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A whiz at reading, your niece Nina reports one day that English has five
vowels—a, ¢, i, 0, and . You think it must have more than five vowel
sounds. How would you figure out just how many vowel sounds English

actually has?

Roommate Ron wants to know whether English has 26 sounds to match
the 26 letters of the alphabet. You figure English must have more than
26 sounds and point out that it lacks a letter to represent the initial sound
in thin so is forced to use two letters. Ron asks for other examples where
two letters represent a single sound because there isn't an English letter
for the sound. He doesn't want examples like physics, where an <f>
would do, or pneumonia, where an <n> would do. What examples can
you provide?

Citing put and putt as a pair of English words that are pronounced differ-
ently and spelled differently but whose spelling difference doesn’t cor-
respond to the pronunciation difference, your friend Fred claims English
has many similar pairs and challenges you to name just one other one.
Can you do it?

Neuroscience major Nicole claims that the organs that produce human
speech in the vocal tract evolved so that humans could talk. Bio major
Bill disagrees. He says the organs that produce human speech evolved
for a different purpose altogether and that human speech merely takes
advantage of those organs for talking. Who's right?
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Sounds and Spellings: Not the Same Thing

As a reader of English, you are accustomed to seeing language written down
as a series of words set off by spaces, with each word consisting of a sequence
of separate letters that are also separated by spaces. You readily recognize that
words exist as separate entities made up of a relatively smail number of discrete
sounds. The words sat and put, for example, have three sounds each, while until
has five and untold has six. Somewhat less obvious is the number of sounds in
speakers, series, letters, and sequence, which do not have the same number of let--
ters and sounds. This lack of correspondence is common in English. Cough has
three sounds but is spelled with five letters; freight uses seven letters to represent.
only four sounds. _
Through with seven letters and thru with four are alternative spellings for a
word with three sounds. Phone and laugh have three sounds each, represented by -
five letters. Delicacy, with an equal number of sounds and leiters, uses the letter
<> to represent two sounds—the first a k-like sound, the second an s-like sound.
Because of the close association between writing and speaking in the minds |
of literate people, it is important to stress that in this chapter we are interested
in the sounds of spoken language, not in the letters of the alphabet or other ways '
that represent those sounds in writing, '

Same Spelling, Different Pronunciations

Observe the variety of pronunciations represented by the same letter or series of
letters in different words. Consider the pronunciations of the following Inglish
words, all of which are represented in part by the letters <ough=>:

cough “koff”

tough “tuff”

bough “bow”

through “thru”

though “tho”

thoroughfare “thurrafare”

Though the precise sounds in these words may vary somewhat among English
speakers, still the lesson of the distant relationship between sounds and letters
is clear. The <ough> spelling represents at least six pronunciations in English,
as indicated in Figure 3.1.

ough Same Pronunciation, Different
Spellings
Other sets of English words are pronounced alike
but spelled differently, as schoolchildren learn

“off”  “uff”  “ow” u o when they are taught sets of homophones (or

Figure 3.1 Same Spelling, Different Sounds homonyms) such as there/ their, bear/bare, led/
PP lead, core/corps, and to/two/too.
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Consider the words in Figure 3.2, where nine different spellings represent
the sounds of the word see (and situ and cee—the name of the third letter of the
alphabet—could be added to the list). Notice that the letter < x>, as in sexy and
foxy, stands for the two sounds [k] and [s] as represented in folksy.

Compare the sound and spelling of woman and women and you’ll note that the
difference in the letters <a> and <e> does not represent a difference in pro-
nunciation because the second syllables <-man> and <-men > are pronounced
alike in these words. On the other hand, the letter <o, which does not change,
represents two sounds (like the < 00> of wood in woman and like the <i> of
win in women). The pair Satan (the devil) and satin (the cloth) illustrates the

resent same point: the <a> of the first syllable represents two sounds, but the <a>

: and <i> spellings of the second syllable represent the same sound. The same

i for a _ point can be made with loose and lose, where the only pronunciation difference

ted by : is in the final sound ([s] versus [z]), while the only spelling difference is in the
letter ; similarly pronounced vowels.

sound. The playwright George Bernard Shaw was a keen advocate of spelling re-

minds ' form and highlighted the problems in establishing correspondences between

rested . © English sounds and speliing when, as has been claimed, he provocatively al-

: ways - leged that fish could be spelled <ghoti=: the <gh> as in cough, the <o>
as in women, and the <ti> as in nation. Despite the efforts of Shaw and other
reformers, English spelling has remained basically unchanged. You can see
slight success at simplification in such isolated spellings as thru, nite, and foto,
though not even these examples have been widely adopted for the more tradi-

ries of tional through, night, and photo.

nglish

Whys and Wherefores ofSound/SpeIiing-Discrepancies

Here are five reasons for the discrepancy between pronunciations and written
representations for many English words.

1. Written English has diverse origins with different spelling conventions:

» Anglo-Saxon The system that evolved in Anglo-Saxon England before the
Norman Invasion of 1066 gave us such spellings as ee for the sound in words
like deed and seen.

Norman French The system that was overlaid on the Old English system
by the Normans, with their French writing customs, gave us such spellings as
queen {for the earlier Old English cwene) and thief (for the earlier theef).

scenic/siepe/ceiling/cedar/cease/juicy/glossy/sexy

sie i ce  cea  Cy Sy Xy

Figure 3.2 Different Spelling, Same Sounds

...... B R R R T L L L L
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. Dutch Caxton, the first English printer, who was born in England but lived
in Holland for 30 years, gave us spellings influenced by Duich, such as ghost
(which replaced gost) and ghastly (which replaced gastlic).

s Spelling reform During the Renaissance, attempts to reform spelling along
etymological (that is, historically earlier) lines gave us debt for the earlier
det or dette and salmon for the earlier samon.

. A spelling system established several hundred years ago is still used to repre-
sent a language that continued—and continues—to change its spoken form.
For example, the initial <k> in words like knock, knot, know, and knee was
earlier pronounced, and so was the <gh> in night and thought. As to vowels,
pronunciation changes have led to discrepancies like those represented in beat
versus great and food versus foot.

. English is spoken differently around the world (and-in different regions of a
given nation), despite relatively uniform standards for spellings. Such spelling
uniformity facilitates international communication, but it also increases the
disparity between the way the language is written and spoken.

. Word parts (morphemes) may be pronounced differently depending on their
adjacent sounds and stress patterns. In electric, the final <c> represents [k] as
in kiss, but in electricity that same <c¢> represents [s] as in sit. In senile, <<i>
is pronounced as in island, but in senility as in ill.

. Spoken forms may differ across social situations. The writing system. incorpo-
rates some degree of variation (do not versus don’t and it was versus 'twas), but
there is less tolerance for spellings like gonna (‘going 107), wanna (‘want t0”), and
gotcha (‘got you') and still less for f'eat (‘did you eat?’) and woncha ('won’t you?’).
Variable spellings for the same expression would force readers to determine the
idiosyncratic key of the represented speech before arriving at meaning instead
of relying directly on a familiar spelling, as adult readers normally do.

Advantages of Fixed Spellings Some disadvantages of an inconsistent set of sound-
spelling correspondences are obvious, but the advantages are also substantial.
Consider Chinese, in which many written characters make little or no reference
to sounds but directly symbolize meanings—much as numerals like 3 and 7 and -
symbols like + and % do in European languages. Using such characters, groups
of people whose spoken languages are mutually unintelligible can nevertheless
communicate well in writing, as is the case between speakers of Cantonese '
and Mandarin Chinese. As a parallel, consider that the symbol 7 has a uniform .
meaning across European languages, even though the word for the concept is
pronounced and spelled differently: seven in English, sept in French, setfe in .
Ttalian, siehen in German, and so on. Similarly, the fact that English spelling is
somewhat independent of pronunciation is not a bad thing when you consider
that English has sirikingly different dialects from Newfoundland to New Zealand
and from Jamaica to Johannesburg. Despite diverse pronunciations around
the globe, a uniform written word is associated with a single set of meanings. '
Moreover, in a language with different pronunciations for the same element
of meaning, stable spellings can contribute to reading comprehensibility—as
in musical/musician, electrical/electricity, and even the <s> of cats and dogs .
(pronounced [s] and [z], respectively).
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yut Hved independence of Script and Speech It's :
1 as ghost - mportant to distinguish between the - Try It Yourself Examme the "Pollmg
sounds of a language and the way " Place” photograph in Chapter'l el
ng along they are represented in writing. The -
e earlier “independence of sounds and spellings
' is highlighted by remembering that a - :japanese and I(orean and thejapanese word for
to repre- single language may be represented po!lmg place happens to, use only kanjl What do you
en form. by more than one writing system. The *natice about the flrst two characters of the Chmese
knee was language sometimes known as Hindi- '
» vowels, Urdu is written by Hindus living in
d in beat India in Devanigari, an Indic script that
derives from Sanskrit, but in Arabic script by Mushms living in Pakistan and parts
of India. Compare the Hindi 9 and Urdu C‘ > spellings for the same word
chai, meaning ‘tea.’ Sometimes, too, people adopt a new writing system for their
language. Early in the twentieth century, the government of Turkey changed the
orthography (the technical term for a writing system) for representing Turkish
“‘from an Arabic script to one based on the Roman alphabet.

Sometimes languages use different scripts for different purposes. Imagine
sending an international telegram in a language that uses a script other than the
Roman alphabet—Japanese, Korean, Greek, Russian, Persian, Thai, or Arabic,
for example. Rather than using their customary orthographies, speakers of these

incorpo- languages use the Roman alphabet fo send telegrams internationally. Even

was), but within a country, an alternative writing system may be needed. In China, each

to), and “’character has a four-digit numeral assigned to it and these numerals are sent

Ctyou?’). - - telegraphically and then “translated” back into Chinese characters. Sometimes a

mine the - . language uses more than one writing system for different aspects of writing. Jap-

g instead anese draws upon three kinds of writing: kanji, based on the Chinese character

system, in which a symbol represents a word independent of its pronunciation,

and two syllabaries. A syllabary is a writing system in which each symbol repre-

ssound- sents a spoken syllable. Throughout the world there are discrepancies between
ystantial. “sounds as spoken and as represented orthographically.
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In this chapter, we focus on the human vocal apparatus and the sounds it
produces for speech. In Chapter 4 we'll examine the nature of sound systems in
human language.

Phonetics: The Study of Sounds

Phonetics is the study of the sounds made in the production of human speech,
It has two principal branches.

+ Articulatory phonetics focuses on the human vocal apparatus and describes
sounds in terms of their articulation in the vocal tract; it has been central
to the discipline of linguistics.

e Acoustic phonetics uses the tools of physics to study the nature of sound
waves produced in human speech. Acoustic phonetics is increasingly im-
portant in developing machines and computer software for speech recog-
nition, as well as in voice identification and voice-initiated mechanical
operations.

Qur discussion in this chapter will be limited almost exclusively to articulatory
phonetics—the nature of human sounds as they are produced by the vocal ap-
paratus. But we’ll make occasional mention of acoustic phonetics and in the ref-
erences at the end of the chapter
we’ll identify useful sources for
exploring modern technologies.

Phonetic Alphabets

To refer to the sounds of human
language in terms of their articula-
tion, phoneticians have developed
descriptive techniques that avoid
the difficulties of characterizing
sounds across languages in terms
of ordinary writing systems. You
already know it is impossible to
use customary written representa-
tions to analyze sound structure
because, even within a single lan-
guage, some sounds correspond
to more than one letter and some
letters to more than one sound.
Besides that, the same letter or

Use of Phote still from My Fair Lady - Courtesy of GBS Broadcasting Inc.

The late Professor Peter Ladefoged, second from right, coaches
Rex Harrison, at left, on the set of the 1964 film My Fair Lady.
Ladefoged later became president of the International Phonetic

Association and of the Linguistic Society of America. The written character can represent
phonetic symbols on the chart were invented by Alexander different sounds in different lan-
Melville Bell (father of Alexander Graham Bell} and published in guages. So an independent sys-
1867 in his book Visible Speech. They preceded the International

tem for representing the sounds
of human languages is a scientific
necessity.

Phonetic Alphabet.




nds it
1ms in

icribes
-enfral

sound
1y im-
recog-
@anical

latory
-al ap-
he ref-
hapter
es for
gies.

human
rticula-
eloped
avoid
erizing
. terms
5. You
ible to
esenta-
ructure
e lan-
espond
1 some
sound.
tter or
present
nt lan-

nt sys-
sounds
ientific

Phonetics: The Study of Sounds

In scientific discussion, the requisite characteristics of symbols for represent-
ing sounds are clarity and consistency. The best tool is a phonetic alphabet, and
the most widely used one is the International Phonetic Alphabet (IPA). The IPA
aims to provide a unique written representation of every sound in every lan-
guage, and it has been estimated that there are about 800 different consonant
sounds and a couple hundred vowel sounds in the languages of the world.

A list of symbols used to represent the consonant sounds of English is given
in Table 3.1. It provides the phonetic symbol for each sound and underscores
the relevant parts of the words exemplifying those sounds. Taking advantage of
an option allowed by the International Phonetic Association (the developer and
guardian of the IPA), we use an ordinary printed <r> in this book to represent
the initial sound of ride and the second sound of pride, but you should note that the
association assigns the symbol [r] to a different sound. (We've indicated the stan-
dard IPA symbeol for the initial sound of ride in parentheses.) The words illustrate
word-initial, word-medial, and word-final occurrences of the sounds.

Tabﬂe 3. 1 Enghsh Consonants Arranged by Position in Word

Phonetic Symbol Initial Medial Final
p pick caper tap

b bit labor tab

t tick meter bat

d dish medal pad

k kiss sicker lick

g geek dagger bag

f fit beefy chief
v vim saving grave
8 thin author breath
) then leather breathe
] sit mason kiss

7. zest posit buzz

) shed rashes rush

Z genre mmeasure rouge
if chip kitchen peach
& jet bludgeon fudge
m mop dummy broom
n nip sunny spoon
by} singer sing

h hit ahoy

J yes beyond toy
r{IPA 1) rest berry deer

1 last silly mill

w wish away

&3
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The Vocal Tract

The processes used by the vocal tract in creating a multitude of sounds are akin
to those of wind instruments and organ pipes, which produce different musical
sounds by varying the shape, size, and acoustic character of the cavities through
which air passes once it leaves its source. Every speech sound you make differs
from every other one because of a unique combination of features in the way
you shape your mouth and tongue and move them and other parts of the vocal
apparatus while making it. We will look at the parts of the vocal tract and show
how they work together to produce sounds. Examine the simple drawing of the
vocal tract in Figure 3.3.

How are speech sounds made? First, air coming from the lungs passes through
the vocal tract, which shapes it into different speech sounds. The air then exits
the vocal tract through the mouth or nose or both.

Despite the fact that speakers of all languages have the same vocal apparatus, no
language takes advantage of all the possibilities for forming different sounds, and
there are striking differences in the sounds that occur in different languages. For
example, Japanese and Thai lack the [v¥] sound of English van, and Japanese lacks
the [f] sound of fan. Thai lacks the sounds represented by < g> in gill, <z > in zebra,
<sh> in shell, <s> in measure, and <j> and <dg> in judge. French, Japanese,
and Thai lack the different sounds represented by < th> in ether and either.

Just as some languages lack sounds that English has, other languages have
sotnds that English lacks, and some languages that share a particular sound
may show a different distribution of it within words. You know that English
lacks the trilled r of Spanish and Italian and that German has a sound at the
end of words like Bach ‘stream’ and hoch ‘high’ that does not occur in the in-
ventory of English sounds. Arabic has a sound similar to the German <ch>
of Bach, but in Arabic it can occur word initially. A similar (but not identical)

nasal cavity pasal cavity
soft palate
(velum)

hard palate
teeth

smoSide

pharnyx wall

larynx

Upper surface of vocal tract Lower surface of vocal tract

Figure 3.3 The Vocal Tract
Source: From LADEFOGED. Course in Phonetics, 4E. © 2001 Cengage Learning.
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sound occurring word finally in the German word ich occurs in English (for
“those dialects that pronounce the<h>) in the initial sound of human and
huge. Still, it can be tough for English speakers learning German to pronounce
the sound in a word like ich because English doesn’t permit that sound at the
nd of a word.
As you explore the inventory of sounds in the sections below, don’t be shy
bout using your vocal tract to produce the sounds described. It’s important to
pronounce them aloud, noting the shape of your mouth and the position of your
fongue for each sound. That experience will familiarize you with the reference
points of phonetics, make the discussion much easier to follow, and enhance
our confidence as you master articulatory phonetics.
We will continue to use square brackets to enclose the symbols that represent
ounds. Thus [t] will symbolize the initial and final sounds in tot, [d] the initial
and final sounds in did, and [z] the initial sound in zebra, the medial consonant
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, A consonant is a speech sound produced by a partial or complete closure of

es have part of the vocal tract, thus obstructing the airflow and creating audible friction.

r sound Speech sounds can be characterized in terms of their articulatory properties—by

English where in the mouth and how they are produced, and consonants can be described

1 at the n terms of three properties:

. the in-
<ch>: . . B . R

entical). ¢ Place of articulation (where the airstream is most obstructed)

¢ Manner of articulation (how the airstream is obstructed)

¢ Voicing (whether the vocal cords are vibrating or not)

Begin by pronouncing a Iong, continuous [zzzzz] sound and alternating it with
a long, continuous [sssss} sound. You'll notice that the position of your tongue
within your mouth remains exactly the same, even though the sounds are notice-
ably different. You can feel the difference by touching your throat at the larynx
(voice box) while saying [zzzzz sssss zzzzz sssss]. The vibration you feel from

our larynx when you utter [zzzzz] but not [sssss] is called voicing; it is the
result of air being forced through a narrow aperture (called the glottis) between
two mucosal folds {the vocal cords) in the larynx. When the voeal cords are held
together, the air forced through them from the lungs causes them to vibrate. It
is this vibration, called phonation or voicing, that distinguishes [z] from [s] and
enables speakers to differentiate between these two otherwise identical sounds.
Using these highly similar but distinct sounds enables speakers to create words
that differ by only a single feature of voicing on a single sound but carry quite

different meanings, as in peas and peace, fleas and fleece, zip and sip, and buzzes
and buses.

smyorEids
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] The Vocal Cords and Vommg

- Fuman' bemgs have o organs that ate used only for speech The organs that
produce speech sounds Have evolved ‘principally to serve the life-sustaining
processes of breathing and éating. Speech is a secondary function of the
! -hurnan “vocal apparatus” and is soinetimes said to be parasitic on these: :
organs The Vocal cords exemphfy ‘the parasitic natiie of the vocal apparatus
for speech; the pnmary function of the two folds of the * vocal cords” isto. . ;
keep food from going down the wrong ‘tube into the lungs SRR
- With. respect to speech, vibration of the vocal cords is what dlstmgulshes
voiced and’ Volceless sounds. Yot can perceive the’ difference between vo1ced__'
and v01celess consonants by alternaung between' the pronunc1at10ns of [s] .
and [z] of [f]’ and [v] while holdmg your “hands clapped over your ears. You'
should be: able to tell from pronouricing the’ words thin and thirty (which be___:-
gin ‘with [8]) and then and those: (wh1ch begm with [81) whlch of the two.-f'_'
sounds—-[e] or. [6]—13 voiced, Check vour ‘conclusions against Table 3.6.-
" Other palrs ‘of sounds are hkew1se charactenzed by a voiced VErsus voice- '_ :
Tess contrast Consider [fl'and [v]; as in ﬁne and vine or proof and | prove both
sounds are produced by forcmg air through a narrow aperture ‘between thie’ :
upper teeth and the lower lip. The dlfference is that (13 is vmceless and [v] is -
voiced: Other V01ce1ess/v01ced pa}rs 1nc1ude [p] and [b] ‘as in pet and bet or
rope and robe and [t] and [d] as in fen and den or net and Ned ' e

Manner of Articulation

Besides having a voicing feature, consonants can be characterized as to their
manner of articulation. In pronouncing [s] and [2], air is continuously forced
through a narrow opening at a place behind the upper teeth. Compare the pro-
nunciation of [s] and [z] with the sounds [t] and [d]. Unlike [s] and [z], [t]
and [d] are not pronounced by a continuous stream of air passing through the
mouth. Tnstead, the airstream is completely stopped behind and above the up-

per teeth and then refeased in a small burst of air. For this reason, [] and [d]

are called stops, and because the air is

released through the mouth (not the

i SR nose), they may be called oral stops.
8 Try It Yourself Pronounce the 2o Sounds like [s] and {z] that are made
“spunds [p] [b] [f} [v] [ B and [a] to _- " by a continuous stream of air passing
through a narrowed passage in the vo-
cal tract are calied fricatives.

determine which are stops and which are fricatives.

Place of Articulation

Of the sounds analyzed so far Is] and [t] are voiceless, [z] and [d] voiced. All
four are pronounced with the point of greatest closure immediately behind and
just above the upper teeth. Pronounce ten and den aloud, feeling where the tip of
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ur tongue touches the top of your mouth for the initial and final consonants.
Both words start and finish at the alveolar ridge. Because [t], [d], and [n] are
articulated at the alveolar ridge, they are called alveolars. Also articulated at
“the alveolar ridge are [s] and [z], as you can notice by pronouncing the words
“bus and buzz. ([s] and [z] are fricatives, as you should be able readily to tell,
whereas [t] and [d] are stops.)

