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.1 Allophones and Phonemes

In every language, certain sounds are considered by native speakers to be the “same” sound,
even though they may be phonetically distinct. For example, native speakers of English
consider the [I] in lay to be the same sound as that in play, even though the former is voiced
and the latter is voiceless (see File 3.3 for an explanation of voicing). Or, if you ask a native
speaker of English how many different sounds are represented by the underlined letters in
the words pin, bin, and spin, they will probably say “two,” grouping the aspirated [p*] of pin
and unaspirated [p] of spin together. Though [p"] and [p] are phonetically different sounds,
native English speakers typically overlook this difference and consider them to be the
“same” sound.

One of the goals of this file is to understand more clearly the distinction between
“same” and “different” sounds. To do this, we will discuss the terms allophone and pho-
neme. Since these concepts are the crux of phonological analysis, it is important that they
be clearly understood. Perhaps the best way to explain these terms is through examples. On
a separate piece of paper, transcribe the following five words:

top stop little “kitten hunter

Itis likely that you transcribed all of these words with a [t], like the following:

[tap] [stap] [lrt]] [kitn] (hanty]

This is good, since it reflects something that is psychologically real to you. But, in fact, the
physical reality (the acoustic phonetic fact) is that the ‘t’ you transcribed in those five ex-
amples is pronounced slightly differently from one example to the next. To illustrate this,
pronounce the five words again. Concentrate on what the ‘t’ sounds like in each example,
but be sure to say them as you normally would if you were talking to a friend.

What differences did you notice? Compare, for example, the /t/ of top to that of stop.
You should be able to detect a short burst or puff of air after the /t/ in top that is absent
in stop. That puff of air is called aspiration, which we will transcribe with a superscripted
[1]. So while a native speaker would consider the ‘t’ sound in fop and stop to be the same
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sound, the ‘t’ is actually pronounced differently in each word. This difference can be cap-
tured in the transcription, as in [trap] and [stap], respectively.

Now say the word little and Kitten. We might say that the ‘t’ in little sounds a lot
usofter” than the one in stop, and is clearly voiced. For most speakers of American English
(but not of British English), the ‘t" in words like little is pronounced as a flap, [¢], much like
the r in Spanish in words like [para] ‘for’ and [toro] bull’. English kitten, on the other hand,
is pronounced with the same sound we hear in the expression “uh-oh,” a glottal stop [2].
So, we could transcribe little and kitten as [lic]] and [kiZn], respectively.

For some speakers of American English, in casual speech words like humnter are pro-
nounced with no ‘t’ at all, but rather as [hang]. Try and say it this way and see if it sounds
like something you’ve heard before. In any case, while you may have initially transcribed
the five words above with a /t/, they may also be transcribed in a way that reflects the
different pronunciations of that sound, as in the following:

[t"ap] [stap] (lxc]) (kr2n] (hant]

To a native speaker, all of the words above have a ‘t’ in them, at least at some psycho-
logical level. Proof of that lies in the fact that one may transcribe them all with a ‘t’, at least
until trained in transcription. Someone who lacks linguistic training would probably not
hesitate to state that all the above words have a ‘¢ and would need to be convinced that
subtle differences, like aspiration, exist among them. In this sense, psychologically, the
above words do have a ‘t’. On the other hand, we can observe that the ‘t’ may be pro-
nounced in several different ways.

Unlike a speaker of English, a native speaker of Hindi could not ignore the difference
between aspirated and unaspirated sounds when speaking or hearing Hindi. To a speaker of
Hindi, the aspirated sound [p"] is as different from unaspirated [p], as [p"] is from {b] to our
ears. The difference between aspirated and unaspirated stops must be noticed by Hindi
speakers because their language contains many words that are pronounced in nearly the
same way, except that one word will have an aspirated stop where the other has an unaspi-
rated stop. The data in (1) illustrate this.

(1) Hindi Gloss
[phal] ‘fruit’
[pal] ‘moment’
[bal] ‘strength’

A native speaker of English may not be aware of the difference between aspirated
and unaspirated stops because aspiration will never make a difference in the meanings of
English words. If we hear someone say [mep] and [map®], we may recognize them as dif-
ferent pronunciations of the same word map, but not as different words. Because of the
different ways in which [p] and [p"] affect meaning distinctions in English and Hindi, these
sounds have different values in the phonological systems of the two languages. We say that
these two sounds are noncontrastive in English, since interchanging the two does not r¢-
sult in a change of meaning. In Hindi, on the other hand, [p] and [p*] are contrastive, since
replacing one sound with the other in a word can change the word’s meaning. We will have
more to say about this terminological distinction below. ‘

Linguists attempt to characterize these different relations between sounds in language
by grouping the soundsin a language’s sound inventory into classes. Each class contains all
of the sounds that a native speaker considers as the “same” sound. For example, [t] and [t"]
in English would be members of the same class. But English [t"] and [d] are members of dif-
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ferent classes because they are contrastive. That is, if you interchange one for the other in a
word, you can cause a change in the word’s meaning, e.g. [tharm] time vs. [daim] dime. On
the other hand, speakers of Hindi would not classify [t] and [t?] as members of the same
class because they perceive them as different. That is, they are contrastive.

A class of speech sounds that are judged by a native speaker to be the same sound is
called a phoneme. Each member of a particular phoneme class is called an allophone, which
corresponds to an actual phonetic segment produced by a speaker. That is, the various ways
that a phoneme is pronounced are called allophones.

In this view, we can say that the ‘t’ sounds in words like stop, top, little, and kitten all
belong to a single class, which we will label by the symbol /t/, characterizing this particular
phoneme class. By saying that stop and top, for example, each have the phoneme /t/, we are
saying that the sounds [t] and [t?] are related.

In (2) we see how the phoneme /t/ is related to its allophones in English and how the
Hindi phonemes /t/ and /t?/ are related to their allophones. In English, [t], [t?], [¢], and [2]
are allophones of the same phoneme, which we can label /t/. In this way, we can say that
in English the phoneme /t/ has the allophones [t] as in [stap], [t*] as in [tRap], [c] as in [lid],
and [?] as in [Ki?n]. On the other hand, in Hindi, [t] and [t*] are allophones of different
phonemes. Note that symbols representing phonemes are written between slashes; this
distinguishes them from symbols representing phones, which are written between square
brackets.

