also at four places: labiodental,
dental, alveolar and postalveolar, Welsh is a language where the fricatives
outnumber the oral stops. The language has labiodental, dental, alveolar
median, alveolar lateral, postalveolar and velar fricatives, but only bilabi-
al, alveolar and velar plosives, and no affricates. A few languages lack
fricatives completelv *: - of these are Australian languages.

Most Janguages have nasals. usually at two or three places of articula-
tion. Again English is typical with bilabial, alveolar and velar nasals.
French is an example of a language with nasals at four places: bilabial, den-
tal, palatal and velar. Languages without nasals are very rare. An example
is Rotolas, spoken on the Pacific island of Bougainville, which has the
smallesl number of consonants of any known language. It has only six,

thres ‘less plosives, one voiced plosive, one voiced fricative and a tap.
Medto approximants of the ‘semivowel’ type occur in most languages,

thou: « quite rare to find a language with more than two or three of

ther-. . commonest are {w] and [j] and English is again typical in having

just thos. .wvo. French is an example of a language with three, adding [y}
e _ +:1d in English. Nama (Namibia and South Africa) is an example
of a ¢ lacking this sound type, although it has a fairly large con-

SONaL = I,
Mos: nages have some sort of v sound. This may be a median approx-

imant ... the postalveolar [1] in English or the uvular median approxi-
mant | found in some varieties of French. Other languages use a tap or
trill and some, as we have already seen for Spanish, use both. An example
of a language with none of these sound types is Hawaiian.

Finally we will look at lateral approximants. Again, most languages
have this type of sound. usually at the alveolar or dental place of articu-
lation. If a language has two lateral approximants, they are likely to be
dentaljalveolar plus palatal, as in Italian and some varieties of Spanish, or
plus retroflex as in Norwegian and Malayalam (Southern India). A velar
Jateral approximant, made by forming a closure between the centre of the
back of the tongue with one or both sides of the tongue lowered, was at
one time thought not to occur in any language, but relatively recently a
number of languages using this sound have been reported, mostly from
New Guinea. In response to this, the IPA adopted the symbol [L] to repre-
sent the sound. A few languages, including Japanese and Maori (New
Zealand), have no lateral approximants.
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Chapter summary [

In this chaptef we continued our survey of articulation and have

‘looked at some of the details of how the articulators constrict the -~
'airsﬁfégm in various ways. We have seen that manner of articulation is
nota simple feature, but comprises a number of different and largely
indepér'x"dérﬁ dimensions. First the articulators may constrict the
_airstream to different degrees: either blocking it cornpietely. or con-
~ stricting it enough to cause air turbulence, or leaving a considerable
gap for the air to pass without turbulence. Secondly, the soft palate
1ay-be raised, preventing nasal airflow, or lowered, allowing such
ow. Thirdly, a closure may be made on the midline of the oral cavity
th or without a lateral opening allowing air to escape over the rims
of the tongue. The rate of release of a closure is the fourth factor dis-
tinguishing speech sounds. A further aspect of manner of articulation
concerns the speed of the whole gesture for the articulation; for taps,
the articulaters are in contact for only a very brief period.

A very important distinction among manners of articulation has
also been introduced: the sonorant-obstruent distinction will be
referred to again and again in the coming chapters. Plosives, fricatives
and affricates, the obstruents, are articulated with a constriction that
causes air pressure to rtise inside the vocal tract. Other consonants,
together with all vowels, are sonorants and are made with a configura-
tion of the articulators which allows the pressure inside the vocal tract
to be approximately equal to the pressure outside.

Exercises .
‘In the sentence Susie saw five of the shows, she says all of the consonant.
me manner of articulation. Which? See if you can think of

I
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KEY TERMS
Cardinal vowel
Diphthong
Excitation
spectrum

Filtering

Formant

Height

Lip position
Location

Long and short
vowels

Monophthong

Oral and nasalised
vowels

Resonarnce
Spectrogram
Spectrum

Vowel
quadrilateral

Vowel system

CHAPTER OUTLINE

In this chapter you will learn about the basic concepts nec-
essary for the description and classification of vowels,
including: acoustic resonance, excitation spectrum and filter-
ing by resonances, vowel spectra and formants, articulation
of vowels, the relationship between vowel articulation and
acoustic properties, the differences between monophthongs
and diphthongs, oral and nasalised vowels, long and short
vowels. The chapter also deals with: vowel systems in the
world's languages, vowel instability and variability.
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In the vast majority of languages, nearly all syllables include a vowel as
their central portion or nucleus. Vowels are sonorant sounds and are pro-
duced with a relatively open vocal tract. Vowels are nearly always voiced
sounds. This chapter will introduce the basic concepts necessary for the
description and classification of vowels, and will begin with a brief
description of the main acoustic properties of vowels, including the con-
cepts resonance, spectrum and formant. Also covered are the vowel
quadrilateral, cardinal vowels, vowel symbols and diacritics and the dis-
tinctions between long and short vowels and between monophthongs and
diphthongs. The chapter ends with a brief survey of the types of vowel sys-
tem found in languages around the world.

r
- ot &
AT

As water is poured into a glass, you can hear a note that gradually rises in
apparent pitch as the liquid approaches the top. Why is this? The volume
of air above the surface of the liquid in the glass has a resonant frequency.
This is the frequency at which it naturally vibrates, As the glass fills, this
volume gets smaller and the resonant frequency rises. We hear this rise in
frequency as a rise in pitch. Any enclosed body of air has a resonant fre-
quency which depends on both its volume and on the size of the opening
to the outside. Try this experiment for yourself: tap on the bottom of an
empty mug and then half cover the top with your other hand and tap
again. You should be able to hear a difference in the notes that are pro-
duced with the two different sizes of opening.

The mouth cavity is an enclosed volume of air. Its size and the size of
the opening at the lips can be altered, changing the resonant frequency of
the mouth. The equivalent of tapping on the bottom of the mug is the
vibration of the vocal folds in the larynx. No cavity will produce a sound
unless it is supplied with acoustic energy from an external source. This
energy constitutes the input or excitation, The excitation produced by the
larynx has many component frequencies. Only some of these will be
picked out and reinforced by the resonant characteristics of the vocal
tract.

You may be unfamiliar with the notion of a sound in which several dif
ferent components are present at the same time. Think of this example. If
you pluck a single string on a guitar, a single note is produced. However,
if you pluck two or more strings at the same time, the notes produced are
added together. Moreover, you can pluck one string forcefully and others
more gently, so that the loudness of the individual notes varies. We don’t
generally hear the individual components of complex sounds, but the
components can be separated if such a sound is analysed on a computer.
The usual way of presenting such an analysis is called a spectrum,

Figure 5.1 shows a typical spectrum of larynx excitation. The horizontal
axis shows frequency and the vertical axis shows amplitude. Each of the
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vertical bars represents one of the components of the larynx tone before
it has been filtered by the vocal tract.

Notice that the components are at equal steps along the frequency
scale. So the lowest frequency component is at 100 Hz, then next at 200
Hz, the third at 300 Hz and so on. Notice also that the lowest frequency
component has the highest amplitude and that the spectrum shows an
overall downwards slope. These two features, the equal spacing of compo-
nents and the sloping spectrum, are important properties of the acoustic
energy produced by the human larynx. This energy is the input to the
vocal tract for vowels and other voiced speech sounds. The spacing of the
components may be wider or narrower and depends on the rate of vibra-
tion of the vocal folds. This affects our perception of the pitch of the
sounds we hear. The constant downward slope of the larynx spectrum is
modified by the vocal tract above the larynx to shape the spectrum in var-
ious ways and to produce the sounds we recognise as human speech.

There are many familiar examples in everyday life where resonance is
used to pick components from a complex spectrum and suppress u nwanted
components. A radio or TV antenna brings in a vast spectrum of signals
and the tuner, which has a variable resonant frequency, works as a filter
to select the wanted signal. A filter need not pick out only one frequency
but can simultaneously alter the shape of the spectrum in a number of
different regions. The graphic equaliser on a sound system is an example
of this. You can boost certain frequencies and reduce others.

The vocal tract is a complex filter rather like a graphic equaliser. The
various resonances of the vocal tract filter out the energy in some fre-
quency regions of the input spectrum and leave other frequency regions
unaffected. This produces an output spectrum which has peaks and
troughs of energy. The peaks are called formants. Because of the sloping
shape of the input spectrum the lowest frequency formant has the high-
est amplitude and the amplitude of the higher frequency formants grad-
ually decreases as can be seen in the examples in Figure 5.2. The most
important property of a formant is its frequency and, as we shall see, the
formant frequencies of the output spectrum are crucial in distinguishing
vowels from one another. In principle there are many formants extending
up through the frequency range. In practice only the lowest two or three
are of importance for speech and they are labelled F1 (lowest), F2 and F3.

Figure 5.2 (a) shows the spectrum of the vowel sound [i] as in keep;
Figure 5.2 (b) shows the spectrum of the vowel [a] as in calm.

For the vowel [i], F1 is low in frequency. In the figure shown, the peak is
at 250 Hz. Then there is a wide trough in the spectrum, indicating that in

FIGURE 5.1
Schematic representation
of larynx spectrum.
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@ | F, Vowel height
The height of a vowel refers to the relationship between the highest point
of the tongue and the roof of the oral cavity. If the tongue is raised so as
F, F to be close to the roof, then a close or high vowel such as [i} is produced. If
? the tongue is only slightly raised, so that there is a wide gap between its
highest point and the roof of the oral cavity, then an open or low vowel,
such as [a], results. Vowels produced with tongue positions between high
‘ | | and low are sometimes called mid, such as the vowel in the English word
| dress. Vowels between close and mid are called halfclose (or high mid, or
| I [ “ | I l I | I I I I I I | I I lJ close mid - the terms are interchangeable); vowels between open and mid
1000 2000 3000 4000 are half-open (or low mid, or open mid).

There is a direct connection between the height of a vowel and the fre-

®) Kis quency of F1. High vowels have a low F1 and low vowels have a high F1.

F, g
¥ Vowel location
The location of a vowel refers to the part of the tongue which is highest
in the production of the vowel. Front vowels, such as [i), are produced by
3

) raising the front of the tongue towards the hard palate. Back vowels, such
FIGURE 5.2
Schematic spectra for (a)
[i] and (b) [a] (after K. || @) (b)
Hayward, Experimental “”Il | e T = :
Phonetics, Harlow: 1. SRS SV Sy o S j

Longman, 2000). 1000 2000 3000 4000

this frequency region the energy of the excitation has not been reinforced
by the resonances of the vocal tract. F2 is quite high in frequency — the
peak is around 2 kHz and F3 400 Hz higher.

Compare this with the spectrum for the vowel [a]. The peak for F1 is '
around 800 Hz. For F2, it is at 1100 Hz and F3 is at 2.6 kHz.

The precise formant frequencies for any vowel are determined by the
overall size of the speaker’s vocal tract — lower for males than females and
higher for children than for adults. This is because smaller cavities have
higher resonant frequencies than larger cavities. However, any speaker’s [i]
vowel will have a low F1 and a high F2 and any speaker’s [a] vowel will have
F1 high and fairly close to F2. It is the pattern of formant frequencies and
their relationship to one another that is important rather than the
absolute values.

The location of formant peaks in the frequency range does not occur
arbitrarily, but is determined in an orderly way by the shape of the mouth
when forming a vowel.

Vowels are articulated by raising some part of the tongue body (that is the
front or the back of the tongue, not the tip or blade, see Figure 3.2)
towards the roof of the oral cavity. The shape of the opening formed by the

lips is also important. (c) unrounded (neutrally open) vowel [a].

FIGURE 5.3

Lip position: (a) unrounded (spread) in a close vowel, [i]; (b) rounded in [u];
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as [u], are produced by raising the back of the tongue towards the soft
palate. Central vowels, such as the vowel in the Southern British pronun-
ciation of the English word first, are produced by raising the centre part of
the tongue towards the junction of the hard and soft palates. A short mid-
central vowel, termed schwa and symbolised [3] is in fact the most frequent
vowel in English speech. It is heard, for example, in the first syllable of
about, the middle syllable of photograph, and at the end of soda.

Again this aspect of the articulation of a vowel is reflected in the
spectrum. The frequency of F2 is high for front vowels and low for back
vowels.

Lip position

The position of the lips is the third factor which controls vowel quality.
For most purposes a two-way classification of rounded vs unrounded is
adequate. Figure 5.3 illustrates lip position.

Rounding the lips makes the mouth opening smaller and this, as we
saw with the experiment with the mug, has an effect on the resonant fre-
quencies. Rounding the lips lowers all formant frequencies, the most
important effect being on F2. In Figure 5.4 there are two spectra. (a) is for
the high front unrounded vowel [i] and (b) is for the high front rounded
vowel [y}, as in the French word lune [lyn] ‘moon’.

The two spectra are quite similar, except for the position of F2.
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FIGURE 5.4

Spectra of real utterances of [i] and [y]. In the rounded vowel F2 is about 375 Hz lower.
F3 is also lowered, so that it is only about 250 Hz above F2.
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Compared with many consonants, vowels are loud and long. But vowels
can be sustained for shorter or longer times, and many languages make
use of a distinction between long and short vowels. A long vowel in such
languages can be symbolised with a following length mark, thus {a] is a
short unrounded back open vowel and [a:] is its long counterpart. Maori
{New Zealand) is a language that has long and short versions of each of its
five vowel qualities, and some examples are given below:

Meaning

Meaning

S o
[hokot] tobuy : C
ftaha:) calabash ~  ftaha] ~  “side’

Most accents of English have vowel-length distinctions, but usually the
long and short members of a pair are also distinguished by clear quality
differences as well, for example the two vowels of the words beat and bit.

A further distinction that is utilised by many languages is between oral
vowels and nasalised vowels. An oral vowel is produced with the soft
palate in a raised position, so that there is no airflow through the nasal
cavity. A nasalised vowel on the other hand is produced with a lowered
soft palate, allowing airflow through both oral and nasal cavities simul-
taneously. The resonances of the nasal cavity are added to those of the rest
of the vocal tract and the vowel has a characteristic nasal quality.
Nasalisation is indicated by a diacritic [7] over the relevant vowel symbol.
Table 5.1 shows pairs of French words that are distinguished by the
absence or presence of nasalisation of the vowel.

In some languages (English is one) the quality of a vowel can change with-
in a single syllable. Such vowel-glides are known as diphthongs. Examples
of English words containing diphthongs are tie, toy, town. Vowels whose
quality remains relatively constant are known as monophthongs.

If the vowel is changing then the formant frequencies will be changing.
This can be seen in a display known as a spectrogram. Figure 5.5 shows the
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FIGURE 5,5
Spectrogram of an utterance of the word ‘boy’

spectrogram for the English word boy, which contains the diphthong [o1].
The horizontal axis shows time. The vertical axis shows frequency. The
darkness of the trace shows the amount of energy present at a given time
and frequency.

The formants show up as dark bands running horizontally. At the very
beginning the formants show brief movements (transitions) connected
with the production of the consonant sound. For the vowel, F1 starts high
and then descends. This is because the diphthong is moving from a low
quality to a high one. F2 starts low and rises, because the tongue is mov-
ing from a back position to a front one and at the same time the lips are
changing from a rounded posture to an unrounded one.

The area in the oral cavity within which the highest point of the tongue
must occur for the articulation of a vowel is roughly like the quadrilateral
shown in Figure 5.6. The quality of a particular vowel can be indicated by
placing a dot on the diagram. The meaning of this dot is something like:
the vowel x sounds as if it is produced with the highest part of the tongue
in this position. The dot in the quadrilateral in the figure indicates the
usual quality of the vowel [1] in the English word sit. The quality indicated
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front central back

close

half close

half open

open

is around half close, front but not as front as possible. Lip position is not
indicated on the diagram. It used to be thought that the position of the
tongue within the mouth, together with lip position, fully determined the
quality of a vowel. It is now known that the configuration of the entire
vocal tract needs to be taken into account. The vowel quadrilateral has been
retained as a useful tool, but it should be thought of as representing an
auditory space, rather than an accurate articulatory one.

As an alternative to specifying the location, height and lip-posture for a
vowel, the vowel quality can be related to one of a set of language-
independent, reference vowel qualities known as the cardinal vowels.
These can be thought of as landmarks in the auditory space provided by
the vowel quadrilateral. There are in fact two subsets of cardinal vowels:
the primary set [i € € a a 2 0 u], numbered 1-8, 1-5 being unrounded and
6-8 rounded and the secondary set [y @ ¢¢ (€ D A ¥ w1), numbered 9-16. The
secondary cardinal vowels are related to the primary ones by reversing the
lip-posture, so for example vowel 1 is close, front, unrounded and vowel 9
is close, front, rounded and vowel 8 is close, back, rounded, so vowel 16 is
close, back, unrounded. The cardinal vowels are auditorily agreed quali-
ties and must be learnt from a teacher who knows how théy sound, or
from a recording. However, vowels 1 and 5 can be given an articulatory
specification. Number 1 is produced with the frontest, closest position of
the tongue that does not produce audible friction and number 5 is pro-
duced with the backest, openest possible tongue position, again without
audible friction. Figure 5.7 shows the primary and secondary cardinal
vowels on the vowel quadrilateral.

FIGURE 5.6
The vowel quadrilateral,
and position of English [r].
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FIGURE 5.7
The primary cardinal vowels (left) and the secondary cardinal vowels (right).

Although some vowels in certain languages may be very like cardinal vow-
els (for instance the [i] in French is very like cardinal vowel number 1), the
cardinal vowels are independent of particular languages and must be
learnt.

Vowel diacritics

A reasonably accurate specification of vowel quality can be symbolised by
using diacritics attached to an appropriate cardinal vowel symbol. The
three diacritics used are shown attached to cardinal vowel number 2: [€]
meaning centralised, that is closer to the centre of the quadrilateral, but
still not in the central triangle, [¢] meaning closer and [¢] meaning more
open. There are a number of vowel symbols in common use that do not
represent cardinal qualities, but that have fairly well-defined positions on
the quadrilateral. These are shown in Table 5.2.

Table 5.2 Commonly used vowel symbols and their cardinal vowel equivalents
e _‘ I = £ . : ;
8

Most of the phonetic symbols conventionally used to represent the vowels of
a particular language are also used as cardinal vowel symbols, but this does
not of course mean that the vowels of that language have exactly cardinal
qualities. For example the vowel in Southern British cup is generally repre-
sented [A], for instance in a pronouncing dictionary or textbook on English
pronunciation. This symbol represents an open-mid back unrounded cardinal
vowel, but the English vowel in question is actually a fairly open central
unrounded vowel. In the same accent, the vowel of dress is usually repre-
sented [e], but is noticeably lower than the cardinal quality represented by
this symbol. For certain applications, it is obviously more convenient to be
able to use a simple vowel symbol, without having to resort to diacritics.

Vowels

79

The vowel systems of the world’s languages differ widely in terms of size
and also in terms of the phonetic features used to differentiate vowels. We
have already seen that languages may make use of length distinctions and
that some languages use both oral and nasalised vowels. In this section we
will confine ourselves to languages that have only monopththongs and
that use only the basic features of height, location and lip position.

Figure 5.8 shows an estimate of the number of languages with systems
of a particular size. The information used to compile this figure was taken
from a database of 317 phonological systems known as UPSID {UCLA
Phonological Segment Inventory Database).

percentage of languages
30 A

20 4

10

1 2 3 4 5 6 7 8 9 10 >10
number of vowel qualities

The simplest system contains only three vowels - [i a u}. Many languages
of Australia, such as Aranda and Nunggubuyu, have a vowel system of this
type, but it is also found in ot her parts of the world.

The most frequently occurring vowel system has five vowels [i e/e a o/o u.
Some five-vowel system languages use close-mid vowels and some use
open-mid vowels. Table 5.3 lists some languages with this type of system.
As we can see, there are five-vowel languages in all parts of the world.

Taking the five-vowel system as a starting point, there are a number of
different ways in which languages may increase the number of vowel
qualities in the system. Some languages use both close-mid and open-mid
vowels, giving a seven-vowel system [i e £ a 5 0 ul. Efik (West Africa) is a
language with this system. Another way to augment a vowel system is to
add central or centralised vowels. Catalan, for instance, has a seven-vowel
system plus [9]. Kpelle (West Africa) has a system containing [i € a 0 uj plus
the two centralised vowels {1 U].