* There are thiee major places of \

rticulation for English stops: the lips, ) Try it Yourse!f Com pare your
S the alveolar ridge, and_ the SOf’[ palate \ 4 : pronunuatton Of [P] and [t]. Both are
.'.u?he-s'._-}' ot M elum). If you say pin and bm', you'l vmceless 5o whiat is the dlfference between them? Pro-
oiced’: notice that for the initial sound in each
of [&1° “word air is built up behind the lips and - Hourice word paifs like pin and tm or tripe and trite as

then released. Thus the point of great- . other examples
est closure is at the lips, and for that :
reason [p] and [b] are called bilabial
. stops (bilabial means ‘two lips’). S
ittend to the pronunciziion of the & ) Tl'y It Yourself: Identify the pairs of
first sound of kin, and vou’ll notice that " stops pronounced at the I|ps the alveolar
{k1, like [p] in pill and [t] in #ll, isa rldge and the velum L . :
voiceless stop, but it differs from [p] .. o
and [t] in its place of articulation: [k] is
a velar because it is pronounced with the back of the tongue touching the roof
of the mouth at the velum (the soft palate); [k] is a voiceless velar stop.
Corresponding to the voiceless stops [pl, [t], and [k] are three voiced stops:
[b] as in bib is a voiced bilabial stop; [d] as in dude is a voiced alveolar stop;
and [g] as in gig is a voiced velar stop. English has three pairs of stops, each pair
proncunced at a particular place of articulation, with one member of the pair

o their voiced and the other voiceless.

forced Besides lips, alveolar ridge, and velum, English takes advantage of other
he pro- articulators to produce consonant sounds. The <th> of thin is a fricative pro-
[z], [t] . nounced with the tongue between the teeth. It is a voiceless interdental frica-
igh the tive, represented by the Greek letter theta [0]. [f] (the sound represented by
the up- - <sh> in shoot and wish) and [3] (the final sound in beige, the middle conso-
ind [d] . nant in measure, and the initial sound in a tiny number of borrowed words like
e air is genre) are pronounced between the alveolar ridge and the velum (or palate)
10t the . and are called postalveolars. [{] is a voiceless postalveolar fricative, [3] a
[ stops. voiced postalveolar fricative.

> made

e Kinds of Consonant Sounds

To repeat what was said above, consonants are produced by partially or com-
pletely blocking air as it passes from the lungs through the vocal tract. If you re-
view the inventory of English consonants in Table 3.1 and pronounce the sounds
aloud while concentrating on the place and manner of articulation, you’ll perceive
how the tables represent the distribution of English consonants according to their
voicing, place of articulation, and manner of articulation. On the next page we
describe these consonants, grouped according to their manner of articulation and
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characterized in terms of voicing and place of articulation. We concentrate on the
consonant sounds of English and mention selected consonants in other languages.

Stops

Stops are formed when air is built up at a point in the vocal tract and released
suddenly through the mouth. The principal stops of English are [p] and [b], [t}
and [d], and [k] and [g]. By noticing where the air is blocked while pronounc-
ing words with these sounds in them (see Table 3.1}, you can recognize that [p]
and [b] are bilabial stops, [t] and [d] alveolar stops, and [k] and [g] velar stops.
In some positions in a word, stops in English, when released, are followed by a
burst of air called aspiration, a topic to which we’ll return in the next chapter.
Here, let it suffice to illustrate the difference with an example: the pronunciation
of [p] in pot has aspiration, while in spot it does not have aspiration. (Try it with
the back of your hand in front of your mouth.) '

English Stops

PLACE OF ARTICULATION

Bilabial Alveolar Velar

Voiceless P t k
Voiced b g

In addition, many languages have a glottal stop, represented by [?]. It is pro-
nounced by using the glottis to completely but briefly block the air from passing
in the throat. In English, the glottal stop occurs only as a marginal sound—for
example, in American English between the two parts of the exclamation Uh-oh!
and in Cockney English as the medial consonant of words like butter and bottle. In
Hawaiian and some other languages, the giottal stop is not a marginal sound but
an ordinary consonant that can distinguish between words, as in pa?u ‘smudge’
and pau ‘finished.” (Represented by an apostrophe in its spelled name, the con-
structed language Na'vi, spoken in the film Avatar, is pronounced [na?vi].)

Fricatives

Fricatives are characterized by forcing air in a continuous stream through a
narrow opening at some point in the vocal tract. To pronounce the alveolar
fricatives [s] and [z], air is forced through a narrow opening between the tip
of the tongue and the alveolar ridge. In pronouncing the first sound in the words
thin, three, and theta and the final sound in teeth, bath, and breath, the tongue tip
is placed between the upper and lower teeth, where the airstream is most con-
stricted and makes its articulation. Represented by [8], the sound in these words
is a voiceless interdental fricative, Its voiced counterpart is the initial sound in
the words there and then, the middle consonant sound in either, and the final
sound of bathe and breathe. In English the spelling <th> is used for two distinct
sounds: [B], as in thin, ether, and breath, and [8] as in then, leather, and smooth.
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English Fricatives

PLACE OF ARTICULATION

Labio-Dental Interdental Alveclar Postalveolar Glottal

Voiceless f 0 s ) h

Voiced v o Z 3
is pro- Some languages have other fricatives. Spanish has a voiced bilabial fricative
assing - (represented by IPA [[]), as in the <b> of cabo ‘end.’ Japanese has a voice-
d—for less bilabial fricative, represented by [§] and pronounced somewhat like {f]
Uh-oh! - but by bringing together both lips instead of the lower lip and the upper front
ttle. In teeth. The West African language Ewe has voiced [B] and voiceless [$] bilabial
nd but : fricatives. Spanish and many other languages have a voiceless velar fricative [x]

audge’ . and a voiced velar fricative [yl. Pronounce [x] as if you were gently clearing
e con- your throat. The sound occurs initially in the Spanish word joya ‘jewel’ and the
J : ~ personal name José (when borrowed into English, José is pronounced with [h],
: the closest sound to [x] in English). [y] is represented by <g> in Spanish lago
‘lake.” German, Irish, and Mandarin have a voiceless palatal fricative [¢], as in

the German word Reich ‘empire.’

nugh a You may have noticed that the physical distance in the mouth between the
veolar places of articulation for the English fricatives is not as great as for the stops.
he tip The bilabial, alveolar, and velar places of articulation for stop consonants
words are spaced farther apart than are the labio-dental, interdental, alveolar, and
sue tip postalveolar fricatives. This closer spacing of the fricatives can cause diffi-

st con- culty in perceiving them as distinct, especially for speakers of languages with
words fewer fricatives than English or with fricaiives spaced at greater distance from
und in one another. French, for example, does not have the interdental fricatives [0]
2 final and [8], so French speakers tend to perceive (and pronounce) English words
istinet like thin and this as though they were “sin” and “zis.” One French fricative
woth. sound familiar to English speakers, even though English doesn’t have it, is
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the voiced uvular r-sound (as in Paris or rue ‘street’), which is represented
by IPA [¥].

Affricates

Two consonant sounds of English are more complex than its stops and
fricatives. These more complex sounds combine a stop consonant and a
fricative to produce what is called an affricate. In the pronunciation of an
affricate, air is built up by a complete closure of the oral tract at some
place of articulation and then released (like a stop) and continued (like a
fricative). The consonant sound at the beginning and end of church is a
combination of the voiceless stop [t] and the voiceless fricative [[] and is
represented as [f] or [tf]. The consonant sound at the beginning and end
of judge is a combination of the voiced stop [d] and the voiced fricative
[3] and is represented as [d&z]. English
has only one pair of affricates, and
Try It Yourself Focusing on the to identify their place of articula-
tion they are called postalveolar
affricates.
. Some languages have other affricates.
pronounce these words slowly until you recogmze _- The most common are the alveolar affri-
* that they begm cr erid W|’€h stop -fricatives (that is, cates [ts] and {dzi, which occur at the
beginning of the Italian words zucchero .
‘sugar’ and zona ‘zone,’ respectively.

- initial consonant sounds in choke andjoke

: and the final consonant sounds in batch and badge

' 'affrlcates)

English Affricates

PLACE OF ARTICULATION

Postalveolar

Voiceless ]
Voiced &

Obstruents

Fricatives, stops, and affricates are called obstruents because they share the _
phonetic property of constricting or obstructing the airflow through the vocal tract.

Approximants

Approximants are produced by two articulators approaching one another
almost like fricatives but not coming close enough to produce friction. English has
four approximants: [j], [r] (IPA [1), [1], and [w]. The sound that begins the word .
you is the palatal approximant [j], while cute begins with the consonant cluster :
[kjl. Because [r] is pronounced by channeling air through the central part of the -
mouth, it is called a central approximant. To pronounce [1], air is channeled on
one or both sides of the tongue to make a lateral approximant. To distinguish
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them from the other approximants, [1} and [I] are sometimes called liquids. (In
some Asian languages, [r] and {l] are not contrastive sounds, so native speakers
of those languages may find it challenging to distinguish them in speaking or per-
ceiving English speech, This is a matter to which we return in the next chapter.)

In pronouncing the approximant [w], the lips are rounded, as in wild or wow.
In certain dialects, [h] precedes {w] in words such as which, whether, or when.
When [w] is the second element of a consonant cluster (as in twine [tw] or queen
[kw]), the initial sound (here, [t] or [k]) is rounded in anticipation of the [w],
as you can appreciate by focusing on the shape of your lips while you proncunce
time and twine and keen and queen.

English Approximants

PLACE OF ARTICULATION

Bilabial Alveclar Palatal

Voiced (Central) w r (IPA 1) j
Voiced (Lateral) 1

Nasals

Nasal consonants are pronounced by lowering the velum, thus allowing the
stream of air to pass out through the nasal cavity instead of through the oral cav-
ity. English has three nasals: [m] as in mad, drummer, cram; [n] as in new, sinner,
ten; and a third, pronounced as in the words sing and singer and symbolized by [g].

English Nasals

PLACE OF ARTICULATION

Bilabial Alveolar Velar

m n i}

Because of the way it is usually spelled in English words, English speakers
may think of [g] as a combination of [n] and [g], but it is actually a single
sound. You can test this for yourself by pronouncing finger and singer. Ignoring
the initial sounds [f] and [s], if your pronunciations of finger and singer differ (for
some speakers of English they may not), then you have [ng] in finger and [n] in
singer. Notice that if you had [ng] (instead of [ng] in finger, you’d pronounce it
like “finn-ger.” Most speakers of American English make a three-way distinction
among simmer, sinner, and singer, with middle consonants {m], [n], or [g]. By no-
ticing whether and where your tongue touches the upper part of your mouth in
articulating these nasal consonants (and by comparing their place of articulation
with other sounds}, you can determine for yourself that [m] is a bilabial nasal,
[n] an alveolar nasal, and [1] a velar nasal.

If you have successfully identified the places of articulation for nasals and
understood why they fit in their particular slots in the consonant table, you may



92 hapter 3 The Sounds of Languages: Phonetics

have noticed that English has three sets

'Try It Your eif Whlle y ou are say lng . of consonants articulated in the same

: ‘a prolonged [mrnrnm] or [nnnn] cutoff . places and differing only in their man-
the alrstream passmg through your nose by plnchlng |t - ner of articulation: the oral stops [p]

5 'Iosed Yourll notlce that the souind: stops abru ptly, thus":
: _-_:demonstratmg that air passes through the nose when

and [b} and the nasal {m] are bilabials;
the oral stops [t] and [d] and the nasal
[n] are articulated at the alveolar ridge

you produce a nasal Compare what happens when you “ and called alveolars; and [k], [g], and
Ceut off the alrpassmg through your nose whlle saymg “ [m] are articulated at the velum and

Ie'ngthened [nnnn} and [ssss] You l qulckly understand :

'one way in whlch thie nasa! and oral cawtles func’uon

called velars.
English, as we’ve seen, has three na- -
sal consonants: [m], [n], and [g]. The

in producmg sounds When you cut off air passmg '_ sound inventory of other languages
_f"__through the nose there |s httle dn‘ference |n the sound may contain additional nasals. French,

".-_'quallty for oral consonants ilke [s] but the effect is

-_Q.--plar’nl" notaceab!e for nasal coﬂsonants ||ke [nl and [m]

Vowel Sounds

........................

Spanish, and Italian speakers have a
palatal nasal [p]. You can recognize it
in the French word mignon ‘cute’ (which
English has borrowed in the phrase filet
mignon), in the Spanish words mafiana,
sefior, and cafién (the last one borrowed into English as canyon), and the Italian
bagno ‘bath’ and lasagna (the latter also borrowed into English).

Clicks, Taps, Trills

Some languages of southern Africa have among their inventory of stop conso-
nants certain click sounds that function as an integral part of their sound sys-
tem. One example is the lateral click, made on the side of the tongue. Although
the lateral click is not part of the inventory of English speech sounds, it does
occur when English speakers urge a horse to move on. As a speech sound, its [PA
symbol is [|]]. Another click sound is made with the tip of the tongue at the teeth
or the alveolar ridge and is described as a dental click [|] or (post)alveolar click
[!]. (That click does not oecur as an English speech sound, but you can recognize
it in English writing by the reproachful noise spelled tsk-tsk.)

A few consonant sounds are not stops, fricatives, affricates, approximants, or
nasals. The middle consonant sound in the words buiter and metal is commonly
pronounced in American English as an alveolar tap—a high-velocity short flap
produced by tapping (or flapping) the tongue against the alveolar ridge. We
represent this tap by [r] (we’ll discuss it further in the next chapter). Spanish,
Italian, and Fijian have an alveolar trill r, as in Spanish correr ‘to run.” This book
and some others represent the alveolar trill by [f] instead of the TPA symbol [r]
so as to reserve the familiar symbol [r} for representing the “r” of English.

en R P T T I

Vowel sounds are arficulated without complete closure in the oral cavity and
without sufficient narrowing te create the friction characteristic of consonants.
They are produced by passing air through different shapes of the mouth, with
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different positions of the tongue and
lips, and-—unlike consonants—with the
airstream relatively unobstructed by
narrow passages except at the glottis.
Some languages have as few as three dis-
tinct vowels; others, including English,
have more than a dozen.

Vowel Height and Frontness

Vowels are characterized by the po-
sition of the tongue and the relative
rounding of the lips. For that reason
and partly on the basis of auditory per-
ception, we refer to vowels as high or
Iow and front or back. We also consider
whether the lips are rounded (as for
boot) or nonrounded (as for bit).

Figure 3.4 indicates the relatlonshlp
of the English vowels to one another
and the approximate positions of the
tongue during their articulation.

At the top of the following page are
English words for each of the vowel sym-

. bols shown in the figure. Note that these

words are chosen on the basis of North

‘American English and that British English
“pronunciations may differ for some of them. Note, too, that in some North American
dialects the vowels of bought and pet are pronounced alike (see Chapter 11).

Vowel Sounds

: ._ :.:"lt _Yourself You ve heard people
say that Englrsh has f‘ve vowels—a S

o, and [N But that number better reﬂects wrrtten than.
: _--spoken Engi;sh To determme a more accurate count

: pronounce the followzng words aloud notmg how :
: rnany dlstmct voweis of spoken Engllsh they represent
'peat prt pate pet pat put putt pot pout poke prke

' : and poo!

Try ft You rself You can get a feel
for the descrrptors front and back by al

:Q?temately saying feed and food feed contarns 3 front
':.-:vowel fooda back vowel For tongue helght' _' :
.':.;';_ saylng feet and fat Ify you don tfeel the drfference be— :
tween hrgh and low vowels wrth th;s parr of sounds, i
: _'.Iook at yoursehc |n the mlrror (or ata classmate saymg o
- _'.'thern) the mouth is open Wrder for the voweE of fat
. than For the vowel of feet The reason? The tongue !s
-': Iower forfat R R ' '

Figure 3.4 The Vowels of English
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i feet, beat stoop, boot
) pit, bit put, foot

e fate, bait about, sofa poke, boat

£ pet, bet putt, but port, bought
® pat, bat park (in Boston) pot, father

The symbols [2] (called schwa) and [al (called wedge) represent similar sounds.
Both occur in the word above [abav]. We use [a] to represent a mid-central vowel
in unstressed syllables, such as the second syllable of buses [basoz] and the second
and third syllables of capable [kepabal], We also use it before [r] in the same syl-
lable, whether stressed as in person [parsen] and sir [sor] or unstressed as in pertain
[parten] and tender [tendar]. We use [A] to represent mid-central vowels in other
stressed syllables, such as suds [sadz] and the first syllable of flooded [flarad]. (Some
books use [2] to represent a mid-central vowel with r coloring. In systems using the

[2-] notation, person would be transcribed [pasan],
sir [s2], and perfain [paten].)

< Back Figure 3.5 shows the vowel chart of the Inter-
lell national Phonetic Association. Most of its 28

symbols are used for the sounds of the various lan-
guages whose vowel inventories we describe later
in this chapter. The IPA’s use of the terms “close”
and “open” parallel the use in this book of high and
low, while the IPA’s “close-mid” and “open-mid”
parallel our use of upper mid and lower mid,

VOWELS

Qpen-nud

——asn  Diphthongs
Whese symbols appear in pairs, the one .
to the right represents arounded vowel. English also has diphthongs, represented by

= pairs of symbols to capture the fact that a diph-
thong is a vowel sound for which the tongue
starts in one place and glides to another. Say
.html, available under a Creative Commons Attribution- these slowly to get a sense of what a diphthong

Figure 3.5 International Phonetic Association
Vowel Chart

Source; IPA Chart, hitp://www.langsci.ucl.ac.uk/ipa/ipachart

Sharealike 3.0 Unported License, Copyright € 2005 is: [a1] (as in try or ride); [au] (as in cow or loud);

[>1] (as in soy or toyed). You'll note a change in

their quality while you pronounce them. Try
again with ply, plow (or plough), ploy. (Some books transciibe these diphthongs
as [ay] or [aj], [au] or [aw], and [2y] or [2j], respectively.)

Thus American English dialects have up to 13 distinctive vowel sounds (plus
three diphthongs). In England and certain parts of the United States, including
metropolitan New York City, 16 distinet vowels and diphthongs exist. In some
North American dialects of English, speakers make no distinction between the
vowels of hawk and hock, so those dialects have fewer vowel sounds.

Other Articulatory Features of Vowels

To create differences among vowels, languages can exploit other possibilities
besides tongue height and frontness or backness. Vowels can have rounding,
tenseness, length, nasalization, and tone.
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Tab!e 3 2 French Vowels WIth Illustmave Words

Central

Vowel Sounds

Front Unrounded Front Rounded Unrounded Back Rounded

95

ORAL

high
upper mid
mid
lower mid
low

NASAL

lower mid &
low

i gris ‘gray’ il miir ‘ripe’ 2 chemin ‘path’ wu fou ‘crazy’
e fermé ‘shut’ ¢ jefine ‘fasts’ a par ‘by’ o mot ‘word’

e frais ‘fresh’ oe jeune ‘young’ 3 fort ‘strong’
& brin ‘sprig’ & brun ‘brown’ 5 fond ‘bottom’

3 faon ‘fawn’

Rounding High front vowels in English tend automatically to be unrounded (and
high back vowels to be rounded) as we saw above, but some other languages
have rounded and unrounded front vowels. French and German have high front
and mid front rounded vowels as well as unrounded ones. French, besides having
a high front unrounded [i} in words such as dire ‘to say’ and dix ‘ten,’ also has a
high front rounded vowel [ii], as in rue ‘street.’ French also has a contrast between
upper mid front unrounded [e] (as in fée ‘fairy’) and upper mid front rounded
[a] (feu ‘fire”) and between lower mid front unrounded [¢] (serre ‘hothouse’) and
lower mid front rounded [ce] (soeur ‘sister”). (See Table 3.2.) German has similar
contrasts. (See Table 3.4.)

Tenseness Languages may make a distinction between tense and lax vowels.
Lax vowels tend to be shorter and do not occur at the end of a stressed syllable;
they also tend to be more centralized than the nearest tense vowel. The contrast
between the [i] of peat and the [1] of pit is in part a tense/lax contrast; likewise
for the vowels in bait/bet and coved/could. Lax vowels don’t end a syllable (we
have [pij ‘pea’ but not [p1i except preceding a consonant, as in [pik] pick or [pat]
pit); they are shorter than their corresponding tense vowels and more centralized
in the mouth. Thus English has the lax vowels [1 £ u] as in pit, pet, put, and they
appear closer to the center on the vowel chart (see Figure 3.4), representing their
greater centralization compared to their tense counterparts. The corresponding
tense vowels are [i e u] as in beat, bait, boot, and in each case they appear
more to the periphery of the vowel chart than the corresponding lax vowel. The
vowels [ a] are lax and do not have corresponding tense vowels.
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Table 3.3 Spanish Vowels with Illustrative Words

Front Unrounded Central Unrounded Back Rounded
High i u
Mid e 0
Low a

i chiste ‘joke’ a mar ‘sea’ u sur ‘south’

e fe ‘faith’ o boca ‘mouth’

Table 3. 4 German Vowels with Illu.strauve Words

Central
Front Unrounded Front Rounded Unrounded Back Rounded
HiGH
long ir ii: u
short i i u
UPPER MID
long el o o
short e 0
MID
short 2
LOWER MID
long £
short e
Low
long a:
short a
it bieten ‘to wish’ {i: Mithle ‘mill’ a liebe ‘dear’ ur Hubn ‘hen’
i bitten ‘to request’ i miissen ‘must’ a: Rabe ‘raven’  u Mutter ‘mother’
e wen ‘whom’ @t Olig ‘oily’ a Ratte ‘rat’ o: Ofen ‘oven’
e wenn ‘when’ ce Rontgen X-ray’ 0 Ochs ‘ox’

g1 Kise ‘cheese’

Tabie 3.5 Japanese Vowels w1th Hlustratwe Words

Front Unrounded  Central Unrounded Back Unrounded Back Rounded

m

i
£

a
i ima ‘now’ a aki ‘autumn’ w buji ‘safe’ 2 yoru ‘to approach

& sensei ‘teacher’
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Dlscrete Sounds or Overlappmg Sounds

Alphabetrc wrltlng systems rely on'a nonon of dlscrete sotnds; and it is”
— useful to think of speech sounds as discrete, At the begmnrng of this chapter,

we identified words as having a specific number of sounds: sat with three, .~

untold wrth six. But in natiiral speech, sounds are not discrete and don t occur

separately Instead, more than touching the sounds on either side of 1t each

: ound 1n a Word (or an utterance) blends mto them to some degree

: "Imagme a cornputenzed sound synthes1zer that could create discrete sounds
— : at’ deem patiiral’ When spoken in 1solat10n—1t could produce the’ sounds [1], .