@ English " Hindi
Phonemes: 1t/ 1t/ 18/
Allophones: [t] [th] 7] [£] [t] [tP]

By providing a description like this, linguists attempt to show that the phonological
system of a language has two levels. The more concrete level involves the physical reality of
phonetic segments, the allophones, whereas phonemes are something more abstract. In
fact, linguists sometimes describe phonemes as the form in which we store sounds in our
memory. So, phonemes are abstract psychological concepts, and they are not directly ob-
servable in a stream of speech; only the allophones of a phoneme are.

The phoneme is a unit of linguistic structure that is just as significant to the native
speaker as the word or the sentence. Native speakers reveal their knowledge of phonemes
in a number of ways. When an English speaker makes a slip of the tongue and says [tfi kein]
for key chain, reversing [tf] and [k], he or she has demonstrated that [t] functions mentally
as a single unit of sound, just as [K] does. Recall from File 3.3 that this is not the only way
to conceptualize [tf]: it is phonetically complex, consisting of [t] followed immediately by
[f]. Yet, since [tf] represents the pronunciation of a single phoneme /tf/ in English, no na-
tive speaker would make an error that would involve splitting up its phonetic components;
you will never hear [ti kfen] as a slip of the tongue (see File 9.9).

Knowledge of phonemes is also revealed in alphabetic spelling systems (see File 15.2).
For example, English does not have separate letters for [p*] and [p]; they are both spelled
with the letter p. Examples like this show that the English spelling system ignores the dif-
ferences in pronunciation that don’t result in meaning distinctions. For the most part, the
English spelling system attempts to provide symbols for phonemes, not phonetic segments.
In general, alphabetic writing systems tend to be phonemic rather than phonetic, though
they achieve this goal with varying degrees of success.
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Identifying Phonemes and Allophones:
The Distribution of Speech Sounds

In order to determine whether sounds in a given language are allophones of a single
phoneme or allophones of separate phonemes we need to consider the distribution of the
sounds involved. The distribution of a phone is the set of phonetic environments in which
it occurs. For example, nasalized vowels in English only occur in the environment of a nasal
consonant. More precisely, a linguist would describe the distribution of English [1], [8], and
so on, by stating that the nasalized vowels occur immediately preceding a nasal consonant.
In this section, we will mainly be concerned with two types of distribution: contrastive dis-
tribution and complementary distribution, though a third distribution, free variation, will
also be introduced.

Let us consider contrastive distribution first. Recall from above that a pair of phones
is contrastive if interchanging the two can change the meaning of a word. This means that
the sounds can occur in the same phonetic environment. It also means that the sounds are
allophones of different phonemes. Two sounds are noncontrastive if replacing one phone
with another does not result in a change of meaning.

Our earlier discussion of the patterning of [p] and [p*] in Hindi and English provides
a good example of this difference. Recall that we said that in Hindi these two sounds could
affect the meaning of a word based on examples like [pal] moment and [p"al] fruit, where
the two meanings are distinguished by the occurrence of [p] or [p®]. This means that the
two sounds are contrastive in Hindi. In English, on the other hand, simply replacing [p] for
[p®], or vice versa, will never affect a change in the meaning of a word; the sounds are non-
contrastive in English.

We just determined whether or not [p] or [p"] are contrastive in Hindi and English
by taking into account the distribution of sounds in each individual language. We did this
by identifying a minimal pair. A minimal pair is defined as a pair of words with different
meanings that are pronounced exactly the same way except for one sound that differs.
When you find a minimal pair, you know that the two interchangeable sounds are con-
trastive and, thus, the sounds involved are allophones of different phonemes. If you try, you
can think of many minimal pairs in English, or any other language you know well. For ex-
ample, the minimal pair [thixm] team and [t*iin] teen shows that [n] and [m] are allophones
of separate phonemes in English since they can be used to contrast meaning. In Hindi, the
words [pPa]] ‘fruit’ and [ba]] ‘strength’ constitute a minimal pair, showing [p*] and [b] to be
allophones of separate phonemes; [p*al] fruit and [pal] moment also form a minimal pair in
Hindi. But notice that there are no minimal pairs involving [p*] and [p] in English; these
two sounds are never contrastive with respect to one another. Instead, they are allophones
of the same phoneme, /p/.

Consider another example in which two languages make different distinctions using
the same set of sounds. In English, it is possible to find minimal pairs in which I} and [1] are
contrasted, e.g., leaf [lif] vs. reef [rif]; lack [l&K] vs. rack [rek]. However, [1] and [r] are never
contrastive in Korean. Consider the data below ([i] represents a high central unrounded
vowel).

Korean Gloss

[param] . ‘wind’
[ir¥m] ‘name’
[pal] ‘foot’

[mal] ‘horse’

As these examples illustrate, minimal pairs can never be found for [r] and [1] in Korean
because these two sounds do not appear in the same positions in words: [r] appears only




es of a sing!
ibution ot
ents in wi
nentofan
sh [i], [0},
sal conson
ontrastive
variation,

pair of ph«
his means
the souns
ing one pl

1glish provi
o sounds «

3l] fruit, wi
means that §
eplacing [}
ounds are

di and |
ige. We did ¢
s with diffes
nd that ditt
sounds are

| are allopt
1g. In Hingli
pr] and |bj &
minimal
n English;
y are allopis

istinctior
ich [1] and
and [r] are
ntral ung

ind [1) in
: [r] appesss

File 4.2 The Value of Sounds: Phonemes 107

between two vowels, while [I] does not appear in this position. This observation about the
distribution of [r] and [1] is not merely a property of these isolated examples but true of all
Korean words containing these sounds. Observations of this sort play an important role in
determining which sounds are considered to be the “same” by a native speaker; that is,
sounds which are judged by a native speaker to be allophones of a single phoneme.

