


The Null Hypothesis

On pretheoretical grounds there is nothing logically absurd or inco­
herent about the null hypothesis. As with all questions about the nature of
grammar, it is an empirical question whether or not the null hypothesis
can adequately account for the speaker's ability to pronounce the words
and sentences in his language. Despite its superficial lack of implausibil­
ity, there are a number of considerations which show that the null
hypothesis is incorrect. One important observation is the fact that in most
languages there are morphemes or words that have more than one pho­
netic realization. For example, the plural suffix in English is sometimes
pronounced as -i: (e.g., buses, brushes), sometimes as -s (e.g., cats, lips),
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and sometimes as -z (e.g., birds, dogs). Such a situation is called an
alternation-that is, a given morpheme has alternant or varying pronuncr­
ations in different contexts. Each variant pronunciation is called an alter­
nant or allomorph of that morpheme. The widespread phenomenon of
alternation falsifies the null hypothesis, because even if we were to ex­
pand the lexical representation of a morpheme. to include a listing of each
of its allernants, it would still be necessary to include rules or statements
to select the appropriate allernant in any given context. Let us call this the
problem of selection. Thus, even if we were to expand the lexical repre­
sentation of the plural morpheme to /-IZ, os, -z], we still require rules to
guarantee that the alternant -s is suffixed to cat and lip but not to bus or
bird. But this additional apparatus of rules of selection IS precisely what
the null hypothesis denies. Hence, this hypothesis about the manner in
which the grammar assigns phonetic representations must be rejected.

The preceding argument against the null hypothesis might be coun­
tered by maintaining that instead of memorizing morphemes, what the
speaker does is to memorize entire words. On this view, the speaker
stores in his mental lexicon both the representation [bird] for bird and also
[birdz] for birds, [lrp] for lip and also [lIps] for lips, and so on. This view
essentially claims that the plural morpheme is an unanalyzed portion of
the entire word and that a speaker must memorize the pronunciation of
the plural form of a noun just as he must memorize the pronunciation

of the singular form.
The position sketched above can be argued against by demonstrating

that a native speaker of English has the ability to construct plural nouns
even though he has never heard these nouns (and thus could not have
memorized their pronunciation), and that the pronunciation he assigns to
these plural nouns follows a general principle. Thus, if a speaker of
English is given the nonce forms [nts], [frp], and [rnzeg] and is induced to
form plurals of these words, he will undoubtedly say [DIS-IZ], [frp-s], and
[mzeg-z]. The fact that the speaker will pronounce [rnreg-z] rather than
*[mreg-Iz] or *[mreg-s], even though he has never encountered this pro­
nunciation before, can be explained only by assuming that the distribution
of the allomorphs of the plural suffix (i.e., -IZ after sibilants, -s after
voiceless nonsibilants, and -z after voiced nonsibilants) forms a part of his
internalized grammar.

Consider another example making the same point in a slightly differ­
ent way. In the Paleo-Siberian language Chukchee there is a vowel har­
mony principle whereby the vowels i , u and e are changed into e, 0, and a,
respectively, if the word in which they appear contains a low vowel e, zr ,
or" (which we represent here as 0). Thus, a locative suffix -gjit appears
in the form -gjet when added to a stem containing a low vowel: quli-gjit
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must simply wait to hear it pronounced by someone else who already
knows its pronunciation. We thus might assume that once the native
speaker hears a given word pronounced. he simply memorizes what
sounds make up the word and in what order those sounds are pronounced.
This information would be stored in the lexicon of the speaker's grammar.