' [n] [k] 3, [u]; [d], [»]; and [d1.'If it put these sotnds together in the se- .
quence [mkludad], you mlght expect to hear'a pronuncratlon that resembled
the word included. But it would not sound like included.: Agitis usually pro-

: nounced mcluded does not have the same [ sound that oceirs in sit (for one -'

—_— : thrng, the [1] of included is nasallzed) Further the’ [n] of inclided i is often’ pro-
' nounced more like the: [13] ‘of sing as the vocal tract posrtlons itself in anttcrpa— '
tion of the velat [k] sound that follows. So if natural—soundmg words are the
goal their producnon cannot rely on a sequence of dlscrete 1nd1v1dual sounds

Even a computenzed sequence of ["] [13], [k] [I] [u] [d] [o] and [d]
wo_uld not sotifid natural. For one th1ng, the first and second [d] sounds of :
mcluded are different from one another (and neither of them i is Just tke the .
[d]-sound of dtg) Further, the 1nd1v1dual sounds: would have to rim: 1nto one’
another as in riatural speech They couldn’t be separated a§in print or a pho— :
net1c transcnpnon or beads on a string. In other words, without : some general ;
— _ pr1nc1ples of’ pronunclatlon a computer couId not simply cornbme the sounds’
: represented in spelling or ever a phonetic transcr1ptlon and produce synthe— .
51zed speech that sounded like natural’ speech Stili; we know from everyday .
encounters on the telephone when checkmg a bank account balance or mak: _
ifig'a directory inquiry to find someone’s telephone nimbet or estabhshmg amn”
airplane reservation that' computenzed speech often sounds surprlsmgly natti:
ral. How does that happen? We return to that quesnon in the next chapter

>

her

Length Vowels can be of varying lengths. Long vowels are held longer when

pronounced than short vowels. In phonetic transcriptions a special colon or

doubled vowel symbol may be used to indicate a long vowel. (In dictionaries

—_— and some writing systems, a macron { ~) above the vowel symbol may indicate

' length.) German is a language where each vowel has a contrasting long and short

version. Thus, in addition to the short vowels [i] and [ii], as in bitten “to request’

and miissen ‘must,” German has words with high front long vowels: unrounded

[iz] in bieten ‘to wish’ and rounded [ii:] in Miihle ‘mill.’ These examples illustrate

how languages can multiply vowel differences by exploiting length. To sense

differences in the duration of vowels, pronounce the English words bit, beat, and

bead. You should be able to hear that the vowel of bead is held longer than the
vowel of beat, and that both are held longer than the vowel of bit.

oach’
Nasalization All vowel types can be nasalized by pronouncing the vowel while

passing air through the nose and through the mouth. The IPA marks nasal vowels
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Figure 3.8 Four Tones in Mandarin Chinese for our purposes here, but just in case you

R R Y L TR aeus

AsemausEwnsn e B

by placing a tilde [T above the vowel symbol. French has several nasal vowels
paralleling its oral vowels:

Iin f1E] “flax’ lait Tle] “milk’
ment [ma] ‘(he) is lving’ ma [ma] ‘my’ (feminine)}
honte [5t] ‘shame’ hotie {ot] ‘huteh’

Irish, Hindi, and the Native American languages Delaware, Navajo, and
Seneca also have nasal vowels.

Tone In many languages of Asia, Africa, and North America, a vowel can be
pronounced on several pitches and will be perceived by native speakers of those
languages as different sounds. Typically, a vowel pronounced on a low pitch
contrasts with the same vowel pronounced on a higher pitch. In Hausa, spoken
in West Africa, the word for ‘bamboo’ is gdrd, with high tone { * ) on the first
syllable and low tone ( * } on the second syllable. If the tones are reversed as in
the word gord, the meaning is ‘large gourd.” Some languages have more complex
tone systems. Mandarin Chinese has a high level tone (symbolized with ~); a rising
tone { *); a falling-rising tone ( 7 ), in which the pitch begins to fall and then rises
sharply; and a falling tone (* ), in which the pitch falls sharply. There is a four-way
contrast in tone among the following vowels, which makes them independent and
different words,

i (high level) ‘one’

i (rising) ‘proper’
¥ (falling-rising) ‘already’
i (falling) ‘thought’

While tone is a linguistic notion, pitch refers to a physical sound and, because
pitch ranges differ between individuals (for example, men have characteristically
lower pitch ranges than women) a hearer will perceive the relative differences in
a single speaker’s pitch range as the same pattern of linguistic tone as the relative
differences in another speaker’s pitch range. It is the levels of pitch relative to
one another within a speaker’s range that will be interpreted by a hearer as sig-
naling various linguistic tones. To put it another way, the physical characteristics
of a sound wave created by speaking may differ from person to person but will be
perceived by fellow speakers as signaling the same linguistic content. _
Figure 3.6 is a graphic representation of pitch contrasts for the four Mandarin

words listed above as they were pronounced by an adult male native speaker of
Mandarin. The left-most line—for high level tone i—is relatively high and flat
compared to the others. The second pitch contour to the right—for rising tone
f—starts relatively low and rises. The third contour—for falling-rising i—initially
falls somewhat and then rises dramatically. The right-most pitch contour—for
falling i—begins high and falls steeply, Because the values for these different

; tone pitches are not important in absolute
I terms, we haven’t indicated the pitch fre-
/ \j quencies in the figure. You needn’t be inter-

ested in the physics of these particular tones
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wish to know, the fourth contour falls
from about 220 Hz to 60 Hz (Hz stands
for Hertz and is the measure of a sound
wave’s frequency in cycles per second).

A given diacritic, or accent mark,
may represent different tones in different
languages. Thus, “represents a high tone
in Hausa but a rising tone in Mandarin,
while * represents a low tone in Hausa
but a falling tone in Mandarin.

Thai has five tones; the standard dia-
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Try 1t Yourself Figure 3.6 was-
/ ‘made’ usmg the Praat software program :

'(freeiy avarlable for downloadlng at cwww, praat org>).

Usmg Praat you will be able to record and examine.
a spectrogram of these four tones with the help of a.
: Mandarln -speaking classmate. The patterns W}” Iook

<e those shown in the ﬁgure

lect of Viemmamese has six tones; and the Guangzhou {Canton) dialect of Chinese
has nine tones. Tone, as you can see, is a widespread and diverse phenomenon.
Tables 3.2 through 3.5 are vowel charts illustrating the sound patterns of

French, Spanish, German, and Japanese.

Table 3.6 summarizes all the consonant sounds introduced in this chapter,
while Figure 3.5 summarizes all the vowel sounds.

Table 3.6 Consonants chussed in Chapter 3

PLACE OF ARTICULATION

Manner of

Articulation Labioden- Inter- Postal-
and Voicing Bilabial tat dental Alveolar veolar Palatal Velar Uvular Glottal

STOPS

voiceless
voiced

NASALS

FRICATIVES

voiceless
voiced

AFFRICATES

voiceless
voiced

APPROXIMANTS

s
d

voiced central
voiced lateral

OTHERS

r (IPA 1)
1

voiced trill

. voiced tap

F(IPA 1)
{
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COMPUTERS AND PHONETICS

Who Speaks for Watson? Who Listens for Watson? In
early 20711, IBM’s computer named Watson competed
against two human champions or the popular televi-
sion game show Jeopardy! To maximize their winnings,
as you may know, contestants must speedily and cor-
rectly offer a question whose answer is the prompt just
presented by the host. Among the prompts challeng-
ing these contestants was this one: “While Maltese
borrows many words from lItalian, it developed from
a dialect of this Semitic language.” “What is Arabic?”
Watson immediately replied. To the prompt “Aeolic,
spoken in ancient times, was a dialect of this,” Wat-
son also replied correctly: “What is Ancient Greek?" To
the prompt “Vedic, dating back at |east 4,000 years,
is the earliest dialect of this classical language of In-
dia,” Watson knew the correct question: “What is San-
skrit?” Racking up impressive wins over the course of
three days, Watson outperformed both of the human
champions and spolke his replies with a high degree of
naturalness, though not enough to hide the fact that
his speech was synthesized. The computer gave voice
to its answers using a sophisticated text-to-speech
syrthesizer that had been improved greatly by IBM in
the year leading up to the much anficipated contest
between human and machine.

Greatly impressed with Watson’s performarce, most
television viewers and some journalists likely believed
that Watson was responding to host Alex Trebek’s

spoken prompts. Watson could

speak and was widely thought to

recognize and understand speech

as well. In fact, Watson could net

recognize speech! Instead, when a written question was
revealed to contestants and read aloud by Alex Trebek,
Watson received an instantaneous ASCII-file formatted
version of the written prompi. A written versicn of the
prompt is visible to contestants while the host reads it
aloud, and attempted answers are not possible until the
prompt has been fully voiced.

Producing synthesized speech from written text
(speech synthesis) and producing written text from
spoken language (speech recognition) are complex
enierprises, and great progress has been made in both
directions. Software reflecting impressive speech
synthesis and speech recognition capabilities is in-
creasingiy available in the marketplace. Apple’s Siri re-
ceived a good deal of attention when it was released,
and Apple boasted in its advertising that “Siri not only
understands what you say, it's smart encugh to know
what you mean.” Competitors offer systems of their
own. But don't be fooled into thinking that speech
recognition and speech synthesis are straightforward
or fully developed. The technology and language anal-
ysis that lie behind these scftware systems are enor-
mously complex and have taken more than a century
to develop. =

i

Summary

................. 4iMsssssasssanaasianaabiana

............................................... wd4rrtasisasasnannrun

 Sounds must be distinguished from letters and other visual representations of

language.

Phonetic alphabets represent sounds in a way that is consistent and
comparable across different languages; each sound is assigned a distinct
representation, independent of the customary system used to write a particular

language.

With few exceptions, this chapter uses the International Phonetic Alphabet (IPA)

to represent sounds.

All languages contain consonants and vowels.

Consonants are produced by obstructing the flow of air as it passes from the
lungs through the vocal tract and out through the mouth or nose.

For fricative consonants, air forced through a narrow opening forms a
continuous noise, as in the initial and final sounds of says [sez] and fish [fif].
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For stop consonants, the air passage is completely blocked and then released, as

in the initial and final sounds of the words tap and cat.
Affricates are produced by combining a stop and a fricative, as in the initial sound

“of cheat and the final sound of peach and the initial and final sounds of judge.

As a group, fricatives, stops, and affricates are called obstruents.
An approximant is produced when one articulator approaches another but the

“yocal tract is not sufficiently narrowed to create the audible friction of a conso-

nant, as in the initial sounds of west [west], yes [jes], rest [rest], lest [lest].
41 jquid” is a cover term for [r] and [1] sounds.

- Consonant sounds can be described as a combination of articulatory features:
‘: yoicing, place of articulation, and manner of articulation. For example, [t] is a
" voiceless alveolar stop and [v] a voiced labio-dental fricative.

Vowels are produced by positioning the tongue and mouth to form differently
shaped chambers and passages.

The airstream for oral vowels passes through the mouth; for nasal vowels, the
airstream passes through the nose or the nose and mouth.

Vowels are described by relative height and relative frontness in the mouth. For
example, [z] is a low front vowel and [u] a high back vowel.

Secondary features of vowel production—such as length, nasality, tenseness, or
rounding—are sometimes specified, as in “long vowel” or “nasal vowel.”

In many languages, vowels can be pronounced on different pitches, or tones.
Languages differ from one another in the number of speech sounds in their
inventories.

Although linguists find it useful to conceptualize the sounds of speech as sepa-
rate and discrete from one another, the sounds of natural speech are connected
and overlapping.

What Do You Think?

rErbmdrbabas ouny

. How many vowels? An easy way to figure out which vowels exist in English is

to take a simple word frame like b_t and see how many different vowels you
can set inside to produce a different word: bit, beet, bet, bait, bat, but, boot,
boat, bought, bot, bite, bout. One vowel that doesn’t occur in that frame but
occurs in the p _t frame is put. That’s already 13 vowels, far more than the
five suggested by those in the alphabet.

. Sounds and letters. Ron rejects < ph> for physics because an <f>> spelling is

available. But he can’t object to <th> for the initial sound in then and final
sound in smoeoth; <sh> for the initial sound in ship and final sound in wish;
<ch> as the initial sound of chair, the final sound of which, and the initial
and final sounds of church.

. Put and putt. English words that are pronounced and spelled differently but

whose spelling difference doesn’t correspond to the pronunciation difference
include satin/Satan; bit/bite; lit/light; woman/women.

. Organs of the vocal tract. Bio major Bill is right. The organs we use to produce

human speech evolved to serve more basic functions, including eating and
breathing. Speech has likely evolved to take advantage of the organs avail-
able for those basic functions.
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Exercises

¥ Practlce ExerCIse

- The Words in each mmlmal pair below d1ffer from one another in only a smgle
consonant, and within each pair the different consonant sounds differ in onky
onie or two propertles {voicing, manner of articulation; or place of artmulatu)n)
For each pair, give the IPA symbols for the contrasting consonant sounds and

then 1dent1fy the properties that d1fferent1ate the consonants :

Examples fat/vat f/v (V01c1ng) vat/‘rhat V/ﬁ (place of arﬂculaﬁon), wren/red:
n/d (manner of artlculatlon) : '

“singsing ither/ether
pit/bit 7 arrive/arise

; pit'/pick'" : oo thief/fief oty

“dig/gig .0 - chief/sheaf

Cten/den’ - tung/young

© Sam/sham*:* © rung/rum-

- shirk/jerk . climb/crime’ "

~many/penny.: - farm/charm

Based on English

3-1. Referring to Figure 3.5 and Table 3.6 or the inside back cover, give a phonetic -
description of the sounds listed below, For consonants, include voicing and
place and manner of arficulation. For vowels, include height, a froniness/
backness dimension, and (where needed) a tense/lax distinction. Examples:
[s]—voiceless alveolar fricative; [i]—high (or close) front tense vowel

Consonants: [z} [t] £b3 [n] [n] [x] [i] 5] [83 [&]
Vowels: [e] [ee] [5] [13 [u1 [o] [] [a] [e] [a1]

3-2. A pair of words that have the same sounds in the same order, except that a
single sound differs, is called a minimal pair, as in these examples: pit [pit] /
bir [bit]; bell [bel] / bill Tbill; and either [idor] / ether [i8ar].

a. For each of the following pairs of English consonants, provide minimal
pairs that illustrate their occurrence in initial, medial, and final position.
(Examples are given for the first pair.)

Initial Medial Final

[s] [z1 sue/200 buses,/buzzes peace/peas
[b]
[b]
[t]

{1

[t]
[s]
[r]
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Exercises

b. For each vowel pair below, cite a minimal pair of words iHlustrating the

contrast.
Example: [u] [] boot/bat.
Li] [1; [ond [atl; [ul [u]; [=] [e]

Write out in ordinary spelling the words represented by the following tran-
scriptions. Examples: [pen] pen; [smok] smoke; Tbanzns] banana

[ton] [pleerar] Heeggwadg] [traept]
[Hip] Ipreparefon]  [Gwort] [diz]
[Gerad] [adarwarz] [lavd] [plezar]
[anar] [feralistak] [managomas]  [{ronersk]

[spauts]

[81s]

[kwikH]
[entarpraiziig]

Below are phonetic transcriptions of the names of popular movies, Write the
names using ordinary English spellings. Example: for [bari] you would write

Buddy; for [8o durk nait raizaz], The Dark Knight Rises.

[argo]

[eevatar]

[morf kantri]

[dgengo antfend]

[marvalz 8i avendgarz]

[prard an predgadas]

[02 hapger gemz]

fgud nait an god 1ak]

[lvan an 33 ffipmanks tfiprek]
[Jarlak homz o gem sv faedoz]
[slamdog miljener]

[8i omezm) spairar maen]

[heeri parar an 82 haf blad prms)
[farli an 8a faklat faektri / toklot]
[3o kjuries kes av bendsamsn batan]
[89 kranakolz ov narnia 8o laen ds witf an & wardrob]

For each word below-a broad phonetic transcription is provided, each tran-
scription containing at least one clear error. Identify the mistakes and correct
them.

spitting

trees

Spain
scientific
cutting
sketchy
women
psychological
cuddle

television

[sprtin]

[tris]

[spamn]
[sarontifok]
[kurng]

[sketfi]

[wimen]
[psatkeladgakal]
[kudal]
[telovizon]
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3-6. The transcription below represents one person’s reading of a passage about the:
actor Will Smith {adapted from Newsweek, July 7, 1997). The transcription
does not represent secondary features such as vowel length or consonant aspi
ration, and capitalization and punctuation are not represented. Write out th
passage using ordinary English spellings, as indicated in the first few lines and -
the last line. '

wil smi8 heez 3 dark feral flo Will Smith has a dark, fatal flaw.

1ts an absefan av sorts It’s an obsession of sorts, .
de kamnd ov 61y Baet ken draiv lavd the kind of thing that can drive loved’
wunz krezi ones crazy. '

on mait iven f alaud ta ran amak

direl on dobilatet an adorwarz pramasig karir

hi hets bad greemor

pronansiefan erorz misteks av eni liygwistak sort

de mek hum nats

hiz garlfrend 8i sektras dseds pmkat noz ot

akezanali m der dzentlost most keerig we

e trar ta kofon him sbauvt §9 siriasnas ov hiz oflikfon

str1g daon ovar brekfast wun morni

m der spaend| starol vilo avtsaid ele

pigkat kaests o tenarov gleens m hiz dorekfon

wat wor jo telmy mi 8i ador de (i sez

Saet pipal se 8o ward ofan latk of fan wen 1ts rili pranaunst of ten
smid lukmy sporri an prapar in 8 wart reelf loren polo fort
wart swetpaents an natki er Ap tempoz

sets daun o plerar av benzna penkeks wid a disapruvin Oad
no no hi sez

Jo rait we 1z ofan

pipal hu pronavns de ti ar trany te saun sefistekerad

bat de dgast savn rog

pkat gigolz den ofeks o suparmeen ton av vois

1ts @ niaon Its @ varb

no 1ts kaepton karekfon No, it’s Captain Correction.

3-7. The following transcription represents one person’s reading of a passage
about love potions (adapted from The FEncyclopedia of Things That Never Were,
p. 159). Write out the passage using ordinary English spellings.

®z 0o nem mdakets As the name indicates,

Oiz pofenz ar kampaundad these potions are compounded
spasifakli specifically

tu atraekt 2 sabdgekt to attract a subject

hu 1z rilaktent te serendar who is reluctant...

to wunz karnal dozararz
da pofen me bi haed @ro prais from eni selkomist
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out the / or adar parsan skild in &2 preperefon av mam tlendgmy kampaunz
cription wit{az wizsrdz an sorsorarz
nt aspi- : hu ar denrali nat mirastad m iav
out the ar samtaimz anwili te manjofekifar da pofenz
nes and ' da partiasarz onli prablam me bi deet ov parswerim
&1 abdgekt ov hiz or her dezarer
ta swalo eni av da pofan
3 risant resopi for @ lav pofon mklurad
e loved dindgar smemon draid on gravnd grep sidz
atstar elk eentlor an tel her from 9 mel enomel
nd eni surabol abdzekt fram &2 parson
sat] &z hiz or hor nel klipigz

Transcribe each of the following words as you say them in casual speech.
(Dow’t be misled by the spelling; it could be helpful to have someone else pro-
nounce them for you.) Examples: bed [bed]; rancid [raensad]; shnook [{nuk]

changes mostly very friend teacher
semantics system ready more musician
crackers peanuts palm music photographer
pneumonia attitude psalm fuel photograph

Examine the following list of consonants as they are represented in four popu-
lar dictionaries (the first three are American; COD is British), and compare
the dictionary symbols with the IPA symbols. The abbreviation MWCD stands
for Merriam-Webster’s Collegiate Dictionary, eleventh edition; WNWCD for
Webster’s New World College Dictionary, fourth edition; AHID for The American
Heritage Dictionary of the English Language, fifth edition; COD for The Concise
Oxford Dictionary of Current English, tenth edition.

IPA Symbol MWCD WNWCD AHD

p p P
k k k
th th th
th th th
s ] s
sh
zh
ch

i
ng

h

y

Q
o]
=]

passage
er Were,

L = e LT B - B o B < Bl v
—_ TS F W - D T

Some symbols used by dictionaries are the same as the [PA symbols, but not
all. North American dictionaries tend to prefer their own symbols, while the
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British COD leans strongly toward the IPA. Choose three sounds for which at
least one dictionary uses a different symbol from the IPA symbol, and discuss
why it might have been chosen.