All the systems we have mentioned so far have had front unrounded
vowels and back rounded ones. While this is the commonest type of sys-
tem, there are many languages that add front rounded vowels. French,
with the oral vowel system [i y ¢ @ € ce a 2 0 u], is one example. However
there are no known languages that use front rounded vowels and that do

FIGURE 5.8
Size of vowel system in
UPSID languages
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Table 5.3 Some five-vowel! languages

Language Region
Batak

Greek

Japanese

M;idq TRaieT Calffomla 3 255

Maori *NewZealand

Maung Aﬁé(i:alié"f'. iy :_

Spanish ~ © 'Spain, South and Central America
Yulu Sudan i :
Zulu Souith Africa

not use front unrounded ones. Back unrounded vowels also occur in quite
a number of languages. Modern Standard Chinese has an unrounded close
mid vowel {¥], as well as a rounded back vowel [0] at this height.

Vowel dispersion

We can view the vowel quadrilateral as a perceptual space in which vow-
els are located. The vast majority of vowel systems conform to the so-called
Vowel Dispersion Principle. This is that vowels tend to be evenly distrib-
uted in the perceptual space and or at least that they are widely distrib-
uted within the limitations of a particular system. This means, for
instance, that a three-vowel system containing [i e u] is very unlikely. Some
known systems appear not to conform to the above principle and these are
known as defective vowel systems. A defective system is one where either
(a) there is no open vowel and/or (b) for mid and high regions there is at
least one vowel that is not matched by a vowel on the opposite side of the
space. The [i € u] system qualifies as defective on both counts, but a system
containing [e 0 a] only would not count as defective. Approximately 14 per
cent of UPSID’s languages have vowel systems that count as defective.
Missing vowels in defective systems are almost always [e], [0] or [u], the last
being the most frequently missing. Another way of looking at this is to set
up a hierarchy:

ifa>elo>nu,

where > means is ‘more likely to occur in a language than'.

Try this simple experiment. Think of a short English sentence and tran-
scribe it, but replace every vowel symbol with [3:]. If you were to do this

Vowels

8

1

with the sentence Mary had a little lamb, the transcription would be [m31r3:
ha:d 31 13:t] I3:m]. Now practise saying this sentence until you are sure you
have it right and see if your friends can understand the sentence when you
say it to them. You will very probably find that most of them can. If you do
a similar thing with the consonants, replacing them all with [d] say, but
keeping the correct vowel qualities, the sentence will be unintelligible.

It seems then that, at least in some languages, vowels carry less infor-
mation than consonants. It is perhaps because of this that vowels tend to
be more variable and unstable than consonants. One consequence is that
vowels change over time more rapidly than consonants do. If we look at
the system of sounds used in two forms of the same language separated
in time by a few hundred years, it is a good bet that there will have been
more changes in the vowel system than in the consonant system.

We will illustrate the way a vowel system can change by looking briefly
at what is known as the Great Vowel Shift in English. This took place in
the fifteenth century and affected the long vowels of Middle English
(c. 1100-1450, the language Geoffrey Chaucer spoke) and was complete by
the time of Shakespeare, who spoke Early Modern English (c. 1450-1600).
Table 5.4 shows the changes that took place.

Table 5.4 Effects of the Great Vowel Shift in English

Middle English Early Modern English Present-day English
fid o e ' [ai]

[e] e S ] ; i1

[e:] AR 2t (i1

ChE T4 _ el

[of] I T e o] ' fav)]

ol S S T e i

) S S ) ot e

So, for example, house was [hu:s| for Chaucer, [hous] for Shakespeare, and
is [haus] today and moon in Chaucer's day was pronounced [mo:n], but was
[mu:n] by Shakespeare’s time and still is.

Vowel changes such as this do not necessarily affect language as a whole
in the same way. They may take place in some geographical areas but not
in others. This brings us to the second aspect of vowel variability. Two
accents of the same language are likely to differ much more in the vowels
and diphthongs they use than in their consonant systems. For instance,
Southern British English is usually analysed as having eight diphthongs
[et a1 o1 au 50 19 €9 U], whereas one form of Jamaican English as only two
[ar ou]. So the two varieties agree in having a diphthong in a word such as
time, but in a word like day, Jamaican English has a long monophthong [e]
where Southern British has a diphthong [e1].

R R TR R RN AR RN

escencosacarsnan,

Here is a recon-
struction-in 3
Flizabethan, proniui-
ciation:of the begin-
fiing.of a famons
speech from -

= AT o ST e e e
Wesnsssanssarann

Wh Ty $ £
L ]
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Frequency (Hz)

[t is not only the vowel systems that may be different in two accents of
a language, Accents may also differ in the lexical incidence of vowels -
that is. two accents may use a different vowel quality in some words, even
though the two accents have both of the vowels concerned. For instance,
both southern and some northern British English accents have [a:] and
both use it in words like palm, father, car. Both accents have [&] in words
like cat, stand, gas. However for some words, path, dance, blast are examples,
southern accents have [a:] and northern accents have ).

A final point about the difference between the vowels of different
accents concerns the exact phonetic quality used to signal a particular
vowel. A good example of this is the difference in sound between the
vowel used in words like cow, town, out in southern British English and in
Northern Irish English. Both accents use a diphthong in these words and
there are no lexical incidence differences. However, the two diphthongs
sound quite different as is shown in Figure 509.

3000

2000

1000

Time (s)

FIGURE 5.9

The diphthong of cow or mouth as spoken (left) in Southern Bntish and (nght) in
Northern Irish English. Notice how F2 falls in one but rises in the other.
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Chapter summary

Vowels are produced when vocal fold vibration excites the resonances
of the vocal tract. The excitation spectrum is filtered by the vocal tract,
giving rise to peaks in the output spectrum which are known as for-
mants.The patterning of three lowest frequency formants essentially
determines vowel quality. This patterning can be related to the articu-
- latory features of vowels (height, location, lip position). Vowels may be
~long or short, and may be monophthongs or diphthongs. The auditory
properties of vowels can be related to a diagram known as the vowel
q_i'l;idl_‘ilateml, and fixed landmark qualities in the quad rilateral are
Kknown as cardinal vowels. Symbols for these, together with additional
: _éjﬁ'lbo!s and diacritics permit the transcription of vowel qualities.
Languages make use of the basic vowel features in a wide variety of
ways. Vowel systems range from the very small with only three vowels
to the quite_.lg_rge with 10 or more vowels. Some languages increase the
size of their vowel inventory by the use of modifications such as nasali-
sation, length distinctions and the addition of diphthongs.

Vowels change over time more rapidly than consonants do and vow-
els can differ quite significantly from one accent of a language to
another. Two accents my have different vowel systems. They may differ
in the lexical incidence of vowels and the precise phonetic qualities of
equivalent vowels may differ.
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R Biish Englsh .+ NZEr
Pt [P‘Ef] ;j. s e

(a) Describe alI the vowel quahtles in these words in terms
and lip position. -

~
(b). Plot the approximate posmon of the vowels on a vm\'el quadnlateral. f

: ] 2 2000
Exercise 5.3 ]
Here are some words from Kirghiz, a Turkic Ianguage g
I

1000 - | '
apple [alma] | }
forest [tokoj] : !
house [Yj] " » i 0 T : T l] ‘ T
s (ko] ; Spoe e S 0 100 200 300 400 500 600
\ i . - i \ Time (milliseconds)
- meat . [et]
salt - [tuz]
work [
: year : [3ml]

rghlz has'a su?ﬁ:, maamhg mfh or by, Wthh is p' ]
"Herent ways:[ten]; [ten], [den] [den]; [ton], ‘[don], [tan [dtm]
When the sufﬁx is added to the end of a word- the pron
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Further reading :

On vowel systems and vowel dispersion, see lan Maddieson, Patterns of sounds, Cambridge: Cambridge

University Press, 1984, chapters 8 and 9.

A wide-ranging account of the varieties of English pronunciation found around the world, very useful for
comparing the vowel systems of different varieties of English, is J. C. Wells, Accents of English, 3 vols.

Cambridge: Cambridge University Press, 1982.
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s [n this chapter you will learn about: aspiration; aspiration
KEY TERMS

Aspiration

and devoicing in English; the use of aspiration in languages
of the world; larynx waveforms for normal voice and other
Breathy voice phonation types; voice onset time and how to measure it.

Devoicing

Fortis -+

Lenis
Modal voice

Phonation type

VOT- (voice onset
time)
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As we saw in Chapter 2, one important way in which consonant sounds
may differ from one another is by voicing. However, it is important to
be aware that the terms ‘voiced’ and ‘voiceless’ do not simply refer to
the presence or absence of vocal fold vibration. The articulatory and
acoustic events that give rise to the perception of voicing and voiceless-
ness are somewhat more complex than the simple story we told in
Chapter 2. What counts as voiced in one language may, in some
instances, be perceived as voiceless in another language. In this chapter
we look at the topic of voicing in more detail and consider the impor-
tance of the timing of the onset of vocal fold vibration in relation to
other articulatory events. We also look in more detail at vocal fold vibra-
tion itself, and distinguish normal voice from other phonation types.

For voiceless plosive consonants, vocal fold vibration is stopped for a
period that is a little longer than the hold phase (the time when the
mouth is blocked, see Chapter 4), so that there is still no vocal fold vibra-
tion around the moment of release (when the articulators part and the
plosion is heard) and possibly for a further brief time afterwards. This
delay, measured from the start of the explosion to the point where vocal
fold vibration begins, is called the Voice Onset Time (VOT). Though so
short that it is best expressed in milliseconds (1 ms = one thousandth of
a second) it is very important to the listener. We know from experiments
on speech perception that listeners are very sensitive to VOT and use it to
categorise the plosive they are hearing as voiceless or voiced. In Figure 6.1
below there is a schematic representation of the three phases of the pro-
duction of a voiceless velar plosive [k]. Also included in the figure are the
waveform and spectrogram of a real utterance of [aka].

If the VOT is longer than abr{ 5u ms, a plosive doesn’t just sound voiceless;
the VOT can actually be heard as a brief [h}like segment following the explo-
sion and the plosive is said to be aspirated. Not all Janguages have voiceless
plosives of this type, but English does, and the initial [p] [t] {k] sounds of
words such as pound, time, keen are all aspirated. The symbol for aspiration
is a superscript ["] following the sound affected - so [p" t" k" and so on.

Aspiration in languages

The commonest pattern in languages around the world is for the voiceless
plosives to have a short VOT (something like 10 ms on average); they are
therefore voiceless unaspirated plosives. The voiced plosives with which
they contrast tend to be fully voiced - that is, to have vocal fold vibration
started well before the explosion, and possibly running right through the
hold phase of the articulation. Among languages which do this are

Voice It
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FIGURE 6.1

Schematic parametric representation of the three phases of an intervocalic plosive, and

diagrammatic representation of larynx activity, with aligned waveform and spectrogram
of a real utterance

1
200

French, Spanish, talian, Greek, Dutch, Russian, Arabic. There are hun-
dreds more.

English does it a different way. The voiceless plosives have a longer VOT
and are thus aspirated. The voiced plosives do not need to be fully voiced,
and, depending on the context in which they appear, they may lack vocal
fold vibration for some or all of the hold. It is enough if vocal fold vibra-
tion begins at about the time of the release - in fact initial plosives with
vocal fold vibration beginning much before this do not sound quite right
for English. Other languages that do it much the same way as English

include German, Japanese and Chinese (both Modern Standard and
Cantonese).
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Figure 6.2 shows the waveforms for voiced and voiceless plosives in
French (a, b) and for English (c, d). The waveforms are aligned at the
moment of release of the plosive.
-1 0(? ms (l}
release
(a) l
| bl b o i s B
l it W f T Bt
hnn ML L I‘l A) %\ 1 } WiRE
(b) Mx“ \MMMMMPMY \"'\M i ﬂ .‘ll ,'lﬁ '“;'M,'I?”
b
FIGURE 6.2 !

Waveforms showing
intervocalic plosives in
French and Englsh,
aligned by moment of
release. The words are
French (a) apart,

(b) abetlle, and English
(c) apart, (d) obey. In
this context the voiced
plosives show voiang
throughout the hold
phase in both languages

© V‘V | ‘\pd‘w-“‘"“ "*&/”“"“Wﬂ\_)\ |
iy AL

1T
S (O i

Aspiration is a matter of degree, and plosives can casily be given more
aspiration (i.e. longer VOT) than they customarily get in English. For
instance, the aspirated plosives of Modern Standard Chinese sound some-
what more aspirated than English ones. Figure 6.3 is a schematic repre-
sentation of the full range of possibilities for VOT.

Some languages (an example is Thai) actually distinguish three sets of plo-
sives by VOT. These are likely to be (1) fully voiced (2) short VOT (10 ms or so
- L.e. voiceless unaspirated) (3) very long VOT (50 ms or more - i.e. strongly
aspirated). The examples in Table 6.1 illustrate this three-way contrast.

The remarks so far apply to plosive consonants in initial position
directly before a vowel. If a language distinguishes voiced and voiceless
plosives at all it will do so in that position; in other positions, the sounds
may be modified. For instance, voiced plosives may become fricatives or
approximants when flanked by voiced sounds, as they do in Spanish. An
example is the word beber (‘to drink’), which is pronounced [beBer]. In final
position, it is common for the voiced/voiceless contrast not to operate (it
is said to be neutralised). This is the case in German, for instance, so while

(

o
-

e
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Table 6.1 Voicing and aspiration in Thai plosives

voiceless
aspirated

voiced voiceless
unaspirated

=1 _ [pa]
da] '.tﬁﬂ!"ffe = [ta]

the word Bundes (‘of the union’}) is {bundas], Bund (‘union’) is {bunt]. In
English the contrast is maintained in all positions except directly after [s].
The plosives in words such as spin, stop, school have approximately zero VOT
and are more-or-less ambiguous between voiced and voiceless categories
for speakers of English. Children often invent spellings such as sdop. sgool.
showing their accurate perception of the neutralisation.

approach hold I release

Relative ‘
position of ~
articulators / |

eg lips

MAAMANNANANVAVWVVVVANVY - Fully voiced

WWARAANAANANAANANANYY - Pre-voiced

WA Zero voicing

AMVWANAAANAY. Short voT

VWAV Long VOT

VOT = time
from release of
plosive to onset
of voicing

SRR EEAH SR B R M
ARt et KR T ! T
I g% %?$g i |
&;1&.@ . *,_\_ S .a:ﬁﬁ%t

English [p t k| are aspirated when at the beginning of a stressed syllable.
If an approximant rather than a vowel follows (e.g. price, play, twin, cute)
the aspiration takes the form of devoicing the approximant, so: [plais
pler twin kju:t]. If [s] precedes, there is no aspiration and, correspond-
ingly, little or no devoicing of any approximant, so for example, sprain
[spiein], splash [sple ], squeak [skwizk], studio [stju:disu].

Just as the ‘voiced’ plosives of English are not necessarily voiced all the
way through, so the other ‘voiced’ obstruents (fricatives and affricates)
don’t always have vocal fold vibration throughout. The contrast is main-
tained for the listener by a number of other factors (duration is the most
important). To avoid the awkwardness of talking about ‘voiced’ sounds that
are not voiced, English consonants are sometimes called lenis ( = weak i.e.
short, quiet, unaspirated, sometimes voiced) and fortis( = strong ie.long,
loud, aspirated, always voiceless).

FIGURE 6.3

Schernatic parametric rep-
resentation of the three
phases of plosive produc-
tion, with five different
VOT possibilities
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Figure 6.4 shows spectrograms of the English words ice [ats] and eyes
[arz]. While we conventionally represent the difference between these
words as a difference in the voicing of the final consonant, vocal fold
£ R
4000 I N
Hz ' [
l
3000
2000
1000 -
0 - T T T
500 600 700 ms
i { E ! I i : i it I.
Hz g , TR Y .::\_
{I- .II' { i
3000 A bEEL L
2000 -
1000 A
0 - T T
0 100 200 300 400 500 600 700 ms
FIGURE 6.4

Spectrograms of the English words ice (top) and eyes. Thg diphthong of ice is short-
ened by pre-fortis clipping, while the fortis fricative is considerably longer than the lenis
frcative of eyes.
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vibration is not present throughout the fricative [z]. The most important
difference for the listener is in the duration of the [a1] diphthong. You can
see that the [a1] in ice is considerably shorter than that in eyes. The vowel
has been shortened by the presence of a following fortis consonant and
this is a regular feature of many accents of English and also of other lan-
guages. It is known as pre-fortis clipping.

The switching on and off of vocal fold vibration, and the timing of these
events, are not the only ways in which the larynx contributes to sound dis-
tinctions in languages. The nature or type of vibration may also be signifi-
cant. Sound generation in the larynx is termed phonation, and phonation
types (sometimes called voice qualities) are recognisably different kinds of
vocal fold vibration. All lJanguages use a phonation type called normal or
modal voice as the basis for all speech. Many languages (for example
English) make no systematic deviations from modal voice. In modal voice,
the vocal folds vibrate regularly with a rapid closure in each cycle as shown
in the laryngograph waveform in Figure 6.5. Remember that the output of
the laryngograph shows vocal fold contact as a function of time.

one cycle
o B

~—opening
closing —
open phase
/ . e
i - N S

| l

0 ms 5 10 15 20 2

&4

In the figure, the main events in one cycle are labelled. The rapid clo-
sure of the vocal folds causes a very efficient excitation of vocal tract res-
onances. Modal voice is a tone in which the individual cycles of vibration
are not separately audible and in which there is little or no noise (aperi-
odic energy) from breath flow, and it can be produced at a wide range of
frequencies.

Departure from the laryngeal adjustments required for normal voice
may result in such phonation types as creaky voice and breathy voice.
Most widely used in languages is breathy voice, sometimes called mur-
mur, where audible breath noise is heard at the same time as vibration.
A laryngograph waveform for one type of breathy voice is shown in
Figure 6.6(a). The closed phase in each cycle is short, leaving a long open

.

FIGURE 6.5
Laryngograph waveform
for modal voice
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FIGURE 6.6
Laryngograph waveform
for (a) one type of
breathy voice, and

(b) one type of creaky
voice,

(a) breathy
{l\
|

(b) creaky : irrequiar double pulsing

N
\ \
"\ v \\ J\ "/ O

N s

short closure long open phase

-

| l ! 1

ms 5 10 15 20 25

phase during which breath escapes, In creaky voice the vocal folds
vibrate in a less regular manner with alternate cycles of vibration dif
fering in duration. This can be seen in the laryngograph waveform in
Figure 6.6(b).

An example of a language that makes use of the distinction between
normal voice and breathy voice is Gujarati. Some pairs of Gujaratl words
are given in Table 6.2. The mark .. below the vowel symbol indicates breathy
voice.

A language that makes use of the distinction between normal voice and
creaky voice is Jalapa Mazatec, spoken in Mexico. In the examples in Table 6.3
the mark ~ is used to indicate crealy voice.

Table 6.2 Modal and breathy \.rou:ed uowels in Gujarati

breathy
volcar

[bar] outside

[por]l . ._ ! Fastyear : [por] early morning

Table 6.3 Modal and creaky voiced vowels in Jalapa Mazatec

modal voice creal\y voice
[ial AR N tree lia] - he wears

[nthe] o o seea' [nda] buttocks
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We may also convey attitude or mood by altering the way our vocal folds
vibrate. Breathy voice is often associated with passionate, intimate utter-
ances. It may be more convincing to say I love you with breathy voice than
with modal voice. This sort of phonation also is associated with gushing
overenthusiasm. Creaky voice is often used when the speaker wishes to

signal boredom and is also found in exasperated utterances like Oh no, not
again!

In this chapter we have looked at aspects of the timing of vocal fold
vibration. VOT is the interval between the release of a plosive and
the onset of vocal vibration and is an important cue for the listener
in determining whether the plosive belongs in the voiced or voice-
less category. Most languages make use of a two-way distinction
according to VOT. The chapter also introduced the notion of aspira-
tion, a feature of plosives that have a long VOT. Looking more close-
ly at the details of voicing in English we considered the topic of
devoicing and looked at the conditions under which so-called voiced
consonants may be without vocal fold vibration for at least part of
their duration. This led to the introduction of the terms fortis and
lenis as possible alternatives to the terms voiceless and voiced.
Finally, we looked at phonation types, identifying modal (normal)
voice and a number of audibly different kinds of vocal fold vibration
which may be used distinctively by certain languages and in many
languages as signals of the attitude of the speaker. The most impor-
tant conclusion to be drawn from this chapter is that the voicing of

consonants is not simply a matter of the presence or absence of
vocal vibration.