Let us see how a grammar would assign a pronunciation to sentences
if we were to accept the claim that the speaker simply memorizes the
pronunciation of each item he encounters. The syntactic component
would generate indefinitely many surface structures, where a surface
structure would be a sequence of morphemes with an associated con­
stituent structure (i.e. the morphemes would be organized into words and
words would be organized into phrases and so on). Each morpheme in the
surface structure would be assigned a pronunciation simply by looking up
in the lexicon the pronunciation stored there. To take a concrete instance,
consider the utterance Birds fly. Its phonetic representation can, at the
level of detail we are considering here, be given as [birdz flaj]. It contains
three morphemes: the noun root bird, the suffix indicating plurality in
nouns, and the verb root fly. Given the view being sketched here, the
speaker of English will have stored in the lexicon the information that the
pronunciation of these three morphemes is /bird/, /-z/, and /flaj/ respec­
tively. By putting the pronunciations of these morphemes together in the
order that the morphemes occur in the surface structure one arrives at the
pronunciation of the entire sentence. Thus no phonological component of
the grammar would be required: The syntactic rules, which specify the
order of the morphemes in the sentence, and the lexicon, which specifies
the pronunciation of each morpheme, would jointly produce a pronuncia­
tion for each sentence. Let us refer to this view of pronunciation as the
null hypothesis.
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'voice', milute-gjit 'rabbit', butjara-gjet 'tent', wopqa-gjet 'moose', Simi­
larly, stems like titi- 'needle' and milute- 'rabbit' change their vowels
when the comitative suffix -rna is added: tete-rna 'with a needle',
melota-ma 'with a rabbit'.

Given the null hypothesis we must assume that the Chukchee speaker
simply memorizes the words milute-gjit , wopqa-gjet , and me/ata-rna
without any principles relating the varying pronunciations of the same
morphemes. As in the English example, this could be shown to be incor­
rect by exhibiting novel forms never encountered previously by the
speaker which he is nevertheless able to pronounce correctly in accord
with the harmony principle. But another way to falsify the null hypothesis
exists. Chukchee has a syntactic process of incorporation whereby an
adjective or other qualifying word may be incorporated into the noun it
modifies to form a new word. When this happens, we find that the
harmony principle operates automatically. For example, 'new gun' may
be expressed by simply placing the adjective before the noun (ne-tur-qin
milger) or by incorporating the adjectival root with the noun (tur-milger).
The following examples (from Skorik 1961) show that when the incorpora­
tion process brings together morphemes containing vowels with different
harmonic values, the harmonic changes are applied automatically.

(I) ne-mejsn-qin galgajn-en 'big bird'
majns-golgajn-sn 'big bird'
ns-ten-qin aacek 'noble youth'
tan-aacek 'noble youth'
jejvel 'orphan'
jajval-aacek 'orphaned youth'
n-om-qen evirren 'warm clothes'
om-averren 'warm clothes'

Now since, in principle, any adjective can be incorporated with any noun,
we must assume that the Chukchee speaker has a principle of harmony in
his internalized grammar to explain the harmonic changes that occur
when incorporated words are created. Since the harmonic changes that
appear in the incorporated forms are of exactly the same nature as those
which appear in words composed of a single root plus affixes (like the
locative and comitative) , there is every reason to believe that these latter
alternations are also produced by the harmony principle, rather than
simply being memorized.

The above arguments against the null hypothesis involved instances
where a morpheme alternated in pronunciation depending on the nature of
the adjacent morpheme(s) in the same word. There are many instances
where a morpheme will alternate in pronunciation depending on its posi-

lion in a phrase. Such cases provide a strong argument against the null
hypothesis. We will confine ourselves tO,a single example here. In Chirn­
wi:ni, a Bantu language related to Swahili, vowels may be either l~ng or
short. But a long vowel is not allowed to occur (generally speaking) ID any
syllable preceding the antepenultimate syllable in the phrase. A vowel
that is an inherently long vowel WIll always be pronounced as a short
vowel ifit is in a pre-antepenultimate position. Consider, for instance. the
verb root lIe: tl 'bring'. The vowel of this verb root is long in such
examples as ku-Ie tt-a 'to bring', le tt-a 'bring (it)!', and ku-wa-Ie:t-e!-a
'to bring (it) to them', but short in forms such as ku-tet-et-an-a 'to bnng
to/for one another', na-ku-wa-let-et-a-ni 'what is he bringing to them?',
and ku-Iet-a ma-jiwe 'to bring stones'. Notice that the long vowel of
/Ie:tl appears in a shortened form whenever more than two vowels
follow regardless of whether those vowels are in the same word or a later
word in the phrase. Given the null hypothesis, it would be necessary for
the speaker to memorize and store in his lexicon all of the words and
phrases that /Ie: t] appears in. But this is not a feasible analysis, for there
are an indefinitely large number of such phrases. The speaker of Chim­
wi: ni knows how to pronounce /Ie: t/ in any phrase that this morpheme
happens to occur, whether he has ever heard that phrase or not. The
speaker of Chimwi:mi must abstract a rule (namely, a long vowel IS

pronounced short if it is in a pre-antepenultimate position in the word or
phrase) rather than simply memorizing the items he encounters. .