3-10. Examine the following list of vowels as they are represented in three dictionar-
ies; compare the dictionary symbols with the IPA symbols, (See Exercise 3-9
for identification of the dictionaries.)

IPA Symbol Words MWwWCD WNWCD  AHD COD
i peat, feet é é é i
I pit, bit i i i I
] pet, bet e e é €
e wait, late a i a er
& pat, bat a a a

2 soda, item 2 2 2

A putt, love 2 u i

1 pool, baot i 00 00 u
U push, put i} 0o 00 U
0 boat, sold 5] o 5] U
b port, or o & 4] o
a pot, bottle a a 0 D
au cow, pout all ou ou auy
ar buy, tight i i i AT
o1 boy, toil oi oi oi o1

In contrast to their practice with consonants, desk dictionaries differ notice-
ably from one another and from the IPA in representing vowel sounds. Cite
three instances of a difference between a dictionary’s symbol and that of the
IPA, and discuss the advantages and disadvantages of the dictionary’s repre-
sentation as compared to the IPA’s,

3-11. George Bernard Shaw’s tongue-in-cheek claim that English spelling
is so chaotic that ghoti could be pronounced [fif] “fish” has been called
misleading. That judgment is based on observations like these: <gh> can
occur word initially in only a few words {for example, ghost and ghastly),
and then it is always pronounced [g]; only following a vowel in the same
syllable (as in cough and tough) can < gh> be pronounced as [f]; thus, ghoti
could not be pronounced with an initial [fi. What other generalizations
about the Fnglish spelling patterns of <gh>, <o0>, and <ti> can be used
to argue that Shaw’s claim is exaggerated?

Especially for Educators and Future Teachers

3-12. Your ESL class complains that English spefling is chaotic. Reading would
be easier, they say, if spelling reflected pronunciation. As examples, they
claim that electricity should be spelled < elekirisity > or < alektrisatee> and
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electrical <elektrikal> or <alektrakal >; likewise, they say, cats should be
spelled <kats>> and dogs <dogz>. In what sense could vour students’ claim
be right? On the other hand, what arguments could you offer in support
of the view that reading is easier with little or no variation in the spelling
of the FELECTRIC morpheme and the ‘PLURAL’ morpheme even when the
pronunciation differs? In other words, what good arguments can you offer for
keeping traditional spellings in such cases?

. As a follow-up to the discussion about consistent spelling of the same mor-
pheme in different words even when the pronunciation of that morpheme
differs in the words, you realize that native speakers from different regions
have different vowel pronunciations. Some have the same pronunciation for
talk and tock (and walk and wok), while others do not pronounce these pairs
alike. What would vour student spelling reformers propose to accommodate
these pronunciation differences across different groups of speakers?

. Your ESL class notices that you pronounce words like later, fatter, and metal
as though they were spelled with <d> instead of <t>—you pronounce
them as in lady, ladder, and medal. They ask why you don’t pronounce them
with the [t] sound of the spelling. What’s your explanation?

LISU Website: http://www.CengageBrain.com For users of this textbook. Pro-
vides updated Internet links as well as supplemental material for students and in-
structors. Here you will find interactive learning tools.

International Phonetic Association: http://www.langsei.ucl.ac.uk/ipa/ Here
yvou'll find the most up-to-date version of the IPA, including vowels, consonants,
diacritics, suprasegmentals, tones, and word accents. You'll also find links to sites
where you can download IPA fonts for your word processing programs, as well as
information about recordings of the sounds of the IPA.

UCLA Phonetics Lab Data: http://www.phonetics.ucla.edu/course/chapterl/
chapterl.html Here you'll be able to hear all the speech sounds represented in the
IPA charts.

The Sounds of the TPA: http://www.phon.ucl.ac.uk/home/wells/cassette.htm
A cassette and CD of the sounds of the Internaticnal Phonetic Alphabet are avail-
able. For ordering information, use the link at the IPA home page or go directly to
this website.

Signal Analysis and Interpretation Laboratory: http://sail.usc.edu/span/
video.php At this site yo'li find fascinating MRI video clips of people pronouncing
many sounds of American English and Indian English. Images of the tongue and its
movement, as well as other features of the vocal tract pronouncing various sounds.

Exercises
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Suggestions for Further Reading

Michael Ashby & John Maidment. 2005. Introducing Phonetic Science (Cambridge, UK:
Cambridge University Press). A basic treatment with separate chapters on voice, place of -
articulation, manner of articulation, suprasegmentals (like tone), and speaker and hearer;
also a good introductory treatment of instrumental phonetics.

Dani Byrd & Toben H. Mintz. 2010. Discovering Speech, Words, and Mind (Chichester:
Wiley-Blackwell). An accessible, richly illustrated, and accessible book exploring the speech
production and perception and the relaticnship of speech to language and mind.

David Crystal. 2008. A Dictionary of Linguistics and Phonetics, 6th ed. (Oxford: Wiley-
Blackwell). A helpful source of information about the meanings of terms. :
Peter B. Denes & Elliot N. Pinson, 1993, The Speech Chain: The Physics and Biology of -
Spoken Language, 2nd ed. (New York: Freeman). An accessible account of the physics and
biology of speken language; inciudes chapters on acoustic phonetics, digital processing of -
speech sounds, speech synthesis, and automatic speech recognition. .
Peter Ladefoged. 2012. Vowels and Consonants: An Introduction to the Sounds of -
Language, 3rd ed., revised by $andra Ferrari Disner (Malden, MA: Wiley-Blackwell),
Offers clear explanations of the articulatory characteristics of vowels and consonants, with
accessible chapters on acoustic aspects of speech and on talking and listening computers,
Highly recommended.

Peter Ladefoged & Keith Johnson. 2010. A Course in Phonetics, 6th ed. (Boston: .
Wadsworth). An excellent introduction to the production mechanisms of speech and the .
variety of sounds in languages. .
Peter Ladefoged & Ian Maddieson. 1996. The Sounds of the World’s Languages (Malden,
MA: Blackwell). An advanced treatment of the articulatory and acoustic phonetics of the
various sounds in the languages of the world.

Ian R. A. MacKay. 1991. Phonetics: The Science of Speech Production, 2nd ed. (Boston:
Allyn and Bacon). A complete elementary treatment of all aspects of phonetics; accessible
with excellent illustrations.

Ian Maddieson. 1984. Patterns of Sound {Cambridge, UK: Cambridge University Press). An
inventory of the sounds in a representative sample of the world’s languages; the inventories
vary from a low of 11 to a high of 141 sounds. :
Geoffrey K. Pullum & William A. Ladusaw. 1996. Phonetic Symbol Guide, 2nd ed,
{Chicago: University of Chicago Press). Discusses the various symbols used in the International
Phonetic Alphabet (IPA) and by other writers in their treatments of phonetics and phonology;
arranged like a dictionary, with each symbol clearly illustrated.

Michael Stubbs. 1980. Language and Literacy: The Sociolinguistics of Reading and Writing
(London: Routledge). Contains an excellent discussion: of the relationship between sounds
and spelling in English and other languages; offers insights into the problems facing spelling
reform.
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' What Do You Think?

» On a visit to Paris with your cousin Kristen, you witness her carrying on
). An ' a Hvely conversation in French with a taxi driver taking the two of you to
itories : your hotel—and you're impressed with her. Then, as you arrive at the hotel,

oston:
:ssible

the driver asks Kristen whether she’s Canadian or American. You can see
she’s crestfallen, and because she knows you've taken a linguistics course,
she later asks you which features of her pronunciation betrayed her identity
: as an English speaker and why she hasn’t been able to eliminate them. What
riting do you say?

ounds The office receptionist at work hands you a written message that reads “Call

d ed.
tional

ology;

elling Jules Biker.” You're puzzled because you don’t think you know anyone by

that name. Aiming to jar your memory, you say “Jules Biker” aloud several
times and the penny falls: it refers to your friend Jewel Spiker. When you
tell Jewel about the misspelling, she can’t imagine what accounts for the
receptionist’s perceiving p as b. Can you explain it?

Techie friend Tamniy claims machines nowadays can synthesize speech

so well that it’s impossible to tell the difference between a machine and a
real human being. Impressed with voiced answers to questions your friends
have asked their smartphones, you're less skeptical about Tammy’s claim
than you would have been a few years before, so you resolve to explore the
subject. After 20 minutes on the Internet, what do you discover about the
quality of today’s speech synthesis?
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* Classmates Simona from Seville and Pablo from Puebla speak Spanish na-
tively and their English grammar and pronunciation are generally excellent
So you are puzzled by their pronunciation of words like speak and study
as though they were spelled “espeak” and “estudy”: they say [espik] and
[estadi]. You are curious about the Spanish sound system and what prompts;
those pronunciations of English words. You investigate and find what?

Introduction: g@wdg in the

............................................................................ D

This chapter focuses on the systematic nature of speech sounds in languages.
It examines which phonetic distinctions are significant enough to signal differ-
ences in meaning in a language, the relationship between how seunds are stored
in the brain and how they’re pronounced in a language, the ways in which-
sounds are organized within words in a language, and the influence neighboring-
sounds have on one another in pronouncing words in a language. _

To appreciate the aspects of sound systems analyzed in this chapter, yowll
find it useful to bear two important peints in mind as you read. The first is that
words need to be readily pronounceable. Although that peint may seem obvious
(after all, pronunciation can’t exceed the limits imposed by the human vocal
apparatus), what is less obvious and sometimes a challenge to realize when you
think about the sounds in a word is that the vocal apparatus must move continu-
ously from one sound to the next as a speaker talks. The second point, just as ob-
vious but easy to overlook in language, is that listeners need to perceive different
words as different. To put it another way, listeners need to recognize contrasts
between one sound and another. If different sounds aren’t easily recognized as
different, hearers won’t be able to tell
readily enough what a speaker is at-
tempting to say. To take a simple exam-

& ple, if you say, “I want new shoes” and
that you mlsunderstood to mean something altogether your addressee hears, “I want you to
different. If you can 't remember one, try to imagine choose,” confusion will arise. Likewise

e o for “Don’t reply to him” and “Don’t rely
on him,” “Don’t strategize” and “Don’t
stretch your eyes.”
Unless words and utterances are heard as distinct from one another, under-
standing another speaker would require mental telepathy. If very young children
could be understood as meaning the many different things they intend when they
say only “bah,” what motivation would they have to learn their language—in other
words, to differentiate among words? As we'll see, much of what happens in the
sound patterns of every language seems to be influenced by those two simple facts:
words must be easy to pronounce and words spoken must be heard as distinct.

It’s useful to approach sound systems from the point of view of children acquir-
ing a native language. Imagine the task of an infant listening to utterances made by
parents, siblings, and others. From the barrage of utterances encountered in early
life, a child must decipher a code and learn to speak his or her mother tongue.
In addressing children, caregivers in some cultures use slow and careful speech,

Try It Yourself Think of a statement

made to’ yoli or a question asked of you

E ‘sucha palr S
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sometimes called “baby talk,” but they don’t do it consistently, and not all cultures
follow that practice anyway. To make matters more difficult, the utterances that
children do hear are often incomplete, interrupted, or flawed in other ways, Still,
¢hildren learn their mother tongue and they learn it quickly and efficiently. (And
bear in mind that children—lile the rest of us—must learn that words produced
by one person, though very different physically from words produced by another
p_'erSon——are nevertheless the same word. In addition, what language a child hears
is often heard in the midst of other people talking to one another but not to the
child or with a television or radio in the background, with still other people speak-
jng. So focusing on a particular stream of speech must be achieved, too.)

¥ In Chapter 3 we distinguished between the number of letters in a written
word and the number of sound segments in its pronunciation. We took it for
grfanted that words contain a specific number of sound segments—three in pot,
four in plot, and five in plots. But in their early months children would seem to
have no ready access to that information. Attempting to separate words from one
another, never mind sounds, in even a few seconds of a conversation or radio
broadcast in an unfamiliar language demonstrates how difficult a challenge it is
beécause words run together in utterances in every language.

?

: .Wordsprintedwithoutspacesbetweenthemareprettytoughtoread, aren’t they?

~As you recognize, sorting out the individual words from one another would
t be easy. Actually, the task is even more difficult than the run-together words
in the printed sentence might suggest because the letters in the sentence above
ifferent: ¢ discrete and separated from one another (w, then o, then r), but in speech
Jntrasts the individual sound segments blend together into a continuous stream. To take
th'_é analogy one step further, imagine attempting to spot the beginning and end
points of each letter in a handwritten sample: this imaginary chailenge more
closely reflects the one infants face in deciphering the code of distinctive sounds
in their language. Consider the following:

Tn canadue voniting the lettens of each word are joiued together.

Although anyone who knows English and the alphabet and can decipher this
handwriting could count the letters in each word, there isn’t any clear separation
between letters in most of those words. Within a word, letters blend into one
ariother, and in speech, sounds blend into one another: there is no separation
between the individual sounds of a spoken word, and typically no separation
between one word and the one following it—no beginning and no end for most

-the individual sounds in the speech stream. Children nevertheless learn the

in other ~ words and sounds of their language with astonishing ease.

5 in the

hysical Sounds and Sound Spectrograms

If you examine a physical “picture” of a word as made by a sound spectrogram, as in
Fi’g‘ure 4.1, you can see that there is no separation between the sounds. One reason
or the continuity between sound segments is that a segment’s phonetic features—
for example, voicing and nasalization—do not all begin or end simultaneously.
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gins the words. To pronourice twin the lips are rounded,
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- Try It Yourself Say the words tin and vidual phonetic features of an upcoming
twin aloud, and you'll notice that your lips segment are anticipated in pronouncing

are shaped very differently for the /t/ sound that be- a preceding segment, and features of a

Figure 4.1 Sound Spectrogram of Utterance: “Weren't you here

To say the word twin, you don't say {t]';- :
then [w]; then [1]; then [n]. Instead, indi-:

segment may be continued into the next .
segment. For example, the rounding of ;

but not when you say fin. P'ra'cti;e saying those two the lips that characterizes the pronuncia- -
words until the reason for the difference becomes clear, tion of [w] affects the character of the :
What is it? Try also tin and tune and kit and quit. preceding [t] in twin. And the vowel [1],

in anticipation of the nasal [n] ahead, is
itself nasalized.

Stmilarly, the voicing feature of a voiced sound may be discontinued in anticipa-
tion of a following voiceless sound. In saying lint, for example, the tail end of [n]
will be devoiced in anticipation of the following voiceless [t]. Figure 4.1 presents a
spectrogram that illustrates how the utterance Weren’t you here yesterday? appears
acoustically. There isn’t any separation between sotinds within a word or between
one word and the next. In the same way, the acoustic signal picked up by an infant’s
ears is continuous, and part of a child’s task is to sort out words within sentences
and sound segments within a word.

What a Child Must Learn

Children pass through stages in learning words. Some children appear to take up
phrases and clauses in utterances as whole units and later to dissect them into
parts (a gestalt approach). Others manage a more analytic approach from the
start, taking up words directly and constructing phrases and clauses from them as
necessary. All children eventually sort utterances into distinct units of meaning.

What kind of information must a child learn about the sounds of a word?
What is needed just to recognize a word? For one thing, a child must recognize
pronunciations of a given word by different people as the same word, as we
indicated above. Even when saying “the same thing,” the acoustic signals dif-
fer when produced by an older person and a younger one or by a man and a
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woman—and therefore the acoustic signal heard by the infant also differs signifi-
Tcantly. To understand speech it is essential to disregard certain voice character-
stics and to disregard the particularities of volume, speed, and pitch of different
speakers. For another thing, a child must observe not only the sound segments
:in a word but the order in which they occur—not only that car contains the three
> gound segments [k], [} and [t] but it has them in that order. And, of course, in
- sorne fashion a child must know the phonological features that characterize each
- segment—for example, that [k] is a voiceless-velar-stop and [t] a voiceless alvealar
stop. Perhaps to put it in a way easier to understand, the child must know that [k]

" and [t] are different sounds, though they are very much alike in most ways.

Phonemes and Allophones

To understand what is being said, a child must disregard differences in the voice
quality of different speakers, as we've said. Beyond that, a child must also learn

[th that the same sound is pronounced differently in different contexts—in other
adi- words, that physically different sounds may be different pronunciations of “the
iing same sound.” We've already mentioned the different /t/ sounds in tin and fwin.
ing ‘  Here are some additional examples. Without being aware of it, English speakers
f a ; pronounce the words keep [kip} and cop [kap] with different [k] sounds. If you
1ext ¢ alternately pronounce keep and cop, focusing on where your tongue touches
; of ; the roof of your mouth at the very be-
cia- ginning, you'll be able to notice that it
the . touches the velum farther back for cop | Try It Yourself Prepare to say keep.
i, . than for keep. The reason is that the [a] Then. once vour toneue is in position for
Lis sound of cop is a back vowel and the ’ Y g P

. [i sound of keep is a front vowel and the initial sound of keep, say cop instead. You'l! find that
ipa- in anticipation of the back vowel to fol- - you must reposition your tongue to do it. If you say cop
[n] low, [k] is pronounced farther back for  from the initial position for keep, it will sound peculiar or
tsa .

cop tha‘m when [k] precedes the front foreign. The need to reposition the back of your tongue

23S vowel in keep.
een As another example of a sound be- te achieve a natural pronunciation demonstrates that
nt's . ing pronounced differently in different the initial sounds of keep and cop are not identical,
ces - environments, note the sounds repre- :

sented by <p> in pot and spot or poke
and spoke. Hold the back of your hand
up to your mouth when saying these
word pairs aloud and you'll feel a dif-

Try It Yourself The aspiration accom-
panying the [p"] sound in pot and poke is

u . X ]
P felrence in the puff of air that accompa strong enough to blow out a lighted match held in front

nto nies the sounds represented by <p=>.

the In pot and poke it's aspirated, and we of the mouth. The [p] sound following [s] Tn spot and

1as - represent that puff of air, the aspiration, spoke is not aspirated and will not blow out a match. Try

ng. by a superscripted h: as [p"]. But after saying spot, spot, spot, followed by a single pot. If every-

rd? [s], the sound represented by <p> is thing is positioned correctly, saying spot will leave the

lize not aspirated, and we represent it as 8P Y, 3ayIng sp

e . i [p]. Thus, a more detailed phonetic match burning, but saying pot will blow it out. Be very

dif- representation of these words would be careful when doing this!

da [pPat] for pot and [spat] for spot.
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In discussing [p"] and [pl, we've noted that they occur in different positions;
or environments, within a word. The list of words below illustrates the environ:
ments in which aspirated [p®] and unaspirated [p] occur.

pot fpat]
poker [p"oker]
plate p"let]
spot [spat]
spine [spamn]
split [sphit]

Aspirated [p"] occurs at the beginning of words (pot, poker, plate) but not after -
[s1, where only unaspirated [p] occurs (spot, spine, split). When you have two
sounds and neither can occur where the other one occurs in a word, we say they
occur in complementary distribution, _

In the words listed above, aspirated [p"] occurs only word initially and un-
aspirated [p] only after [s]. English doesn’t have any words with an initial un-
aspirated [p] or any with [p®] after [s] in the same syllable. By definition, then,
[p"] and [p] are in complementary distribution. And because [p"] and [p] do not -
occur in the same position in a word, they cannot be the basis for distinguish-
ing one word from another. We say they cannot contrast, are not contrastive. In
order for [p®] and [p] to comtrast, there would have to be a pair of words like
[p"at] and [pat] or [sp"at] and [spat] with different meanings, but there aren’t
any such pairs. We conclude that [p*] and [p] cannot signal a contrast between
English words. Instead, they are different realizations of the same unit in the
English sound system, To different realizations of the same sound unit we give
the name allophones. Thus {p"] and [p] are allophones of /p/, and we call the
unit a phoneme: [p*] and [p] are allophones of the phoneme /p/ in English.

Note: To enclose phonemes we have started using slanted lines / / and to en-
close allophones we use square brackets [ ]. We will continue this practice, but
sometimes we will need to choose one representation or the other when either
one wotld serve. We use angled brackets < > to enclose letters, not sounds.

A phoneme is a structural unit in the sound system of a language, and the
set of phonemes in a language is the set of distinctive, or contrastive, sounds it
exploits. Allophones of a phoneme are realizations of a single structural unit.
They cannot create different words, so they are noncontrastive. Native speakers
of a language perceive the allophones of a phoneme in their language as the
same sound despite allophones having physical differences in pronunciation.
Thus English speakers regard [p”] and [p] as the same sound unit, namely /p/.
Likewise for the two [k] sounds of cop and keep—they appear in complementary
distribution (the first before back vowels and the second before front vowels)
and could not serve to differentiate between words: they are therefore allo-
phones of the phoneme /k/ and are perceived by English speakers as the same
sound unit.