In addition to contrastive distribution, sounds may also be in complementary distri-
bution. Sounds showing this type of distributional pattern are considered to be allophones
of a single phoneme. To understand better what we mean by complementary distribution,
think about what the term complementary means: two complementary parts of something
make up a whole. For example, the set of people in your class at any given moment can be
divided into the set of people who are wearing glasses and the set of people who are not.
These two sets of people complement each other. They are mutually exclusive, but together
they make up the whole class.

Now consider a linguistic example, namely, the distribution of the English sounds [p]
and [p?].

spat [spaet] pat [phat]
spool [spul] pool [ptul]
speak [spik] peek [prik]

As you can see in the English words just above, [p] and [p"] do not occur in the same
phonetic environment. As a result, there are no minimal pairs involving a [p]-[p®] contrast.
In fact, the phones are in complementary distribution: [p] occurs after {s] but never word-
initially, while [p®] occurs word-initially but never after [s]. Since these sounds appear in
different phonetic environments there can be no pair of words composed of identical
strings of sounds except for [p] in one and [p?] in the other. As stated above, phones that
are in complementary distribution are allophones of a single phoneme. In this case, [p] and
[p?] are both allophones of the phoneme we can represent as /p/. Furthermore, the appear-
ance of one allophone or another in a given context is predictable. For example, we can pre-
dict that the allophone [p?] (but never [p]) will appear in word-initial position. So even in
words not listed above, we know that it will be [p?], rather than [p], that will occur at the
beginning of a word. Similarly, we can predict that [p] (but never [p*]) will follow [s] in other
words.

Free Variation

In some phonetic contexts more than one pronunciation of a given sound may be possible.
Consider, for example, the following words containing [p] and [p"] ([p'] represents an un-
released voiceless bilabial stop).

leap [lip] leap [lip']
soap [sop] soap [sop’]
troop [trup] troop [trup™]
happy  [haepi] — *[haep'i]

It should be clear that these sounds both share some of the same phonetic environments;
for example, they can both appear at the ends of words. Unlike the case of English [b] vs.
[p®], or [m] vs. [n], however, there ate no minimal pairs involving these sounds in the
language. And note that although there are pairs of words in the list above that differ in only
one sound, none of these words contrast in meaning. Thus, the choice between [p] and [p']
in leap, soap, and troop does not make a difference in meaning; that is, the sounds are non-
contrastive. Rather, they are interchangeable in word-final position. Sounds with this type
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of patterning are considered to be in free variation. To a native speaker, sounds like [p] ans!
[p'] that are in free variation are perceived as being the “same” sound. Thus, we can cor-
clude that they are allophones of the same phoneme.

Summary

To summarize, a phone’s distribution is the collection of phonetic environments in which
the phone may appear; when linguists describe a phone’s distribution they describe this
collection. Relative to each other, two (or more) phones will be in contrastive distribution,
complementary distribution, or in free variation. Phones in contrastive distribution may
appear in minimal pairs and are allophones of different phonemes. Phones in free variatios
may also appear in the same phonetic environments but never cause a contrast in mean-
ing; they are allophones of the same phoneme. In either of these two types of distribution,
given a particular phonetic environment, one cannot predict which of the phones will
occur. If the phones are in complementary distribution, their appearance in particular
phonetic environments is predictable; they never appear in minimal pairs and they ar¢
allophones of the same phoneme.

Exercises

Look at the following Ukrainian words containing the sounds [s], [s’], [[], and [[’]. The
sounds [s’] and [[’] are palatalized variants of [s] and [[]; palatalization sounds like a [j}
sound right after (or on) the consonant and is very close to the [j] sound in the English word
[bjuri] beauty. You might want to review these definitions before you begin: contrastive dis-
tribution, complementary distribution, and minimal pair. The words have been arranged to
help you identify minimal pairs.

[s] [s'] - Ul 1

Irs ‘fox’ Iis? ‘sheen’ I ‘Test’

miska  ‘bowl’ ‘little mouse’ mif’i ‘mice’
sapka  ‘little hoe’ ‘hat’

sila ‘strength’ ‘she sewed’ fisth six’

sum ‘sadness’ ‘rustling’

sudi  ‘“trials’ siudr ‘hither’ kof%i ‘baskets’
sosna  ‘pine’ s'omij ‘seventh’ ‘sixth’
posadu ‘job’ (acc.) posiadu ‘I will
occupy’
. What minimal pairs can you identify in these words?

. Is there a minimal triplet (like a minimal pair, but involving three sounds and three
words)? What is it?

. Which three of these four sounds are in contrastive distribution?

. One of these sounds occurs only before a particular vowel. What is this sound, and
what is the vowel? Which words indicate this?

. Is the consonant you identified in (d) contrastive in Ukrainian, or not?
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shysical events. In this file we consider the connection between these two levels. The
ping between phonemic and phonetic elements is accomplished using phonological
% {recall that a rule of grammar expresses a pattern in a language). A speaker’s knowledge
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kof'i  an example, consider the English word can /kan/. This word has a final /n/ sound
sonemic form, and in fact it is frequently pronounced with a final [n]. If we listen
iy, however, we find that the final consonant of can (especially in casual speech) is
. {m] or [g]. The following examples illustrate this. (Here and throughout this file we
airly broad transcription style, recording phonetic detail only for the segments under
o)
sounds aril an ask [a1 keen a&sk] (or [ar kn &sk])
W see [a1 ken si] (or [ar kn si])
1 bake [ai kem beik] (or [a1 km beik])
1 play [a1 kem ple1] (or [a1 km pler])
s this sou 41 20 [a1 keeyy gou] (or [a1 kyy gou])
it come [a1 ke kam] (or [a1 kyy kam])

 these transcriptions show, /n/ is pronounced as [m] when it precedes a labial con-
it and as [n] when it precedes a velar consonant. We can state this fact about English
riptive rule:
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/n/ is pronounced as [m] before a labial consonant

[p] before a velar consonant

[n] everywhere else.
(We will be adjusting this rule later on in this file.) Notice that a phonological rule has three
parts: the sound(s) affected by the rule, the environment where the rule applies, and the re-
sult of the rule. Here /n/ is affected by the rule. The rule applies when /n/ is followed by a
labial or velar consonant. The result of the application of the rule is that /n/ acquires the
same place of articulation as the following consonant.