Aside from its inability to deal with the phenomenon of alternatIons,
there is another reason for rejecting the null hypothesis. Since the null
hypothesis tries to list all aspects of the pronunciation of a morpheme in
the lexicon, it fails to make a linguistically fundamental distinction be­
tween two types of phonetic information-namely, that some aspects of
the phonetic realization of a morpheme are idiosyncratic properties of that
particular morpheme, while others are instances of systematic regUlarities
in the sound structure of the language. For example, consider the pho­
netic representation [kha:: b) of the English word cab. The fact that the
initial sound of this word has the property of being a velar consonant (as
opposed to, say, being labial or dental) is an idiosyncratic feature of this
particular morpheme. If a flnent speaker of English did not happen to
know this particular word cab, there would be no way for him to predict.
on the basis of his knowledge of English, that the first sound of this
morpheme would have the feature of velarity. For all he knows, the
morpheme could just as well begin with a dental consonant and ~e pro­
nounced tab or a labial consonant and be pronounced pab. In leammg the
ml\rphemes or vocabulary of a language, most information of this sort
must be simply memorized. Similarly, the fact that the initial sound in cab



is voiceless, rather than voiced. is another idiosyncratic property of this
particular morpheme. Before encountering this word, the speaker of
English has no reason to expect the initial sound to be k instead of g.

But not all of the phonetic features of the first sound in cab are of this
idiosyncratic nature. In particular, if we were to make a list of English
words which begin with a voiceless stop consonant (p, t, k) and consist of
just one syllable, we would find that all of them have the property of
aspiration associated with their initial voiceless stop, and that there are
none which do not. In English. then, there is an invariable correlation of
voiceless stop consonants with the feature of aspiration in initial position
in monosyllabic words. Note that there is no physiological necessity that
voiceless stops be pronounced with aspiration: In English nonaspirated
VOIceless stops occur in noninitial position (e.g., the second sounds in
spat, stab, scab) and in many languages nonaspirated voiceless stops
occur both initially and noninitially. Thus the presence of the feature of
aspiration in the initial segment of cab is an instance of a general regu­
larity of English pronunciation rather than a physiological necessity: All
word-initial voiceless stops in monosyllables are aspirated.

This distinction between idiosyncratic and systematic features of
pronunciation reappears in the vowel of cab. The fact that the vowel reo of
this morpheme is pronounced with a relatively low tongue position (as
opposed to i , a high vowel), and with a relatively frontal tongue position
(as opposed to a. a back vowel) are idiosyncratic properties which must
be memorized when learning this word. On the other hand. the fact that
the vowel is long is not a peculiarity of this particular morpheme, but
rather is an instance of another general regularity of English that vowels
are pronounced longer before voiced consonants than before voiceless
ones (compare cab- cap; bag- back; pig- pick; mad- mat; etc.).

To recapitulate. we can say that, from the point of view of the
grammar of English, the phonetic representation [khre:bJ is a complex
object in the sense that some of its features are properties idiosyncratic to
the particular morpheme cab, while certain others are manifestations of
general regularities in the sound pattern of English.

Why does this distinction between idiosyncratic and systematic fea­
tures of pronunciation falsify the null hypothesis? Recall that the null
hypothesis lists in the lexicon all of the features of the pronunciation of a
morpheme. Hence it is, in principle, incapable of formally making the
distinction between idiosyncratic and systematic features, since it treats
all features as being of the same status. By doing so, the null hypothesis
claims that this distinction should not exist; or that if it does, it is of no
linguistic significance. However, anyone who has considered the matter
seriously has realized that the distinction is very significant. We will

discuss this matter in considerable detail in Chapters 3 and 5. Here we cite
only briefly some of the kinds of evidence which can be employed to
motivate it. Consider the problem a native speaker of English faces In

acquiring a language like French. He will have no difficulty pronouncing
certain sounds correctly, for example, the word bas. In general, these are
sounds that occur in English. He will have varying degrees of difficulty
with sounds that do not occur in English: for example, the front rounded
vowel Ii of lune or the uvular r of roi, But there are some sounds which
occur in both English and French which present considerable difficulties
nevertheless. For example, the word pas is phonetically [paJ with an
unaspirated voiceless stop. This sound occurs in English in words like
spa. But when trying to say pas the English speaker will automatically say
[phaJ, aspirating the p. Furthermore, he will have trouble hea~ng the
difference between his [p''a] and the French [pa]. What explains this
difficulty? Clearly it is the fact that the feature of aspiration is controlled
by a rule in English speech and that this rule is projected upon his French
pronunciation. On the other hand, the English speaker has no trouble In

controlling the features of voicing or labiality. He has no difficulty In

producing or distinguishing pas from bas or tas. In general, it is only the
systematic features of pronunciation which cause difficulty, and then only
when they appear in positions different from the ones governed by the
systematic regularity. .