Besides the aspirated and unaspirated allophones of /p/, there is a third
voiceless bilabial stop, which can occur in English words like map and stop. This
allophone can occur at the end of a word at the end of an utterance, as in Where’s
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the map? or Don’t stop! In this environment, the lips may remain closed, resulting
in a sound with no audible release, and we represent this allophone of /p/ as
[p"]. Now, you may have noted that this fact slightly complicates what we have
already said because both unaspirated [p] and unreleased [p'} can occur word
finally: they are not, therefore, in complementary distribution. When two pho-
netically similar sounds such as [p] and [p"] can occur in the same position in a
word but do not create contrasting words, they are said to occur in free varia-
tion. At the end of an utterance, English speakers can pronounce map as [map]
or [maep™] and stop as [stap] or [stap]. Both unaspirated [p] and unreleased [p7}
are allophones of /p/, and /p/ therefore has three allophones. But all of them are
voiceless bilabial stops. The same thing is true for aspirated, unaspirated, and un-

t after released voiceless alveolar staps: they are allophones of /t/. Likewise, aspirated,

e two - unaspirated, and unreleased velar stops are allophones of /k/. To recapitulate,

v they then, the allophones of a phoneme ocecur in complementary distribution or free

variation, and in no case can a change of meaning be signaled by different al-

nd un- lophones of the same phoneme.

ial un-

; then, Distribution of Allophones

do not :

iguish- It is helpful to view a phoneme as an abstract element in the sound system of a lan-

ive, In © guage. Perhaps thinking of a phoneme as a skeletal unit with bones but not a fully
ds like fleshed out pronunciation would be helpful. How a phoneme will be realized—
aren’t - fleshed out—depends on its environment. For example, the phoneme /p/ would

‘tween have the skeletal features voiceless bilabial stop and would be aspirated in some
in the environments (pot, pill) but unaspirated in others (sport, spell} and sometimes un-

je give " released (flop, blip). Its realization can be fully specified only when its position in

all the a word or utterance—its environment—is known.

h. We have just seen that, depending on where in a word it occurs, one allo-

| to en- - phone of a phoneine or another allophone is required. If you examine the sets
ce, but of words in Table 4.1, you'll see that the picture is more inferesting than that.

_either In these words the accent mark (") indicates the syllable that bears the primary
nds. stress (as in ridicule versus ridiculous).

nd the All the words in Table 4.1 share a feature: they all have a syllable-initial /p/.
unds it In column A primary stress falls on the first syllable—and /p/ is aspirated. In

al unit. column B, /p/ starts a stressed syllable that is not the first syllable of the word—

seakers ‘and /p/ is aspirated. Columns A and B thus demonstrate that /p/ is aspirated
as the - when it initiates a stressed syllable. In the words of column C, word-initial /p/
Jation.’ is aspirated although primary stress does not fall on the first syllable. In sum,
Iy /p/. /p/ is aspirated when it initiates a stressed syllable or when it is word initial.
wentary The words in column D demonstrate that /p/ is not aspirated when it begins
rowels) an unstressed syllable within, but not at the beginning, of a word. In sum, the
e allo- .. English phoneme /p/ is always aspirated word initially (whether in a stressed or
e same unstressed syllable—pérfect and perféction) and when it initiates a stressed syl-
: lable within a word (compiiter and Topéka but not tdper or copious).
a third Given these observations, we can be more precise in describing the distri-
»p. This . bution of the allophones of /p/, taking account of stress patterns. This we do
Where’s in Table 4.2,
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Table 4.1 Two Allophones of /p/ in English Words

A

B

C

D

[p"]
pédigree
pérsonal
pérsecute

[p"]
empdrium
compiiter
rapidity

[p"
petinia
patérnal
peninsula

(p]

rapid
émpathy
competition

pilgrimage compétitive pectliar computational

Allophones Distribution

In syllable-initial position in a stressed
(p"] syllable and in word-initial position

[p] Elsewhere

Contrast the facts about aspirated
[p"] and unaspirated [p] with the facts
about /p/ and /s/. A child aiming to
say sat but saying pat instead would
fail to observe one of the significant
differences in English pronunciation—
because /p/ and /s/ are distinct pho-
nemes and, as such, can distinguish
words, as in these pairs:

| Try It Yourself pronounce the words
papaya and purpose aloud to determine

“which of the four occurrences of /p/ are aspirated and
" which are not. Using the information about the dis-
tribution of /p/ allophones as described in Table 4.2,

explain their distribution in these two words:. .-

A B C D

/pit/ pit
/s1t/ sit

/sip/ seep
/sis/ cease

/leept/ lapped
/lest/ last

/pan/ pun
/san/ sun

The words in each pair differ by only a single sound but have altogether different
meanings. Two words that differ by only a single sound constitute a minimal
pair: note that the difference is one in sounds, not spelling. Minimal pairs are
valuable in identifying the contrastive sounds of a language-—its phonemes. Each
minimal pair above demonstrates that /s/ and /p/ are distinct phonemes of
English and not variants (allophones) of a single phoneme. The articulatory de-
scriptions of /s/ and /p/, as you will recall from the previous chapter, show that
they differ in place of articulation and manner of articulation but both are voiceless.

V474 B/
-voice
alveolar bilabial
fricative stop

Voicing -voice
Place of Articulation

Manner of Articulation




Introduction: Sounds in the Mind 117

‘To take another example, /s/ and /b/ differ from one another in place and
manner of articulation as well as in voicing.

/s/ /b/
Voicing -voice + voice
Place of Articulation alveolar bilabial
- Manner of Articulation fricative stop
1 o
nal The fact that /s/ (a voiceless alveolar fricative) and /b/ (a voiced bilabial stop)

contrast in English (as in the minimal pairs sorrow/borrow and grass/grab) dem-
“onstrates they are distinct phonemes.
' Realizations (allophones) of a single phoneme share most phonetic features
but differ in at least one feature—voicing (voiced vs. voiceless), aspiration (as-
pirated vs. unaspirated}, manner of articulation (for example, stop vs. fricative),
‘or place of articulation (for example, dental vs. alveolar). Consider the words
ssed ap [twp] and tab [t"zb]. The difference in meaning between them must be

n -signaled by the only difference in sound: the voicing that differentiates [b] from
[p]. In fact, the [p]/[b] distinction serves to differentiate hundreds of English
word pairs, including patter/batter and rope/robe. In other sounds of English the
voicing feature serves to differentiate thousands more.

The English phonemes /p/ and /b/ contrast in word-initial position (pit/bit)
pirated and word-final position (slop/slob), as we've seen. Sometimes, however, two
1@ facts sounds will contrast in some positions but not all. Two sounds are distinctive—
ning to different phonemes—if they contrast in any position. The minimal pair pit/bit

would (and many others) demonstrates that /p/ and /b/ are distinct English phonemes,

Zificant But English does not have any pair of words where /p/ and /b/ contrast in the

Ation— “position following /s/. In other words, there isn’t a pair like spat/sbat or spill/

¢t pho- - sbill, but that fact does not undercut the constrastiveness of /p/ and /b/ as sepa-

inguish . rate phonemes. (We return to this point later.)

Now, to illustrate how sounds can be organized differently within the sound

" systems of different languages, let’s consider bilabial stops in Korean. Like
English, Korean has three bilabial stops—[p™, [pl, and [b]—as in these words:

[phul] ‘grass’

[pull “fire’

. [papl ‘law’

}fﬁ.arent ' [mubap] ‘lawlessness’

inimal

irs are Because [p"ul] and [pul] mean different things and differ in only a single sound

s. Bach segment, they constitute a minimal pair and demonstrate that [p"] and [p] con-

‘mes of - trast and therefore belong to different phonemes in Korean. (Recall that in Eng-

ory de- | lish [p"] and [p] are allophones of a single phoneme.} Unlike English, Korean

yw that does not have a minimal pair in which [p] contrasis with [b]—there are no such
iceless. . pairs as pit/bit or mop/mob. Instead, in Korean {p] and [b] occur in complemen-

tary distribution: [b] occurs only between vowels or other voiced segments, as
in [mubap], where [p] never occurs. Given their phonetic similarity, this dem-
onstrates that [p] and [b} are allophones of a single phoneme. (Note in the list
above that the morpheme meaning ‘law’ occurs as [pap] and [bop].)

Table 4.3 shows that, between them, the two Korean phonemes /p/
and /pP/ have three realizations. It represents the fact that [p] and [b] are
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Table 4. 3 Three Sounds of Korean Tabie 4 4 Three Sounds of Engb.sh

Korean
Phonemes Sounds Phonemes Sounds

/P > [p"] [p"]
[p] i <:
P

/p/ <: [p]
[b] /b/ > [b]

Table 4.5 Three Sounds of Englzsh and Korean C’ompared

Sounds: English Korean
Phonemes and Korean Phonemes

[p"] /p°/
Ip}
/b/ » [b]

realizations—allophones—of /p/ and that [p®] is a realization—an allophone—of
/pP/ (whereas [p] is not). Table 4.4 shows that, between them, the two English pho-
nemes /p/ and /b/ have three realizations. It represents the fact that [p} and [p"] are
allophones of /p/ and that [b] is an allophone of /b/. Those patterns illustrate that,
among these sounds at least, voicing is not contrastive in Korean but aspiration is
contrastive. In English, on the other hand, voicing is contrastive but aspiration isn’t.
Table 4.5 combines the facts represented in Table 4.3 and Table 4.4. It cap-
tures the fact that English and Korean both have the three sounds [pl, [p™1, and
{b]. But they function quite differently in the sound systems of those languages. In
Korean, [p] and [b] function as the same sound unit, and [p"] is a different one;
in English, [p] and [p"] function as the same sound, while [b] is a different one.

Phonological Rules and Their Structure

You may be aware that French has nasal vowels. In fact, the nasal vowels of French

are so well known that you may think English lacks nasal vowels. In fact, English

does have nasal vowels, as in the words of column B in Table 4.6. The vowels

in those words are pronounced with

air passing through the nose, as well as

| Try It Yourself Pinch your nose through the mouth, whereas the words in
column A have oral vowels { pronounced
through the mouth). When you pro-
nounce the words of column B, air from
make no perceptible difference, but for those in column the lungs exits through the nasal passage;
B it will make a strlkmg dlfference ;wweo ot when that passage is blocked, the sound

e RN of the vowel changes perceptibly.

" closed while saying the words in Tablz 4.6.

You'll dlscover that for the words in columni A it szI




Phonological Rules and Their Structure 119

glish : If you search out nasal vowels in English
u_ """""" words, you’ll discover that ¢ll of them precede
ish one of the nasal consonants /m/, /n/, or /1/.
tds That’s another way of saying that the distribu-
tion of nasal vowels in English is rule-governed
and predictable: English vowels are nasalized Pen
before a nasal consonant. Since the distribu-  lime
tion is rule-governed, the occurrence of nasal broom
vowels cannot signal a meaning distinction. singer
There is no pair of English words distinguished
solely by virtue of one having a mnasalized
vowel and the other having the same vowel not nasalized. By contrast, in French
) and some other languages, nasalization can signal a difference in meaning because
< its distribution is not predictable by rule. Two phonetically similar sounds whose

distribution with respect to one another is predictable by rule constitute allophones
of a single phoneme.

Phonological rules (like the one governing nasalization in English) have
this general form:

A—-B/C_D

— . You can read this rule as “A is realized as B in the environment following C and
¢ preceding D” or, more simply, “A becomes B following C and preceding D.” The
1e—of . dash between C and D on the right side of the arrow indicates where what is on

hhpho- the left side of the arrow would occur. A, B, C, and D can be specified informally

"] are or in terms of phonological features. In cases where it is unnecessary to specify

© tha-t ’ both C and D, one of them will be missing. For example, the phonological pro-

tion 18 T :

I cess of nasalization in English can be represented as follows:

t cap- _ Nasalization Rule

1, and vowel — nasal /___ nasal

gtes. In ' (In words: vowels are nasalized when they precede nasals.)

it one;

> one. As we said earlier, in acquiring a word a child must learn which phonemes it
contains and the order in which they occur. As the English cop/keep alternation
shows for the allophones of /k/, and as the poke/spoke alternation shows for the
allophones of /p/, a child must also learn the rules that determine the particular

--------- . allophones of a phoneme depending on its position in a word and the character

‘rench of nearby phonological features such as nasal or voicing or position in a word or

nglish . syllable. For example, for each word in Table 4.6, a child doesn’t have to learn

rowels whether its vowel is nasalized or not: the nasalization rule will apply only to

with the words in Column B because only those words meet the structural conditions

vell as specified by the nasalization rule.

wdsin The situation for a child acquiring Korean [p] and [b] is parallel to that of

unced an English-speaking child acquiring nasal vowels. Since [p] and [b] never con-

| pro- trast in Korean, they are allophones of a single phoneme and have only a single

r from representation in the lexicon. Of course, speakers must also know the phono-

1S5AZE; logical rule that specifies the distribution of the allophones: [b] between vowels

sound (and other voiced sounds) and [p} elsewhere. The alternative to having a single

representation in the lexicon for [p} and [b] would require a specific differentiation
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between these sounds in every word that contains either of them. For example,
/pap/ ‘law’ and /mubap/ ‘lawlessness’ would have different specifications for [p]
and [b]. But to have different specifications for [p] and [b] in the mental lexicon
of a Korean speaker would be equivalent to an English speaker’s having differ-
ent specifications for the different /k/ sounds of cop and keep, the different /p/ -
sounds of poke and spoke, and the different /i/ sounds of seat and seen. Instead,
each phoneme in a language is represented in the lexicon by a single form (called
an underlying form, to be discussed shortly). Native speakers internalize the pho-
nological rules specifying the distribution of allophones and automatically apply -
them wherever the conditions for rule application are satisfied.

Generalizing Phonological Rules

Until now we have considered phonological rules as though they were formu-
lated to apply to particular sound segments. Bui they are more general than that
{and actually easier to learn, then}. Let’s revisit aspiration as it accompanies the
realization of /p/ in English words like poke and oppose:
1. Aspiration Rule for /p/:

-voice

bilabial — aspirated / word initially and initially in stressed syllables

stop

This rule says that a voiceless bilabial stop is aspirated in specific environments.
In poke it would trigger aspiration because /p/ occurs word initially, and in
oppose it would trigger aspiration because /p/ initiates a stressed syllable.

Why a Foreign Accent? Part 1

Consider a native speaker of English who knows n6 French and has been
introduced by a French speaker to neighbors named Pierre and Pauletie. :
French speakers do not aspirate initial voiceless stops so the French speaker
will pronounce the /p/ in those names without aspiration. Despite the fact -
that the English speaker has not heard aspiration, he or she will tend to :
pronounce Pierre and Paulette with an aspirated [p"]—in violation of the - -
phonological rules of French but conformity to English rules. Subconsciously .
and automatically applying the phonological rules of one’s native language to |
words in another language contributes 51gmf1cantly to speaking with a forelgn
accent and identifying one as nonnative. _ . RN
On the flip side, when speaking a foreign language you rnay fail to makea -
necessary distinction. English speakers don’t have to learn separately for cop
and keep which k& sound to use because English distinguishes these sounds by
rule, But in other languages these two sounds may be distinct phonemes and
serve to contrast words. The IPA symbol for the initial sound of cop is [k] and-
of keep is [c]. Tn Basque, Malay, and Vietnamese, among others, it is critical '
to know which velar stop occurs in a word, just as English speakers must

know whether a word contains /p/ or /t/: in those languages, [k] and [c]

are not distributed by rule and are therefore not predictable. They must be
learned for individual words.
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xample, If, besides words like poke and oppose, you examine English words with other
s for [p]

| lexicon “same environments in which /p/ is aspirated. Since /p, t, k/ have parallel dis-
g differ: ‘ributions of aspirated allophones, English would appear to need two additional
rent /p/ iles as parallels to the Aspiration Rule for /p/: one for /t/ and another for /k/.
Instead;

1 (called’ 2. Aspiration Rule for /t/:

-voice
alveolar = — aspirated / word initially and initially in stressed syllables
stop

. Aspiration Rule for /k/:
-voice
velar — aspirated / word initially and initially in stressed syllables
stop

ut in fact English doesn’t need three parallel rules because application of these
rules exhausts the list of voiceless stops in English—there are no others besides
/p, t, k/. That allows the three processes of aspiration to be captured in a single,
'_more general rule covering /p, t, k/:

ables
English Aspiration Rule
nments: ¢ -yoice
. and in : — aspirated / word initially and initially in stressed syllables
le. g stop
: (Voiceless stops are aspirated in word-initial position and initially in a stressed
syllable.)

The English aspiration rule omits place of articulation (bilabial, alveolar, and ve-
iar) but maintains the voiceless and stop features. Because the English aspiration
rule specifies voiceless stop but not place of articulation, it will apply to all voice-
less stops irrespective of their place of articulation, It is thus a more general rule.
= The more general a rule, the simpler it is to state using feature notation. Using
the features voiceless bilabial stop (instead of /p/) seemed initially to complicate
the statement of the Aspiration Rule for /p/. But using features also allowed us
ventually to recognize that the aspiration rules for /t/ and /k/ were essentially
e same as for /p/ and to collapse all three rules into a single—and simpler--
ne than any of the individual rules for /p/, /t/, or /k/. For this reason and
others, linguists regard internalized phonological rules as being specified not in
terms of phonemes such as /p/ or /t/ or in terms of allophones such as [p] and
[p"] but in terms of feature sets such as [-voice] and [stop].

Natural Classes of Sounds

As we have just seen for aspiration in English, phonological processes do not
operate on individual sounds but on sets of sounds. English doesn’t have three
" aspiration rules-—one each for /p/, /t/, and /k/—but a single aspiration rule
that covers all voiceless stops. A set of sounds such as voiceless stops that can
be affected by a single phonological rule is called a natural class and can be
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characterized using fewer features than would be needed to describe any of its
individual members. For example, /p/ has the features [-voice], [bilabial], and
[stop], while the larger set /p, t, &/ can be characterized solely by the features
[-voice] and [stop]. Because all places of articulation for voiceless stops are in-
cluded in the natural class, place of articulation does not need to be specified. A
natural class is the set of all sounds sharing a set of features—all and only those:
sounds. The sounds /p, t, k/ are voiceless stops, sharing the features [-voice] and
[stopl, and no other sounds in English have only those features. Thus, /p, t, k/
constitutes the natural class of voiceless stops in English. :

Now consider /p, t, k, b, d, g/. All the sounds in that set share the feature
[stop], and there are no other stops in English. S0 /p, t, k, b, d, g/ constitutes the -
natural class of English stops. By contrast, the set of sounds /p, t, k, b, d/ does not
constitute a natural class because, while those sounds do share the feature [stop],
so does /g/, which isn't included in the set. Similarly, the sounds /p, t, k, z/ do not
constitute a natural class because [-voice] and [stop] accurately name features
of /p, t, k/, but /z/ is neither voiceless nor a stop, and any additional feature
needed to characterize /z/ would also characterize other sounds. Notice, too,
that to characterize a set such as /p, t, k, m, n, g/, which includes voiceless stops
and nasals, would require an “either/or” description: either [voiceless] [stop] or
[nasal]. No combination of features uniquely specifies just the six sounds /p, t,
k, m, n, 1/ so that set does not constitute a natural class. Because phonological -
processes apply to natural classes of sounds, we would not expect to find arule in
any language that applies to, say, /p, t, k, b, d/ or /p, t, k, m, n, 1/ or any other
set of sounds that does not constitute a natural class.

Underlying Forms

Thanks to internalized rules that yield the correct realizations—that is, allophones—
for the phonemes in a given word, children eventually produce entries in their lexi-
cons that contain the equivalent information of the representations in Table 4.7. Such
representations are called underlying forms, and we write them between slanted
lines, using the notation for phonemes. A surface form or surface realization resulis
from application of phonological rules to the underlying form, and the surface form
underlies a word’s pronunciation. In some examples in Table 4.7, the surface form is
the same as the underlying form because no phonological rule (of those discussed in
this chapter) is applicable, and we have indicated “none” in the Rule colummn.

Table 4.7 Underlying and Surface Forms for Six Engllsh Words

TheacoDrOELOVICEPAIL LA

Underlying Form Surface Form Written Form

Skalar/ aspiration [ktalar] color
/buk/ none [buk] book
/hit/ none [bit] beet
/ap/ nene [ap] up
/spin/ nasalization [spin} spin
/pm/ aspiration, nasalization  [p"n] pin
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Phonelogical Rules and Their Structure

Rule Ordering

One additional rule will illustrate a point about the organization of phonological
les in the internal grammar. Consider the following words:

If you listen attentively while pronouncing these words aloud, you'll notice that
the vowels in column B are slightly longer in duration than those in the cor-
esponding words of column A. The IPA represents long vowels by placing a
ecific kind of colon after them, as in [u:]. Because English has no minimal pair
such as [pist] and [pit] or [beet] and [be:t], vowel length does not contrast in
English. [nstead, it can be specified by rule and is therefore predictable. Looking
past spelling, you'll notice that all the words of column A end with a voiceless
onsonant /p/, /t/, or /k/, and all those in column B end in a voiced consonant
/, /d/, or /g/. English vowels have longer duration when they precede voiced
consonants. Using V to represent vowel, we can state the rule as follows:

Vowel Lengthening Rule (initial approximation)
V-—Vi/__ stop

+voice
{Vowels are lengthened preceding voiced stops.)

As a consequence of this rule, the following processes take place in English:

® — &
£ &
0=
‘a1 — ar

/b/ (as in tab versus tap)
/d/ (as in bed versus bet)
/¢/ (as in code versus coat)
/d/ (as in slide versus slight)

A
/o
l
A

- (Note that this rule of English applies to all vowels—including diphthongs

Try It Yourself vou may suspect that if a following voiced stop
2%~ lengthens a vowel in English, a following voiced fricative or affricate
might ha\'f'e the same effect. Find out by saying these word pairs aloud: proof/prove;
ether/either; Brice/bruise; fishin'ffission; batch/badge. Does that list illustrate all
; _ic"ed'/voiceless pairs of fricatives and affricates in English? What did you discover

ab'out"whether vowels are lengthened before voiced fricatives and affricates?
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If, besides stops, you examined fricatives and affricates in word pairs such
as those given in the Try It Yourself on the previous page, you'd discover that
English vowels are lengthened preceding stops, fricatives, and affricates. In fact,
they are lengthened before all voiced consonants. That means that the vowel
Jengthening rule can be generalized as follows, using V to represent vowel and ﬁ
C to represent consonant: '

English Vowel Lengthening Rule
VoaVi/__ C
+ voice
{Vowels are lengthened preceding voiced consonants.)