Now consider how the phonetic forms of some of the above examples are derived
from the phonemic forms:

phonemic form: /kaen aesk/ /keen beik/ /kaen gou/

apply rule: kan ask kem beik ken gou

phonetic form: [keen ask] [kem beik] [kan gou]

This illustrates what happens in speaking. In listening, a hearer reverses this process:
he or she perceives the phonetic form of an utterance, then sends it “backwards” through
the phonological rules, finally obtaining a phonemic form that matches a form stored in
memory.

The rule illustrated above applies not only to /n/, but also to /t/ and /d/:

hat trick [heet trik]

hit batsman fhip beetsmn |

night class [naik klaes]

bad dream [beed drim]

head band [heb baend]

bad guy [baeg gai]

4.3.1 Natural Classes

Can we make one rule to state that /n/, /t/, and /d/ change place of articulation according
to what sound follows? Is it random chance that these three sounds all seem to undergo the
same phonological rule? To answer these questions, let’s first take a look at the articulatory
descriptions of these three sounds:

/t/ voiceless alveolar oral stop
/d/ voiced alveolar oral stop
/n/ voiced alveolar nasal stop

Not only are all three sounds alveolar stops, but they are the only alveolar stops in
English. The description “voiceless alveolar oral stop” can only mean /t/. We can make the
description more general by removing some of the properties:

/n/, It], /4] alveolar stop

With respect to English, saying “alveolar stop” is the same as saying /n/, /t/, and /d/.
These three sounds are all of the phonemes in English that are produced by stopping the
flow of air at the alveolar ridge. Thus, they are the natural class of alveolar stops. A natural
class is a group of sounds in a language that share one or more articulatory or auditory
property, to the exclusion of all other sounds in that language. That is, in order for a group of
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sounds to be a natural class, it must include all of the sounds that share a particular prop-
erty or set of properties, and not include any sounds that don't.

Properties Used to Describe Natural Classes

All of the properties used in Files 3.3 and 3.4 to describe individual sounds can also be used
to describe natural classes. For example, in the English vowels the monophthongs [i, u] and
the first part of the diphthongs [e1] and [ou] are tense vowels, and there are no other tense
vowels in English. Thus, these vowels are members of the natural class of tense vowels in
English. Likewise, the consonants [k, g, n] are all described as velar consonants, and they
are the only velar consonants used in English; thus they constitute the natural class of ve-
lar consonants in English. Notice that we already referred to the natural class of velar con-
sonants in the formulation of our rule at the beginning of this file. You’ll recall that this rule
affects the natural class of alveolar stops when followed by a member of either the natural
class of velar consonants or the natural class of bilabial consonants. This shows that natu-
ral classes can be used to describe both the sounds affected by a rule and the environments
where a rule applies.

In talking about groups of sounds, we must use a few properties in addition to those
needed to describe individual sounds. For example, if you look at the consonant chart in (35)
in File 3.3 you will notice that the only labiodental consonants in English are the fricatives
[f] and [v], while the bilabial fricative slots are left empty. In many situations it is advanta-
geous to refer to [f] and [v] together with [p, b, m, w] and [w] as belonging to the same nat-
ural class. For this purpose we use the property labial.

Another property used to describe natural classes divides consonants into two groups,
obstruents and sonorants. Obstruents are produced with an obstruction of the airflow. The
sounds in this category are stops, fricatives, and affricates. Sonorants, on the other hand,
are consonants produced with a relatively open passage for the airflow. Sonorant conso-
nants include nasals, liquids, and glides. Thus, the class of labial obstruents in English is
[p, £, b, v], while the class of labial sonorants is [m, w, w]. The class of labial consonants is
the union of both sets: [p, f, b, v, m, w, w]. As we will see, being able to divide consonants
into obstruents and sonorants is quite useful in stating phonological rules.

Classification of Phonological Rules

In addition to grouping sounds into natural classes, we can classify phonological rules
according to the kind of process that they involve. Seven major kinds of processes are dis-
cussed here, along with examples from the phonology of English and other languages.

Assimilation

Rules of assimilation cause a sound to become more like a neighboring sound with respect
to some phonetic property. In other words, the segment affected by the rule assimilates or
takes on a property from a nearby (usually adjacent) sound. Rules of assimilation are very
common in languages. The first rule we considered in this file falls into this category. We
can call it alveolar stop assimilation because it applies to all alveolar stops (/t/, /d/, and /n/):

Alveolar stop assimilation (English): Alveolar stops assimilate to the place of articu-
lation of a following consonant.

Thus, when a sound having the properties alveolar and stop immediately precedes a
labial consonant, this rule causes it to take on the property labial (thereby replacing its
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(1) The major natural classes of English consonants

Place of Articulation

Labio-
dental

Inter-
dental Alveolar | Palatal Velar Glottal

t ?

Bilabial

Fricative h

Affricate

Nasal

Lateral
Liquid
Retroflex

Manner of Articulation

Obstruents Sonorants

specification for alveolar). Similarly, this rule can apply to change the sound’s place of
articulation feature to dental when it precedes a dental consonant (examples such as width
[wid@] and in this [1n 81s]), and so on for the other places of articulation.

Another common assimilation process is palatalization. Palatalization refers to a
special type of assimilation in which a consonant becomes like a neighboring sound. For
example, when American English speakers say Did you eat? rapidly, they very often pro-
nounce it as [didza it]. The sound [d] has been turned into a palatal sound [d3] because of
the influence of the following palatal glide [j]. Vowels such as [i] and [e] also cause this
change. The most common types of palatalization occur when alveolar, dental, and velar
stops or fricatives appear before a front vowel. So the following are all common types of
palatalization: [t] — [tf]; [d] — [d3]; [s] = [J]; [K] — [tf]; [g] — [d3]. While there are variants
on palatalization and other sounds can be palatalized, the main things to look for are (1) a
sound becoming a palatal and/or (2) a sound change conditioned by a front vowel.