Exercises : 23T

Exercise 6.1 SR g
Sketch a schematic diagram showing vocal fold acle n aspirated voice-
less plosive between two vowels, and indicate the: fallcmn._ eve'nls hold
phase, moment of release, onset of voicing. )

Exemse 6 2
in most accents of English, voiced obstruents are only {ully v0|ced when they
are in between two voiced sonorant sounds (for exarnpie the [b] i in abbey
[bil). Elsewhere they are devoiced — tha ds not: wbrate
for the whole duration of the sound 5 is biook wi
devoiced bilabial plosive [l;] ‘Add the devalmng"dla\:ﬂuc to

; symbols the transcriptions below: '

(a) [_]3; nju: kredit ka:d _rud | Draty suzr n]
(b). [Inpxg in setlz 1z 2 gud wei 3 get bn iginz] -




|

100

INTRODUCING PHONETC SCIENCE

wavefal‘ms éf recordmg;; cl your verstons. |
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Exerqse 6 5 ¢ =
Shown below are shiort' SpeCilTlenS af the Iarynx-Waveforﬁl (abtained -ﬁ‘em a

) laryngograph) Which of the examples (a) ta. (f) Imk as. rf they are Ilkely to
be examples of normal or modal: vo;ce? -
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: Exeruse 6 7
Which of the. flallqwn_ F.nghsh wnrds are ||kely to contatn a devoiced ;

’ \\]\\ ;\/\J

@ AAAAA\ﬂ A
’ \/\/\/\/\/ }

~

0 ms 5 10 15 20
Figure for Exerdise 6.5

Further reading

John Laver, The phonetic description of voice quality, Cambridge: Cambridge University Press, 1980, contains

an account of many different phonation types. For more detail on how languages differ in using VOT and
aspiration you could look at L. Lisker and A.S. Abramson, A cross-language study of voiaing in initial stops:

Acoustical measurements, Word, 20 (1964), 384-442,
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In this chapter you will learn about: airstream generation;
egressive and ingressive flow; ejectives; implosives; clicks;
non-pulmonic sounds in the world’s languages.

KEY TERMS
Click -
Co_mpres’sfbn
Ejective

Egressive
Glottalic
Implosive

Ingressive
Pressure’

Pulmonic/non-
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We have seen how consonant sounds can be described in terms of voice,
place and manner of articulation. We now have to consider a further impor-
tant way in which consonant sounds can differ from one another: the use
of different airstream mechanisms. All the sounds we have dealt with up
to now have used the same airstream mechanism, known as the pulmonic
airstream mechanism because it uses air expelled from the lungs. In the
pulmonic airstream, the lungs supply a large volume of air under pressure,
enough to power the production of one or more phraselength stretches of
speech between pauses for breath. This is the basis of all normal speech in
all languages, and many languages (e.g. English) make no systematic use of
any other airstream. But some languages additionally make use of other
airstream mechanisms for a proportion of their consonant sounds. Small
volumes of air can be pushed or pulled by muscular action in the mouth or
pharynx independently of the lungs, and the resulting short-term pressure
differences and airflows are enough to power the production of single con-
sonant segments, which sound recognisably different from pulmonic
sounds. There are three types of consonants produced this way, known as
ejectives, implosives and clicks. Because they are not driven by air pressure
from the lungs they are termed non-pulmonic sounds.

This chapter first looks more closely at the generation of air-pressure
differences and airflows, ficst introduced in Chapter 4. [t then describes
the way in which the various non-pulmonic sounds are produced, how
they are symbolised, and gives some examples of how they are used in the
consonant systems of the world’s languages.

Sl
.
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Airstream generation

In order to make any speech sound, there must be a flow of air through
the relevant part of the vocal tract. Flow through the larynx is needed
whenever we require to vibrate the vocal folds; flow though a narrow
articulatory constriction is needed to generate the noise typical of frica-
tives; and an interrupted flow, which is suddenly re-started, gives us the
transient sound of plosives.

Air movement within the vocal tract depends on the creation of pres-
sure differences. Air always flows from a region of high pressure towards
a region of lower pressure. Air is a gas, or more accurately a mixture of
gases. A gas may be thought of as particles spread out in space. Pressure is
a measure of how many particles there are in a given volume of space, If
there are few particles, the gas is at low pressure. Making the space smaller
without letting any of the particles escape is called compression, and rais-
es the pressure of the gas. The opposite of this, rarefaction, is obtained
when the space is enlarged without letting any more particles in. The con-
centration of particles is thus lowered and the pressure is reduced. In
speech, the necessary compressions and rarefactions are achieved by
using muscles to move some part of the vocal tract or respiratory system.
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The moving part acts rather like the piston in a pump, and is called the
initiator of the airstream. For example, in the pulmonic airstream the ini-
tiator is the lungs, moved by the respiratory muscles.

When the pulmonic airstream mechanism is in action, there is a supply
of air at high pressure in the lungs and it flows through the vocal tract
towards the lower atmospheric pressure in the air around the speaker.
Much of the muscular work to power the airstream is actually done when
we pause to breathe in. We use our inspiratory muscles to inflate the lungs,
which then tend to recoil back, compressing the air within them. The air
doesn’t come out all at once, of course, because its flow is regulated by the
adjustment at the glottis, and the resistance of the various articulatory
constrictions we are employing as we speak. As we continue speaking, and
the lungs begin to empty, we begin to use expiratory muscles to squeeze
more air out of the lungs before we finally have to pause for breath.

Egressive and ingressive flow

The flow of air we have just described is outwards from the body, a direc-
tion of flow that is called egressive. So the full name for the airstream
mechanism that forms the basis of all normal speech is the egressive pul-
monic airstream mechanism. You will find that it is also possible to
reverse this airstream and speak while breathing in, using the ingressive
pulmonic mechanism. Try saying a short sentence such as ‘Good morning,
how are you?’ this way. You will probably find that you can make a recog-
nisable attempt at this, but the speech is likely to sound strange, and is dif-
ficult for most people to control. Notice that both voiceless and voiced
sounds can be made this way, proving that the vocal folds can be made to
vibrate when air passes between them in a reversed direction. So far, no
language has been found that makes any use of the ingressive pulmonic
airstream. But the distinction between egressive and ingressive is
important in understanding the non-pulmonic mechanism we are going
to consider next.

The first of the non-pulmonic airstream mechanisms we will look at is the
one that is used to produce ejectives, which are the commonest non-
pulmonic consonants among the languages of the world. Remember that
languages that make use of ejectives will still make use of the pulmonic
egressive airstream as the ordinary basis of speech. Each time an ejective
consonant occurs, the non-pulmonic mechanism is powered-up briefly,
but there will generally be a return to the pulmonic mechanism for the
following segment. ’

In the production of an ejective, the glottis is closed, and the air that is
compressed (and eventually pushed out) is that between the closed glottis
and the articulation in the oral cavity. For this reason, the name of the
airstream is egressive glottalic. Ejectives are symbolised by adding an
apostrophe to the symbol for any voiceless obstruent. This gives symbols
such as[p’ t” k™ t{’].
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(D Back of tonguc
nises to form
velar closure ———— (@ Back of tongue is
lowered, releasing
Glottis closes compressed air in the pharynx
FIGURE 7.1

The sequence of events
in the production of an
ejective velar stop (after
P. Ladefoged, A Course in
Phonetics, Fort Worth, Tx:
Harcourt, 2001)

- (O Body of air in
pharynx is
compressed

@ Closcd glottis

- is raised

~® Glottal closure

is released

The sequence of events in the production of a typical ejective k'] is as
follows. As shown in Figure 7.1, (1) the back of the tongue rises to form a
closure on the velum, just as for any velar stop. At about the same time,
the glottis closes. The velum is also in its raised position, closed against
the rear wall of the pharynx, so that no air can escape through the nose.
(2) The closed glottis is raised (the whole larynx moves up) reducing the
volume of the pharynx cavity and thus (3) increasing the pressure of
the air in the pharynx. (4) The back of the tongue is lowered, just as for the
release of an ordinary velar stop, thus releasing the compressed pharynx
air and producing an audible explosion. The glottis remains closed during
the release and for a short time afterwards. Finally (5) the glottal closure
is released — for instance, the vocal folds may begin to vibrate for a fol-
lowing vowel. This description is of an unaffricated ejective stop, and this
is the commonest type of ejective found in languages. Other types are pos-
sible, however, and both ejective affricates and less commonly ejective
fricatives are found in languages.

Acoustic and auditory properties of ejectives

Ejectives sound different from pulmonic egressive consonants. One of the
most noticeable differences is that the burst for an ejective stop tends to
be much more intense. This is because a higher pressure difference can be
produced with the glottalic airstream mechanism. During the burst of an
ejective and for a short time afterwards, the glottis remains closed. This
means that the burst is followed by a period of silence rather than by aspi-
ration or the immediate onset of voicing. Languages differ in the length
of time for which the glottis remains closed, and if the time is very short
the ejective auditorily resembles an unaspirated pulmonic egressive plo-
sive quite closely. You can see the differences between a typical ejective
and the corresponding pulmonic consonant in Figure 7.2.

Ejectives in languages

Ejectives are the commonest type of non-pulmonic sound. They occur in
many languages of America and Africa and in languages of the Caucasus.
They occur alongside the corresponding pulmonic sounds, and the

Airstream mechanisms

107

FIGURE 72
Wavelorms and spectrograms for [akha] (lefty and [ak'a] (right).

difference in airstream mechanism can be the only difference between
contrasting words. For example in Hausa, which is spoken in Nigeria,
[ka:fa:) means ‘to screen off’, whereas [k’arra:] means ‘to increase’. In
Chechen, one of the Caucasian languages, [tsa] means ‘not’, but [ts’a] with
an ejective affricate means ‘house’.

Here are examples showing a range of contrasting ejectives and pulmonic
sounds from Chontal (Mexico):

[pros] 'sweepings' [pos] ‘pale’
[t’ub] "gourd’ [tub] ‘spittle’
[k uf] it huns’ [kuf] ‘g0’
{ts’ilen] ‘split’ [tsilen] ‘nip’
[tfuju] “lift it up’ [tfuju] ‘sew it

Other uses of ejectives

Even in languages where the difference between ejectives and pulmonic
consonants is not used to signal a difference between words, speakers may
occasionally use ejectives. For example the English phrase Definitely not
may be said with an ejective at the end, giving the impression that the
speaker is being decisive or insistent. Most speakers of English use ejec-
tives only occasionally, and only when a silent pause follows. We don’t
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FIGURE 7.3

The sequence of events
in the production of a
bilabial implosive (after P
Ladefoged, A Course in
Phonetics, Fort Worth, Tx:
Harcourt, 20071).

hear normal speakers of English using ejectives in initial position before
a vowel.

Ejectives may sometimes be used in place of pulmonic consonants in
certain types of disordered speech, so that those who are training to be
speech and language therapists must learn to recognise them.

Implosives use the ingressive glottalic airstream; instead of moving up to
compress the air as in ejectives, the glottis is moved down so as to enlarge
the pharynx and produce suction. So implosives are essentially reverse
ejectives, but straightforward voiceless implosives are actually very rare in
languages. The implosives that are commonly encountered have a further
small complication in that they are voiced. Instead of being completely
closed as it is pulled down, the glottis is vibrating to produce voice.
Obviously, to produce voice, air from the lungs must be flowing up
through the glottis. Voiced implosives thus employ two airstream mecha-
nisms simultaneously. The symbols for implosives are based on those for
voiced plosives, and always have a hook attached to the top right: [6 d d].

The sequence of events in a typical voiced implosive, [6] is shown in
Figure 7.3. (1) The lips close, as for any bilabial stop. (2) As the vocal folds
continue vibrating in a flow of lung air, the whole larynx is moved down,
thus enlarging the pharynx and tending to reduce the pressure of air
inside it. (3) The reduction in air pressure may not be very great, because
it is offset by further air from the lungs flowing through the glottis to
keep vocal fold vibration going. When (4) the lips are opened, air pressure
in the mouth is still a little below atmospheric pressure, so airflow
(briefly) is inwards.

@ Lips close —

@ Lipscome ———» (1
apart

(@ Pharynx enlarged
air pressure is slightly
reduced. (This is offset
by the air from the
lungs.}

@ Downward movement
of vibrating glottis.
Adir from the Jungs
confinues to flow
through the
glottis,
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Auditory and acoustic characteristics of implosives
Implosives sound like rather peculiar fully voiced plosives. From the lis-
tener’s point of view, an implosive is not recognised from the ingressive
airflow itself, but from the characteristic sound which results from the
complex change of shape during the production of the consonant. There
are probably also cues for the listener in the type and frequency of vocal
fold vibration that occurs during the implosive manoeuvre.

Figure 7.4 contains spectrograms to illustrate the difference between a
typical voiced pulmonic egressive plosive and a typical implosive.
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FIGURE 7.4

Waveforms and spectrograms for a voiced pulmgnic plosive (left) and a voiced implo-
sive (right). The fundamental frequency curve (bottomn) shows that the two manoet-
vres can have different effects on the rate of vocal fold vibration.

Implosives in languages

Implosives are the next most common type of non-pulmonic sound after
ejectives. They occur in numerous languages of America, Africa and Asia.
In certain languages, implosives contrast with voiced pulmonic egressive
plosives. In others (Swahili is an example) implosives occur, but as variants
of voiced plosives.
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FIGURE 7.5

The sequence of events
in the production of a
dental click (after P.
Ladefoged, A Course in

Phonetics, Fort Worth, Tx:

Harcourt, 2001).

Sindhi, a language of Pakistan, has both voiced pulmonic egressive plo-
sives and implosives at various places of articulation. Some of these are
illustrated below.

bilabial alveolar velar
pulmonic [butu] ‘shoes’ [dunu] ‘navel’ [gano] ‘song’
implosive [6aru] ‘child’ [daru] ‘crevice’ [daro] ‘heavy’

Unlike ejectives, implosives are not used in English as stylistic variants
of pulmonic plosives. They are, however, sometimes heard in disordered
speech, especially from speakers with severe hearing impairment.

There seem to be universal tendencies in the places of articulation
that are favoured for ejective and implosive consonants. Looking at
cross-language generalisations, for languages that do not have com-
plete sets of implosives and ejectives, the commonest ejective is [K']
while the commonest implosive is [6]. Hausa, for example, makes use
of both implosives and ejectives, but the implosives are found only at
front places of articulation, and there is no cject ive at the bilabial
place, There may be a natural explanation of these preferences in the
way that the airstreams are generated. For example [K’] has a back
place of articulation, and thus a small initial volume of air trapped
above the glottis. A fixed amount of larynx-raising will therefore pro-
duce a greater increase in pressure than would be available with a
more forward place of articulation.

Clicks use the ingressive velaric ajrstream. Figure 7.5 shows the sequence
of events in a dental click. (1) The tongue tip forms a dental closure, just
as it would for a dental plosive. At the same time, the back of the tongue
is raised to touch the velum, and the sides of the tongue are in contact

(D Back of tongue raised

to form velar closure
~— (2 Body of the tongue moves down while
velar and dental closures are maintained
4 =1 - -® Pressure of air in this part of
the mouth is decreased

(D Tongue tip up
to form dental
closare ———1

@ Tongue lip /_‘

lowered so that
air rushes into
the mouth

- i
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e
4

[}

Airstream mechanisms

111

with the palate and teeth, so that a small volume of air is trapped between
the tongue and the upper surface of the mouth. (2) While the two closures
are maintained, the body of the tongue moves down so as to enlarge the
volume and (3) the pressure of the enclosed air decreases. (4) The dental
closure is released and a characteristic click sound is heard as air rushes
in. The action of the tongue against the upper surface of the oral cavity is
rather like that of a rubber suction cup being pressed against a surface
and then pulled away.

For all clicks the back of the tongue is making a closure against the
velum, but the forward closure may occur at various places of articula-
tion. Those included in the IPA are shown in the table below. Notice
that the IPA symbols for clicks are not based on letters of the Roman
alphabet.

bilabial dental alveolar palatoalveolar alveolar lateral
o] Ul (Y (# ("

The symbol shown here for an alveolar click is also used to represent clicks
made with the tongue tip further back, and whose place of articulation is
described as postalveolar or retroflex. The characteristic sounds of the dif-
ferent clicks result not only from differences in place of articulation, but
also from the type of release. For example the dental click may character-
istically have a noisy, affricated release, while the palatoalveolar click
tends to have a quick, sharp release. For the alveolar lateral click, the clo-
sure is released at the side of the tongue rather than in the centre.

Click modifications

Clicks are produced by a manoeuvre that takes place entirely within the
mouth, leaving the lungs, larynx, pharynx and nasal cavities free to act
independently and so add various modifications to clicks. including voic-
ing and nasality. The basic clicks themselves are of course unvoiced, but if
during the production of a click the vocal folds are made to vibrate on a
flow of egressive pulmonic air. and if at the same time the velum is down,
allowing the voiced airstream to escape via the nose, the click is said to be
voiced and nasalised, although it might be more accurate to say that the
click is accompanied by voice and nasality. This is symbolised with [n]
before the click symbol, because the pulmonic air flowing up through the
vibrating larynx and into the nasal cavity encounters a vocal-tract posi-
tien just like that for a regular velar nasal consonant (recall that clicks
have the back of the tongue closed against the velum). So a voiced
nasalised dental click is represented as [p]. If the vocal folds are made to
vibrate, but the velum is held shut, the click will be accompanied by voice,
but not by nasality, and the result is described as a voiced click. This is rep-
resented with symbol |g] along with the click symbol. 50 for example [go]
is the symbol for a voiced bilabial click. It is worth pointing out that when
clicks are voiced, or voiced-and-nasalised, they use two airstream mecha-
nisms simultaneously to produce sound, because the egressive pulmonic
airstream mechanism is being employed at the same time as the ingres-
sive velaric airstream mechanism.
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Strictly, plain voiceless clicks should also be thought of as being always
accompanied by [k], an unaspirated voiceless velar plosive, resulting from
the closure between the back of the tongue and the velum, which is made
for all clicks. So [kl] is another way of symbolising a voiceless dental click.
Variations in the way that this accompanying [k] is released give rise to
further click modifications. If it is released with aspiration, for example,
the whole click is described as being voiceless and aspirated.

Acoustic and auditory characteristics of clicks
Clicks are very different from all other sounds regularly heard in speech.
The noise as a click is released is generally very intense. When we hear an
utterance containing a number of clicks, it may seem as if a series of
abrupt sounds from a percussion instrument are mingled with a much
more familiar sequence of vowels and consonants.

Figure 7.6 shows spectrograms for a dental click and an alveolar lateral
click in intervocalic position.

[ak]a]

Illlj; I

i

.
FIGURE 7.6
Spectrograms of a voiceless dental dlick (left) and voiceless alveolar lateral click (right).

Clicks in languages

Languages that use clicks as regular speech sounds are found only in the
southern part of Africa. They are all of the Khoisan languages (this group
includes the various Bushman languages) and also certain neighbouring
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Southern Bantu languages (e.g. Zulu and Xhosa). Among languages that
have clicks, it is common to find not only several different places of artic-
ulation, but also at each place several different series of clicks with dif-
ferent modifications.

Examples of voiceless, voiced and (voiced) nasalised clicks in Zulu are
given below. The transcriptions have been simplified to remove some
details that are not relevant at this stage.

dental postalveolar alveolar
lateral
voiceless  [lala] ‘be ['ala] ‘undo’”  [llolla] ‘relate’
clear’
voiced fglagla) ‘marry’ [glag'a| ‘scatter’ [glluglluma)] ‘be
nervous’
nasalised [plenleza] ‘jingle’ [glepleza) ‘ring’ [nlleglleza] “urge horse"

Other uses of clicks

Although clicks as speech sounds are restricted to relatively few lan-
guages, some of the click sounds themselves are in fact familiar to most
people, regardless of what language they speak. A bilabial click [¢] is a kiss-
ing noise, a dental click [|] is the ‘tut-tut’ of disapproval, the postalveolar
or retroflex [!] is made in imitation of horses” hooves, and the alveolar lat-
eral [[I] is the ‘gee-up’ sound used to encourage horses.
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Chapter summary

In this chapter we have looked at the generation of the air pressures
and airflows needed for the production of speech sounds, and then at
those sound-types made with an airstream that is not supplied by the
lungs. These are called non-pulmonic sounds. Sound generation in
speech relies either on the compression of air, giving an outward
(egressive) flow or the rarefaction of air, resulting in inward (ingres-
sive) flow. Three types of non-pulmonic consonants are used in lan-
guages. Two of these types use a glottalic airstream. mechanism.
Ejecﬁves are produced with an egressive airflow generated by larynx
raising. Implosives are made with an ingressive flow generated by low-
ering the larynx. The third type, clicks, use the velaric ingressive
airstream mechanism, produced by rarefying a small volume of air
enclosed in the mouth. We have seen that there are sounds that make
simultaneous use of pulmonic and non-pulmonic airstreams and have
considered various modifications that can be applied to clicks.