Because vowel length in English can be specified by rule, it is predictable and
need not be learned individually for each word.

On the other hand, vowel length is not predictable in all languages. It must be -
learned word by word. For example, Fijian has minimal pairs distinguished only .
by vowel length. Compare the members of these pairs (in which long vowels are
represented by doubling): oya meaning ‘he, she,” oyaa meaning ‘that (thing)’;’
dredre ‘to laugh,” dreedree ‘difficult’; vakariri ‘to boil,” vakaririi ‘speedily.” Because
vowel length in Fijian words cannot be assigned by rule, it is contrastive—that -
is, phonemic—in that language. -

Now consider the following word pairs, paying attention to how the column A
pronunciations differ from the corresponding ones in column B. At least for most
speakers of American English, the pronunciation difference is not the one sug-
gested by the spellings <t> and <d>; instead, the difference is in the length of
their vowels. In some varieties of American English, the first vowel in each word
of column B is longer than the corresponding vowel of column A.

A B

writer rider
bleater bleeder
rooter ruder

The medial consonants <t> and <d> in the words above do not represent
different pronunciations because in certain environments words with /t/ and /d/
between vowels Americans tend to use a tap allophone (see Chapter 3). In the
pronunciation of medial /t/ and /d/, the tip of the tongue rapidly taps the alveolar
ridge. (Go on. Try it.) Because the tap realizations of /t/ and /d/ are identical to one
another (and are represented by IPA [r]), the difference of pronunciation that might
have resulted from the underlying distinction between /t/ and /d/ is neutralized.
The distinction is maintained in wrire [rart] and ride [raud], blear [blit] and bleed
[bli:d], and root [rut] and rude [ru:d] but neutralized when underlying /t/ and /d/
meet the conditions of the tapping rule (as in the examples above). Using V to rep-
resent any vowel, the tapping rule for American English can be represented as here:

Tapping Rule

alveolar V_ V
— tap
stop unstressed

(/t/, /d/ are realized as [r] between two vowels, the second of which is unstressed.)
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Interestingly, despite the fact that the tapping rule neutralizes the distinction
between /t/ and /d/ in this environment, some American dialects do pronounce
the words of column A and column B differently. By applying the tapping rule
and the lengthening rule, some speakers of American English pronounce the
words in column B with a vowel of longer duration even though there is no
difference in the pronunciation of the tap consonant. Here’s an explanation for
how it may work.

We've described tapping and lengthening rules, and you understand that
they may operate on the same word. Let’s examine how the rules interact to
produce a surface form. Assume that the underlying forms in the lexicon are
/ratter/ for writer and /raidar/ for rider. We can represent the derivation of
the surface forms as in Table 4.8. {When the form of a word does not meet the
requirements specified in a rule, that rule is not applicable, so we write NA.)
From the underlying forms and the application of the rules in the order shown
(first lengthening, then tapping), the surface forms [raicor] and [raiear] are
produced, and these are the correct realizations for the words among some
speakers. Call them speakers of dialect A.

If the same rules are applied in the reverse order (first tapping, then length-
ening), the surface forms will be different. Here’s how it works: because the tap
sound is voiced, the vowel preceding it is lengthened in both words. As Table 4,9
shows, this is precisely what happens for speakers of what we can call dialect B.

Table 4. 8 Denvatzon of erter and R1der in Dlalect A

Writer

Underlying form /rattor/ /rawdar/ (input)

Lengthening rule NA applies
d

Derived form [rartar] {ramndor] (output/input)
Tapping rule applies applies
yresent 1 1
nd /d/
In the
lveolar
to one
t might Table 4, 9 Denvatton of Wr1ter and Rlder in DlalectB
ilized.
d bleed i Writer
nd /d/
{o rep-
15 here:

Surface form [ramrar] [ramrar] (output}

Underlying form Jrattor/ Jraidar/ {input)
Tapping rule applies applies
1 d
Derived form [rarrar] [rarror] (output/input)
. Lengthening rule applies applies

\ \

Surface form [ramrar] [ranrar] (output)
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The identical surface forms [ramicor] ‘writer’ and [ra:zcar] ‘rider’ that a
derived by applying the tapping rule prior to the lengthening rule would ngt
be correct for dialect A. In dialect A, writer and rider are not pronounced alike:
Instead, rider has a longer vowel than writer. Beginning with the same underlyino
forms and the same two rules, different speakers produce different surface
forms because they apply the rules in different orders. Evidence such as this hag
led some linguists to theorize that rule ordering (or an equivalent process in the
brain) is part of the organization of phonological rules. :

Note that the forms resulting from the derivation in Table 4.9, though inco
rect in dialect A, are correct in dialect B. This illustrates how speakers of differ:
ent dialects could share underlying forms and phonological rules but producé
different surface forms and pronounce words differently as a result of applying
the phonelogical rules in different orders. Dialects that applied the lengthenin
rule before the tapping rule would exhibit different forms of writer and rider
(Table 4.8). Dialects that applied tapping before lengthening would exhibit ide
tical forms, both with a long vowel (Table 4.9).

Syllables ané Syilable Structure
So far we've said little about how sounds are organized within words although
our analyses have in fact presumed a certain organization, as you'll see. We've |
relied on the obvious fact that segments in a word occur as a sequence abcdef,
but that isn’t the whole story. When we analyzed aspiration, we also relied on
the fact that words consist of one or more syllables. Now let’s take a closer look.
at the structure of syllables: we’ll discover that within a syllable sounds are or- -
ganized both sequentially and hierarchically.

Syllable isn’t a tough notion to grasp intuitively, and there is considerable
agreement in counting syllables within words. Probably most readers of this -
book would agree that frout has one syllable, salmon two, halibut three, and
barracuda four. (How many syllables do you hear in the word barracuding?)
Despite the relative ease of counting syllables intuitively, technical definitions
can be challenging, Still, there is agreement that a syllable is a phonological
unit consisting of one or more sounds and that syllables are divided into two
parts—an onset and a rhyme (sometimes spelled <rime> in this context). The
rhyme consists of a peak, or nucleus, and any consonants following it. The
nucleus is typically a vowel although the class of consonants called sonorants
may function as the nucleus of a syllable. Sonorants include nasals (/m, n, /)
and liquids (/r, 1/). Within a syllable, any consonants that precede the rhyme
constitute the onset, and any consonants that follow the nucleus as part of the
rliyme constitute the coda.

syllable The tree to the left represents the structure of a syllable as
/\ just described. In some other books, and commonly in techni-
cal discussions, the word syllable in the tree is replaced by o,

onset rhyme

the Greek letter sigma.

/\ Not all syllables have an onset, and not all rhymes have a

nucleus coda  coda. That means the only essential element of a syllable is the




Syllables and Syllable Structure

1at are
11d not
1 alike.
erlying
surface

his has o Try 1t Yourself Inthe lines below from a Shakespearean sonnet,
v in the

nucleus. Because a single sound segment can constitute a syllable and a single
syllable can constitute a word, words may consist of a single vowel—but you
already knew that from knowing the English words a and I.

" determine whetherthe rhymed parts of the rhymed words meet the
incor- def” hition of rhyme formulated on the prewous page. In other words, do these
‘differ- _ ;;:__'.Shakespea rean rhymes consist solely of the nucleus and coda of a syllable? Sometime

roduce oo hot the eye of heaven shiries, / And often is his gold complexion dimm'd: / And every
plying b
hening
d rider .
it iden- Table 4.10 gives some English words with one, two, three, and four syllables.
(We use a period to separate syllables within a word.)
Using their ordinary spellings, the trees in Figure 4.2 illustrate the linear and
hierarchical syllable structure of the words fat, even, and loveliest. As an exercise,
you are encouraged to draw the tree that represents the word respectively.

“fair from fair sometime declines, / By chance or nature’s changing course untrimm'd.

Sequence Constraints

Notice in the phrase below that English syllables exhibit several patterns of con-

lied on sonants (C) and vowels (V).

er look in a previous cap.tion

are or- m 5 oprivias  kap.fan

lerable Ve V. CCV.CV.VC CVC.CVC

of this In the expression in a previous caption, you can see that English permits VC, V,
2e, and CCV, CV, and CVC syllable types. Still other permissible types can be noted in
wdina?) monosyllabic words like these:
nitions

logical . past /paest/  CVCC

ito two turned /ternd/ CVCCC
1). The .

it. The Table 4.10 Engllsh Words Dmded into Syllables

1orants

queen /kwin/ CCVC
squirts /skwarts/ CCCVCCC

.1, D7)
rhyme
t of the

able as
techni-
d by o,

have a
> is the

1 Syllable 2 Syliables

3 Syliables

4 Syllables

fat even
[faet] [i.van]
spin although
Espr] [5l.60]

through Consists
fOru] [kPan.ststs]

loveliest

[1av.1i.ost]

potato
[p"a.the.ro]

compttter

[kam.p"ju.rar]

respectively

[ri.spek.tov.li]

accumulate

[9.kum.jo.let]

algebraic
[].dgo.bre.ak]
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syllable

N

onset rhyme

N

nucleus

N

syilable syllable

N\

thyme rhyme

TN

nucleus

B

syllable syllable syllable

N N |

thyme onset rhyme rhyme

VAR | RS

nucieus nucleus nucleus

1 s} 1 i e

Figure 4.2 Linear and Hierarchical Syllable Structure in Fat, Even, Loveliest

Inside a multisyllabic word (for example, at the end of a syllable that is not
the last syllable in the word), fewer coda types are permitted.

The sequences of sounds permitted in a syllabie differ from language to
language, and not every language allows the same variety of syllable types as
English allows. Among the world’s languages the preferred syllable type is a single
consonant followed by a single vowel (CV), in other words a single-consonant
onset and a nucleus. Other common types across languages are CVC and V.
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All ‘three types occur in the illustrative phrase in a previous caption, given
viously.) Polynesian languages like Samoan, Tahitian, and Hawaiian have only
+/ and V syllable types. Japanese allows CV and V types and also permits CVC
tljé coda (the second C) is a nasal. Korean permits V, CV, and CVC syilables.
darin permits V and CV syllables and, if the coda is [n] or [1j3, also permits CVC.
Two-consonant onset clusters like those English has in try, twin, and stop are
ot common in the languages of the world, and it is very uncommon to have
sot clusters of more than two consonants as in the CCC pattern represented
English scream, splint, and stress. English speakers can’t combine just any
‘o consonants into an onset either. English has a limited range of consonants
it can occur as C, and C, in an onset cluster (C,C,) and a narrower range
“each position of a three-consonant
neet cluster. It is not a coincidence
hat scream, splint, and stress—all three Try It Yourself Cite three English
of ‘our illustrative three-syllable onset #" words other than scream, splint, and stress
Jiisters—begin with /s/. On top of
t, the constraints on three-consonant
nsets in Fnglish differ from the con-
‘étraints on codas. Notice, for example, C,? What about C,? Can you think of any onset clusters
that the word squirts /skwarts/ has @ that have a different C, or C;? What are they?
thiree-consonant cluster as the onset and
another as the coda. But the coda /rts/
snot a permissible English onset, and
/skw/ is not a permissible coda: there ' Try It Yourself The foliowing forms
‘could not be English words <rtsoskw> violate the sequence constraints of English

that have three consonants in the onset. What sound

or sounds do they begin with? Which sounds occur as

r <risuskw . . ) and could not serve as English words: ptiin, brkop, tsmot,
The rules that characterize permis-

sible syllable structures in a language
‘are called sequence constraints or
‘phonotactic constraints, and they
‘determine what constitutes a possible syllable. As a result of such constraints,
there are—in addition to the words that exist in a language—thousands more
that could exist but happen not to exist, and countless others that could not exist
.because they would violate the sequence constraints of that language. For ex-
ample, because they would viclate the sequence constraints of Hawaiian and of
Japanese, the following would be impossible words in either of those languages:
pat {CVC)}, pleat (CCVC), and spa (CCV).

ngam. Add three more impossible words to the fist,

An aphorism among American linguists points out that “Not every white house
is the White House, and not every black bird is a blackbird.” The point is that
stress patterns can be significant. In pronouncing the phrase every white house,
relatively strong stress is given to both white and house: white héuse. In referring
to the official residence of the U.S. president, relatively sirong stress is assigned
to White but only secondary stress to House: White House. The stress pattern
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Whya Foreign Accent? Part 2

Leammg a foreign language whose syllable striicture dlffers from that of

| our native tongue presents challenges because we tend to impose our native
sequence constraints onto pronunciations of words in the foreign language.
For example, the onset clusters /st/ and /sp/ are not permitted in Spanish
or Persian, and that makes it a challenge for native speakers of Spanish:
and Pérsian to pronotnce English words like study and speech as an Enghsh

- speaker would. Instead of /stadi/ and /spitf/, speakers of Spanish and Persian

 are often heard to say /es-tadi/ and /es-pitf/, thereby conforming to the :

- sequénce constraints of their native languages: As we noted in Chapter 2,
the English words strike and baseball have been borrowed into Japanese,
and in this chapter we saw that Japanese has a basic CV sequence constraint
s0 it isti’t surprising that speakers of Japanese pronounce these borrowed:.

- words as sutoraiku and beesubooruy, bringing them into conformity with the
CV constramt of Japanese s, tuml ku and bee.sw.boo.ru.

assigned to the name of the president’s residence matches that in the word:
téachér: White House. The stress pattern of the same words in the phrase (every) -
white héuse does not. From the fact that stress can vary and that the meanings
of the two expressions differ, it follows that stress can be conirastive in English,
Below is a list of several other word pairs. The pairs in column A are distinct:
words—they constitute noun phrases, comprising an adjective and a noun (as :
well ag an article); the stress patterns of the pairs in column B match the pattern .
of téachér—they constitute compound nouns. '

A B

a black béard a blackboard

a blde bird a bliebird

a high chair a highchair

a réd néck a rédnéck

a jét pléne a jétstréam

An iced téa an ice créam

a yéllow jacket (clothing) a véllow jacket (a kind of wasp)

English has variable stress, not fixed stress, and so do some other lan-

guages, including German. Many other languages have fixed stress, with stress

assigned regularly to a particular location

Try it Yourself Id entify three - in words. In Polish and $wahili, stress typi-

: cally falls on a word’s next-to-last syllable

(called the penultimate syllable). Czech

compound noun paxrs like b.’ue brrd and b!ueb:rd words carry stress on the first syllable.

in the precedlng co!umns T T French words usually carry stress on the
s T last syllable.

additional examples of phrase and -
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Syllables and Stress in Phonological
Processes

We saw above that certain phonological rules depend for their formulation on
the syllable (aspiration), on stress (tapping), or on both. English aspiration of the
voiceless stops /p, t, k/ occurs “word initially and initially in stressed syliables.”
Such a formulation assumes that in the brain words are organized by syllable.
In turn, that means children must have some grasp of how words are organized
into syllables. The tapping rule that produces [rairar] for writer and [meral} for
metal also relies on stress, and by now you can probably imagine that the tapping
rule could be formulated in terms of syllables instead of vowel segments, which
is how we formulated it in the section on “Rule Ordering” above. Current models
of word structure use multiple tiers to accommodate phonologically significant
levels, including segments, syllables, and stress, but analyses of that kind lie
beyond the scope of this book.

Morphology and Phonology

e word Interaction: Allomorphy

+ (every)

eanings efore leaving the subject of phonology, let’s return to the pronunciation of the
English. “most productive inflectional suffixes of English, which we briefly introduced at
distinct. the end of Chapter 2. Some striking regularities in the patterns are worthy of
loun {as. further exploration.

. pattern:

‘English Plural, Possessive, and Third-Person
‘Singular Morphemes

"'Regular nouns exhibit several realizations of the plural morpheme, as in lips
lips], seeds [sidz], and fuses [{juzoz]. The surface forms for these realizations
f the plural morpheme are called its allomorphs. As the following three lists
emonstrate, the allomorphs of the plural morpheme are determined by the

character of the final sound of the singular stem to which it is attached.

her lan- =i
th stress [2z] [s] [Z]
location ~ bus-es tip-s tab-s
‘ess typl-. . fus-es cat-s seed-s
- syllable -
). Czech

syllable. -
s on the™ . judg-es birth-s ray-s

bush-es book-s fig-s
peach-es whiff-s car-s
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These lists indicate the distributional pattern of the plural realizations in English:

1. [oz] after nouns ending in /s, 2, {, 3, tf, &/ (a natural class called sibilanis)
2. [s] following all other voiceless segments

3. [z] following all other voiced segments

We will assume that the underlying form of the plural morpheme is /z/. (There
are good reasons for making that assumption, but we need not go into them here.)
From this underlying form, all three allomorphs must be derivable by general
rules that apply to all regular nouns. From an underlying /z/, a rule such as the
following would derive the [sz] allomorph that follows sibilants. (Note: + marks
a morpheme boundary and # marks a word boundary.)

Schwa Insertion Rule A

/2/ — [z} / sibilant + __ #

(Schwa is inserted before a word-final /z/ that follows a morpheme ending in a
sibilant.)

In order to derive the allomorph [s] from the underlying /z/ after voiceless
sounds, a rule would be needed that changes the voiced /z/ to [s], reflecting the
voiceless final consonant sound of the stem. The process of a sound becoming
more like an adjacent sound is called assimilation, and because underlying
/z/ is realized as voiceless following a voiceless sound, we can regard this as a
process of assimilation.

Assimilation Rule A
/Z/ —> -voice / -voice + __#
(Word-final /z/ is devoiced following a morpheme that ends in a voiceless sound.)

in order to derive the correct forms of all regular plural nouns, the schwa in-
sertion and assimilation rules must have considerable generality, and Table 4.11
illusirates the application of these rules in the nouns coops, pieces, and weeds.
(NA means a rule is not applicable because a condition necessary for it to apply
is missing; slanted lines / / represent underlying forms; square brackets [ ] rep-
resent forms derived by application of one or more phonological rules.)

Tabie 4.1 Derwauon of Enghsh Plural Nouns

Pieces Weeds

Underlying forms /pis+z/ Swid+z/
Schwa insertion applies NA

1

Derived form [pis+az] [wid + z]
Assimilation applies NA NA

J
Surface form ikups] [pisoz] [widz]
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- These rules for deriving the plural forms of regular nouns have even wider
applicahility. It turns out that for two other extremely common inflectional mor-

K phemes of English—the possessive marker on nouns (judge’s, cat’s, dog’s} and the
third-persont singular marker on verbs (teaches, laughs, swims)—the distribution
of allomorphs parallels the distribution of plural allomorphs.

There Possessive Morpheme on Nouns

here.)::

neral. Is] for ship, cat, Jack, puff, breath . ..

1s the : [z] for crab, pad, bag, arm, John, thing . ..

. [2z] for church, judge, fish . ..

Third-Person Singular Morpheme on Verbs

[s] for laugh, leap, eat, kick . . .
fz] for swim, hurry, lean, crave, see . . .
[2z] for teach, tease, judge, buzz, rush . . .

gina

celess

1g the We posited /z/ as the underlying form of the plural morpheme, and if we
ming * posit /z/ as the underlying phonological form of the possessive morpheme and
Tying the third-person singular morpheme, the very same rules that derive the cor-

- rect allomorphic realizations of the plural morpheme will derive the correct
realizations of the possessive morpheme on nouns and of the third-person singu-
lar morpheme on verbs. (Unlike plurals, some of which are irregular, all nouns
have regular possessive morpheme realizations, and all verbs—except is, has,
says, and does—are regular with respect to the third-person singular morpheme.)

sasa

wund.)

va in- English Past-Tense Morpheme

1411

veeds. Going beyond the plural, possessive, and third-person singular morphemes just
apply examined, we see a further parallel for another extremely common English
1 rep- morpheme. Pronouncing the verbs below will demonstrate that the inflec-

tional morpheme that marks the past tense of regular verbs in English has three
realizations:

[t] for wish, kiss, talk, strip, preach . ..
fd] for wave, bathe, play, lie, stir, tease, roam, ruin . . .
- [ad] for want, wait, hoot, plant, wade, need . . .

If we posit /d/ as the underlying phonological form of the past-tense morpheme,
only two rules are needed to derive the past-tense realizations of all regular verbs.

Schwa Insertion Rule B

/d/ — [ad] / alveolar stop + __#

(Schwa is inserted preceding a word-final /d/ that follows a morpheme ending in
an alveolar stop.)
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Table 4.12 Derivation of English Past-Tense Verbs

Wished Wanted

Underlying form Jwev-+d/ swif+d/ Swant+d/
Schwa insertion NA NA applies

"

Derived form [wev +d] [wif +d] [want +ad]
Assimilation NA applies NA

L

Surface form fwevd] [wift] [wantad]

Assimilation Rule B

/d/ — -voice / -voice + __#

(Word-final /d/ is devoiced following a morpheme that ends in a voiceless -
segment.) '

Notice that, just like the rules for deriving plurals, possessives, and third-person
singular allomorphs, the rules for deriving past-tense allomorphs involve schwa
insertion and assimilation. Table 4.12 provides derivations of the past-tense forms '
of the verbs wave, wish, and want as examples.