The rules of assimilation that we’ve discussed so far cause sounds to assimilate to
adjacent sounds. This is a common way that assimilation occurs. However, long-distance
assimilation also exists, and a relatively common type of long-distance assimilation is called
vowel harmony. This typically causes all the vowels in a word to “harmonize” or agree in
some property such as rounding or backness.

Finnish has a common type of vowel harmony rule, which can be stated as follows:

Vowel harmony (Finnish): A back vowel becomes front when preceded by a front
vowel in the same word.

By this rule, Finnish words have, with few exceptions, either all front vowels or all back
vowels, but not both in the same word. We can see the vowel harmony rule in action when
a suffix is added to the end of a word. In this case, the suffix vowel changes to match the
quality of vowels in the word. For example, the suffix meaning ‘in’ has the form [-ssa] when
added to a word where the last vowel is back, as in [talo] ‘house’, [talossa] ‘in the house’.
However, the suffix takes the form [-ss] when it attaches to a word with a final front vowel,
as in [metsa] ‘forest’, [metsassae] ‘in the forest’. In cases like this, we can say that the vowel
of the suffix harmonizes, or assimilates, to the preceding vowel.

! See footnote 1 in File 3.2.
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b, Dissimilation

Unlike assimilation, which makes sounds more similar, rules of dissimilation cause two
close or adjacent sounds to become less alike with respect to some property, by means of a

tal change in one or both sounds. An example of dissimilation in Greek is the following: §

Manner dissimilation (Greek): A stop becomes a fricative when followed by an-
— other stop.

For example, in fast speech especially, the form /epta/ ‘seven’ can be pronounced as [efta],
] and /ktizma/ ‘building’ can be pronounced as [xtizma] ([x] is a voiceless velar fricative).

Insertion

Phonological rules of insertion cause a segment not present at the phonemic level to be
added to the phonetic form of a word. An example of this kind of rule from English is voice-
less stop insertion:

Voiceless stop insertion (English): Between a nasal consonant and a voiceless frica-
s place of tive, a voiceless stop with the same place of articulation as the nasal is inserted.
h as width

Thus, for instance, the voiceless stop insertion rule may apply to the word dance

fers to a /deens/ — [daents], strength [stren®/ — [strenk6], and hamster /heemstr/ — [haempstr].
ound. For
ften pro-
ecause of d. Deletion
-ause this Deletion rules eliminate a sound. Such rules ‘apply more frequently to unstressed syllables
and velar and in casual speech. English examples include:
1 types of
i Z:I?lr;t‘ﬁ /h/-Deletion (English): /h/ may be deleted in unstressed syllables.
| a
EI'. The /h/-deletion rule would apply to a sentence such as He handed her his hat
.rm.late to /hi heendad hr hiz heat/ to yield [hi heendad r 1z heet]. Deletion is common in fast speech
;'(_hStanCE because it saves time and articulatory effort. Sounds like [h] that are not very perceptible are
1S call(;fé often the “victims” of deletion because speakers can save time and effort by deleting them
Lagree In without sacrificing much information. That is, the listener may not be relying on these
sounds in order to understand what the speaker is saying.
follows:
a front e. Metathesis
Rules of metathesis change the order of sounds. In many instances, sounds metathesize in
order to make words easier to pronounce or easier to understand. In Leti, an Austronesian
.r all back language, consonants and vowels switch places when a word that ends in a consonant is
lon when combined with a word that starts with two consonants. The last two sounds in the first word
natch the trade places to avoid having three consonants in a row.
ssa] when
e house’, CV metathesis (Leti): When three consecutive consonants occur, the first conso-
ntvowel, nant trades places with the preceding vowel.
the vowel

By this rule, /danat + kviali/ ‘millipede’ undergoes metathesis to become [dantakviali], and
/ukar + ppalu/ ‘index finger’ becomes [ukrappalu]. On the other hand, /ukar + lavan/
‘thumb’ does not undergo metathesis because there are not three consecutive consonants.
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phonemic form: /danat+kviali/ /ukar+ppalu/ /ukar+lavan/
CV Metathesis: dantakviali ukrappalu —
phonetic form: [dantakviali] [ukrappalu] [ukarlavan]

J. Strengthening

g. Weakening

4.3.4

Rules of strengthening (also called fortition) make sounds stronger. The rule of English
aspiration, as stated below, provides an example:

Aspiration (English): Voiceless stops become aspirated when they occur at the
beginning of a stressed syllable.

The pronunciation of tap /tep/ as [theep] and cat /kaet/ as [kheet] illustrate the application of
the English aspiration rule. Aspirated stops are considered to be stronger sounds than
unaspirated stops because the duration of voicelessness is much longer.

Rules of weakening (also called lenition) cause sounds to become weaker. The “flapping” rule
of English is an example of weakening. [¢] is considered to be a weaker sound than [t] or [d]
because it is shorter and it obstructs air less.

Flapping (English): An alveolar oral stop is realized as [¢] when it occurs after a
stressed vowel and before an unstressed vowel.

The pronunciation of writer /raitr/ as [rairr] and rider /raidy/ as [raxcr] are examples of
the application of this rule. Note that voicing assimilation is involved in the change of /t/
to [c]: the /t/ takes on the “voicedness” of the vowels surrounding it.

Multiple Rule Application

To this point we have seen examples where one phonological rule applies. In reality there
is often more than one change that occurs between a given phonemic form and a phonetic
output. To illustrate this let’s look at how plural nouns are formed in English. When you
learned to write in English, you learned that the way to make a noun plural is to add an “s,”
which is usually pronounced [z]. There are actually three different phonetic forms of the
English plural marker: [s], [z], and [sz], seen in the words cats [keats], dogs [dagz], and foxes
[faksaz]. We need only one phonemic form for the plural marker if we use two rules to
derive the phonetic forms.