Exercises

Exercise 7.1

Look at the following descriptions of the production of non-pulmonic
consonants. In each case, work out exactly what sound is being described
and give the appropriate symbol. ;

(a) The back of the tongue rises and makes firm contact with the velum
which is i a raised position sealing off the nasal cavity. The tip and blade
rise and make contact with the alveolar ridge. The sides of the tongue make
a complete seal with the sides of the palate. The vocal folds are open and
not vibrating. The centre of the tongue is drawn down, reducing the air pres-
sure in the space enclosed between the longue and palate. The seal at one
side of the palate is broken by lowering the tongue rim. Air rushes in-and a
brief burst of noise is generated.

(b) The back of the tongue rises and makes firm contact with.the velum
which is in a raised position sealing off the nosal cavity. Air is being expelled
by the lungs making the vocal folds vibrate. The whole larynx is lowered,
enlarging the space between the velar closure and the vocal folds. The air
pressure in this space decreases. The back of the tongue moves away from
the velum and.a burst of noise is heard as air flows in. The vocal folds:
continue to vibrate. T i =

Exercise 7.2 : : 3 i
Look at the following description of the production of (p']. Two important .
points, essential for the-successful generation of the airstream, have been left
out of the description. dentify what these are. : e

The lips come together and form a complete dosure . The glottis is closed.
Air pressure inside the vocal tract ises.. The lips part and a burst of noise i
produced as air rushes oul.

Airstream mechanisms

Exercise 7.3 3 Sy e
For each of the following sounds draw a diagram.of the vocal tract and write. -
a short paragraph describing the productionof the sotnd between two yow:- -
~ els; paying particular attention to the generation of the airstreamy:- —
(a) voiceless alveolar ejective stop (unaffricated) — = e
-(b) voiceless bilabial click e ntEi :

(c) voiced nasalised dental click

Exercise 7.4 e Aok : -
The sound system of Zulu uses four airsteearti. mechanisms: “pulmonic egres:
sive, glottalic egressive, glottalic ingressive and velarie ingressive. For each of
the Zulu consonants listed below, give an appropriate phonetic symbol and” -
say which of the airstream miechanisms are used 1o produce the sound.
Remember that certain sounds make simultaneous use of more than one
airstream mechanism. :

(a) voiceless alveolar lateral fricative

(b) voiced bilabial implosive

(©) voiceless dental click

(d) voiceless alveolar ejective affricate

(e) voiced nasalised postalveolar click

(f) voiceless velar ejective affricate

(g) voiceless aspirated velar plosive

(h) voiced alveolar lateral click

() voiceless velar ejective stop (unaffricated)

(j) voiced bilabial nasal

Exercise 7.5
The speech of Mr Y, a speaker of English, shows the following abnormal
features:

o wherever other speakers have voiceless obstruents Mr Y replaces these
with their ejective equivalents

e wherever other speakers have a voiced plosive or a nasal stop Mr Y uses
an implosive at the corresponding place of articulation.

Alter the transcriptions of the following sentences to show how they would
be pronounced by Mr Y.

(a) Watch what you're doing [wotf wot jor duzip)
(b) Can | get a glass of milk? [kzen a1 get o gla:s ov milk}
(c) Is it five past nine? [1z 1t farv pa:st nain]

Further reading

There is 4 lot of information about non-pulmonic sounds in Peter Ladefoged and lan Maddieson, Sound’s of
the world's languages, Oxford: Blackwell, 1996, See section 3.2 on airstream mechanisms, and chapter 8 on
clicks. For advice on understanding non-pulmonic sounds, and how to miake them yourself, see J. C. Catford,

A practical introduction to phonelics, Oxford: Oxford Uuniversity Press, 2nd edn, 2001.
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INTRCOUCING PHONETIC SCENCE

In previous chapters we have gradually built up the descriptive frame-
work that enables us to understand most of the ways in which speech
sounds can differ from each other. For example, in the case of consonant
sounds, we have looked at the airstream mechanism., at the various func-
tions of the larynx, and at places and manners of articulation. There is
still more to be done, though, because so far we have been assuming for
the sake of simplicity that segments occur one-at-a-time in a sequence,
and that within each segment there is one articulation at a time. Both of
these assumptions need to be modified, because by themselves they lead
to a very static view of what speech is like, The articulators and the places
of articulation we have identified, for example, are nothing like as tidy
and distinct in reality as our labels suggest. We have only to look inside
our own mouths with a mirror, or at an X-ray picture of the vocal tract,
to be reminded that the tongue is not divided neatly into the sections we
have labelled blade, front and back, or that it is very hard to say where
the alveolar ridge ends and the hard palate begins. In the same way, the
assumptions that the vocal tract does one thing at a time, and that the
resulting sound is effectively determined by that one activity, is immedi-
ately called into question if we observe our vocal tract movements in pro-
nouncing a word or a phrase. What we observe is complex, co-ordinated
movement. From an acoustic point of view, of course, it will always be the
whole configuration of the vocal tract that shapes its response, not just
the activities of the articulators we're focusing on when we give simple
phonetic labels.

We will turn to speech movements in the later part of this chapter, but
we begin by looking at sounds that, even from the static segmental view-
point, have two simultaneous articulations.

When we were looking at the basic properties of consonants in terms of
their place of articulation in Chapter 3, we briefly mentioned the concept
of secondary articulation. Apart from a constriction at the primary place
of articulation a consonant may have another less extreme constriction at
a different place. In Chapter 3 we gave the example of [t¥] with lip round-
ing added to an alveolar plosive. This is called labialisation and can be
applied to consonants at just about any place of articulation. Figure 8.1
shows the position of the articulators during the hold phase of [t¥]. The
diacritic ] shows that the sound in question is labialised. Though the dia-
critic is placed after the relevant symbol, it does not mean that the labi-
alisation follows the sound to which it is added. In this example, the hold
phase of the alveolar plosive can be affected just as much as the release.
Figure 8.1 actually shows the position that would be expected during the
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hold phase. Notice that lip rounding shows up from the side as lip
protrusion.

Labialisation is not the only possible type of secondary articulation. The
additional constriction can alternatively be at the hard palate, at the soft
palate or in the pharynx.

A secondary constriction between the front of the tongue and the hard
palate is known as palatalisation, symbolised by means of the diacritic [1].
Figure 8.2(a) shows the position of the articulators in the hold phase of a
palatalised alveolar plosive [t)]. A raising of the back of the tongue towards
the velum gives velarisation, illustrated again on an alveolar plosive in
Figure 8.2(b). The general diacritic for velarisation is [¥], but an alternative
symbolisation, a wavy dash through the middle of a symbol, is commonly
used for certain velarised sounds, such as [f] which indicates a voiced
velarised alveolar lateral approximant.

FIGURE 8.1

Position of the articulators
in a labialised alveolar
stop. From the side,
labualisation appears as lip
protrusion

FIGURE 8.2

Position of the articulators
in (a) palatalised, and (b)
velarised alveolar stop
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FIGURE 8.3

Estimated position of
articulators in the produc-
tion of a pharyngealised
alveolar stop.

Pharyngealisation involves a narrowing of the pharynx. One way of
achieving this is to pull the root of the tongue backwards into the phar-

ynx. It is symbolised with the diacritic [¥]. Figure 83 shows a pharyn-
gealised alveolar plosive.

Acoustic effects of secondary articulations

Sounds with secondary articulations are audibly different from plain
sounds that lack them. The effects of secondary articulations are quite
complex, because they alter the overall shape of the vocal tract, not only
during the relatively steady portion at the middle of a consonant articu-
lation, but also in the transitional movements into and away from the
combined articulation. For instance, rounding the lips, as in labialisa-
tion, has the effect of lowering all the resonant frequencies of the vocal
tract. This has an audible effect on the burst of a plosive (try producing
[t] and [k] releases with and without rounded lips). Palatalisation, velari-
sation and pharyngealisation involve movements of the whole body of
the tongue, very like those used in vowels. These adjustments take time
to set up and remove, and as a result vowels that are next to consonants
with secondary articulations are often affected in recognisable ways as
the tongue manoeuvres into position. Figure 8.4 shows spectrograms of
the English words bit and built. Comparing the two vowels, which are
both supposedly examples of [1], you can see big differences. This is
because the vowel in built is affected by the tongue getting ready for the
velarisation of the lateral consonant. The difference is audible, too, espe-

cially if you cut off the remainder of each word and listen only to the two
instances of [br].

There are many languages that use the difference between consonants
with secondary articuiation and consonants without secondary articula-
tion to distinguish one word from another. Irish is a good example of such
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FIGURE 8.4 )
Spectrograms of bit and built, showing the effect of the velarised lateral consonant on

F2 of the preceding vowel.
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a language and there are examples of pairs of [rish words distinguished in
this way in the table below.

Non-velarised Velarised

[lex] ‘range’ [¥ez] ‘of the day’
[miz] ‘washing’ [n¥iz] ‘nine’
Non-palatalised Palatalised

[ba:d] ‘boat’ [ba:d!] ‘boats’
[su:l] ‘of eyes’ [sul] ‘eye’

Russian is a language that makes extensive use of the difference between
velarised consonants and palatalised consonants. [ugal®] ‘corner’ and
[ugali] ‘coal’ is a pair of Russian words exemplifying this. Some languages
use labialised and non-labialised consonants in the same way. In Kwakiutl,
a language spoken in Canada, [q’asa) means ‘sea otter’, but [q*"asaj means
‘crying’. Arabic is well known for having what are usually called ‘emphatic’
versions of certain consonants in contrast with plain versions. The
emphatic sounds are pharyngealised (or velarised. or both). For example,
in the Arabic spoken in Qatar [sad] means 'to prevail’, whereas [s'ad] is the
name of a letter of the alphabet.

Velarisation in English

Tn many accents of English (such as standard southern British) there isa
pair of sounds distinguished by presence or absence of a secondary artic-
ulation. Both are voiced alveolar lateral approximants, one velarised and
one not. The non-velarised lateral, informally called ‘clear U, occurs when
the next sound is a vowel or [j]. The velarised lateral, informally called
‘dark " and usually symbolised [}], occurs elsewhere. So for many accents
words like lead, low, follow, lure have a non-velarised (l], whereas words like
bell and belt have the velarised version. However, the status of these
sounds in English is different from the examples given above for Irish. In
English, [I] and [}] are tied to mutually exclusive environments and the
difference between them can never be used to distinguish one word from
another. We will look at this difference in status in more detail in
Chapter 9.

We now turn to look at some aspects of speech movements. Look at the
spectrogram and waveform of the English sentence We were away a year in
Figure 8.5. Notice that there are no gaps in either the spectrogram or the
waveform. The vowels and consonants that we hear as separate units are
not in fact separate at all. If we were to take a moving X-ray film of a vocal
tract producing this sentence we would see no pauses between segments.
The vocal tract would be in continual motion.

During the production of speech any particular articulator is required
to go through a rapid sequence of varied gestures. The position that an
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FIGURE 8.5
Spectrogram and waveform of WWe were avayv a year

articulator achieves for a sound is likely to be influenced by its position
during the previous sound, and the position it will be required to move
towards for the following sound. Another way of thinking of this is that
properties of one sound tend to spread onto neighbouring sounds. This
phenomenon is known as coarticulation. The following sections look at
some of the different forms coarticulation may take.

Fine adjustment of place of articulation
In the English phrase keep calm, for example, for the first [k}, as the body
of the tongue will have to take up a high front position for the following
vowel, the point of contact of the tongue with the roof of the mouth is
likely to be quite far forward on the velum, whereas the reverse is
observed for the second [k|, where the following back vowel has the effect
of retracting the point of contact. Thus the frontness of the vowel in keep
spreads onto the first [k], and the backness of the vowel of calm onto the
second |kJ. If you repeat the phrase a number of times you should be able
to feel the difference in the two [k] sounds.

A very similar adjustment of point of contact may affect alveolar
sounds. As an example from English, consider the two plosive sounds in
daydream. You should be able to feel that the point of contact for the
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FIGURE 8.6

Parametric diagram of
velum action in Be home
by nine

secorid is somewhat further back on the alveolar ridge than for the first.
This is caused by the post-alveolar position required for the immediately
following consonant [1], which like the [d] is formed with the tongue tip
and biade.

A sound that is shifted forwards in place of articulation may be
described as advanced and this is symbolised by means of a subscript plus
sign, $6 the word keep can be represented as [l{‘i:p]. A backward shift may
be termed retraction and retracted sounds are very logically shown with
a subseFipt minus sign, so that calm may be transcribed [k"a:m]. The sub-
seript fipinus sign applies ta slveolar sounds 100, so that |d] indicates a plo-
sive fetracted trom wne alveolar place so that it is post-alveolar. The sub-
script plus sign, when applie¢ - 1n alveolar symbol, essentially indicates
4 dental articulation and we huve already met a diacritic for dental, so
that [d] is equivalent to [d]. A voiced dental plosive may be heard in the
phrase good thing for example.

Nasalisation caused by coarticulation
We h.ve already seen that vowels can be produced with a lowered soft
palaz: and that the resulting nasalised vowels function as separate sounds

in <. in languages. In other languages. such as English, nasalised vow-
el i+ from coarticulation. The lowered velum position required for a
e -onant may spread onto an adjacent vowel. So the vowel in words
ik ~d bang is likely to be somewhat nasalised, [b&n, b&n), whereas
we ! .+ oral vowel in words like bad, bat, back, bag and so on. The exam-
ph save given involve anticipation of the nasality of the following
cone ., but it is also possible for nasality to persist into a vowel that
foller . nasal consonant: compare the vowels in mad and bad. If a vowel

is buin preceded and followed by nasals, it will be affected from both
dires 1 ns: compare the vowels of moon and boot.

1t :» ot only vowels that can be affected by the spread of nasality, but
also siiorant consonants such as English [w 11 j]. You may find examples
in you pronunciations of words like film, news, Henry, runway.

Diagrams of velum action

A good way of understanding the timing of velum movements relative
to other speech events is by means of diagrams of the type shown in
Figure 8.6. Diagrams that show the positions of different articulators as
a function of time are called parametric diagrams. A parameter can be
thought of in this context as one of the important time-varying proper-
ties that describe relevant aspects of speech production.
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The velum is in the down position before the speech starts, to allow the
speaker to breathe quietly in and out through the nose. The first segment
of the utterance is an obstruent, and so the velum rises 10 prevent the
escape of air through the nose. All obstruent consonants require the velum
to take up this closed position. The first sound that requires the velum to
be in the down position is the final consonant in the word home, but notice
that the movement towards this position takes place during the preceding
diphthong, which is somewhat nasalised as a vesult. The velum must be
closed for the hold phase of the following plosive, and so the closing move-
ment takes place during the last portion of the [m]. The diphthong of by is
similarly nasalised, this time by the first consonant of nine, and the diph-
thong of nine itself is affected by both preceding and following nasals. At
the end of the utterance the velum remains down as the speaker returns
to quiet breathing. Notice that there are no silent gaps between words, and
that coarticulation of nasality occurs both within words and across word
boundaries.

Drawing velum diagrams

1 transcribe the word or phrase phonetically

2 divide into segments, with one column for each

3 find any obstruent consonants, and indicate that the velum is up
for these

4 find any nasal consonants, and indicate that the velum is down for
them

5 fill in remaining segments, showing coarticulation where it occurs

6 remember to start and finish with the breathing position (which
does not have the effect of nasalising adjacent segments).

Overlapping articulations

The examples of coarticulation we have looked at so far involve a single
moving articulator, but it is also possible for the movements of quite sep-
arate articulators to overlap in time, giving new combinations of proper-
ties. For example in the word bread, it is very likely that during the pro-
duction of the first consonant, the tongue tip will take up the position
required for the second consonant. This is possible because the bilabial
plosive has no particular specification for what the tongue tip must do.
Because of this coarticulation, the [b] in this context is quite different
from the one in bed for example.

Coarticulation of plosives '

In Chapter 4 the production of plosive consonants was described in terms
of approach, hold and release phases. When plosives occur in sequence,
these phases of production can be affected by coarticulation in various
ways. Consider the English word act, where there is a sequence of a velar
and an alveolar plosive. It is very likely that the timing of the production
of these plosives will be as in Figure 8.7.
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Overlapping [ki] phases

Find a native
speaker of French or
German and explore
the differences in
pronunciation of
plosive sequences,
using French acte
or German Akt.

sssssssnnsssnwrser?®

resssssssssEEEERAsTaa0E

FIGURE 8.8

Phases of [kg] sequence

Notice that the release phase of the first plosive takes place during the
hold phase of the second plosive. This means that although the back of
the tongue breaks its contact with the velum, no audible plosion will be
heard at this stage. because the air is stopped by the alveolar closure. A
transcription of act in the pronunciation represented in Figure 8.7 is
(k] where the diacritic indicates inaudible release, In general in
English the release of the first plosive in a sequence is inaudible. The
sequence may be within a word, or may result from putting two words
together, as in black tie. It is worth noticing that languages may handle
this situation in different ways. For instance both French and German
regularly have audible release for the first of two plosives in a sequence.
Examples like this show us that languages can differ in their coarticula-
tory patterns.

When two successive plosives are at the same place of articulation, coar-
ticulation takes a different form. In a word like background, for example,
the velar closure is formed for the [k] and retained for the [g]. The first
plosive lacks any release phase, and the second lacks an approach phase,
as shown in Figure 8.8. The same diacritic is used for this, so that back-
ground would be transcribed ['bak grauvnd].

—~_ K | [
__/ \__—_

Coarticulation and secondary articulation

One property that commonly spreads onto adjacent sounds is lip
rounding. In the word sweet, for example, it is very likely that the lip
rounding required for the |w] will be anticipated during the [s]. This has
an obvious auditory effect, as you can hear by comparing it with the
consonant at the beginning of the word seat. The [s] of sweet has the sec-
ondary articulation of labialisation, symbolised [s*]. In this instance
the secondary articulation results from coarticulation. You should be
careful not to confuse the two concepts. A sound may have an inherent
secondary articulation that cannot be explained as resulting from coar-
ticulation. For instance, the English consonant [[] is always somewhat
rounded for many speakers, regardless of the context in which it
QCCurs.
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Duration variation

We have pointed out previously that it is not always easy to identily the
beginnings and ends of segments in the acoustic signal. Nevertheless, use-
ful segmentations can often be made and the duration of speech sounds
can be estimated. Figure 8.9 shows a spectrogram of the English word
sounds. Plausible segmentation points are indicated, enabling us to deter-
mine that the [s| has a duration of approximately 130 milliseconds, the
diphthong [au] a duration of about 250 milliseconds, the nasal [n] about 125
milliseconds, the plosive [d] about 80 milliseconds, and the final fricative
[z] around 165 milliseconds.
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Spectrogram of sounds with segmentation.

$peech sounds measured in this way generally have durations some-
where in a range of about 30 milliseconds to 200 or 300 milliseconds, but
the duration of a particular sort of segment is not fixed. It will vary
depending on the context in which the segment appears. For instance,
the last sound or two at the end of an utterance are generally prolonged,
an effect known as pre-pausal lengthening. As another example, a
syllable-initial consonant is generally longer when alone but consider-
ably shorter when preceding another consonant in a cluster. This can be
seen in Figure 8.10, where we have spectrograms of the two words sigh
and sky.

In Chapter 6 we pointed out that the duration of a vowel may be influ-
enced by whether the following consonant is voiced or voiceless. This effect
is very prominent in some accents of English and is known as pre-fortis
clipping.
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Spectrograms of (&) sigh and (b) sky.
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Other factors that influence segment duration include overall speech
rate, and the degree of stress placed on syllables.

There are a number of different ways of investigating coarticulation and
showing how the vocal tract changes shape over time. Spectrograms show
the changing acoustic patterns, or direct measurements can be made of
articulator positions.