Underlying Phonological Form of Morphemes
in the Lexicon

A word’s phonological shape in the lexicon is called its underlying form, and gen-
erally speaking it is not identical to the surface or realized form, as we've seen.
This section explores the phonological form of words as they are thought to exist
in a speaker’s mental lexicon.

Consonants The same kinds of phonological processes that operate between a
stem and an inflectional suffix (for example, between /trip/ and /d/ to produce
[thript] “tripped’) also operate between a stem and a derivational morpheme.
Think about a child who knows the words metal and medal. In North American
English, the sound that occurs in the middle of both words is not [i] or [d] but
[c] (an alveolar tap, created when the tip of the tongue taps quickly against the
alveolar ridge as in pity, later, bladder).

A child hearing metal and medal would have entered exactly what he or she
heard into the lexicon—for a speaker of American English that would be /meral/
(with a tap) for both words. But after the child had heard someone say a new
car was painted metallic [mothalak] red and recognized that metallic contains the
morpheme METAL and the derivational suffix -I1C (as in atomic and acidic), then
the alternate pronunciations of the METAL morpheme as [meral] and [mottel]
would have to be reconciled. One task of a language learner is to posit an un-
derlying form that will efficiently yield the right surface forms as output from
general phonological rules.
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Next consider what happens when the child subsequently hears someone report
that the metallic red car’s medallion is missing from the hood. For medal, [meral] is
heard and for medallion, [madzljon]. What underlying form must be posited once
the child recognizes that the morpheme MEDAL occurs in both words?

Assuming the child has recognized MEDAL as a common element in metal and
metaltic and MEDAL as a common element in medal and medallion, here are the
pronunciations that have been cbserved:

Metal Medal
[meral]  [moattelok] fmeral] [madaljon]

metal metallic medal medallion

The child could account for the different pronunciations of the morpheme metal
by positing /metel/ in the lexicon and applying rules that change this underly-
ing form into the realized surface forms. Focusing first on the consonants, an
oiceless underlying form /matal/ would require a phonological process that changed
/t/ into [] to yield [meral]. (Below you'll see why we've used underlying /z/.)
For the word medal /medel/, this same rule will be needed to change /d/
into [r] in [meral]. The tapping rule formulated earlier would change underlying
/t/ and /d/ into [r] between a stressed vowel and an unstressed vowel. Using a
somewhat more formal notation, the rule would be:

Tapping Rule

alveolar \Y
- tap
stop + stress

nd gen-
e seen.
to exist o
S|lp$ ofthe Tongue :

ween a In_ a tribute to England’s Queen Vn:torla, the Warden of one of Oxford’

sroduce colleges aimed to toast “our dear old queen” but'is reputed instead to have
-pheme. offered “Threé cheers for our quicer old dean!” Ascribed to the Reverend
nerican. William Archibald Spooner, that shp of the: tongue and many ‘other speech

d] but efTors continue to amiise and fascinate observers. But speech errors like

inst the those are of scientific value and can help illuminate the strictire of the
mental lexicon, Accidentatly calling the “dear old queen” a “queer old dean”

2 or she © suggests that the braifi/tongite combination has access not only to whole
/meral/ - words but to separate sound segments. In “queer old dean,” the onset [d]

y a new : of the syllable [di:r] ‘dear’ has been exchanged with the onset [kw] of the
ains the. syllable [kwizr]. Both syllables have the same rhyme, probably helping to
c), then prompt the confusion and suggesting that syllable rhymes are also available
mathael] the brain. Other speech errors offer insight into which parts of words

t an un- sides segments and onsets are accessible to the brain and therefore

it from suscept1b1e to sllps of the tongue ”




136 <Chapter 4 Sound Systems of Language: Phonology

A 'é:_oliecti:oﬁ of speech errors collected and analyzed by linguist Victoria A
?ronikiri point definitively to anticipated sound segments, as in an example
like “alsho share” [alfo fer] for alse share and “reek-long race” for week- long
race, where an anticipated segment is substituted for a preceding one. Other:
examples also point to the psychological reality of whole sound segments, -
as in “teep a cape” for keep a tape and “the nipper is zarrow” for the zipper is
ndarrow. Whole segments need not be consonants; they may be vowels, as in
Wang’s bibliography mistakenly called “Wing’s babliography™ and dissertation
tapic mistakenly pronounced [disertafan tepak]. Strong evidence pointing to’
the availability of segments comes from examples like “frish gotto” for fish
grotto and “blake fruid” for brake fluid. In “frish gotto,” [r] has been extracted
from the [gr] cluster and inserted after [f] to create a cluster, while in “blake -
fruid” the second segment in each cluster has been exchanged for the othe_r."
. Evidence for access to onsets can be surmised from “brittle island in litany’

- for little island in Brittany and “coat thrutting” for throat cutting. The onset of:

. the first syllable in Brittary has been interchanged with the onset of the first

- syllable in little ([br] and [11), and the onset of throat has been exchanged with
the onset of cutting ([0r] and [k]). Evidence for the reality of elements smalle
than a segment comes from examples like “glear plue sky” for clear blue sky,
where only a single featiire of the segments is interchanged, while other fea-.
tures remain unchanged: voicing is interchanged, while place and manner of :
articulation remain unaffected. Thus, [p] in “plue” (like [b] in blue) remains *
a bilabial stop but assumes the voicelessness of [k] in clear, while [k] in
clear assumes the voiced feature of [b} in blue. In another example, “pig and
vat” instead of big and fat, only the voicing values of the segments [b] and
[f] are interchanged, while their places and manners of articulation remain .~ .5
unaltered; thus big becomes “pig” and fat becomes “vat.” Note that in all thé_--” i

- speech errors cited here the sequence constraints of English are honored, and. " ;
segments that don’t exist in the language are not produced in error. Speech -
errots don’t create nonpermissible sounds or sound sequences. T

It’s not surprising that phonological rules that account for one set of facts may
also account for other facts. After all, phonological rules apply to all morphemes
and words that meet the structural description unless they have been specifically
blocked from applying. For instance, nouns like footh and foot that have irregular
plural forms are specifically blocked from taking the regular plural morpheme.
If tooth and foot weren’t marked as irregular, adults would say tooths and foots
just as children do before they learn to exempt these morphemes {rom the regu-
lar processes.

Thus the relationship between the phonological representation of morphemes
in the lexicon and their actual realization in speech is mediated by a set of pro-
cesses that can be represented in phonological rules of significant generality.
Not only will metal and medal be affected by the tapping rule, but so will every
word that meets the conditions specified in the rule, including single-morpheme
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words like butter, city, meter, and lady; two-morpheme words like writer, rider,
raider, rooter; and so on.

Vowels Consider a youngster who lmows the words photograph and photographer
([foragraef] and [fot"agrafor]). At some point the youngster posits the entry
PHOTOGRAPH in the lexicon to represent the core of these two words. A moment’s
thought will suggest that an underlying form /fotagraef/ would represent the baseline
knowledge needed for the pair of alternate realizations. Given the underlying
representation /fotagraf/ and the surface forms [forograf] and [fat"agrafar] and
the recognition that [5] occurs only in unstressed syllables, a rule that changes
¢ ynstressed vowels into [3] would produce the correct vowels,

On the other hand, if /o/ appeared in the underlying form, no rule could pro-
duce the correct surface forms, and here’s why. In order to produce the [a] in
[fottagrafor] from an underlying form /fatagrafor/, a rule would need to produce
[a] from underlying /o/. But for the word photograph, different rules would be
needed to produce [e] from underlying /2/ in the first syllable and [2] from
underlying /3/ in the third syllable. This amounts to knowing which vowels exist
in the surface realizations and encoding that knowledge in the underlying form
along with /a/, but that is exactly what we assume does not happen. Instead, if
we postulate different vowels in the underlying forms, a single rule can derive
[2] from any underlying vowel when it occurs in an unstressed syllable. We can
now derive the pronunciations for these words by formulating the rule as follows:

v — [3]

—stress
(An unstressed vowel is realized as schwa.)}

Of course, a rule that relies on information about stress would require prior
assignment of siress, a matter that lies beyond the scope of this chapter.

Until now, we’ve represented underlying forms essentially as a sequence of
phonological segments—for example, /kat/ for cat and /keet+z/ for cats. As
some of our rules have suggested, though, representations in terms of segments
like /k/ and /t/ are shorthand for a set of phonological features, akin to the
sequence of bracketed columns below, whose feature sets represent the segments
/k/, /&/, and /t/. Entries in the mental lexicon must embody information that is

s may

shemes equivalent to the information in a feature matrix. (Some treatments of phonol-
;ifically ogy in other books employ a partly different and more abstract set of features
regular from those we use here.) In addition, as we saw earlier, they include informa-
pheme. tion about syllable structure, in this case that /at/ (shorthand for the features)

d foots - constitutes the rhyme, /t/ the coda, and /k/ the syllable onset. In producing and

comprehending speech, the brain is able to access several levels of phonological
representation—not only segments and the features they comprise but syllable
structure and more.

e regu-

shemes

of pro- - . .
erality. : -voice low -voice

velar fromt alvelar

1 eve
- stop vowel stop

‘pheme
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Phonological Processes

In the course of examining phonological rules in this chapter, we noted examples
of assimilation and insertion. Those and other phonological processes are com-
mon in the world’s languages. Let’s take a closer look.

Assimilation

Assimilation is a phonological process by which adjacent (and sometimes near-
adjacent) segments become more alike. The process often reflects a kind of
co-articulation, where the pronunciation of a sound segment anticipates some
feature of an upcoming sound. We saw this with the English possessive and
plural markers on nouns and the third-person singular marker on verbs. We-
posited a voiced alveolar fricative /z/ as the underlying form for each of those
morphemes. When affixed to a particular stem, the underlying /z/ may be real-
ized on the surface as [z] or [s], depending on the voicing of the final sound
segmeni in the stem to which the affix is attached. For example, /z/ is realized
as voiceless [s] in racks [raeks] because /raek/ (the stem) ends in /k/, a voiceless
segment; underlying /reeg +z/ rags is realized as fraegz] because the stem ends
in /g/, a voiced segment; /z/ in /rip+z/ reaps is realized as [rips] following the
final voiceless segment of the stem; voiced {z] in [ridz] reads follows the final
voiced segment of the stem. Assimilation also accounts for the distribution of the
past-tense realizations of /d/ as voiceless [t] following voiceless /s/ as in kissed
[kist] and as voiced [d] after voiced /z/ as in guizzed [kwizd]. Assimilation of-
the voicing feature of the affixed morpheme to the specific voicing feature of the
final segment in the stem is rule-governed and entirely predictable in English.

Earlier we noted assimilation of Korean underlying /p/, which is realized as
[b] between vowels; the underlying bilabial stop takes on the voicing feature of
the surrounding vowels. German words whose underlying base ends in a voiced -
stop (as with the underlined parts of Stab ‘rod,” Bund ‘collar,” and Tag ‘day’) are
realized with a word-final voiceless stop. If, however, those words carry inflec-
tions so that the final consonant of the base is followed by a vowel, the underly-
ing /b/, /d/, and /g/ are realized as the voiced stops [bl, [d], and [g].

Besides assimilation of the voicing feature, sounds can assimilate to other
sounds in place or mamner of articulation. Consider the common pronunciation
of English utmost /atmost/ as [apmost]. In anticipation of the upcoming bilabial -
/m/, the alveolar stop /t/ is realized as a bilabial stop [p], thereby assimilating -
to a bilabial place of articulation. In the pronunciations of unkind as [spkamd]
and inclusive as [mklusav], the underlying alveolar nasal /n/ of UN- and IN- is
realized as a velar [g], anticipating the velar /k/ that follows; in pronouncing tm-
popular as [smpapjaler] the underlying alveolar /n/ of UN- is realized as bilabial
im], anticipating the bilabial /p/ ahead.

Besides voicing assimilation and assimilation of place of articulation, one
sound segment may assimilate to another in manner of articulation. Consider
relaxed pronunciations of expressions like good night /gudnait/ as [gunnarit] or
[gunart], where the alveolar stop /d/ is realized as the nasal [a], thus becoming
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| Try it Yourself whatisthe explanataon for the fact that so many

' English words contalnmg the preflx UN- (thh underlymg form fan/ '

ot /an/)— words like unaware, unopened, urrt:a‘y, undamaged unreg:stered unhelpful
f'_un!awful and unjust—maintain in their surface reallzatmn the alveolar place of

o art;culatlon of the underlylng nasa%

'S near- more similar to /n/ in manner of articulation, A more complex case can be
<nd of exemplified in words like congratulations /kengretjulefonz/ pronounced as
S some [kengradgalefanz], where the voiceless /tj/ is realized as the voiced affricate
ve and [d3]. Besides in voicing, assimilation has occurred in manner of articulation.
bs. We Recall from the previous chapter that affricates are basically stop-fricatives. In
f those . congratulations, the sequence /tj/ is surrounded by vowels (which are voiced, of
se real- course). But note, too, that /tj/ involves a stop plus approximant. We described
| sound ¢ approximants in the previous chapter as characterized by a closure not suf-
ealized - ficient to cause the characteristic friction of a consonant. In going from a stop
yiceless through the approximant to the vowel, /t/ and /j/ assimilate to [t]], which is

m ends voiced to [&g] between the vowels /&/ and /u/.

ing the We noted in Chapter 3 that Spanish

e final © intervocalic /b/ is realized as [B]. The un-

nofthe derlying /b/ is a stop, whereas vowels are

n kissed . - continuous sounds. It is understandable, Try It Yourself The informal spellings
ition of then, that an underlying stop /b/ might wanna, gonna, and hafta capture assimilation
e of the take on the continuous feature of the -
iglish, fricative [B1, as in cabo ‘end’ pronounced
lized as = [kaBo], and the same assimilation of
ature of ' manner can be heard intervocalically in - place of articulation or manner of art;culahon describe
.voiced - - nudo [nudo] ‘knot,’ lago [layo] ‘lake,’ and . what has been assimilated to what.in each.. -

ay’) are similar Spanish words, N

- inflec- -
nderly-

in castal pronu;’aaatlons of want to, gomg to, and have to.

'Focusmg oh whether the assumﬂatlon is invoicing or” -

Deletion

o other Underlying consonants, particularly when they occur in clusters, are sometimes
1ciation deleted. Consider the pronunciation of the English words clothes as [kloz] (not
bilabial - [klodz]), Arctic as [artik] (not [arktik]), sandwich as [seenwrif] (not [seendwrt]).
nilating In some cases, what appears to be deletion could also be viewed as assimila-
nkamd] tion, as with granted pronounced as though it were “granned” and candidate
d IN- is ‘ as though it were “canidate.” Several Modern English words have spellings
ring un- that reflect older pronunciations, from which a consonant has been deleted,
bilabial as in knife. The /k/ has also been deleted from knight, along with the sound

: represented by <gh=. Earlier, the English word ring was spelled hring and
on, one pronounced with an initial /hr/ cluster. A phonological process known as syn-
onsider cope deletes vowels, as in the pronunciation of federal as [fedrol] rather than
nait] or [fedaral], interesting as [introstm)] rather than [mtarestm], mackerel as [makrol]
coming ¢ rather than [mzkaral].
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Insertion

Sometimes a consonant cluster may be made easier to pronounce by inserting
a vowel, thereby simplifying the cluster. English examples include pronouncing
triathlon as [traredslan] rather than [traredlan]; disastrous as [dizaestaras] rathe
than [dizeestras]; and ambidextrous as [&mbidekstoras] rather than [embidekstras]

Metathesis

The phonological process that reorders sounds within words, often making theny:
easier to pronounce, is called metathesis. Common pronunciations like cavalry:
/kavalri/ as [keelvari] and prescription /priskripfon/ as [parskripfon} illustrat
the process in English.

From Lexical Entries to Surface
Realizations: What the

L L L L L L L L T T T R R R ae

Let’s reexamine the phonological processes from this and an earlier chapter in
order to determine which phonological units the brain must access for those pro-
cesses to operate. For assimilation (for example, of the plural morpheme /z/ to
a stem ending in a voiceless consonant as in cats [kets] or peaks [piks]), the rel-
evant phonological unit is the feature voice. Likewise for nasalization, aspiration;
and lengthening, where the relevant unit again is the phonological feature—in -
these cases, the set of features that constitute a natural class (nasals, voiceless:
stops, voiced consonanis). For reduplication (discussed in Chapter 2), the rel-
evant unit is the syllable. For rhyming, as in poems, the relevant phonological
umit is the rftyme, a structural part of the syllable. (For alliteration, as mentioned
earlier in the chapter in the section “Syllables and Syllable Structure,” the rel-
evant unit is the onset, another structural part of the syllable.) In sum, ordinary
phonological processes indicate that the brain can access segments, features,
syllables, and structural parts of syllables.

Cowm PUTERS AND PHONOCLOGY

Several decades ago researchers thought it would
be a matter of only a few years until computers
wolld be able to recognize speech and synthesize
it. (Think of speech recognition as turning speech

age, linguisis have not vyet
nailed down the extracrdinary
complexity of the phonological
processes that characterize hu-

into print and of speech synthesis as turning print
inte speech.) The process has taken longer than
anticipated, and the reascns don't lie in [imita-
tions of technelogy. Despite the fact that children
master the phonology of their language at a young

man languages. Phoneticians, phonologlsts DSy-
cholinguists, and cthers have not yet sufficiently
modeled what humans do when we produce and
understand uiterances. Natural speech occurs in
a continuous stream and cannot be segmented
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without knowledge of the particular language in-
volved. Just how children and adults segment a
stream of spoken language into distinct words and
recognize the sound segments in those words isn't
fully understood.

The synthesis of speech by machine has also
proved challenging. To understand why, consider
the string of sounds that occur in a simple word
like sand. 1t might appear straightforward to put
together & machine-generated form of /sand/:
produce a veiceless alveotar fricative /s/, then the
vowe! fee/, then an alveolar nasal /n/, and finally an
alveolar stop /d/, and put them together with no
silence in between. But notice, to begin with, that
the vowel of sand differs markedly from the “same”
vowel In Aat: in sand it's nasalized; in hat it isn't. If a
synthesizer produced the vowel of hat in the word
sand, it would scund artificial. Therein iies one chal-
fenge for speech synthesis: how to blend sounds
into one another as people do. In ordinary human
speech, there is no separation between the sound
segments of a word.

But the situation is more complicated than that. A
sound is a bundie of features. The phonological form

Summary

Summary 141

of sand isn't just the segments /s, &, n, d/ but also the
features characterizing each segment:

/s/ fe/ /n/ /d/
-voice  +voice +voice +voice
alveclar low front alveolar alveolar
fricative vowef nasal stop

It's Impertant to recall that the articulation of each
feature in a segment does not start and end at the same
time as all the other features in that segment. The voice-
lessness of /s/ doesn’t abruptly end and the voicing of
/==/ start at exactly the same millisecond as the fricative
character of /s/ stops and the vowel character of /&/ be-
gins. The systems of the vocal tract move continuously in
the production of even the simplest words, and it is use-
ful to conceptualize a word as a series of vocal gestures
in continuous movement from one gesture to the next.

To make synthesized speech sound natural, 2 good
deal more about the nature of underlying phonoiogi-
cal forms, their surface realizations, and their pronun-
ciations, as well as about how to get from the brain to
vocal articulation (and from perceived speech to the
brain}, must be understood. =

Phonology is the study of the sound systems of languages.

A phoneme is a unit in the sound system of a language. It is an abstract
element, a set of phonological features (for example, bilabial, stop) having
several language-specific predictable realizations (called allophones).

Two words can differ minimally by virtue of having a single pair of different

phonemes (as in pin/bin or tap/tab).

Each phoneme comprises a set of allophones. Each allophone is the specific
rule-governed and therefore predictable realization of the phoneme in a

particular linguistic environment.

The allophenes of a phoneme never contrast but occur in complementary
distribution or free variation. Ailophones of the same phoneme cannot signal
the sole difference in a minimal pair of words with different meanings.

Two languages can have the same sounds but structure them differently within
their systems. Both Korean and English have the sounds [p], [p"], and [b]. In
English, unaspirated [p] and aspirated [p"] are allophones of the phoneme /p/,
while [b] belongs to the phoneme /b/. In Korean, by contrast, [p"] and [p] are
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separate phonemes (they contrast), while [b] is the allophone of the phoneme
/p/ that occurs between voiced sounds.

» Each simple word in a speaker’s lexicon consists of a sequence of phonemes that
constitutes its underlying phonological representation. Underlying forms differ
from pronunciations and cannot generally be observed in speech directly.

¢ From the underlying form of a word, the phonological rules of a language
specify the allophonic realizations of underlying segments in accordance
with their linguistic environment.

¢ In acquiring a language, children must uncover the phonological rules of their
language and infer efficient, economical underlying forms for all lexical entries.
Given these underlying forms, the phonological rules of a language will specify
the rule-governed features of the surface form.

¢ Phonoclogical rules (in one model of phonology} may be ordered with respect
to one another, with the first applicable rule applying to the underlying form
to produce a derived form and subsequent rules applying in turn to successive
derived forms until the last applicable rule produces a surface form. Two dialects
of a language may contain some of the same rules but apply them in different
orders, thereby producing different surface forms.

= Within a word, sounds are organized into syllables, and syllables have
constituent parts, including a rhyme and an onset. Every syllable must
have at least a rhyme; the rhyme must have at least a nucleus, and it may
contain a coda.

o Languages have sequence constraints on the structure of permissible syllable
types and the occurrence of particular consonants and vowels within syllable
types.