Try to pronounce [keatz] or [dags] in which the voicing quality of the final two con-
sonants differ. You will probably find that it is difficult to produce a consonant cluster if
one consonant is voiced and the other is voiceless. It is for this reason that the plural
marker changes its voicing specification to match the sound it follows. We will use /-z/ as
the phonemic form of the English plural marker, but notice that it doesn’t matter whether
we choose /-z/ or /-s/. It works out the same in the end.

Voicing assimilation (English): /-z/ takes on the voicing specification of the preced-
ing sound.

Now we can account for the different endings for dogs and cats, but what about the
plurals of words like fox, ditch, bush, orange, rouge, and maze? What these words have in
common is that they end in sounds that have a high-pitched hissing sound quality. These

Exercises
1.
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wvan/ sounds are called sibilant consonants. The English sibilants are [tf, [, 5, d3, 3, z]. Notice that
the plural marker is also a sibilant. Because of the high-pitched hissing sound, it is very
ran] difficult to hear two sibilants that are next to each other. Try saying [fakss], [ditfs], [brid3z],
¢tc., and you will get the idea. This is remedied by inserting a schwa between two sibilants.
Schwa insertion (English): Insert [5] between two sibilants.
le of I
With these two rules, we can derive the plural for any English noun (except, of course,
for special plurals like oxen, octopi, and cherubim).
r at the
phonemic form: [kaet+z/ /dag+z/ /faks+z/ /bridz+z/
schwa insertion: — — faksaz bridzoz
applicati: voicing assimilation: kaets —_ — —
sounds 1 phonetic form: [keets] [dagz] [faksoz] [bridzaz]
Obligatory and Optional Rules
Notice that phonological rules may be obligatory or optional. Obligatory English rules in-
flapping’ ¢lude aspiration, vowel nasalization, vowel lengthening, and liquid and glide devoicing.
than [t} %uch a rule always applies in the speech of all speakers of a language or dialect having the
rule, regardless of style or rate of speaking. The effects of obligatory rules are often very
subtle and difficult to notice, but they are an important part of a native accent. For instance,
s after a it may be difficult to tell that a vowel is nasalized in English, but the application of vowel
nasalization makes us sound like native speakers of English.
The existence of obligatory rules is what causes people to have foreign accents. It is
e examyj ¢asier to learn the rules of a new language than to “turn off” the obligatory rules of your
 change . native language. The very fact that we are often unaware of these rules causes us to apply
- them when they are not appropriate. When speakers of American English learn other lan-
guages, they often apply rules such as flapping and vowel reduction, even though the other
language may not have these rules.
Optional phonological rules, on the other hand, may or may not apply in an individ-
n reality 4 ual’s speech. Optional rules are responsible for variation in speech; for example, we can
nd a phes pronounce /keaen bi/ can be as either [kaem bi] or [kaen bi], depending on whether Alveolar
sh. Whess $top Assimilation is applied or not. The use of optional rules depends in part on rate and
to add an stvle of speech.
c form
thzi; (;l xﬂ Conclusion
in this file we have covered seven types of phonological rules: assimilation, dissimilation,
final twe insertion, deletion, metathesis, strengthening, and weakening. These phonological rules
nant operate on natural classes of sounds. We have also shown that a natural class is a group of
hat th all the sounds in a language that share some articulatory or auditory property(s) to the
will use exclusion of all other sounds in that language. To describe natural classes we have used the

properties consonant, vowel, labial, sibilant, obstruent, and sonorant, as well as properties used
to describe individual consonants and vowels.

of the p#
L]

1, List the members of the following natural classes of English sounds.
/hat abw
words §
quality

a. alveolar obstruents
b. voiced labial consonants
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How to Solve
Phonology
Exercises

ecause phonemes are important units of linguistic structure, linguists must have a

general method for identifying them in all languages. But the task of determining

what the phonemes of a language are and what allophones are assigned to them is
not always straightforward. For one thing, the set of phonemes differs from language to
language, and so a different analysis is required for each language. Moreover, phonemes are
psychological units of linguistic structure and are not physically present in a stream of
speech. As a result, it is not possible to identify the phonemes of a language simply by tak-
ing physical measurements on a sample of language. Nor is it always easy to identify
phonemes by investigating a native speaket’s intuitions, since the minute phonetic details
on which decisions about phonemes are made are often precisely those which speakers are
not accustomed to noticing.

To get around these problems, linguists have developed an objective procedure by
which the phonemes of a language can be discovered through examination of a set of words
written in phonetic transcription. This procedure is based on the following observations
about patterns of sounds: -

a. Phonemes make distinctions in meaning. If two sounds are members of separate
phonemes, minimal pairs can almost always be found. For example, the minimal pair led and
red is evidence that [I] and [r] are members of separate phonemes in English. But if two
sounds are allophones of the same phoneme, minimal pairs differing only in those sounds
will not exist. For example, [ba?n] and [batPn] are both possible pronunciations of the En-
glish word button (though [battn] may sound a little stilted). This is because the sounds [?]
and [th] are both allophones of the phoneme /t/. Thus, the meaning doesn’t change.

b. The allophones of a phoneme are not a random collection of sounds but are a set of
sounds that have the same psychological function. Accordingly, allophones of the same
phoneme are systematically related to one another:

i. They share many phonetic properties.
ii. It is possible to predict which allophone will appear in a word on the basis of
phonological rules.

By analyzing the patterns of sounds that are physically present, it is possible to draw
conclusions about the psychological organization of a language, which is not directly
observable.
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#4.1 How to Do a Phonemic Analysis

Although a phonemic analysis can be performed successfully on any language, it is easiest
to begin with a problem based on English, since we already know in effect what the solu-
tion is. Look over the data below, which are given in a fairly narrow phonetic transcription:

pray [phrei] fresh [fref]
gray [gre1] regain [rigemn]
crab [krreeb] shriek [frik]
par [phar] tar [thar]
broker [broukr]

Beginning with the sounds [r] and [1], we attempt to answer the following question:
are these sounds allophones of separate phonemes, or allophones of the same phoneme?
(Of course, native speakers of English intuitively know that they are allophones of the same
phoneme. However, the procedure for doing a phonemic analysis should produce the same
answer without appealing to the intuitions of speakers.)