Spectrograms

A simple illustration of the use of spectrograms to reveal coarticulatory
effects is shown in Figure 8.11. Spectrogram (a) is of the word key and (b) is
of the word car. Following the release of the two plosives the formants can
be seen moving towards the frequencies characteristic of the two different
vowels, but it is clear that the formants do not start at the same frequen-
cies. This difference is a reflection of the coarticulatory variation in pre-
cise point of contact between the articulators.

Electropalatography

The technique of electropalatography is explained in Chapter 3 and is
ideal for investigating some aspects of coarticulation. As an illustration of
this look at Figure 8.12. Here we have electropalatograms showing the
hold phase of [k]. produced by a speaker of Catalan, in three different envi-
ronments. Notice that the closure extends further forward in the oral cav-
ity for the [k} produced in the environment of a high front vowel (the left-
most picture).

X-ray studies

Although X-ray studies are now very rarely carried out because of the
danger of irradiation, some classic studies show coarticulation very
clearly. Figure 8.13 consists of tracings from Xray pictures of the vocal
tract. The lefthand column shows the positions for steady vowels [y a u]
and the righthand column shows the hold phase of [g] pronounced
between vowels of each type. One can clearly see the relationship
between the position of the tongue for the vowel and the location of the
closure for the plosive.

129
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FIGURE 8.11
Spectrograms of (a) key and (b) car.
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FIGURE 8.12
Electropalatograms of
intervocalic [K] in three
contexts (after W. J.
Hardcastle and N.
Hewlett, Coarticulation,
Cambridge: Cambridge
University Press, 1999).

FIGURE 8.13

X-ray tracings showing
coarticulatory effects of
surrounding vowels on a
velar stop (after S.
Ohman, ‘Numerical
wModel of Co-articulation,
JASA 41 (1967)).
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Chapter summary

In this chapter we have looked at the articulation of speech sounds in
more detail. We have seen that sounds may have more than one con-
striction. Common secondary articulations are labialisation, palatalisa-
tion. velarisation and pharyngealisation. The articulation of all sounds
is likely to be influenced by the context in which they appear. Examples
of such influence are: the addition of a secondary articulation to a

- sound, the fine adjustment of the place of articulation, the addition of
nasalisation, or variations in duration. The chapter also introdiiced

- diagrams showing the activity of articulators as a good way of

indicating the co-ordination of speech movements.

The chap grinned: He picked hll'l'l.-;Eif up off the lloor and rubbed hls
knee: Up till-that moment the atmosphere had becn quite naiaxed :
'Euen/unc sl:arted to ook tlanse Mdybt-: he wauldn t'be able 35

- Exemse 8. 5 = Zee
Look at the spectrograms c-f s.rgh and sky m-’F’ gure B
milliseconds: the darations of the two: examples of 8l

Exercises

Exercise 8.1

Give a description of the movements of the articulators during the pronuncia-
tion of the word swim [s*Tm]. Pay particular attention to coarticulation.

Exercise 8.2
Draw parametric diagrams, showing velum activity and vocal fold vibration, for
the following words.

(a) time

(b) pounds
(c) training
(d) screen
(e) important

You may need to refresh your memory of the details of aspiration and
devoicing as explained in Chapter 6.

Exercise 8.3

e ks 4

This diagram shows velum movement in‘a word with four segmerits labelled
1, 2, 3, 4. Which of the following'English words would be produced with
velum movement matching the dnagram Explaln your declsmns and suggest
other words. that would rnaich o

(a) camp :
Exercise 8. 4
In the fellowmg passage, find all the places where overlapping of ptoswes

rmay occur, Remember that the 1wa plosmes do not have 1o be in the same
word. x

(©) ﬁ'.'ﬁ

Further reading )

For much more detail on the descriptive framework for segments, see J. Laver, Principles .of phonet/cs,
Cambridge: Cambridge University Press, 1994. Chapter 11 is concemed with multiple articulations of all
kinds, including secondary articulation. For an up-to-date survey of coarticulation, see W. J. Hardcastle and
N. Hewlett, Coarticulation: Theory, data and techniques, Cambridge: Cambridge University Press, 1999.
Part IV of the same book is devoted to ways of measuring and imaging speech.
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Imagine a language where all word-initial consonants are voiceless and all
consonants elsewhere in a word are voiced. This would mean that in this
language a word like [pidag] is possible, but one like [bitak] is impossible.
The voicing of a consonant in this language is completely determined by
some aspect of the environment of the consonant, in this case the posi-
tion within a word. It is impossible for this language to use the phonetic
distinction between voiced consonants and voiceless ones to distinguish
one word from another, even though the language has voiced and voice-
less pairs of consonants. We can say that in this language there is no voic-
ing contrast or, equivalently, that voicing of consonants is not contrastive
in this language.

In English and in many other languages, voicing is contrastive for con-
sonants. We can demonstrate this with a pair of words like fussy [fasi] and

[fuzzy [fazi] in English or a pair in French like choux [[u] ‘cabbage’ and joue

[3u] *play’. In the imaginary language we have just considered such pairs
of words could not occur.

Most languages in the world make some use of the voicing contrast,
but it is not universal. For example in almost all indigenous lan-
guages of Australia, voiced and voiceless plosive consonants are used
non-contrastively. The language Dyirbal is very similar to the imagi-
nary example used here. In Dyirbal, plosives are generally voiced
when they occur between vowels, and voiceless when they occur at
the beginning of a word, as in [tiban] meaning ‘stone’. But Dyirbal
additionally allows a free variation between voiced and voiceless in
initial position, and will also accept the same variation within words
(though native speakers don’t generally do it). So ‘stone’ can be any of
[diban] [tiban] [tipan] [dipan].

An example of a phonetic distinction that is not contrastive in English is
velarisation. Many accents of English have a velarised lateral approximant
[1], which appears before a consonant or before a pause, as in milk or cool,
alongside an ordinary non-velarised {1] which appears when there is a vowel
or [j] following as in look or familiar. It is easy to see that if the velarised
sound occurs automatically according to differences in the surrounding
sounds, then the presence or absence of velarisation can never be found
on its own as the only factor that distinguishes one word from another.

In order to prove conclusively that a phonetic distinction is contrastive in
a particular language it is necessary to find a pair of words in the language
that differ in only one segment. The differing segments must be in the
same position in the two words, and be different in only their values for
the phonetic distinction in question. Finally, the two must mean different

Basic phonological concepts

137

Table 9.1 Minimal pairs in various languages
LANGUAGE EXAMPLE OF MINIMAL PAIR

i Bu-r_mfése. [ma] : heaf‘d;y" Sr g [ma] :

‘Ewe [efa] he was cold i b _[eq)a].';'_:. : : 2 he po
German laidn] -~ suffer -~ faita] .- tolead
“Italian  [fato] fate: - [fati] - done _
Korean [pul] fire - '[p],‘ul-]__' isgrassc -
Spanish [pero] dog - Ipero] - - _but”

Welsh [gwin] wine [gwizn] wh_ite: :

things — that is, they must not simply be alternative pronunciations of the
same word. Such a pair of words is called a minimal pair. The words fussy
and fuzzy constitute a minimal pair in English, as do choux and joue in
Irench. The presence or absence of a segment can also make a minimal
pair. For example tack and tax form a minimal pair in English.

Languages make contrastive use of a wide variety of phonetic differ-
ences, and a small number of examples appear in Table 9.1. The sound
differences that are contrastive in a language seem obvious and clear to
speakers of that language, but may seem strange and difficult to a person
who does not speak the language.

(Environment and distribution

The environment of a segment is simply its position relative to other
sounds. An environment can be symbolised A__B. The underscore (—) rep-
resents the position of the segment in question, while A means the seg-
ment(s) occurring before it and B means the segment(s) that follows it. To
give an example from English: one of the environments for the segment
[t]in English is [s| | j]. This tells us that [t] can be found in between [s] and
(3] in English words, such as student and stew. An example of an environ-
ment where [t] cannot be found in English is #__|g]. The symbol # means
‘word boundary', so the environment statement means: at the beginning
of a word before a [g]. The environment V__# means: at the end of a word
after a vowel. Of course, [t] in English can be found in this environment,
but [w], for example, cannot.

If we were to draw up a long list of all the environments in which [t] can
be found in English then we would in a sense have completely specified
the distribution of [t] in English, but the list would be cumbersome and
unrevealing. By searching for patterns in the list, we can hope to sum-
marise it with general statements. For instance, in the imaginary lan-
guage we introduced above where voicing is not contrastive, a summary of
the distribution of [t] in that language would be that it occurs at the begin-
ning of a word regardless of what follows. We can symbolise this as #__.
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* Don't forget the dis-
tinction between

s‘p_:md__é'. F!c':l_liy_ of

wrlttenwnhra
final d butthe pro-

always with![t]! For
instance the noun

< which is written
Tod ‘death’ is pro-
nounced [to:t],
identically with the
adjective written

Sessesssensesandasaenssenssetantincsnant

Remember that distributions only apply in the language for which they
are worked out, and any particular type of sound is quite likely to have dif-
ferent distributions in different languages. For instance, the word-final
environment __# is part of the distribution of the sound [d] in English, as
we can see from words such as red and cold, but not of the sound [d] in
German. No matter how long we search, we will never find an example of
a German word ending in the sound [d] because in German all word-final
obstruents have to be voiceless.

Phoneme and allophone

We saw above how [l and [}] are not contrastive in English. We can find fur-
ther sounds in this non-contrastive set. For instance, in words like health,
where an Fsound is followed by a dental fricative, a common pronunciation
involves [}], which is a voiced velarised dental (rather than alveolar) lateral
approximant. A speaker cannot use the difference between dental place and
alveolar place for lateral approximants in English to signal a difference in
word identity, so the difference between the two laterals is non-contrastive,
Another member of this set is [}, which is a voiced nasalised and velarised

alveolar lateral ap; - +imant. This is found immediately before [n] and [m|
in words 1i* > filr “iln or in phrases like all men, and again cannot con-
rrast wi’ 1er lateral approximants in English.
The consonail Js we have identified here are similar phonetically
i thes shey d coiced lateral approximants. They differ in some
‘ction and the differences are perfectly audible if one
Jistciis Catet -ever, these phonetic differences are irrelevant for dis-
tinguishiny 5 one word and another in English. We sum this up by
saying that i . Of lateral sounds we have just identified belong together
in one of tlw ¢ . nemes of English, a phoneme being one of the basic
phonological vi1.i. of which all words in the language are composed.

We represent a phoneme with a symbol placed in slant brackets, as
opposed to square brackets. The various sounds that make up a phoneme
are known as its allophones. The sounds {1 [H [}] (1] are allophones of an
English phoneme that we can represent as [}, Using the brackets in the
same wiv, we can say for instance that the aspirated bilabial plosive [ph] is
one of the allophones of the /p/ phoneme in English (of course, there are
other alluphowes of jpj woo, which are found in different environments).

The grouping of sounds into phonemes is different in different lan-
guages, or even in different varieties within one language. The two sounds
[d] and [8] belong to different phonemies in English, but are allophones of
a single phoneme in Castilian Spanish, where [0] is an allophone of the [d/
phoneme. As this example shows, allophones of a phoneme are often suf-
ficiently different that entirely different phonetic symbols are needed for
them. To give another example, the two sounds [f] and [v}] belong to dif-
ferent phonemes in present-day English, butin Old English, spoken about
1000 years ago, the two sounds were allophones of a single [f] phoneme.
See Table 9.2 for further examples of phonemes and some of their allo-
phones in various languages. We saw earlier that the sound differences
that are contrastive in a particular language may seem surprising to an
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Table 9.2 Phonemes and allophones in various languages

fanguage phoneme allophanes

Burmese - -

'@né&iﬁn Eﬁg{isﬁ' : =

Biitish English -

Castilian Spanish |
French _ e s x.. ]
General American =~~~ /t/ [th oo
German 1%/ x¢..]
Japanese i/ [t ts...]
Modern Standard Chinese fi/ [w...]
Old English - /h/ mhx..]
South American Spanish s/ [sh..]
Welsh fm/ [m m:...]

observer who speaks a different language. In a corresponding way, the
extent of the phonetic differences among allophones of one phoneme can
seem surprisingly large, yet speakers of the language in question accept
the allophones as versions of ‘the same sound” and may find it hard to
lhear the differences even when they are pointed out.

Complementary distribution

When we compare the distributions of two sounds in a language, we
may find that they are partially similar - that is, the two sounds share
some environments. For example [p"] may appear in much the same
environments as {t"] in English. However, if we compare the environ-
ments of two sounds that are allophones of the same phoneme in the
language in question we will often find they can never appear in the
same environments — their distributions are completely different from
one another. This is called complementary distribution. Consider the
Canadian English example in Table 9.2. The phoneme [ar/ has amongst
its allophones a sound [2€], which occurs only before voiceless conso-
nants, in words such as white or rice. Another allophone is {ag], which
occurs elsewhere, for example in words such as why, wide or rise. These
two sounds are in complementary distribution in this accent of
English. However, the fact that two sounds are in complementary dis-
tribution is no guarantee that they should be classed as allophones of
the same phoneme. Allophones of the same phoneme must also have
some shared phonetic characteristics. To take an extreme example, if
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one were investigating a new language and found that [3} and [m] hap-
pen to be in complementary distribution, we would not be tempted to
regard the two sounds as being allophones of one and the same
phoneme, because they are just too dissimilar phonetically.

3

Phonology is not only concerned with the establishment of the phonemes
of a language and the distribution of sounds. It is concerned with sound
patterns in general. Sound patterns are of two basic types:

¢ alternations, where a word turns up in two or more forms, and there
are systematic sound-differences between the forms.

e distributional regularities concerning sounds, such as restrictions on
possible sound sequences within words, syllables etc. We deal with
this topic later in this chapter.

As an example of an alternation, consider the word fan. It is general-
ly pronounced with an alveolar nasal at the end [f&n|, but in fan cub it
can be pronounced with a velar nasal [f&g], making it indistinguishable
from fang. In fan belt, there is a third alternant [fam]|. The only satisfac-
tory way to account for the fact that many words or components of
words have more than one pronunciation is to suppose that some pro-
nunciations are derived by rules from other possible pronunciations, or
that all pronunciations are derived by rules from some kind of abstract
form.

Phonological processes operate upon natural groupings of sounds, and
give rise to alternations in the forms of words. Phonological processes
belong to a small number of frequently occurring types.

e assimilation, where a sound becomes more like some other sound in
its immediate context. Here are some data showing a simple assimila-
tory process from Lithuanian:

[sambutris] ‘assembly’ [sampilas] ‘stock’
[sandora) ‘covenant’ [santaka] ‘confluence’
[sapkaba) ‘connection’-

The first syllable of all these words is a prefix that is the equivalent of con-
in English. Notice that the place of articulation of the final nasal in this
prefix is adjusted to agree-with the place of articulation of the following
consonant.

These examples show assimilation affecting place of articulation, but it
can affect other properties of sounds equally well. Look at the data from
Sudanese Arabic below:
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[kita:b] ‘book’

[kita:f fathi] ‘Fathi’s book’

[bit] ‘daughter’

[bis sami:r] ‘Samir’s daughter’
[bif fari:f} ‘Sharif’s daughter’
[samak] ‘fish’

[samax xa:lid] ‘Khalid’s fish’

Notice that the voiced consonant at the end of [kita:b] is made to agree in
voicing with the following sound, and that the final consonant in the first
word of all these phrases agrees in manner of articulation with the first
consonant of the following word.

¢ deletion (also called elision and truncation) where a sound is lost
from a sequence. A good example of this is found in the speech of
young children acquiring English. Look at the words below:

word adult form typical child form

play  [pleq [pey)
green  [guiin] [gi:n]
twin  [twin] [trm]

The pattern shown here, in which approximant consonants are deleted
when they are the second member of a word-initial cluster, is a common
one in normal acquisition.

® the opposite process, insertion, puts in a sound where none was pres-
ent before. A very common feature of many accents of English is
called r-linking and involves inserting an r-sound of some sort
between two vowels as in the words and phrases below.

floor [flo] flooring [flo:a1g)
mother [MAG3]  motherinlaw [mada1 n 1o
vanilla [venils] vanilla ice-cream [vonilox arskiizm]

¢ lenition (also called weakening): consonants can be arranged on
scales of strength:

plosive > fricative > approximant > zero
aspirated > voiceless > voiced

Thus a voiceless aspirated plosive is the strongest type of consonant, and
a voiced approximant is the weakest. The scales can be summed-up by
saying that a consonant is stronger the more it differs from vowels: a
consonant becomes weaker the more it comes to resemble a vowel.

A lenition process affects voiced plosives between vowels in Spanish.
The conventional orthography gives no indication of the changes, but the
alternations are perfectly regular.

orthography pronunciation meaning
donde [donde] where
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dado [dado)
todo {todo]
bomba [bombal
beber [beper]
bodega [bodeyal
gas {gas]
digame [diyame]

dice

all

bomb

to drink

wine cellar

gas

hellojcan I help you?

In initial position or following a consonant we find voiced plosives, but
between vowels we iind the equivalent voiced fricatives. It seems reason-

able w regatd these fricatives

as resulting from lenition of the plosives,

and reasonable too that the weakening of the closure gesture for the plo-
sive should occur in the position between two vowels.

o dissimilation: this process

is the opposite of assimilation, and has

the effect of preventing two similar segments occurring close

together. It is much less co

mmon than assimilation; and the best

exar i ocive are historical ones showing its operation at

som: "¢ past. For

example the Latin word for ‘tree’ [arbor]

developed into >panish jarbol] where the final [I] results from the
avoida=r- »f two r-sounds close together. The same sort of change
<2: - - in the development of the French word [pelesE] “pilgrim’

fr~ . . peregrinus).

e fortitivi - .- is the opposite of lenition and involves sounds moving
towards © . TONger end of the scales mentioned above. Anl example
of 1! from German, which allows both voiced and voiceless
obst: . JLhin words, but only voiceless obstruents word-finally.
Com,: . of alternations shows us that obstruents are getting

devoiced n: ‘inal position.

Rates  [ga:tas) ‘of advice’ Rat [sait] ‘advice’

Rades |ga:das] ‘of wheel

Here it is the final sound of
fortition.

We can think of sounds as being specified by certain properties, called

phonological features. In a
malise the phonetic descript

¥ Rad [sait] ‘wheel’

the word for ‘wheel” that has undergone

sense-these features summarise and for-
jon of sounds by providing a checklist of

properties that can be used to classify all of the sounds in a language. In
one influential version of this idea, the features are assumed to be binary -
that is, they can only have the values plus (+) or minus {—)-

Some important binary
It is beyond the scope of this
but a few important ones wi

features
book to discuss a complete Jist of features,
11 give an idea of how binary features are
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defined and used. Some are fairly obvious, such as [+]— voicel, [+]— nasal]
[+~ syllabic] and |+]— lateral]. So for instance vowels are [ +syllabic,
+ voice], nasalised vowels will be [+syllabic, +voice, +nasal|, while the
specification |+ syllabic, +voice, —nasal| identifies specifically the class
of non-nasalised vowels. Any lateral consonant will be [+lateral]. while
one which is also syllabic (as in one common pronunciation of the English
word bottle) will be [+lateral, + syllabic].

For certain other features we must attend to the precise definition. The
feature [+~ continuant] helps us define the category stop. Sounds count
as stops (that is, they are [—continuant]) if they have a complete closure
on the midline of the vocal tract. So plosives are [~continuant], but s0
are nasals (because they have a complete closure in the mouth). Plosives
are thus oral stops, nasal consonants are nasal stops. Notice that ‘com-
plete closure on the midline’ needn’t mean that aitflow is actually
stopped. even in the oral cavity, so thata lateral consonant can also count
as [—continuant].

The important distinction between sonorants and obstruents is ha ndled
with the feature [+/— sonorant]. All obstruents (that is, plosives, fricatives
and affricates) are [—sonorant}, while everything else, including vowels, is
[+sonorant].

The treatment of place of articulation with binary features doesn’t
make use of familiar place-labels such as alveolar, velar and so on. Much
of the work is done by two important features [+{— coronall and [+]—
anterior]. A sound is [+coronal] if it has an articulation in which the
tonguie blade is raised. S0 dentals, alveolars, post-alveolars, retroflexes and
palatals are all [+coronal] while sou nds at all other places of articulation.
such as labials and velars, are |—coronal|. A sound is [+anterior] if it is
produced with a constriction at, or in front of, the alveolar ridge. So labi-
als, labiodentals, dentals and alveolars are all [+anterior], while all
places of articulation further back are all [—anterior|. Note that post-
alveolars, including the sounds sometimes called palato-alveolar, are in
this [—anterior] class.