= CV is the most common syllable type in the world’s languages. English has
an unusually large range of syllable types, including clusters of two and three
consonants. The particular consonants that can appear in each position of a
cluster are limited or constrained,

e Stress is contrastive in English: “Not every white house is the White House.”

» Phonological processes (for example, aspiration and tapping in English) can
depend on syllable structure and stress, as well as on a sequence of sound
segments.

| What Do You Think? REVISITED

» Crestfallen Kristen. The cabdriver likely realizes Kristen is an English speaker
because he hears the results of her unconscious application of Eaglish phonologi-
cal rules to French words. For example, by a general rule English aspirates initial
/p/ sounds, but French doesn’t. Ditto for other voiceless stops. Given the many
comumon French words beginning with a voiceless stop {par, pas, pour, tout, trés,
tu, comme, croire, gue), there’s plenty of opportunity for Kristen to cue her
nonnative status by aspiration in a pattern the driver recognizes as English-based.

» Jules Biker. One explanation is that the /p/ in Jewel Spiker’s family name is neu-

tralized in the environment following /s/. In other words, because English does
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not exploit the /p/-/b/ contrast in that environment, the sounds are pronounced
more alike there than elsewhere, While initial /p/ in English is aspirated, initial
/b/ is not. In the environment following /s/, as in Spiker, /p/ is not aspirated,
and the absence of aspiration contributes to easy confusion of /p/ and /b/ in
that environment.

Techie Tammy. On the Internet, you quickly discover that speech can be readily
synthesized sound for sound. You remember that, when you were in high school,
you could easily recognize a synthesized voice. Now, many times, you still can

1€ir recognize synthesized speech, but sometimes it’s more natural than you recall
tries. : in the transition between sounds within a word and across words—precisely
acify ' those environments where it previously sounded most artificial. You learn that
. much synthesized speech doesn’t actually rely on putting individual sounds
act together but instead couples pairs of sounds, using the second half of the first
rm E one and the first half of the second one. It's as though between were made up of
sive ' be +et+tw+we+en all squeezed together. You also learn that many of these
lialects combinations are already constructed and in reserve ready to be incorporared
ent : into a spoken response.

Spanish-speaking Simona. English words allow for a variety of initial conso-

nant clusters, including not only /sp/ and /st/ as in speak and study but even
more complex ones like /str/ and /skw/ as in stripe and squeeze. Spanish has
different sequence constraints and doesn’t permit initial /sp/ or /st/ clusters.

As a fan of Mexican cuisine you may be able to gain insight from names you
know, and you quickly see that consonant clusiers are uncommon. Some food
names begin with a vowel (arroz, empanada, enchilada), but most begin with a
single consonant: pirniertto, tapa, camarone, burrito, gagpacho, nacho, fajita, ceviche,
chorizo, leche, and relleno. Off the menu you know that Spanish words like puerto
‘port’ (as in Puerto Rico) and puerco ‘pig’ have initial clusters that English lacks.
You conclude that Spanish may permit some initial clusters, but not /st/ or /sk/.
Spanish speakers aiming to pronounce an initial consonant cluster with /s/ may
face interference from the sequence constraints of their native tongue. One way
to pronournce English words beginning with an /s-/ consonant cluster is to
insert a vowel sound, creating a VC syllable like [es], a syllable type permitted
in Spanish.

Exercises
o ‘ ‘Practice Exercise
10logi-
initial A, The words below are given in standard spelling and a broad phonetic tran-
1any scription. Examine the allomorphic variation in the pronunciation of the

| trés, underlined morpheme, and provide an underlying form from which the al-

lomorphic variants could be derived by rule. Attend only to the pronunciation
-based. . . represented in the transcription, and ignore the spelling. (For this exercise,
is neu- .. nasalization has been ignored.)

1 does
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Example: métal fmerol] metallic [mat*elok] Underlying form: /metzl/ -

human .' [hjumen] humanity [hjumznari]

courage  [Kkharads] courageous [karedsas]

industry [mdostri] industrial [Indastrial]

U medicitie [merossn] medicinal {madisensl]

Transcribe these monosyllabie words and underscore thé rhyme’ in""you

"transcription; then, in order, identify the nucleus, and (if they are present) ﬂ1e

onset anid coda; if any element is absent, write &,
chanmlesf fest: [rest] e, £t clinched [ldu_tL] L ki, ntj‘t

Sit oo . “spent . - - squirts .
sin “satash - scrunched

sprint scratched

Based on English

4-1.

Censider the following words with respect to how the sound represented by
<t> is pronounced. For each column, specify the phonetic character of the - '
allophone (how it is pronounced). Is it aspirated? Tapped? Then, as was done
in this chapter for the allophones of English /p/, describe the allophones of /t/
and specify their distribution.

A B C D
tougher standing later petunia
talker still data potato
teller story petal return

Using the monosyllabic words below, provide a list of ten ordered pairs whose
stress pattern indicates they are compounds—that is, with stress as in the
examples. It will be helpfid to mark the stress pattern on the vowel of each
element, using * for primary and * for secondary stress.

Examples: timezdne, shéwhorse

ball beam  court face
heart  hold horse  house
light paint  port rein

throw  tide time top




nted by
t of the
as done

15 of /t/

s whose

; in the
of each

The following words appear not to exist in English. Some could exist, but
others violate the sequence constraints of English. Identify the potential
words, and explain why the others are not permitted. For the potential words,
provide an appropriate spelling in the standard orthography.

petribar twint] rizaneant
papkoss blibjula lektomaengjulefon
peeggakt spret spwant

a. Make a list of as many monosyllabic English words as you can, each of which
represents a different onset of three consonants. Example: sprin spread

. Examine the initial clusters you listed in (a) and answer these questions:
Which consonants can occur first in a three-consonant cluster onset?
Which consonants can occur second in a three-consonant cluster onset?
Which consonants can occur third in a three-consonant cluster onset?

Examine your three lists to decide whether or not they constitute natural
classes, and provide the name for any that do constitute a natural class.

Although English relies on the contrast between /p/ and /b/ (pill vs. bill), it
doesn’t exploit the contrast in all environments. For example, following /s/ (as
in spell and spin), no contrast is possible. Hence, there is no pair of words such
as /sbm/ and /spm/ When a language exploits a distinction in some environ-
ments but not all, the potential contrast tends to be neutralized where it isn’t
exploited. As a consequence, the /p/ of pill differs more from the /b/ of bill than
does the /p/ of spin (try distinguishing “spin” from “sbin”}. For one thing, the
/p/ of spin (but not the /p/ of pill) lacks aspiration, like the /b/ of bill. Thus a
feature that distinguishes /p/ and /b/ elsewhere is not exploited following /s/.
Below are two sets of words. Those in column I contain a contrast that English
exploits in that environment but not in the environment of column IL In other
words, for the words in column II there cannot be a contrast based on the
sound difference represented in the pair of words in the same line in column I.

I I
i. sit seat sing ring king
ii. bit beat here beer peer
iii. hat hate hang sang rang
tad dad sting star study
cad gad skill score scam

- Identify the segment that is likely to prompt different phonetic transcrip-
tions and specify what those transcriptions would be,
. Characterize the envircnment (in column II) that supports the neutralization,
¢. Based on your knowledge of English phonology (such as its sequence
constraints), provide reasons for preferring one of the transcriptions over
the other.
We noted earlier that the English tapping rule could be reformulated in terms
of syllables instead of vowel segments. Formulate the tapping rule in terms of
syllables and their parts.

Exercises
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4-7.

For the words below, identify each syllable’s rhyme and nucleus and (where
appropriate) onset and coda. Example: for past, thyme: ast; nucleus: a; onset:
p; coda: st

twin turned e-vil love-lorn a-tro-cious re-spec-tive

Examine the careful and casual pronunciations of the English expressions:
below; then for each one, (a) provide a transcription of the carefu
pronunciation; (b) identify the name of the phonological process that links
them; (c} describe what actually occurs in the process in each particular
case. Use one of these as identifiers for the process: Assimilation (ASS);
Deletion (DEL); Insertion (INS); Metathesis (MET). An example is given for:
the first expression. (For this exercise, you may ignore vowel changes.)
(Note: /my/ is the IPA symbol for a labiodental nasal.) '

Expression  Careful Casual Process Details

athlete &0lit #0alit INS schwa inserted at syllable -
boundary between /8/
and /1/, perhaps for ease .
of articulation

emphasis emfasts emfasas

nuclear nukliar nukjalar

espressa £SPIESO ekspreso

mMemory memoari mamri

prostate prastet prastret

pass him peshm  pasam

won't you wont ju wontfa

Based on Languages Other Than English
4-9.

Fijian has prenasalized stops among its inventory of phonemes, The prenasalized -

stop [*d] comnsists of a nasal pronounced immediately before the stop, with :

which it forms a single sound unit. Consider the following Fijian words as
pronounced in fast speech:

vi"di ‘to spring up’ dina ‘true’

ke"da  ‘we’ dalo ‘taro plant’

tiko ‘to stay’ vi'di ‘plantain banana’

tutu ‘grandfather’ ma"da “first’

viti Fiji’ tina ‘mother’

dovu ‘sugarcane’ mata ‘eye’

do"do  ‘to stretch out one’s hand’ mokiti ‘round’

veve'du (a type of plant)

On the basis of these data, determine whether [d], ["d], and [t] are allophones of
a single phoneme or coustitute two or three separate phonemes. If you find that
two of them (or all of them) are allophones of a single phoneme, give the rule that
describes the distribution of each allophone. If you analyze all three as separate
phonemes, justify your answer. (Note: In Fijian all syllables end in a vowel.)
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{where ‘4-10. Examine the following words of Tongan, a Polynesian language. (Note: In
; onset: | Tongan all syllables end in a vowel.)

tauhi ‘to take care’  sino ‘body’

sisi ‘garland’ totonu ‘correct’
essions motu ‘Island’ pasi ‘to clap’
careful : maosimosi ‘to drizzle’ fata ‘shelf’

at links - : motomoto  ‘unripe’ movete ‘to come apart’
ticular fesi ‘to break’ misi ‘to dream’
(ASS); -
ven for : a. On the basis of these data, determine whether [s] and [t] are allophones

anges.) of a single phoneme in Tongan or are separate phonemes. If you find that
they are allophones of the same phoneme, state the rule that describes
where each allophone occurs. If you conclude that they are different pho-
nemes, justify your answer.

Alable - . In each of the following Tongan words, one sound has been replaced by a
8/ : blank. This sound is either [s] or [t]. Without more knowledge of Tongan
- ease than you could figure out from the preceding question, is it possible to
make an educated guess as to which of these two sounds fits in the blank?
If so, provide the sound; if not, explain why.
_ il ‘fishing net’ fe__e Qump’
__uku ‘to place’ lama __ i ‘to ambush’
In the course of the last century, Tongan borrowed many words from Eng-
lish and adapted them to fit the phonologieal structure of its words.
kaasete ‘gazette’ suu ‘shoe’
tisi ‘dish’ koniseti ‘concert’
sosaieti ‘society’ pata ‘butter’
salized salati ‘salad’ 51'.1ka ‘st-lgaf’
p, with maasol ‘marshall’ sikaa ‘cigar’
ords as sekoni ‘second’ taimani ‘diamond’
How does the phonemic status of [s] and [t] differ in borrowed words and
in native Tongan words? In other words, is the situation the same in these
_ borrowed words? Write an integrated statement about the status of [s] and
0 [t] in Tongan. (Hint: Your statement will have to include information about
which area of the Tongan vocabulary each part of the rule applies to.)
- The distribution of the sounds [s] and [z] in collaquial Spanish is represented
by the following examples in phonetic transcription:
izla ‘sland’ fiste ‘joke’
fuersa “force’ eski ‘ski’
wones of peskado  ‘fish’ Tiezgo ‘risk’
ind that muskwo  ‘muscle’ fiskal “fiscal’
ule that : sin ‘without’ rezvalar  ‘to slip’
eparate rasko T scratch’ dezde ‘since’
21.) : - resto ‘remainder’ Tazgo ‘feature’
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mizmo ‘same’ beizbol ‘baseball’

espalda ‘back’ mas ‘more’

Are [s] and [z] distinct phonemes of Spanish or allophones of a single
phoneme? If they are distinct phonemes, support your answer. If they are
allophones of the same phoneme, specify their distribution.

Consider the following Russian words. On the basis of this limited list, where'
does Russian appear to have a contrast between [t] and [d] and where does it
appear not to have one? (Note: An apostrophe marks a palatalized consonant.

poraxot ‘steamboat’ telo ‘body’
goz’eta ‘newspapet’ pot ‘perspiration’
zapat “‘west’ doragoj  ‘dear’

rat ‘glad’ d’sla ‘business’
zdan’ije ‘building’ Jtat ‘state’

most ‘bridge’ pot ‘under’

In Samoan, words may have two forms, one called “bad speech” (used in infor- :
mal oratory when addressing peers or kin) and another called “good speech”
(used in literary and religious situations and with foreigners). The difference
between the two forms can be described by phonological rules. (Note: The
Samoan words for “good” and “bad” do not carry the same connotations in .-
this case as the English words.)

“bad” “good”

taatou kaakou ‘us all’
teine keine ‘girl’
tanata kanaka ‘man
nagana pagaga ‘language’
totoni kokogi ‘price’
nofo nofo ‘to stay’
naalue naalue ‘to work’
fono fono ‘meeting’

L]

d. Describe the phonological difference between the “bad” and “good” forms.
Which is more basic—the “good” form or the “bad” form? (In other words,
which one can serve as the underlying form for both forms?)

e. Wherever possible, fill in the blanks in the following table. If it is impos-
sible to know the form of a missing word, explain why.
“bad” “good”
manu — bird’
mate — ‘dead’
‘shark’
‘fishing net’
‘correct’

‘to cry’
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4-14. In German, the sequence of letters <ch> can represent (among other things)
either of two sounds: [¢} (a voiceless palatal fricative) or [x] (a voiceless velar
fricative). Om the basis of the following data, determine whether these two
sounds are distinct phonemes or allophones of a single phoneme.

kelg Kelch ‘cup’

figta Fichte “fir tree’
kneecl Knéchel ‘knuckle’
kox Koch ‘cook’
tsurect gurecht ‘in good order’
VUXt Wucht ‘weight’
crrork Chirurg ‘surgeon’
niigtorn ntichtern ‘sober”’

bux Buch ‘book’
baraig Bereich ‘scope’
hekean Hiikchen ‘apostrophe’
bax Bach ‘brook’

If [¢] and [x] are distinct phonemes, justify your answer. I they are allo-
phones of the same phoneme, specify their distribution.

4-15. In this chapter you learned that Japanese sequence constraints allow syllables of
the forms CV, V, and (when the seconed C is a nasal) CVC. Using that infermation,
divide the words given in the Japanese vowel chart (Table 3.5) into syllables:
ima ‘now’; aki ‘autumn’; buji ‘safe’; yoru ‘to approach’; sensei ‘teacher.” Now do
the same for the borrowed words beesubooru ‘basebail’ and sutoraiku ‘strike,’
where <ee> and <oo> represent long vowels, not doubled vowels.

4-16. In light of our discussions in this chapter and your experience with some
of the preceding exercises, discuss the following quote from Halle and
Clements (1983).

The perception of intelligible speech is . . . determined only in part
by the physical signal that strikes our ears. Of equal significance . . .
is the contribution made by the perceiver’s knowledge of the
language in which the utterance is framed. Acts of perception that
heavily depend on active contributions from the perceiver’s mind
are often described as illusions, and the perception of intelligible
speech seems . . . to qualify for this description. A central problem of
phonetics and phonologyis . . . to provide a scientific characterization
of this Hllusion which is at the heart of all human existence.

Especially for Educators and Future Teachers

4-17. As an exercise for a class of middle-school international students studying
English, you've asked them to draw up a list of English names for games, and
they offer these: skokey, skwinty, twint, stwink, plopo, splopt, sprats, skretsht,
spretched, skwickt, spwint, stwirl, tprash, sipop, frash, quirt, splast, plsats. You
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recognize that a few names are not legitimate because they have sequences
of sounds (not letters) that English doesn’t permit. Which are impossible, and
what explanation can you give the students about why they are impossible?
One of your students returns from a summer visit to Berlin, Paris, and Macdri
and reports that when she listened to the local radio in those cities she coul

not separate the stream of speech into separate words: it all seemed a blur
English is different, she says, because English words are separate from one-
another and easy to identify. What would you tell her about the difference s
experienced between her ability to hear English words and her inability to sort
out those of German, French, and Spanish? '
Recall from Chapter 3—and your own experience—that French speaker
tend to pronounce the English word thin as “sin” and this as “zis.” From th
observation, what can you say about (a) the inventory of French consonant:
as compared to English ones; and (b) whether or not French uses voicing as
a contrastive feature? Finally, what would you predict about how a French-
student might tend to pronounce the English words then and thick?

. Focusing on high front vowels, carefully compare the Spanish vowel chart in:
Table 3.3 with the English vowel chart (inside front cover or Figure 3.4). Relyin
on those charts and any relevant experience of yours, identify with IPA symbols
which pair of distinctive vowels in English you would predict to be challenging
for Spanish-speaking students learning Fnglish, and explain why. Then cite
two minimal pairs of English words (words that are identical except for thos
vowels) that could prove challenging for those students to perceive and produce.

. Listening to your Persian-speaking students talking among themselves,
you notice words borrowed from English that are pronounced in Farsi in
systematically different ways from their original English pronunciation. For
example, the word professor has been borrowed as perofesor and studio as:
estudiyo. You also notice that some words seem related to English words but -
are pronounced differently. In parficular, you've noticed that the Farsi word "
for brother is baradar. Whar do these pronunciations suggest about sequence
constraints on some word-initial consonant clusters in Persian?

. Using phonological terms from this and the previous chapter, identify two
characteristic features of “foreign accent” for students represented in the
schools of your community. Aim to account for the differences between the
way native and nonnative speakers of English pronounce certain accented
words. It may help to reflect on (&) inventory of sounds, (b} phonological rules
for the distribution of allophones, () sequence constraints for sounds.

Other Resources

o LISU Website: http://www.CengageBrain.com For users of this textbook. Provides
updated Internet links as well as supplemental material for students and instructors.
Here you will find interactive learning tools.
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mees b speech on the Web: htip://www.acoustics.hut.fi/~slemmett/speech.html
» and R you're interested in hearing synthesized speech, several websites provide exam-
le? ' ples. The site above is a “jump station,” providing links to speech synthesizers and
adrid . . other valuable information. For some of them, you can type in something you wish
zould to hear synthesized. Then, on a computer with multimedia capabilities, vou can ex-
blur. . perience state-of-the-art text-to-speech synthesis. Other useful links worth exploring
Lone are given below:
e she - i
) sOrt » http://www.ims.uni-stuttgart.de/~moehler/synthspeech/

« http://www.research.ibm.com/tts/
akers Acapela Text to Speech Demo: http://www.acapela-group.com/text-to-speech-
1 this interactive-demo.html Another site that allows you to type in what you want and

nants hear it synthesized in several different male and female voices in Arabic, Danish,

g as Dutch, Fnglish, and many other languages.
-ench
SpeechLinks: http://www.speech.cs.cmu.edu/comp.speech/SpeechLinks.html

This speech technology hyperlinks page contains hundreds of links to projects around
the worldl. Besides links to technical papers (most beyond the reach of beginning stu-
dents), you’ll find links to sites exploring speech recognition and speech synthesis.

i in
lying
ubols
1ging _ Ladefoged’s Concatenative Speech Synthesis: http://www.phonetics.ucla.
| cite edu/vowels/chapter8/chapter8.htint This site provides American, English, and
those ' Scottish synthesized text-to-speech renditions of “The North Wind and the Sun were
duce. : disputing which was the stronger, when a traveler came along wrapped in a warm
:lves, cloak. They agreed that the one who first succeeded in making the traveler take off
siin ' his cloak should be considered stronger than the other.”

. For

o as . .

s but - Suggestions for Further Reading

word = Carlos Gussenhoven & Haike Jacobs. 2005. Understanding Phonology, 2nd ed. (London:
lence Hodder Arnold). An excellent follow-up to this chapter; rich and iargely accessible.
: Bruce Hayes. 2008. An Introduction to Phonology (Malden, MA; Blackwell). An excellent

- fWe and well-illustrated follow-up to this chapter, relying more heavily on abstract features than

1 the ‘ we have used here.
April McMahon. 2002. An Imtroduciion to English Phonology (Edinburgh: Edinburgh
University Press). A basic, accessible treatment, including the phonology of words and phrases.
David Odden. 2005. Introducing Phonology (Cambridge, UK: Cambridge University Press).
A basic treatment, with separate chapters on phonetic transcription, allophonic relations,
underlying representations, abstractness and psychological reality, and one devoted solely
to analyses.

Advanced Reading

Clark et al. (2007), a basic textbook, largely accessible 1o readers who have mastered some
phoneties and the phonology of this chapter, has provided some English words used as
examples in this chapter. The “problem book” by Halle and Clements (1983) covers a broad
range of languages and has an excellent introductory chapter going beyond what we have
covered; it has chapters on complementary distribution, natural classes, phonological rules,
and systems of rules. Roca and Johnson (1999) is an excellent workbook, with scores of
problems in a range of languages; it can be used independently or as an accompaniment to
A Course in Phonology by the same authors. Kaye (1989) is a lively, provocative, and mostly
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accessible follow-up to this chapter. More specialized treatments are available in Bype
{2002) and Goldsmith (1996). The speech error data are taken from Fromkin (1971), whig
has many more examples and is accessible at least to eager students.
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