In order to answer this question, it is necessary to examine scientifically the distribu-
tion of sounds within these data. That is, for each sound in question we need to determine
the set of phonetic environments in which it can occur. But just what do we mean by
“environment”? For the time being, we can define the environment of a sound as the
sounds that immediately precede and follow it within a word. For example, in the word
[gre1], [1] is in the environment [g_e]; that is, [r] is preceded by [g] and followed by [e1].

The best way to begin a phonemic analysis is to determine whether the sounds in
question are contrastive. To do this, look first for minimal pairs. Suppose for a moment we
were interested in the sounds [p®] and [th] in the data above. These sounds do appear in a
minimal pair: [p*ar] and [thar] have different meanings and differ phonetically by only a
single sound in the same position. This tells us that [p*] and [t"] are in overlapping distri-
bution and, more specifically, that they are in contrastive distribution, because the dif-
ference between them causes a difference in meaning. Therefore, they are allophones of
different phonemes.

Returning to the problem at hand, namely, the status of [r] vs. [1], we see that there are
no minimal pairs in the data that differ only by these two sounds. Since [r] and {1] are not
in overlapping distribution in our data, we can assume that they are in complementary
distribution. However, we must prove that this is so by making a generalization about
where [1] (but not [1]) may appear, and vice versa. In order to do so we need to compare
the phonetic environments of each of these sounds. The easiest way to do this is to make a
list for each sound, as follows. (Note that “#” indicates a word boundary.)

[r] (1]
[g_e1] [pP_e]
[a_#] [kh_z]
[b_ov] [f_g]
[#_i] i

Once you have collected the list of phonetic environments for each sound, it is necessary
to proceed as follows:

1. Look at the environments to find natural classes. [1] is preceded by [p®], [k?], [f], and
[f], all of which are voiceless consonants. This generalization permits us to simplify the
description of the environment for [1]; instead of listing each sound separately, it is now
possible to say:

[1] appears after voiceless consonants.
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Now look at the environments in which [r] appears. Are there any natural classes? Yes
and no. Certainly [b] and [g] are voiced consonants, and [a] is also voiced, but the set that
includes [b], [g], [a], the beginnings of words, and the ends of words does not form a nat-
ural class. Thus, the critical observation to make here is that there is no single natural class
of environments in which [r] can be found.

We have looked at the sounds preceding [r] and [1], but what about the sounds that
follow them? As you can see, only [r] may occur word-finally, but either [1] or [1] can occur
before a vowel. Thus, the environments that condition the appearance of [1] or [1], i.e., the
conditioning environments of these particular allophones, are their immediately preceding
sounds.

2. Look for complementary gaps in the environments. So far, we have shown that [1] ap-
pears after voiceless consonants, while [r] appears in an apparently random set of environ-
ments. Yet, it is possible to make one more critical observation. [r] does not appear in the
environments in which [r] appears, namely, after voiceless consonants. Moreover, [r] does
not appear where [r] does; there is no [1] after voiced consonants or at the beginnings and
ends of words. Since the environments of [r] and [r] have systematic and complementary
gaps, we say that [r] and [1] are in complementary distribution. Therefore, they are allo-
phones of the same phoneme.

3. State a generalization about the distribution of each of these sounds. In other words, write
a rule that will make predictions about where each of the sounds can occur. Actually, we've
done the hard part of this already by observing that [1] occurs following voiceless consonants.
How should we state the distribution of [r]? We could try formulating our rule as follows:

[r] appears following voiceless consonants;
[1] appears following voiced consonants or vowels, or at the beginning or end of
a word.

However, that’s not a very succinct formulation of the rule. To simplify it, recall that
wherever [1] occurs, [r] can’t, because their possible environments form complementary
sets. Therefore, we can revise our rule this way:

[r] appears following voiceless consonants;
[t] appears elsewhere.

4. Determine the identity of the phoneme and its allophones. This next step in writing
the rule involves deciding what the phoneme to which these sounds belong should be. In
order to do so, we need to decide which of the allophones is the basic allophone and which
is the restricted allophone. We have determined that the conditioning environment for [z}
consists of a single natural class of sounds. [1] is restricted to occurring only there, whereas
[r] may appear anywhere else. Therefore, we can identify [1] as the restricted allophone and
[r] as the basic one. It makes sense to name the phoneme after the basic allophone, since it
is the one that can show up in a wider variety of contexts. Furthermore, the basic allophone
is assumed to be the closest approximation of the mental “sound” that speakers store in
memory. In choosing a name for the phoneme, we have made the leap from observable
phonetic reality to unobservable psychological reality. (It is not always possible to choose
one allophone as basic, however. In that case the phonology exercise’s instructions will
not tell you to do so, and any of the allophones would serve equally well as the name of
the phoneme.)

We can improve on our rule once more. The arrows in the rule below mean “is pro-
nounced as.” We use slashes around symbols that represent phonemes and a single slash
indicates the beginning of the environment specification:

for

wor
pair.
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iral classes ™
yut the sct s

/t/ — [1] / after voiceless consonants;
/r/ — [r] / elsewhere.

10t form o
le natural « - Now that we have formulated the necessary phonological rule, we can see which

phonological process it involves (cf. File 4.3). In this rule a voiced phoneme changes into a
he sounds voiceless sound when it follows another voiceless sound. In other words, /r/ becomes more
or [1} can v« like a preceding sound with respect to the feature of voicelessness. Therefore, we can con-
1or [z}, i clude that the process of assimilation is involved in this phonological rule.
ately prece

Some Potential Trouble Spots
ywn that | 'he procedure outlined in the previous section will work for any language for which
 set of em reliable phonetic transcriptions exist. However, beginners are often confused by certain
bt appear i1 yjuestions.
yreover, |1 For instance, if you discover that no minimal pairs exist for two sounds, is it possible
beginning: to automatically conclude that they are allophones of the same phoneme? No. It is still
complem necessary to show that the sounds are in complementary distribution, since allophones
e, they are are predictable variant pronunciations of the same phoneme.