The examples given so far show features as applied to consonant sounds,
but of course vowel sounds can also be categorised using binary features.
Consonants as a class are {+consonantall. while vowels are | —consonantal,
+syllabic]. The main features employed to deal with vowel quality are
[~ high], [+[- low], [+~ back]and [+]— round]. There is obviously some
interaction between the features [high} and [low], since a vowel could not
be both [+high] and [+low]. though |—high, —low] is a reasonable way of
indicating a vowel of mid height. To give an example of feature specifica-
tion applied to vowels, a vowel of type [i] is [-+high, — low, —back, —round].
The semivowel type of approximant will share the feature specification of
the corresponding vowel, but will be [—¢onsonantal, —syllabig)]. So [j] has
the same feature specification as [i] except for the value of [syllabic].

Natural classes
We said above that the phonological processes operate on natural group-
ings of sounds, but what exactly are these groupings, and how do they
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arise? Phonological features provide a way to answer this question. Each
particular sound will have its own unique list of feature-specifications,
but two or more sounds that are similar in some respects will have partly
overlapping feature specifications. A natural class is thus a group of
sounds that is easily specified with relatively few features. So, for instance,
the class of all obstruents is captured with the simple specification
[—sonorant], the class of all fricatives is [—sonorant, +continuant] and so
on. On the other hand, if we take a random assortment of sounds, such as
[s} [e] [m] [k] we find that it is not a natural class of sounds, and there is no
simple way of specifying the group using features.

Pronunciations of words (the ‘surface’ forms) can be thought of as the out-
put of a system of rules and representations, called the phonological com-
ponent, which is internalised by speakers of a language. This starts from
fairly abstract ‘underlying’ forms of words, in which each sound is repre-
sented as a list of feature-values, and then processes them in appropriate
ways. The underlying form of a word can be different from any actual spo-
ken form. Looking at the German example given above one can see that it
makes sense to assume that the underlying form of the word ‘wheel’ is
[Ba:d}, very much as the spelling Rad suggests, even though the word is
never spoken with a [d] at the end. If we don’t make that assumption, we
can’t explain why there is a [d] rather than a [t] in the inflected form
{waidos| ‘of wheel'. The actual pronunciation [ka:t] results from putting
the underlying form through a rule that forces every word-final obstruent
to be voiceless in actual spoken output.

To take another example, aspiration or non-aspiration of voiceless plo-
sives need not be shown in underlying forms in English, and need not be
stored mentally for every word in which it is found. A process in the
phonological component can check every word as it is produced to see if
it contains any voiceless plosives in the right position (before a vowel with-
in a stressed syllable). When it finds one, the process will add a specifica-
tion of the appropriate aspiration by altering the feature representation.
When the word leaves the phonological component and is spoken aloud
by vocal tract movements, aspiration will appear in the correct place.

Obviously, unvoicing final obstruents in German, or adding aspiration to
voiceless plosives in English, are just examples of many regularities that the
phonology will have to déal with, since all other predictable characteristics
will also have been removed from underlying forms. The phonological com-
ponent may be visualised as a long list of rules, each one scanning for the
conditions-in which it must operate, and changing feature specifications
where appropriate. If a certain rule doesn’t apply, it passes on the input
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without changing it. The output of each rule becomes the input to the next,
until all the rules have had a chance to operate.

There is a whole system of formalism for showing rules, and we started
to use some of this earlier in this chapter when we were discussing the
notion of environment. Phonological rules have the general form

X YA B

Here X is the input, Y the outpur, and A__B indicates the context. A, B,
Xand Y stand for sets of feature specifications, each one identifying a cer-
tain type of sound (or more usually a class of sounds). It means that if the
specification X is encountered between an example of A and an example
of B,.then X must be changed into specification Y. Either A or B may be
missing if the preceding or lollowing context is not relevant. If both A and
B are missing the rule applies regardless of context and is said to be ‘con-
text-free’. Sounds can be added or deleted as well as modified, and the
symbol @ (‘zero’) is used for this, and A or B can be boundaries rather than
sounds: so for instance X—@JA_# would mean that any example of X
should be deleted if it is at the end of 4 word and preceded by A.

The rule 1o devoice a final obstruent in German would thus be

[—sonorant] — [—voice]__ #

[tis often useful to employ this type of notation informally, with phonetic
symbols or verbal descriptions instead of rigorous feature-specifications.
and there are examples of this in the exercises to this cha pter. The symbols
Cand V are used in rules with the respective meanings [+consonantal,
—syllabic] and [~ consonantal, +syllabic). So

@
[—nasal|

means any consonant except nasals, while

v
[~high]

means any non-high vowel.

4.{4&.- : SRS AR

In Chapter 1, we attempted a rough definition ofa phonetic syllable; there
are plenty of clear examples, but the concept is hard to pin down exactly.
The syllable can also be thought of as a phonological unit - that is, as a
grouping of sounds in accordance with certain rules, which differ from
language to language. The essential component in any syllable is a vowel,
which provides the nucleus of the syllable. This may be preceded or fol-
lowed by one or more consonants. Consonants before the vowel form the
onset of the syllable; consonants after the vowel form the coda. There are
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syllable

rhyme

onset nucleus

FIGURE 9.1
The structure of the
syllable.

coda

reasons for believing that the nucleus and coda together form another
unit within the syllable. In English for example, two syllables are said to
rhyme with each other (in verse) if they have the same nucleus and the
same coda (or absence of coda). So day rhymes with bay, and date rhymes
with bait. But languages seem not to make use of a unit consisting of the
onset and nucleus together. The nucleus-pluscoda unit of the syllable is
called the rhyme. The structure of the syllable can be shown as in Figure 9.1.

These terms can be very useful in describing the distributions of
sounds. In English the velar nasal sound may appear only in the coda of
syllables, never in the onset. [t need not be the very last sound in a sylla-
ble, though it may be, as we see from words such as bang, bank, banks.
Without the term coda, we would have to say that the velar nasal occurs
only in the part of the syllable that follows the vowel. Similarly, the
English consonants jw h j/ occur only in onsets. If the onset or the coda is
missing from a particular syllable, we say that the position is ‘empty’. So
for instance the English word eat is an example of a syllable with an empty
onset. {Though if we pronounce the word in isolation we may add a glot-
tal stop at the beginning, supplying an onset that is not present in the
underlying form.) A syllable with no coda is called an open syllable,
whereas a syllable with at least one coda consonant is said to be closed.
These terms, too, are very useful. For instance, certain English vowels
(examples are [@, ¢, v]) have the property that they cannot occur in
stressed open syllables, and this is why we know there just conldn’t be any
English words [bie] or [bo]. With closed syllables, there’s no problem: hat
[baet] and box [boks| are perfectly good English words.

Phonotactics

Languages differ considerably in the types of syllables they use, and speak-
ers of the languages have an intuifive understanding of what are, and
what are not, permitted syllables in their language. To use a famous exam-
ple, speakers of Tnglish will generally agree that blick is a ‘possible’
English word, while bnick is not. It certainly isn't the case that bnick is
‘unpronounceable’ in any general sense. IU's just that [bn-] isn't a permit-
ted syllable onset in English. In fact, no onsets of plosive consonant fol-
lowed by nasal consonant are allowed in English.

A statement of the permitted combinations of phonemes into struc-
tures (often the syllable) is a statement of the phonotactics of the lan-
guage. So it is quite common to find that dif] ferent ranges of consonants
can be used in onset and coda positions (a common pattern is for there to
be a wide range of choice in the onset position, but just a few possibilities
for the coda). And if sequences of consonants are permitted in the onset
or coda, their length and composition is likely to be restricted. A sequence
of consonants within the onset, or within the coda, is called a consonant
cluster.

Onsets in English will provide an illustration of phonotactic patterning.
For a single consonant, we find that any English consonant phoneme can
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occur, with the exception of [p/ the velar nasal, which as explained above
is restricted to coda position. (In plenty of other languages, of course, the
velar nasal is found as an onset — for example, in Vietnamese.} When we
consider two-consonant onset clusters in English, we find that it is far
from being the case that any two-consonant combination will do; in fact,
if you make a list and try out the hundreds of logically possible two-
consonant combinations, you find that most of them are not allowed.
There’s no /bd-, bg-, bm-, mk+, and so on. Those that do occur turn out to
belong to one of two types. Either the first consonant is [s/ and the second
is one of a group that includes chiefly fp t k m n/, or the second consonant
is one of the approximants jw r 1 j/ and the first is drawn from a group that
includes plosives, nasals and fricatives. The first type can-be represented s
+ C, the second as C + approximant. (When searching for examples, we
will sometimes find isolated instances of other onset clusters in foreign
words borrowed in English. For example, English doesn’t really have an
onset cluster [pt-, though some people pronounce it at the beginning of
the word pterodacty! which is taken from Greek.)

For three-consonant onsets, we find even less choice. The first conso-
nant is always [s/, the second generally one of [p t k/, and the third is an
approximant. This gives combinations such as [str-] in string, {spl as in
splash, and [skw- as in squash. Notice that these strings of three conso-
nants always include two of the possible two-consonant onsets: [str-f
includes st/ and [tr+/. So the possible three-consonant onsets seem to be
like two of the possible two-consonant onsets stuck together.

We have searched for onset clusters at the beginnings of English words,
making the assumption that the beginning of a word must also be the
beginning of a syllable. Of course onsets may be within words that have
two or more syllables. For example in construct there is a sequence of con-
sonants /nstr/. The first syllable has /n/ as its coda, and the second syllable
appears to have the onset /str-]. [f we look at the ends of words we can find
0, 1. 2, 3 or 4 consonants, as in go, egg, friend, milked, texts. So an English
syllable can have up to three consonants in the onset, and up to four in
the coda.

The situation is usually summed up in terms of a template:

GV G,

Other languages will have different templates. Maori is an example of a
language that has very severe constraints on clusters. Initial clusters must
consist of 0 or 1 consonant and final clusters must consist of no conso-
nants at all. So the Maori template is:

ClV

Another language with a very restrictive template is Modern Standard
Chinese:

GV Gy
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Certain languages allow very much more complex clusters than English,
both in the length of clusters that are allowed and also in the permitted
combinations of sound types. In Polish, for example, a word may begin
with up to five consonants. And whereas it is the case in English that the
affricates /t] 3/ do not occur in onset clusters, and that no consonant ever
clusters with itself, one permitted type of onset in Polish consists of two
occurrences of the same affricate. Try pronouncing the examples of inter-
esting onsets in the table below, taken from Polish and Russian.

Polish [ spstrowjem]| ‘with (the) trout’
[vzglont) ‘respect’ (noun)
[[d3dz1sti] ‘rainy’

Russian [zdrastvuj]  ‘hellofhow do you do?’
(mtfatso] ‘to rush’

[vzmorjim] ‘sea shore’

Basic phonological concepts

149

“can. . cat - cone  cane- cape-

Contrast is the use of phonetic differences to signal the distinction
between words. A pair of distinct words that differ only in one segment
is a minimal pair. Two sounds that cannot mark a contrast between
words may be allophones of the same basic unit (members of the same
phoneme) especially if each has its own specific environments, mean-
ing that the two are in complementary distribution. The aim of
phonology is not only to establish the set of phonemes in a language,
but also the patterning of these sounds, both dynamic and static.
Patterns of changes in the pronunciation of words (alternations) often
result from the operation of phonological processes, the same general
types of process being found widely in languages. Phonological pat-
terning can be described formally by specifying sounds (e.g. with rigor-
ously defined features) and then writing rules that alter sound specifi-
cations. The internal or mental representation of a word (the underly-
ing form) can be different from the observable (surface) form. The
phonological syllable is a structure that specifies how sounds of differ-
ent types can be combined. The rules for combinations (phonotactics)
are different in different languages.

Exercises

Exercise 9.1 N

Look at the examples of minimal pairs in various languages gwen in Table
9.1. Try to read the words from the transcriptions given. Give phonetic labels
for the two sounds that are responsible for the contrast,-and say in:what ways
the sounds are similar and exactly how they are dlfferent

Exercise 9.2
Use your. own:pronunciation of English to search for minimal_pairs among the
wards below. Pronounce the first word given at the left, then try each of the

others in turn to see if they make a minimal |5air with the-first word. When

you f find an example that does not a. make a mlnlmal palr say why not,

d._ﬁt-, .dmtki dog - dots’ - debt -

hat ~ flat . -that —had ~ “hate™ -
green bean groan: ‘gain- ~grease.
shoe’ show - shoot s_hréw Sue "

Exercise 9.3 :

The following forms-are typlcal of the speech of C an Enghsh chnld about
three years old. The child-like patterns of pronunciation exemplified hete are
all frequent in normal acquisition. You may assurme that other words waolld
be similarly affected, ‘as if the child were’ applylng ‘rules’ to change the adult
target form into her own version.

brush.  [bwas] shop [sop]

change [teindz] smack  [mumeek]
class [kla:s] smudge  [mmadz]
crunch  [kwants]  sneeze  [nniiz]
dish [dis] sorry ['spwi]
James  [dermz] Spot [pot]
judge  [dadz] spring [pwip)
road [waud) stretch  [twets]
school  [kuzi] watch [wots]

(&) Use a minimal pair to prove that normal adult English has a phonemic
contrast between /w/ and /1/ (the latter is usually realised as {1]). What
is the situation in this child’s speech, and what will happen to minimal
pairs that depend on this contrast?

(b) Find a minimal pair to show that /s/ and /[/ are in contrast in adult
speech. Again, what is the situation in this child's speech, and what will
happen to minimal pairs that depend on this contrast?

(¢) Find ali the words that in their adult versions would contain the affricates
/tf d3/, and work out the pattern in the child's treatment of them. Show
that the child seems to be following a rule that is ‘context-sensitive’

(d) Find all the words in the data that begin with clusters of two or three
consonants in their normal adult versions (don't include affricates) and
group them according to type. Explain what the child does with the
different types of cluster. i

(e) Write a formal rule that describes the child's treatment of /s/ in onset
clusters that do not contain a nasal consonant.

() How is C likely to pronounce the follewing words? Transcribe your
answers phonetically.

Charles choose fridge juice lunch prince scratch snake stamp touch

Exercise 9.4 > ' ' : I

Make a list of the symbals for consonant segments that are used in the
child's forms in Exercise 9.3 above. Then from the list select the consonant,
or group of consonants, that fit the feature ‘specifi catlons glven

Example [+nasalj [mnopmn]

(a) [+nasal, +voiced]

(b): [+anterior, —coronal, —contmuant]
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(¢) [—lateral, +voiced] .
() [ sonorant, ~continuar
(e) [~anterior, —continu

C ds of Japanese which contain examples
of all of the vowel'qualities employed by the language: Give statements of -
the distributions of the three fricatives [h ¢-p] paying particular atiention to
the following vowel. - = = : =43

[hon] - book iuune] tugboat

[hako]  box . [heta] - unskilful
[koogii]  coffee- = - - (] - urban prefecture
[¢i] day : Thep] ~ vicinity
[ciragana] Hiragana (writing) [saidna] wallet

[nihop]  Japan [giroi] wide

[heja) room: [fude] writing-brush
[ha] tooth (hai] yes

Do you think that the three fricatives in question are in complementary
distribution? Can they be regarded as allophanes of one phoneme? What
indicates that [s] and [h] must be allaphones of distinct phonemes?

Exercise 9.6

The transcribed words below are from the language Campa (Peru). Notice
that some iterms are given in two forme, This indicates that two pronuncia-
tions are used interchangeably by speakers of the language. (When it makes
no difference which of two sounds is used, the sounds are said to be in free
variation.) The sequence [ts] represents a voiceless alveolar affricate.

a kind of bird  ['eto}

a rodent ['Tawo]

ant ['katstori]

blind [Je'teri]

butterfly ['t*ampi] ['t"ambi]
com |'sigki] ['singi]
dead limb {o'empiki] [o'embiki]
egg [fit"oki]

fish ['siwal ['siwal

| doubt [nokiho'tatsi]

macaw [ha'wawo]

my paddle [no'mare]

nothing [ti'katsi]

on his head

salt

small gourd

spider monkey  [tho’f

termite. [

vine or r_ope.'. ;

we chase [a'kentini] |

your davghter  [pi‘finto]  ~Ipi‘findo]
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both voiced and voiceless plosives, List them and
voiced plosives in contrast with Voiceless p
ence and discussion.
eolar plosive in contfas
la plosive!iri this language? Give e
Sutions of [p:b Bw]. Might all of them be allophones -

> given here, how many different.nasal-consonant -~ = '
) be set up for this language, and what are they?

() List the vowel 50unds that occur in the data, and give a description for

each (specifying tongue and lip position). Draw-a vowel quadrlateral and. -

plot on it the approximate positions of these vowel'sounds. =~~~ *

() What vowel phonemes need to be set up for this language? _ExplathWhy. )

" the namber of vowel phonemes is smaller than the number of different
vowel sounds that occur in the data.

phonemes fm

Exercise 9.7
Explain in words what effect the following rules will have:

(a) V— [+nasall/_[+nasal]
(b) [-sonorant]— [—voiced]/__#
© @—[/V_V

[~ high]

Further reading

We have given only the most basic intraduction to phonological concepts. Modem phonalogy is a field where
there are many competing approaches, and constant innovation in theories. For some more recent ideas applied
to English, see H. Giegerich, English phonology: An introduction, Cambridge: Cambridge University Press, 1992
A book that explains the later development of the ideas explained in this chapter is C. G issenhoven and

H. Jacobs, Understanding phonology, London: Amold, 1998.
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CHAPTER OUTLINE

In this chapter you will learn about: the use of fundamental

frequency; the difference between lexical stress and

rhythmic stress; lexical stress types, including fixed stress

_ and variable stress; lexical tone languages, including contour
edstress . ERCLIEL register tone languages; intonation and its role in

Fundamental o determining the interpretation of utterances; paralinguistic

'?rEquency features and their use in signalling speaker attitude.

Intonation

Key

Lexical tone

Nuclear tone

Nucleus

KEY TERMS
feent &1
ntour tone -

Parah’n_gufstfc
features

Pitch
Register tone
Rhythm

Stress, primary
and secondary

Variable stress
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We have looked in some detail at how speech sounds are produced, how
they may influence each other and how they are organised into syllables.
However, speech is not just a string of speech sounds. There are features
of speech that span a number of speech sounds or a number of syllables
or even whole utterances. Such features are called suprasegmental or
prosodic features. They include lexical and thythmic stress, lexical tone
and intonation. In this chapter we will deal with variation in fundamen-
tal frequency and pitch and see how pitch variation is used in language to
signal the difference between the meanings of words in lexical tone lan-
guages and how pitch is connected with lexical stress. Pitch variation is
also very important at the level of the utterance. Intonation is used to
signal how a speaker intends his or her utterances to be interpreted.

We saw in Chapter 2 that the vocal folds can vibrate at different rates. The
typical range of rate of vibration for an adult male speaker is from about
80 Hz (80 complete cycles of vibration) to about 210 Hz. The typical range
for adult female speakers is from about 150 Hz to about 320 Hz. The rate of
vibration of the vocal folds determines the fundamental frequency (o) of
the resulting speech sound. This is the rate at which the speech pressure
waveform repeats. Figure 10.1 shows three short sections of the vowel [a],
pronounced by an adult male. The waveforms and a plot of the F; are given
for each. Vowel (a) has a fairly constant F; of around 200 Hz. Vowel (b) has a
constant F, of approximately 100 Hz. Notice that the repetition rate visible
in the waveform is much lower in the second vowel. Each cycle of vibration
is Jonger. Vowel (c) has a falling F, pattern, starting at about the same value
as the first vowel and finishing a little lower than that of the second vowel.

The fundamental frequency of a sound is intimately connected with the
pitch we perceive. The higher the F,, the higher the pitch. So vowel (a) would
sound higher in pitch than vowel (b) and vowel (c) would be heard as having
a fall in pitch from high to low.

It is important to remember that it is not the absolute Hz values of a fun-
damental frequency contour that matter, but the relative values. So, for
example, if a female speaker were to produce the vowel [a] at high pitch, at
low pitch and with a falling pitch, it is very likely that the Hz values would
all be greater than those for the male speaker above. This is because typi-
cally women have a smaller larynx and shorter vocal folds than men.