Slips of the tongue can also be used to demonstrate the psychological
reality of a systematic regularity. For example, one of the authors re­
cently observed tail spin [thejl spm] pronounced as pail stin [pvejl stm].
Notice that in this spoonerism both the t h and the p are changed In

accordance with the systematic regularity that controls aspiration in En­
glish: The t h is deaspirated because only nonaspirated stops can stand after
s , and the unaspirated p becomes aspirated because only aspirated stops
can begin a word like pail. Once again, it would be difficult to explain why
these changes should automatically occur unless it is assumed that the
systematic regularity controlling the feature of aspiration forms part of the
English speaker's internalized grammar.

Facts like these show that the distinction between idiosyncratic and
systematic features is oflinguistic significance '.We must, therefore, reject
the null hypothesis and develop some machinery which WIll enable a
generative grammar to explicitly characterize the differe.nce between
these two kinds of phonetic features. In order to make this distinction, we
will introduce the devices of a list and a rule. We will say that all of the
idiosyncratic features of the pronunciation of a morpheme are. to be listed
in the lexical representation of that morpheme In the lexicon of the
grammar. On the other hand, features which are instances of systematic

I
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I Actually, phonological rules will not only assign predictable features of pronunciation
such as aspiration in English, they will also modify idiosyncratic features of pronunciation
that fall within the scope of a phonological rule. For instance, in Chimwi: ni certain vowels
must be listed in the lexicon as being long, but this underlying length will be nullified in
pre-an~epenllitimate position due to the general rule discussed earlier in this chapter. See the
following chapter for further discussion of this point.

regularities will be assigned by phonological rules in the phonological
component of the grammar. Correspondingly, we will make a distinction
between two levels of representation of the phonological structure of a
morpheme, word, phrase, or sentence: The underlying representation
(UR), which will contain all of the idiosyncratic information about the
pronunciation of the constitutent morphemes of the utterance, and the
phonetic representation (PR), which contains the idiosyncratic information
plus the predictable information about the pronunciation of the utter­
~nce ..' For the moment, we can conceive of the UR of a sentence as being
identical with the surface syntactic structure of a sentence. The phonolog­
ical rules, then, make up the phonological component of the grammar, and
their function is to convert the UR of any utterance into its corresponding
PR by assigning predictable phonetic properties. For example, the mor­
pheme cab will have included in its lexical representation the information
/kreb/-all of the idiosyncratic features of pronunciation (at the level of
detail we are considering here). The lexical representation of this mor­
pheme will be inserted into each syntactic surface structure that utilizes
this particular morpheme. This surface structure then forms the input to
the phonological component (i.e., it is the UR), which contains the
phonological rules that assign the features of aspiration to the initial
voiceless stop and length to the vowel. Application of these rules then
yields the PR [khre:bj.

Before proceeding further, let us discuss the preceding points in more
detail. We have proposed to distinguish the idiosyncratic features of
pronunciation from the systematic features by incorporating the former
mto the lexical representation of morphemes. This decision seems to
accord well with the presumed psychological fact that the speaker of the
language must memorize the association of these properties with one
another and with the rest of the information in the lexical entry. Essen­
tially, the lexicon of a generative grammar can be thought of as a listlike
device, where each entry in the list describes an arbitrary collocation of
properties in terms of which the linguistic behavior of the morpheme can
be described-that is, properties which themselves are not predictable by
rule. Thus the fact that cab contains the three sounds /k-re-b/ is not
predictable by rule. Similarly, the fact that the three sounds occur in this
order rather than, say, /b-re-k/ is also an idiosyncratic feature. Finally,
the association of this phonetic information with the other syntactic and

2 See Chapter 7 for discussion of the motivation for assuming that sounds are to be
viewed as a complex of features.
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/k e b/
cons vowel cons
stop low stop
velar back labial
voiceless oral voiced
ora) stress oral

lk" re: b]
cons vowel cons
stop low stop
velar back labial
voiceless oral voiced
oral stress oral
aspir long

(3)

semantic features of being a concrete, count noun denoting a certain type
of vehicle is also an arbitrary connection which must be memorized. For
these reasons, a listlike device such as a lexicon seems entirely appro­
priate.