Consider what happens if you make a decision too soon. Using the data presented at

the beginning of the previous section, suppose you wanted to know whether [g] and [[] are

her words, allophones of the same phoneme. Since there are no minimal pairs differentiated by these

. Actually, ¥ sounds, it might seem reasonable to conclude that they are. (Of course, a speaker of English
less consc should have no trouble thinking of a minimal pair involving these two sounds. However,
ile as follows the data you will be given in phonology exercises will be sufficient for you to solve those
problems.) But a careful examination of the data reveals that this is the wrong conclusion.
Listing the data and the relevant environments, you find:
ng or end «f
[g] appears in gray [grel], regain [rigein]

generalization: [g] appears between vowels or at the beginning of a word;
[f]1 appears in fresh [fref], shriek [{tiK]

ify it, recali
i generalization: [[] appears at the beginning or end of a word.

complernr

As these data illustrate, [g] and [[] are not in complementary distribution because their
slistributions overlap: either may occur at the beginning of a word. As a result, no phono-
logical rule can be responsible for their distribution. In general, when no generalization can
e made about where a group of sounds can occur, it is possible to conclude that they are
sembers of separate phonemes. A conclusion based on such a demonstration is just as valid
as showing that minimal pairs exist. This alternative way of showing that sounds are mem-
#rs of separate phonemes is useful because it’s not always possible to find minimal pairs
tor all distinctive sounds. For example, there are no minimal pairs involving [n] and [h] in
glish. But it is reasonable to assume that they belong to separate phonemes because they
re few phonetic properties, and no phonological rule determines where they can occur.
The range of tests for identifying phonemes can be broadened somewhat by the use
i+ near-minimal pairs. Recall that a minimal pair is a pair of words differing in meaning but
onetically identical except for one sound in the same position in each word. The def-
sition of near-minimal pairs is the same, except that the words are almost identical except
' the one sound. For example, heard [hrd] and Bert [brt] form a near-minimal pair in-
olving [h] and [b]. We are justified in saying that [h] and [b] are allophones of separate
ghonemes because no conceivable phonological rule would permit only [h] at the begin-
filngs of words ending in [d], and only [b] at the beginnings of words ending in [t].
One final point about minimal pairs: notice that we have not defined them as pairs of
@waords that thyme. It is not necessary for two words to rhyme in order to form a minimal
imir. Consider English state [stert] and steak [steik], for example, or boat [bout] and beat [bit].
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Nor is thyming sufficient to qualify a pair of words as a minimal pair: gray [gre1] and pray
[pbrer] from the list of data above rhyme, but differ in two sounds. And to take another ex-
ample, glitter and litter thyme but do not form a minimal pair because they do not contain
the same number of sounds.

Another question that often troubles beginners is this: when describing the environ-
ment in which a sound appears, how do you know where to look? In the problem we solved
in the previous section, we considered only the sounds that preceded fr] and [1]. This is
certainly not the only possibility. In fact, identifying conditioning environments is the
most challenging part of doing a phonemic analysis.

Recall that in the previous section we temporarily defined the environment of a sound
as the sounds immediately surrounding it. However, it is sometimes necessary to look
beyond the sound’s immediate environment. For instance, if you are examining the distri-
bution of a vowel allophone, it is quite common that the conditioning environment in-
volves a vowel in an adjacent syllable, even though consonants may intervene. It may also
be necessary to consider preceding or following sounds even when they belong to another
word that is adjacent in the stream of speech. However, it is best to start by examining the
immediate environment of an allophone when you are trying to determine what its con-
ditioning environment is. ‘

Since there are many logically possible environments to consider, the task is made
easier by eliminating all of those except the most plausible. This can be accomplished by
using strategies like the following:

a. Formulate hypotheses about the allophones. Investigation of the world’s languages has
revealed that some sounds are more common than others (see File 4.7 for relevant discus-
sion). For example: '

Voiced nasals and liquids are more common than voiceless ones.

» Oral vowels are more common than nasal vowels.

» Consonants of normal length are more common than long consonants.

e “Plain” consonants are more common than those with secondary articulations like
velarization, palatalization, and labialization.

On the basis of these generalizations, it is possible to speculate that if a less common
sound appears in a language, it is probably a restricted allophone. But these tendencies
should be used only as a guide for forming hypotheses, not as a basis for jumping to con-
clusions, since some languages exhibit exceptions. For example, French has both nasal and
oral vowel phonemes.

b. Keep in mind that allophonic variation results from the application of phonological
rules. Also remember that rules usually involve some phonological process, such as assimi-
lation or deletion. Once you have a hunch about which allophone is the restricted one,
check the environment in which it appears for evidence that a phonological process has
applied. This may involve looking in more than one place until you have discovered a
reasonable candidate. In the problem in the previous section, we were guided by the
knowledge that voicing differences in consonants are often caused by voicing assimilation,
and that voicing assimilation frequently occurs in consonant clusters. Since /t/ is the
second member of all of the clusters given, we concluded that the consonant preceding
it constituted the conditioning environment. Even if it is not obvious that a phonological
process has been at work, you should be able to write a phonological rule and, thus, state a
generalization about where the allophones of the phoneme occur.
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i Flowchart for Discovering the Distribution of Sounds

The flowchart should help you to identify the type of distribution two (or more) sounds in
a language have. The rectangular boxes ask you to do something or give you some infor-
mation that your working through the flowchart has revealed. The diamond-shaped boxes
pose a question. Try reading through the flowchart before you attempt to analyze the
languages in the next file; it may help you to understand the relationship between the
different types of distributions of sounds in a language.

List the phonetic
environments in which
the sounds in
question appear.

Do the sounds The sounds are in

occur in the same overlapping
environment? distribution.
No Do the words
The sounds are in : prediction have the same
complementary is possible. meaning?
distribution.
Yes
The words form a
minimal pair.
Prediction
is possible.
The sounds are in
contrastive
distribution.
The sounds
are in free
variation.