'E{..W"‘ Hf*"?f_:ﬁ-é-'- Y,

SS

0 artrdrins s,

Stress affects whole syllables rather than single segments. The effect of
stressing a syllable is to make it more prominent, more audible than
neighbouring syllables. Thus, stress is a relational feature, unlike features
such as place and manner features or vowel quality features. So while it

¢

A

et P e —D e T et =

Suprasegmentals 155

{b)

200

150

1004

FIGURE 10.1
250 (@) 25 ms sample of
[a] at a high pitch, and its
measured fundamental
frequency of 200 Hz;
h TP (b) 25 ms sample of [a]

150 ”“\ at low pitch, fundamental

100 Hz; (¢) a fall from

R 200 Hz to 100 Hz in
100

about 650 ms.

200



156

iINTRODUCING *

FIGURE 1022

Waveforms and
fundamental frequency
traces for English written
and return.

makes sense to ask whether an isolated consonant is, for example, alveo-
lar, or whether an isolated vowel is back, it can never be sensible to ask
whether an isolated syllable is stressed. The way in which a stressed sylla-
ble is made more prominent than other syllables in the utterance is
usually by a combination of factors: length, loudness and pitch. Thus, usu-
ally a stressed syllable is longer and louder than its neighbours and may be
marked by some pitch movement or new level in pitch. Look at Figure 10.2.
This is a display of the speech pressure waveforms of the utterance of two
English words by a male speaker. The words are written ['1iton] and return
[1r'tsin]. Also shown is the fundamental frequency variation for these
utterances. Notice that the two syllables of each of these words are clearly
discernible because the consonant that separates them is a voiceless

il
1 ” {

written
140 P
Hz
120 —
100 —
\.‘_
80 h
\"‘—-__- - ——
|
X 1l
"g“F“ ii v I %‘N‘r\!}\‘b\j'\I‘".;\\f-\_!-"__j‘-'-r
i : 1
|
return
140
Hz N
120 S

100 \
80
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Table 10.1 Fixed penultimate stress in Welsh

[mamod] | ‘mounta “[mamadsd] . ‘mountains’

l'asgar] [ schoo les'galjan] - schools’

['burjad]| e e 'intentl i Ibfi"rjaﬂi]' j ~ o intend'.‘_-:_

[4og5d] = fmicet~ .. - [t'goden] . - . ‘mouse’ -

plosive and there is no waveform activity during its hold phase. The first
syllable of written is longer than the second and the excursion of the wave-
form above and below the centre line is greater for the first syllable than
the second. The extent of this excursion is correlated with loudness. For
return it is the second syllable that shows greater length and loudness.
There is also a pitch difference between the utterances of these two words.
The pitch of the first syllable of written is high and (alling, while this pattern
occurs on the second syllable of return.

Primary and secondary stress

In words of two or three syllables it is likely that there will be only one
stressed syllable. However, for longer words two or more syllables may
bear stress. One of the stresses will be more prominent than the others
and is called the primary stress. This is marked, as we have been doing
already, with a raised vertical tick at the beginning of the syllable as
in: ['ptlau] and [br'lau]. Other stresses in a word are called secondary
stresses and are marked with a lowered tick as in: [,kpnson'trerfn] and
[,indr, viz1'bilati]. In some books, especially those published in the USA,
you may see an alternative method of stress marking using diacritics over
the vowel of the relevant syllables, as in [indivizibilati].

Fixed stress

Some languages have fixed stress in the sense that most words in the lan-
guage bear stress on the same syllable. Favoured places for stress in fixed
stress languages are the first syllable of the word, the last syllable of the
word and the penultimate syllable of the word. Look at the Welsh data in
Table 10.1. In the left-hand column are words that all bear stress on the
penultimate syllable. In the right-hand column the same words appear, but
now with a single syllable suffix added. Notice how the stress is shifted to
remain on the penultimate syllable of the new word. The vast majority of
words in Welsh have stress on the penultimate syllable, although there are
a few exceptional words all of which bear stress on the final syllable.

Now look at the Czech data in Table 10.2. Czech is a fixed stress lan-
guage with word-initial stress. The addition of prefixes to a word makes no
difference to this. The stress moves so that it is still word-initial.

One final example of a fixed stress language, this time with word-final
stress, is Turkish. There are a couple of examples in Table 10.3. Again, the
addition of a suffix, or even more than one suffix, does not disturb this
pattern.
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Table 10.2 Fixed initial stress in Czech

['mluvil]  ‘he/she spoke' <~ " - The/she didn't speak’
['maso] - 2 ‘meat, ﬂ_e_sh‘ : _ o ._u;shléﬁss' 3
['p:&rl:llﬁl_] 3 ‘to '{:jmﬁ_‘n'.:'e'r.xd’. ['olp:}rul 'g;):{fégérﬁ;nend’
['stali] “ftheystood  ['nastali], - | - ‘they arose’ 2

able 10.3 Fixed final stress in Turkish
[o'tel] - “hotel [otel'lér] - ‘hotels’ - [oteller'den]  *from the hotels’

I 5

[a‘dam] ‘man [adam lar] ‘mgr]";: - [adamlar'wmn] : ‘of the men’

Table 10.4 Variable stress in Catalan

[a'stel]  “star ['bensas] ‘you defeat  [‘ommifus] ‘omnibus’

[ka'laf] ‘drawer’  [bara'zafom] ‘we mixed’ [de'mokrata] ‘democrat’

variab'. lress

Many ! ~res have variable stress (sometimes called free stress). This
does 1o :can that a particular word sometimes has one stress pattern
and sou:."cses a different one. It means that one cannot make a simple,

general siilcment as to which syllable of all (or most) words will be
stressed. Look at the Catalan data in Table 10.4.

The words in the first column all have final stress. Those in the third
column all have penultimate stress and those in the fifth column have
antepenultimate stress. These are the only possibilities for Catalan. So
although Catalan is a variable stress language, one can still make a gen-
eralisation about its stress placement: stress never falls more than three
syllables from the end of a word. This and similar restrictions are common
in variable stress languages.

Syllable weight and stress

Many variable stress languages favour syllables of a particular type to
bear stress. A heavy syllable is one that contains a long vowel or diph-
thong, or a short vowel followed by at least two consonants. A light
syllable is one that contains a short vowel followed by one consonant or
no consonants. Examples of heavy syllables in English are the first syl-
lables of the words beater, super, moaning, mighty, under, sixty. Examples
of light syllables are the final syllables in horrid, hiccup, city, water. In
many variable stress languages heavy syllables in a word attract stress.
Look at the English verbs in Table 10.5. If the final syllable of a verb is
heavy then that syllable is stressed. If the final syllable of a verb is light
then the penultimate syllable is stressed, no matter whether it itself is
heavy or light.

e ]
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Table 10.5 Stress and syllable weight in English verbs
~Final heavy syllable:

" believe  _contend  depart . explain

Final light syllable: enter  “edit  © envelop . - imagine

Table 10.6 Stress in English Nouns

Final h_izaw_syl_ia'h!é_":' - atitude "' “porcupine - un’werse =
Final light syllable: aroma. - C 'a_sl'gesitos' 3 coﬁipgter 2
No heavy syllables: > America insulin § _'-ieélé)_t.[s_'\,r S

You should remember however that the stress system of English is very
complex and it is not difficult to find exceptions to the above and to most
general statements about stress in English.

Stress and word class

Stress placement in variable stress languages may be sensitive to the lexical
class of a word. that is, whether it is a noun, a verb, an adjective and so on.
English is an example of such a language. Look at the English nouns in
Table 10.6 and compare them with the verbs we have just looked at. The
first thing to notice is that none of them have stress on the final syllable,
unlike the verbs. Secondly, heavy syllables in these nouns attract stress if
they are penultimate, not if they are final. Another thing to notice is that
if there are no heavy syllables in a word then the antepenultimate sylla-
ble is stressed. Again, though, it is not difficult to find exceptions to this
generalisation in English.

Stress and suffixes

In the fixed stress languages we examined earlier the addition of a suffix
to create a new word resulted in an adjustment of the place of the stress.
In some variable stress languages, some suffixes also cause stress to shift,
while other suffixes leave the stress exactly where it was before the suffix
was added. The type of suffix that leaves the stress alone we will call stress-
neutral suffixes and those that cause a change in the place of 'stress we
will call stress-imposing suffixes. We will illustrate the difference using
English. Look at the examples in Table 10.7. All of the suffixes in the first
group (there are many more) are simply added to the word without any
adjustment of the stress pattern. The suffixes in the second group (again
there are more than presented here) cause the stress to shift to the sylla-
ble immediately before the suffix. ;

Stress and vowel quality

In many languages the placement of stress has implications for the iden-
tity of the vowels used in the pronunciation of a word. For instance, some
vowels in a language may be unable to occur in a stressed syllable. A good
example of this is [o] in many accents of English. If the addition of a suffix
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Table 10.7 Examples of English stress-neutral and stress-imposing suffixes

Stress-neutral : _ :

ed | edit Pedi) ~  edited . [editod] =
-er pretty ['‘prati] . prettier - ['prltla]
est. lovely Llavi] - loveliest .- | Plaviast] . -
-ing examine [rg'zzemin] - ex_aniin:ing ' 4 [_fg-. | _tl:l?_l;‘li g
-ive . suggest [so'dzest] . suggestive - _.[:;:Jifd_scsluvj
-ly rapid ['rapid] rapidly ['[a:_pld_!_ii.
Stress-imposing : 3

-al universe ['juiniva:s]  universal [juini’va:sl]
-ic photograph  ['foutagraef] photographic  [fauta'grasfik]
<ical hypothesis  [har'poBssis] hypothetical  [haipa'Betikl]
-ity complex ['kompleks] complexity [kam'pleksati]

Table 10.8 Stress minimal pairs

Albanian ['ata] ‘father’ [a'ta] ‘him, her’

Arabic ['wasfafa:] ‘they described’ [wa'sfafa:] ‘and it cleared up’
Greek [po'litikos] ‘of Constantinople’  [politi'kos] ‘political’

Italian ['porto] ‘I carry’ [por'to] ‘he/she carried’
Russian  ['uze] ‘narrower’ [u'ze] ‘already’

Spanish  ['entre] ‘between’ [en'tre] ‘I entered’

to a word imposes stress on a syllable that contains [0} in the unsuffixed
form, then [9] will change to another vowel. An example is [3] — [p] in the
second syllable of the words phatograph [‘Toutagraf] and photography
[fa'tpgrafi]. An alternative way of looking at this is to say that the shift of
stress away from a syllable often causes a vowel to be weakened to [a].

Stress contrasts

In variable stress languages it is often possible to demonstrate that the
place of stress is contrastive. That is, it is possible to find minimal pairs
that differ only in the placement of stress. The two English words import
(verb) [tm'po:t] and import (noun) ['tmpo:t] constitute such a pair. Look at

Table 10.8 where there are some more examples of stress minimal pairs
from various languages.

So far we have looked at stress as a property of words. This is sometimes
called lexical stress. However, when words are strung together in phrases
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Table 10.9 Foot duration measurements

Duration (ms) i

John

can't have for-

-gotten :
Sally’s ' ;
birthday 0 e s el

or sentences some of the stressed syllables remain stressed and others
may lose their stress. Let’s take a simple example from English. The word
over is stressed on the first syllable - ['auvo]. However, if we put this into a
sentence like The dog jumped over the fence, we may hear that this syllable
has no stress. The stress pattern of the sentence could be [03 ‘dng 'd3ampt
auva 0a 'fens], with no noticeable prominence on the first syllabte of the
word over. Of course it is possible to say the sentence in a number of dif-
ferent ways and some of these may have may have a stress on over, for
instance, [02 'dog dzampt ‘auvo 09 'fens]. So lexical stress and stress in
sentences, while obviously connected, are not exactly the same thing.
Here is another example of the difference between lexical stress and what
is often called sentence stress or rhythmic stress. The word afternoon is
[,a:fto'nuin], with secondary lexical stress on the first syllable and primary
lexical stress on the last. However, a phrase like afternoon tea is likely to be
pronounced as [‘a:ftonu:n 'tiz] rather than [,a:fto'nuin 'tiz]. The primary
stress has moved to the first syllable of the word.

Stress in many languages is what defines the rhythm of speech. Rhythm
can be defined as the pattern of occurrence in time of relatively ‘strong’
and relatively ‘weak’ events. In a language like English, the strong events
are stressed syllables and the weak events are the unstressed ones. There
is a tendency, and perhaps it is no more than that, for stressed syllables to
occur at roughly equal intervals in time in English and in other languages.
If we listen to a sentence like:

'John 'can’t have for'gotten ‘Sally's 'birthday

the strong beats that fall on the stressed syllables appear to be roughly
equally spaced in time, athough as we can see, the number of unstressed
syllables between each pair of beats varies: 0 between the first pair, 2
between the second pair, and 1 between the third and fourth pairs. In
Table 10.9 are some very rough measurements in milliseconds of the
durations of each stressed syllable and any following unstressed ones,
taken from a recording of the sentence.

Each stressed syllable and any following syllables constitute a unit
known as a foot. Compare the duration of the first and second feet.
Certainly the second is longer than the first, but it is nowhere near three
times as long, although there are three times as many syllables. This
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means that the syllable rate in the second foot must be faster than that of
the first foot. The constant alteration of syllable rate to maintain a rough-
ly equal foot duration is characteristic of many accents of English and also
of other languages. These languages are sometimes called stress-timed.
Not all languages, and not even all accents of English, are like this. French,
for example, tends to have, or at least to sound as if it has, most syllables
equal in duration. Languages like this are called syllable-timed.

This distinction between stress-timed and syllable-timed languages is
very probably an oversimplification. It is probably more accurate to say
that some languages make greater use of one kind of rhythm, but that
both types can be found in most languages. It is also true that different
accents of the same language may have different rhythimic characteristics.

Rhythmic stress and word type

You may have noticed in the examples above that the word the was not
marked as bearing rhythmic stress. This word is an example of what is
often called a grammatical word. Other examples from English are pro-
nouns like he, she, him, her, us, prepositions like at, for, from, modal verbs
like can, may, must, possessives like my, his, their and conjunctions like and,
but, as. Grammatical words in English and in most languages are less often
rhythmically stressed than words like nouns {book, John, honesty), adjectives
(red, silly, international), main verbs (look, contemplate, understand) and
adverbs (often, slowly, intentionally). These sorfs of words, called content
words, very often do bear rhythmic stress. Here is a short passage of Welsh
in phonetic symbols with a word for word translation. Notice how nearly
all the content words are stressed and the grammatical words unstressed.
You might like to try reading the passage out loud.

[pan oid 'fon 'wiljam a 1 'daili n ‘buila i 'kinjau

when was John William and his family in eating their dinner
daif 'karreg 1 laur o 'ben: ar 'alt a Oruzi r 'to:

came rock in down from top the slope and through the roof

a dis'gonod ar 'drainfu:r fo:n 'wiljam
and fell on plate John William

a di'veB0od i 'dattus a i 'gizg]
and destroyed his potatoes and his meat

Of course, grammatical words may be stressed in certain circumstances.
Take for example the English sentence Hey those are my socks, not yours! This
is likely to be pronounced with the words my and yours stressed to indicate
the contrast between the two words.

The Modern Standard Chinese sentence for I haven't got a pen is 1@ # %
fwo mei jou bi]. However, if you say this, you have to be careful about the
pitch pattern you use, especially on the final word [bi], which means ‘pen’.
The pitch pattern should be a low, slightly falling then slightly rising tone.
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Table 10.10 Tonal contrasts in Modern Standard Chinese_

(ol husband
et
[an] | toty

The corresponding fundamental frequency trace is shown in Figure 10.3(a).
If you make a mistake and use a high rising pitch pattern instead then y01.1
would be saying I haven't got a nose! The fundamental frequency for [bi]
meaning ‘nose’ is given in Figure 10.3(b).

200

(b) nose
150 (a) pen

Hz
100 M
' 0.5

Ss Is

Modern Standard Chinese, like nearly half the world’s languages, u_ses
pitch patterns to distinguish between one word and another. It is a 1e_3x1c.al
tone language. Lexical tone languages are found throughout Asia, in
many parts of Africa and in the Americas. Some lexical tone systems are
very simple, consisting of just a high level tone and a low level tone. Some
are more complex. Cantonese, for example, has six distinct tone patterns.

Contour tone
There are two kinds of tone language. The first type, of which Moder_n
Standard Chinese is an example, have tones where the pitch movement 1s
important and it is the difference in the pattern of pitch mIovement =
falling, rising, falling-rising and so on — that distinguishes one w.orcl from
another. There are four tones in Modern Standard Chinese: (1) high level,
(2) high rising, (3) low falling-rising, (4) high falling. Table 10.10 shows
some four-way tonal contrasts. )
Languages such as this, where at least some of the tones 'have moving
pitch patterns are called contour tone languages. Many lexical tone lan-
guages of Asia are of this sort.

Register tone _

In contrast to contour tone languages, some languages have tone invento-
ries that consist entirely of level tones. Table 10.11 shows some examples
of two-way and three-way contrasts, involving level tones, from various

languages.

FIGURE 10.3
Fundamental frequency
for MSC ‘pen’ and 'nose’

: Examples of tone -
languages from
Asiq, Africa and

- Americas

% Asia: Chinese, Thai,
Vietnamese

* Africa: Hausa,

* Yoruba, Xhosa, Zulu
: Americas: Mixtec,
Navajo

ssssresssanannn et
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Table 10.11 Tone contrasts in register tone languages

S 8 Mid

Bafang ; ".[10_5;] gasks sloep™ - ERSEAEAEE - “stone -
(Cameroon) - : R
Bole: = Ciflo] | i e :

e oh s e g
Karen' [ta] one spoon ant
(Burma)

Margi _U"u} tail —

(Nigeria) : BRI
Mixtec * [juku] (2nd yoke mountain brush
(Mexico) syllable)

Nu_pe [ba) to be sour to cut to count
(Nigeria)

Yon'“uba [wa) comes looked existed
(Nigeria)

2 IPA tone transcription

L N T R R R T R R L]

- hig ; =1 L Fal'l'in__g.. '
e i3 ba ba b3 ba BE © EiLpo S g ba
ba 1ba 1ba Iba Iba \ba Aba 1ba Aba \ba

Alanguage that uses level tones only is known as a register tone language.
Many African tonal languages are this sort, although register tones
languages are found in other parts of the world too.

Sample text in
Yoruba

Gbogbo éniyan ni a
bi nf dminira Transcription and representation of tones
The chart of the IPA provides diacritics for marking tone, and these are
illustrated in Tabie 10.12 using the syllable [ba). Also in the table you will
find what the IPA calls tone letters, which are a simple graphical way of
indicating the shape of a tone.

Yet one more way to represent the shape and pitch height of a tone is by
the use of superscript numbers, with 5 = extra high, 4 = high, 3 = mid,

R

Yoruba is a West
African register
tone language with
high, mid and low
tones. High tone is
marked in the

orthography b =
acutega ch:zn}t’ loymfn 2 = low and 1 = extra low. Usually two superscript numbers are used for
niy & e each tone, the first indicating the height at the beginning of the tone and

the second that at the end. So, for example, [ba*] indicates a high level
tone, while [ba*}] indicates a tone that falls from high to low. More com-
plex tone shapes need three numbers, so [ba**] is a way of representing a
high falling-rising tone.

Many of the above ways of transcribing tones suggest that contour tones
are best thought of as being in some sense sequences of level tone targets,

accent and mid tone
is left unmatked. .

Vesssansasasanant”

Frasssbssssrssanssansnunan
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and in fact much recent work on the phonology of lexical tone has been
carried out under this assumption. Modern phonological treatments of
tone make use of what is known as an autosegmental representation,
where the vowels and consonants of a syllable are present on one tier of
the representation and the tone on an independent tier. The tiers are
connected by association lines as in Figure 10.4, where H means high, M
means mid and L means low.

ba ba ba

(b) (c) /\ FIGURE 10.4
The autosegmental

H L L M

representation of tone

In Figure 10.4 (a) represents a high level tone, {b) a low level tone and (c) a
tone that rises from low to mid. The difference between what we have
called register tone languages and contour tone languages can now be
thought of in a slightly different way. Register tone languages allow only
one tonal target to be associated to each syllable, whereas contour tone
languages allow two or more tonal targets to be associated to a syllable.