Likewise, the concept of a grammatical rule seems entirely appro­
priate for characterizing those features of pronunciation which are man­
ifestations of general and systematic regularities in the sound pattern of a
language. For example, when we consider the status of the feature of
vowel length in English, we find that this feature is systematically corre­
lated with a following voiced consonant. This regularity is of an open­
ended nature in that it holds for all combinations of a vowel plus a voiced
consonant regardless of what particular morpheme they may occur in.
This open-ended character of the regularity is reflected in what we might
call the' 'projective" nature of a grammatical rule. The length rule that we
formulate to account for this regularity of English states that a vowel will
be pronounced long when before a voiced consonant; this rule applies
regardless of the particular utterance in which this sequence of sounds
occurs.

We will now begin to introduce some of the notation employed in
formulating phonological rules (see Chapter 9 for more explicit discus­
sion). We will assume that the phonetic properties of an utterance at both
the underlying and phonetic representations are to be represented as a
string of discrete segments, where each segment takes the form of a
feature matrix specifying the grammatically determined operations of the
vocal apparatus involved in the articulation of the corresponding speech
sound. For instance, the lexical and phonetic representations of cab,
again at the level of detail we are concerned with here, will appear as
something like (2) and (3), respectively. 2

(2)
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In this rule the dot stands for the syllable boundary, indicating where the

Phonological rules are operations upon strings of feature matrixes.
Each rule assigns one or more feature specifications to a matrix when that
matrix appears in a certain context. In the statement of the rule. the set of
segments undergoing the rule as well as the set of segments which form
the context in which the rule operates are identified by mentioning all of
the features necessary to uniquely indicate just those particular sets. So,
for example, the vowel length rule. which specifies vowels as long before
voiced consonants, takes roughly the form in (4).

In this expression, the arrow is to be read "is assigned," the slash / as "in
the context of," and the environmental dash __ indicates the segment
undergoing the rule relative to its environment (in this case immediately
before voiced consonants). The rule thus says "a segment having the
feature [vowel] is assigned the feature [long] if that segment stands im­
mediately before another segment having the features [voiced] and
[consonant]." This rule will apply to the UR (2) above, since it possesses
a segment which satisfies the requirements of the rule. The rule would not
apply to the UR of a word like cap, because the vowel in this morpheme
stands before a segment which is not characterized by the feature
[voiced]. Application of the vowel length rule to the UR (2) then supplies
the feature [long] appearing in the corresponding PR (3).

Turning now to the formulation of the aspiration rule, we note that
the complete distribution of this feature in English is somewhat more
complex than that indicated earlier. Essentially the rule is that voiceless
stops are aspirated when they initiate a syllable. This not only covers
cases of word-initial voiceless stops in monosyllabic words like cab, but
also word-internal voiceless stops such as the t of spitoon, the p in
lampoon, and the k in racoon. Note that this rule will correctly fail to
aspirate the p in spitoon , since it does not begin the syllable. The rule will
also aspirate the p of applaud, the first r of attribute (verb), and the k of
accrue. Finally, in a word like potato [p"at"eyDow] the first two voiceless
stops will be aspirated because they begin the syllable, while the final t is
flapped toD by a rule operating in roughly the context V__V. Thus, the
aspiration rule for English will take the form of (5).
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[plosive] --> [voicedj /Inasal] __

pota 'mat' IJgyunu 'you fell'
latah 'father' sis 'meat'
()"j(liy 'little' iohsahu 'they cooked it'
cima 'calabash' kama 'cornfield'
cehcu 'he cut it' nas 'earth'
kunu 'he fell' iianah 'his mother'
kenba 'he sees kay 'jaguar'
mvandamu 'you came liyba 'he slashes'
'Ji1jdYo 'Jpya 'he is sleepy' win 'face'
rUeheu 'you cut brush'

Voiceless plosives p t.c F. c k
Voiced plosives b d.dz dJ-,j g
Fricatives S
Nasals m n f D
Liquids t ,r
Glides w y ?,h

(8)

(7)

A pattern is to be observed in the distribution of the stops and affricates
(a class of sounds traditionally called plosives and characterized by a
blockage of the air flow): Voiced plosives only appear after nasals, while
voiceless plosives never appear in this position. Thus, unlike in English,
where voicing is an idiosyncratic feature of stops and affricates, the
voicing of Zoque plosives is predictable in terms of a rule such as (8).