Tones in connected speech
We have seen that vowels and consonants may turn up in different guises e
in different environments. This is true of tones too. If we look at Figure 10.5
which is a schematic representation of the pitch contour for the Modern Ne— ) N—rv
Standard Chinese phrase # & &2 (hau bu hau], which means ‘OK? (literally ¢z 105
‘good not good’), we can see that the pattern for the first occurrence of Schematic representation
[hau] is not the same as that for the second. They both have Tone 3, low of the pitch contour for
falling-rising, but the non-final occurrence has lost its rising part. So we the Modern Standard
i . . Chinese phrase # & &

can view Tone 3 as a toneme, in the same way as [pf is a phoneme. Modern (hau bu haul
Standard Chinese Tone 3 has at least two variants or allotones, one that is
used in final position before a pause, and the other in non-final position.
The two variants are in complementary distribution.

It is also possible to find examples of the tonal equivalent of assimila- [6d 1 bé]
tion, where the actual pitch height of a tone is affected by that of a neigh- ———
bouring tone. The example in Figure 10.6 is a schematic representation of o
the pitch heights of the syllables in the word [6d 1 b0] (‘banana’) from —
Urhobo (Nigeria).

The first and third syllables of the word both have high tone, but the ?fniﬁ{zggﬁm -
actual pitch height of the third syllable is lower than that of the first (jhobo
because of the low-toned syllable that precedes.

Languages like English, French, German, Spanish, Italian are not lexical tone
languages. There are no pairs of words in these languages that are distin-
guished solely by the pitch pattern used to say them. However, all languages,
as far as is known, use pitch variation to communicate meaning.
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Fundamental frequency
traces for ltalan Fa freddo
vs Fa freddo? (It's
cold'/'ls it cold?)

Let’s take a simple example from [talian. The two utterances in Figure 10.7
use tt.le same words, but (a) is a statement meaning ‘It’s cold’ and (b) is a
question meaning ‘Is it cold?” As you can see, (a) ends with a falling fun-
dame'ntal frequency contour, while that for (b) rises at ‘the end.

This use of pitch variation that does not affect the meanings of individ-
}131 words, but that does affect the way in which utterances are interpreted,
is known as intonation. In the rest of this section we will look at some of
the main characteristics of the intonation system of English and draw a
few comparisons with what goes on in other languages.
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Fa freddo
Hz 150 Ny
100 \
R, T
200

150

1ooj M\

b

~\ Fa fredcy
—

I 500 ms 1

1

Intonational phrases

Qne of the functions of intonation is to divide what we say into manageable-
sized chunks known as intonational phrases or IPs. For any given bit of
speech a speaker has a considerable freedom of choice about how many
IPs to use and where they start and end. The two examples below are taken
from recordings of the same passage by two different speakers. The sym-
bol | indicates the boundary between two IPs and || indicates an IP bound-
ary accompanied by a pause.

Spealker 1: Work is scheduled to continue on both carriageways | to
the south of junction seventeen | the M45 intersection ||
and there are more northbound lane closures | about five
miles north of junction twenty | the turnoff | to
Lutterworth.

Speaker 2: Work is scheduled to continue | on both carriageways | to
the south of junction seventeen | the M45 intersection ||
and there are more northbound lane closures | about five
miles north of junction twenty | the turnoff to Lutterworth.

We shall see later on exactly how a speaker signals the end of an IP and
the start of a new one, but for the time being, notice that IP boundaries
are not always accompanied by a pause.

Ir'1 English and other languages it is possible to use IP boundary placement
to signal which of two possible meanings an utterance has. For example, the
sentence Those who spoke quickly got an angry response is ambiguous. Is it the
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speaking that is quick or the response? If it is the first, then the sentence is
likely to be uttered as:

Those who spoke quickly | got an angry response

but the second meaning is much more likely to be signalled by

Those who spoke | quickly got an angry response

In general, the placement of [P boundaries is used by the speaker to signal
his or her judgement of what belongs with what. Here is another pair of

examples:

01ld men and women
0Old men | and women

In the first, the hearer is likely to conclude that both the men and the
women are old. In the second, the men are definitely old. but what about

the women?

Accent and nucleus

In Figure 10.8 (a ) and (b) are schematic representations of the pitch con-
tour of two utterances ol the sentence I don’t remember his telephone number.
Each is produced as one IP. The large circles represent stressed syllables
and the smaller ones unstressed syllables. The tail attached to a circle
indicates that there is a very noticeable glide in pitch during the produc-
tion of that syllable. The upper and lower lines represent the limits of the
speaker’s pitch range.

(a) I don't remember his telephone number

.. ...I\

(b) I don't remember his telephone number

.. .:

As you can see both (a) and (b) contain four stressed syllables, exactly the
same ones in each case. In (a) the stressed syllables -mem- and num- are at
the same pitch level as the preceding and following syllables. The syllables
don't and tel-, however, are different. They both initiate a new trend in the
pitch contour. They are not only stressed, but also accented. In (b) there
are also two accented syllables — don’t again and -mem-. The final accented
syllable in an IP is known as the nucleus and its placement is very impor-
tant for the interpretation of an utterance. The nucleus in {a) is tel- and in

(b) it is -mem-.
Again the speaker, at least in English, has a good deal of choice where
to put the nucleus within an IP. For our sentence above, the nucleus could

FIGURE 10.8
Stress, accent and nucleus
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be any of the following in addition to the two places we have already men-
tioned: I. don't, his. You might like to try sketching the pitch contours of
the utterances with the nucleus in those positions and to try saying the
ulterances.

The main reason for choosing a particular position for the nucleus is
to focus the hearer's attention on important or new information in the
IP.If the speaker considers that all the information is new to the hearer
(this is called broad focus), then the nucleus will be placed in a ‘defaulr’
position. For most IPs in English the defaulr position is the primary
stressed syllable of the last content word. If the speaker considers that
some of the information is old or unimportant because it is inferable
from the context in which the conversation is taking place, then narrow
focus will be used and the nucleus is likely to be placed in a position
other than the default.

Let's try and make all that clearerwith a couple of examples. The position
of accented syllables will be indicated by using capital letters and under-
lining will be used to mark the nucleus. First a broad focus utterance;

Fred: WHY are you looking so anNOYed?
Bill: I've LOST my WALLet.

Fred’s question doesn’t mention losing things or wallets, so Bill's reply has
broad focus and the nucleus falls on wallet, which is the last content word
in the IP. Now a narrow focus utterance:

Sue: LET'S go and see a MOVie.
Sally: TCAN'T afFORD to go to the cinema.

Here Sue's utterance mentions goi ng somewhere, so Sally avoids placing
the nucleus on go. Sue’s words see a movie imply going to the cinema, so
that is old information too and Sally avoids placing the nucleus on cinema.
The last piece of new information in Sally's veply is afford, so that is where
she chooses to place the nucleus.

Accounting for nucleus placement in English, and in other languages,
is a fairly complex problem and one can easily find examples of utterances
where the nucleus placement is rather puzzling. Take this little conversa-
tion for example:

Mary:  Could you pass me the German dictionary, please?

Jim: Here you are.

Mary:  Ah, I wanted the German dictionary | You've GIVen me the
wrong ONE.

At least in some accents of English Mary's last IP is perfectly usual, but it
is difficult to see why the nucleus should be the word one. It isn't a con-
fent word and it certainly isn’t very informative.

Not all languages are as flexible as English when it comes to moving the
nucleus around within an IP. Take for example the following utterance in
Spanish (given in orthography) and com pare it with the equivalent
English utterance:
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Con LECHe | o sin LECHe
WITH milk | or withQUT milk

English places the nuclei on the contrasting items in the two IPs, but
Spanish sticks to the last content word in both, even though it is exactly
the same word.

Intonational tone

Both the examples in Figure 10.8 above show the nucleus as having a high
falling tone. However, this is not always the case. In Figure 10.9 we have
the same sentence, again produced as one IP, with the nucleus on the syl-
lable tel-. However, this time the pitch rises from the nucleus to the end of
the IP.

1 don't remember his telephone number

Notice also that the pitch pattern of the part of the IP before the nucleus is
slightly different too. We have introduced an additional accent by making
the pitch step down slightly at the syllable -mem-.

A speaker of English may choose from a small number of pitch patterns
known as nuclear tones which begin at the nucleus and continue to the
end of the IP. Exactly how many nuclear tones there are and what types
there are is a matter of some debate amongst intonation analysts. Also dif-
ferent accents of English certainly make use of a different set of nuclear
fones.

We will not go into the fine details of the nuclear tones of English here,
but will concentrate on the sorts of meaning difference that nuclear tone
choice can signal. Before that we need to clear up a matter that we left
unresolved earlier. How does a speaker signal the end of an [P, even when
there is no pause associated with the IP boundary? The simple answer to
that question is: by using a nuclear tone. Hearers know that an IP has
come to an end because they know how IPs can end, rather like the way
in which we can usually tell when a musical tune has ended. If the tune
stops before its end, then we can usually tell it is incomplete, even if we
have never heard the tune before. In a similar way, we can tell that an
intonation pattern is incomplete if we haven’t heard one of the patterns
of pitch that count as a nuclear tone in the accent or language we are
familiar with.

Functions of intonational tone

One very important use of intonational tone, at least in English, is to sig-
nal the speaker’s assessment of how the information in an IP fits into
the conversation she or he is taking part in. The use of a falling nuclear
tone is the speaker’s signal that the information is being added to the

FIGURE 10.9
A rising nuclear tone.
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conversation, that it is new. A speaker can also signal that the informa-
tion in an IP is already part of the background to the conversation and is
being reactivated. This is done by choosing a falling-rising nuclear tone.
Here is an example with just the IP boundary and the nuclear tones
marked. The mark \ means falling and \/ means falling and then rising.

When you go to the \[supermarket | you can call in at the \bookshop.

Here the speaker signals that (in his or her opinion) going to the super-
market is already an established fact and already part of the knowledge
that the participants in the conversation share. The new contribution is
‘calling in at the bookshop'.

You can call in at the \/bookshop | when you go to the \supermarket.

In this second example, it is “calling in at the bookshop’ that is the estab-
lished fact. The new bit is when this should take place.

Another important use of nuclear tone choice is to signal the attitude
that the speaker wishes to convey towards the hearer, the subject matter,
or sometimes life in general. As a simple example of the sort of attitudi-
nal difference intonation can signal, let’s imagine you have a weepy child
with you. You might say Don't cry or It’s all right. If you use a pattern where
the words before the nucleus are high and level in pitch and the nucleus
itself (cry or right) falls from mid pitch to low pitch, you would sound
decidedly grumpy and unsympathetic. However, if you used a low rising
nuclear tone, again with a high level pitch preceding it, you would sound
much more soothing and sympathetic.

It isn't only nuclear tone choices that can signal attitudinal differ-
ences. Take the sentence I'm NOT going to the SUPermarket. With a high
level pitch from NOT to the and then a high falling nuclear tone on SUP,
this is simply a statement of fact. With a low level pitch on NOT which
then rises steadily through the following syllables as far as the and again
with a high falling nuclear tone on SUP, the utterance is not a neutral
sounding statement. The attitude conveyed is something like T've told
you before. I am surprised you haven’t accepted the fact. I want to hear
no more about it.’

Another use of intonational tone is to signal the completeness or non-
completeness of an utterance. Some tones are used as a signal that there
is more to come. A simple example of this is a list of items like:

jcarrots | [peas | [celery | po\tatoes

The rising nuclear tones on the first three items, shown with /, indicate
that the list is not yet complete and the falling tone on the last item says
that we have come to the end.

Key .

We will briefly look at another aspect of intonation known as key. Key
affects IPs as a whole and raises or lowers the pitch of all the tones in
the IP. Just as we saw that intonational tone may be used to signal non-
completeniess or completeness of a list, key may be used to signal the
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completeness or noncompleteness of longer structures, rather like para-
graphs in written language. Each of these structures deals with what the
speaker considers to be a particular topic. The start of the topic is
marked by a high key IP. This is then followed by a number of mid key
1Ps (possibly none at all). The end of the topic is marked by an IP in low
key. This is sometimes very evident when newsreaders are changing
from one news item to the next. See if you can spot it when you next
listen to the news.

Another use of key is to mark an IP as being a parenthetical comment,
rather like a bit of writing in brackets. In a sentence like:

I saw Fred Smith | you know the guy I'm talking about don’t you | in
the pub yesterday

the second IP is likely to be uttered with low key.

istic features
When we speak, we are continually giving out signals about our emotional
state, our mood, our attitude towards the speakers in the conversation
and towards the topic of the conversation itself. Some of these signals are
non-verbal. Facial expression, posture and gesture can all tell our conver-
sational partners how we are feeling. Some of the signals, however, are
connected with the way we are actually speaking. These include the
tempo of our speech, the overall loudness, the overall pitch range, the fre-
quency of pauses and the type of phonation that we use. Such aspects of
our speech are known as paralinguistic features.

If we are excited about a topic we are likely to speak more rapidly, with
fewer pauses, with a wide pitch range and possibly quite loudly. If we are
bored the tempo may be slower and quieter and the pitch range narrowed.
Anger is often conveyed in our speech by increased loudness and wide
pitch range.
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In this chapter we have looked at some aspects of speech that affect
units larger than a single speech sound. Such suprasegmental features
include lexical stress and we distinguished between primary and sec-
ondary stress and, in variable stress languages, investigated the con-
nection between stress and word class and syllable weight. In fixed
stress languages these considerations are not an issue because stress
regularly falls on the same syllable within a word.

‘We also looked at lexical tone which occurs in a large number of the
world’s languages. Words in these languages may be distinguished by
their pitch pattern alone. We saw that there are two different types of
tone language: contour tone le;nguages where some of the tone pat-
terns are falls in pitch, or rises in pitch, or sometimes more complex
pitch movements. Register tone languages on the other hand use only
tones that have a level pitch contour. We saw that tones, just like vow-
els and consonants, may have contextual variants.

Intonation is the use of pitch variation to aid the interpretation of
utterances rather than to signal word meaning. We saw that speech
can be divided into intonational phrases and that the choices available
to the speaker in the placement of [P boundaries may affect how an
utterance is interpreted. Within each IP, the speaker may choose to
make certain syllables accented and the final accent, called the nucleus,
is a very important way of highlighting information that the speaker
considers new or significant. Accented syllables may be associated with
pitch contours of different types and the choice of intonational tone is
used both to signal speaker attitude and to indicate the speaker’s
assessment of whether the information in an IP is new or whether it is
already shared knowledge. We also briefly looked at key and its role in
organising speech into topics.

Finally, we introduced the concept of paralinguistic features such as
tempo, pitch range, loudness, and their role in indicating the speaker’s
attitude or mood.
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Exercise 10.2 x

The placement of stress in Madri is governed by the folicmung PfIﬂCIPIPS

(a) Stress never falls more than-four syllables from the end of the word LPE

(b) Long vowels attract stress <

(c) Diphthongs attract stress except in the final syllable

(d) Long vowels take precedence over diphthongs for stress placement
purposes

(e) Stress always falls as near to the beginning of the word as possible with-
out contravening (a)—(d).

Copy out the transcriptions of the Maori words below, placing a stress mark at
the beginning of the stressed syllable. Note: all vowel sequences count as
diphthongs and Maori does not allow consonants to follow the vowel within
the syllable. When you have done this and checked your answers, try saying
the words with the correct stress.

[atapoz] ‘early dawn’ [paiparakauta] ‘hotel
[kihirimete] ‘Christmas’ |kawanatana ‘government’
[paepae] ‘beam’ [kauma:tual ‘male elder’
[taurekareka] ‘slave’ [papakaipal ‘village'
[marae] ‘courtyard' |kaimoana] ‘seafood’
[fafai] ‘war' [mokopuna] ‘grandchild’

Exercise 10.3
Below are some words from Manam, a'language of Papua New Guinea.

[a'lapa) ‘reef’ |'motu] island’
|boa'zipal ‘hole’ [wa'rige] ‘ope’ i
[mala'bon} “flying fox' [u'zemj ‘| chewed'
[ata'bala] ‘up’ ; [moa'repi] rice’
[sipa'ba?] ‘bush’ [ura'pun] | waited'
[i'?int] 'he pinched’ [?ipoasa'gena] = 'we are tired’ -

In'some words the final syllable is stressed, in others it is the penﬂltimate syl-
lable. What appears to determine which syllable is stressed7 Try. saying the -
above words.

Exercise 10.4 2 3
Below are the waveforms for utterances of the two English words ['Impo't]
and [1m' p:).t] Can you tell whichis which?

What is the duration of the |n|t|a| syllable in each case?
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_:-Exe:case 105
le, yarlety of Chlnese sp:aken in Chengdu in S:chuan has fourt

Rising Il Low falling 1l ngurau' & TV iowF
TSI
'ﬁne (weather) ’to m\nte

: -..the sequence |s gwen
g?[l._ ] = [uds = . gdn“‘fu” e’

“gue?! 4o - dzia® - gue?!dzia® - ‘nation” -
fiag™ + gan”! =) fian®gan’ ~  ‘Hongkong® - -
Hfa?!, + dzia?! LS fa’ldzia”! ‘hair clip® -~ -
17! +  ba® S 1iPba¥ fence! -
fei?! +  drae’® o feif'dzau?®  ‘soap!

gon™® + bon®! —r gon™ban"' ‘origin’

pop?! + iou™! - pon?'iou™ ‘friend"

fiau™ + tfou®" - fiau™1 _l‘:m”" "clown’

fu?* + mu! - fu?¥mu®! 'parents'

tfin" + i - tfin®i* ‘pyjamas’

Jiau® + i - Jian®*t[i! ‘small flags’
fiau®' + iz — Jiau®fiz?" ‘stingy’

ban®' il bau™ - bau®*bau®! "baby’

tfin® 4 dzop?'® — tfin* dzop®" ‘weight’

fi?! + guan®’ -5 Ji*' guan®"! ‘habil’

k(“]“ + 2213 - kﬂﬂg_s pa?2 }] 'pel-haps'

jin®"* + tjiz'3 — jin?' l_l'i?” i “luck’

di*" + fap® - di*® [.m ‘place’

Jiag?™® + pi?! - Jiap*"pi ‘rubber’

Jag?® + hai*! - Iaumhm ‘Shanghal’

di*” + di2's - diPBdi* ‘younger brother

(a) Draw schematic pitch patterns (like that in Figure 10.5) for the words for

"clown’ and ‘pyjamas’
(b) Comment on the occurrence of [7).

(c) Retranscribe the word for ‘time’ using IPA tone letters,
(d) List the variants of each toneme and state where each occurs.

‘Exercise 10.6

Each of the following sentences is ambiguous. Try to work out what
‘meanings each can have and how a particular meaning could be mgnalied
using intonation.

(a) My sister who lives in Liverpool has just changed her job.

(b) She played and | sang the national anthem.

,(c) He drdnt leave because he was afra_ncl. s NG

Exerase 10.7.

‘Here is a short dialogue that has been dmded into IPs for you. ‘ihe place of
the nucleus has been underlined in Sid's utterances: Your task is to deude :
where the nuc}eus falls in each IP of Clares utterances. . - =
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Sid:
Clare:
Sidz
~Clare;
Sidz-
Clare:

Maybe that's because you've never hdd any: gm

I've got-an idea | Let's go out fora't g@[
All: npht |- Which restaurant do you-want 10,601 to“" =

- There's a good Chinese pEaLe |‘near Ihe I_rary

’'m net termnbly fond of Chmese food.

That may-be true | but I think I'd preferto try lha{ p[a e [ sumé'-' S
“other time. -

Further reading

A very good general introduction to the study of intonation is Alan Cruttenden, Intonation, Cambridge:
Cambridge University Press, 2nd edn, 1997. D. R, Ladd, Infonational phonology, Cambridge: Cambridge
University Press, 1996 is an advanced treatment of up-to-date ideas in the study of intonational form. Paul
Tench, The intonation systemns of English, London: Cassell, 1996 is an excellent source of examples of
intonational features and their role in signalling utterance meaning. Moira Yip, Tone, Cambridge: Cambridge
University Press, 2002 is a wide-ranging treatment of lexical tone systems, largely in the framework of the

Optimality Theory model of phonology. We have not dealt with this theory in our book, but Moira Yip's book
introduces the basic concepts of the theory.
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CHAPTER OUTLINE

e sessnpngeea  In this chapter you will learn about: the human hearing
KEY TERN[S‘ mechanism; the use of visual clues in speech perception;
) X _--‘ 3 Sk speech perception tests — labelling and discrimination;
Audiogram’ speech development in children; hearing impairment.
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