Although somewhat less obvious, the features voiced and voiceless
are also predictable for all other sounds in Zoque. Just as a certain feature

Let us turn to several other examples in which the distinction be­
tween idiosyncratic and systematic features of pronunciation may be
expressed by the notions of a list and a rule. Examination of the data in (6)
from Zoque , a language of Mexico (Wonderly 1951), permits us to set up
(7) as the inventory of consonants appearing in the phonetic repre­
sentations of this language.

Zoque

syllable begins and/or ends. Thus, the segment immediately after the dot
willbe in syllable-initial position. This rule will now apply to the UR of cab,
because its syllable-initial segment has the features voiceless and stop.
deriving the correct PR (4).

(6)

[
cons ][vowel] --> [Iong]/__ . d
voice

[st~p I ] --> [aspirated]/,__
voice ess
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(5)
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of a given segment may require another feature to appear in an adjacent
segment (e.g., in Zoque the feature voice must appear in plosives if they
follow a segment having the feature nasal), all languages have dependency
relations between features contained wholly within a single segment. For
example, in most languages if a segment has the feature sonorant then it
must also have the feature voiced. Voiceless vowels, liquids, and nasals
are distinctly less preferred than voiced ones. On the other hand, voice­
less is preferred over voiced for obstruents. There are many languages
which have only voiceless obstruents, while we know of no language
whose obstruents are exclusively voiced. These intrasegmental relations
between the features of sonorant and obstruent, on the one hand, and
voiced and voiceless on the other, may be expressed by the rules in (9)
and (10).

analyses differ with respect to which position is selected as indicating the
underlying character of Zoque plosives and in which position this basic
pronunciation is obscured by a phonological rule. Although on purely
logical grounds the two analyses appear equivalent. we are confident that
almost any linguist analyzing Zoque would propose the voicing solution.
The reason is that voicing of obstruents, especially plosives, after nasals
is a very natural rule found in language after language. Presumably the
great frequency of this rule is to be explained on phonetic grounds (i.e., as
arising naturally from the structure and dynamics of the human vocal
apparatus), although we are not aware of any truly satisfying explanation
along these lines. The devoicing solution, on the other hand, has very
little to recommend it in the way of naturalness. Although there is a
tendency for language to favor voiceless plosives in pre-consonantal and
word final positions, prevocalic position, especially at the beginning of a
word, is a rather stable one in which the underlying glottal position
(voiced versus voiceless) usually surfaces phonetically. There is no
natural tendency to devoice plosives in this position.

36

(9)

(10)
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[sonorant] ----> [voiced]

[obstruent] ----> [voiceless]

Papago 37

'! I
Jil'l
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If we accept the claim that Zoque voiced obstruents arise only as the
result of phonological rule (8), then rule (10) holds true for Zoque as well.

Rules expressing intrasegmental relations are called morpheme struc­
ture rules and are commonly assumed to apply in the lexicon. If this
position is accepted, then all segments in the UR will contain phonetically
pronounceable sounds. The phonological rules will then simply convert
one sound into another by altering its feature matrix. Thus, in Zoque , all
segments will be unspecified for voicing in the lexical entry for mor­
phemes of the language. The morpheme structure rules of (9) and (10) will
then fill in the redundant features of voicing (voiced for sonorants and
voiceless for obstruents). As a result, the UR of all morphemes will enter
the phonological component with full fledged sounds (as opposed to
segments unspecified for the position of the vocal cords). The phonologi­
cal rule of (8) will then change basically voiceless plosives to voiced when
they appear after a nasal. The status of morpheme structure rules in
phonological theory is exceedingly unclear and, as a result, most of our
discussion in this book will ignore the subject of intrasegmental relations.
See Chapter 10 for brief discussion of some of the issues involved.

In the preceding paragraphs we have proposed to treat the com­
plementary distribution of the voiced and voiceless plosives of Zoque in
terms of phonological rule that changes basically voiceless plosives to
voiced after a nasal. Call this the voicing analysis. Alternatively, one
could posit the voiced plosives as basic and propose a rule devoicing them
everywhere except after nasals. Call this the devoicing analysis. The two

Papago

Papago, an Uto-Aztecan language spoken in Arizona, provides
another example of the modification of underlying sounds in a particular
phonetic context. Examination of the data in (II). taken from Saxton and
Saxton (1969), reveals that Papago has a five-vowel system. with three
high vowels and two nonhigh vowels.

(II) tatai 'tendon' Cinig 'to move the lips'
total 'mother's younger cikpon 'work'

brother
tams 'gums daswua 'to pile'
tohnto 'degenerate' doajida 'healing'
tokih 'cotton' .figos 'storm'
todsid 'to frighten' jiwikon 'to scrape'
cuagiG 'net bag juni 'dried cactus fruit'
cuiul 'chicken' dakpon 'to slip'
cukma 'dark' do'ag 'mountain'
Ciposid 'to brand' jusukal 'lizard sp.'
Ci/win 'to rub' juhki 'rain
cigitog 'to think' jiwhiadag 'arrival'

Note also that there is a pattern to the distribution of the dental stops t and
d versus the palatal affricates c and], In particular, c and] only occur in
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ofa rule (12) shifting dental stops to the corresponding palatal affricates in
position before high vowels.

Having examined several relatively simple examples of phonological
rules, we will mention some heuristic principles which most linguists
employ in phonological analysis. The first task is to isolate the sound
patterns in the data by looking for gaps in the distribution of sounds or
closely related sets of sounds. In the analysis of the Zoque data we noted
that the voiced plosives appear only after nasals while the corresponding
voiceless plosives do not, though they occur in all other positions. In
Papago the set of palatal affricates appears before the high vowels but the
corresponding dental stops do not, though they occur freely in other
positions.

Having grouped the sounds together into sets of potential underlying
segments and potential variants, the next step in the analysis is to deter­
mine which sound or set of sounds is basic and which is derived by a rule.
Here two heuristic principles can be helpful. First, the conditioned variant
often has a more limited distribution than the basic sound. The basic
sound typically appears in a greater variety of contexts. In Zoque the
voiced plosives appear only after nasals, while the corresponding voice­
less plosives appear in all other positions; in Papago, the palatals cand]
are limited to positions immediately before high vowels, while the dentals
occur before the other vowels, before consonants, and in final position.
Secondly, many phonological rules involve assimilation of an underlying
segment to its phonetic context. This was true of the Papago example, and
also of the Zoque one, where the plosives can be viewed as taking on the
voicing of the preceding nasal consonant. Hence, if we are faced with the
choice between setting up some sound x as basic and deriving y by a rule,
and setting up y as basic and deriving x, one criterion for deciding the
issue would be to see if the rule changing x to y could be interpreted as a
rule of assimilation while the converse rule changing y to x could not. If
this difference in the two rules exists, then it is likely that x is the basic
sound and y the conditioned variant.

As with all "rules of thumb," these criteria are not to be taken as
rigid procedures which can be followed blindly. They are intended only to
generate hypotheses about what principles underlie the data in the corpus.
The resultant hypotheses are subject to further confirmation or dis­
confirmation as more and more data of the language are examined.

/ [
VOwel ]

-- high
[

stop ] [ affricate]
dental ---> palatal

(12)

position before the high vowels (cf. cucul , Cilwin, cikpan , doa]ida, jigos,
]uhki) and I and d never occur in these positions, but they may appear in
any other position: before the nonhigh vowels ttatai, lokih, dakpon,
do "ug}, before consonants and at the end of a word (Iodsid, ciposid), The
situation is thus comparable to the one just examined in Zoque: A certain
set of sounds appears in a particular context, while another set of phoneti­
cally similar sounds appears in a complementary class of contexts.

There are two ways in which this regularity in Papago can be ex­
pressed in terms of the concepts "list" and "rule." First, the dental stops
could be set up as basic and a rule converting I and d to c and],
respectively, before high vowels could be formulated. Alternatively, c
and] may be considered basic. This analysis would require a rule chang­
ing palatal affricates to the corresponding dental stops in three contexts:
before the nonhigh vowels a and 0, before consonants, and in word final
position.

Several considerations favor the first alternative. First, palatalization
of dentals before high vowels is a natural rule found in many languages.
Second, such a rule has a rational phonetic interpretation. High vowels
are produced by raising the body of the tongue: toward the hard palate for
i, and toward the front and mid parts of the soft palate for the central and
back high vowels i and u. Similarly, the palatal consonants c and] are
articulated by raising the blade of the tongue toward the roof of the
mouth, whereas dental stops do not involve such a raising of the tongue.
Thus the rule shifting the dental stops to palatals before the high vowels
can be viewed as a form of assimilation: The dentals are acquiring a
certain feature which is employed in the articulation of the following
vowel. On the other hand, a rule changing the palatals c and] to I and d ,
respectively, before the back vowels a and 0, before consonants, and in
final position has no natural phonetic interpretation. Hence, all other
things being equal, we are led to choose the rule which converts underly­
ing dental stops to palatal affricates in positions before high vowels.

Universal tendencies in the pattern of underlying consonant systems
also point in favor of the analysis which takes the dentals as basic. There
are many languages which have plosives at the dental point of articulation
and none at the palatal point. But there are few if any languages that have
the palatal slot filled with c and], but lack I and d. The analysis which
takes the palatals as basic would violate this universal tendency, and, all
other things being equal, should thus be rejected-especially in view of
the fact that the argument from phonetic plausibility points to the same
conclusion.

On the basis of these considerations we can decide the matter in favor

III
III
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(14) lvowel] . I [ consonant] [ consonant ]
~ vOice ess· .unstressed [ l! voiceless __ voiceless
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[vowel] __ [stressl!__ #

[vowel] __ [stress]!__(C)#

(15)

stress must not be entered into the lexical representation of the mor­
phemes, but rather must be assigned by rule. This rule of stress placement
willdiffer from the rules we have considered so far in this chapter in that it
will crucially depend upon the essentially grammatical information about
where the word ends. Since we will be encountering in later chapters
many aspects of phonological structure which depend crucially upon
where a word or a morpheme begins and ends (e.g., rules which refer to
the first vowel of a word, the final consonant of a word, morphemes that
begin with a vowel, etc.), we will now introduce the notation that is
commonly used to refer to these positions. We shall assume that the
syntactic component of the grammar inserts the symbol *, called the
"word boundary," immediately before the first segment in a word and
immediately after the final segment in a word. In addition, we shall
assume that the syntactic component inserts the symbol + (for typo­
graphical reasons a dash is perhaps used more often) between each mor­
pheme within a word. (Of course, some words in the lexicon may be
morphologically complex, thus the symbol + may be part of the lexical
representation of a word.) The surface syntactic structure, which is at the
same time the underlying phonological representation, of the Chimwi: ni
word kule: ta 'to bring' mentioned earlier in this chapter will be Iku +
lett + a #(.

With this notation at our disposal we are now ready to formulate the
Chatino stress rule. Since most of the words in (13) end in vowels, the last
vowel of the word will stand in position immediately before the word
boundary: For example, klsu 'avocado' will appear in the UR as
!*kisu*!. For these words the stress rule can be written simply as (15).

(16)

However, for those words like ki? 'fire', which end in a glottal stop, the
rule, as it is presently written, will not apply, since in the UR I#ki?#!
the segment which appears immediately before the word boundary is not a
vowel. Rather, a glottal stop intervenes between the vowel which is to be
assigned stress and the following word boundary. To handle cases like
this in which certain material optionally intervenes between the segment
undergoing the rule and the controlling factor in the environment of the
rule (the # in this case), it has become customary in generative phonol­
ogy to enclose this optionally intervening material within parentheses
when-stating the rule. Thus, the stress placement rule will take the form of
(16).
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This solution derives strong independent support from the fact that, to our
knowledge, there is no language in which it has been proved necessary to
postulate underlying voiceless vowels. In all those languages which have
voiceless vowels phonetically, it is possible to derive them from underly­
ing voiced vowels by phonological rule.

Recall that there is an additional regularity in the Chatino data: Stress
falls predictably on the final vowel of the word. Therefore, the feature of

Examination of the data in (13) reveals the following generalizations with
respect to the distribution of the voiceless vowels (indicated by upper
case letters): (a) Voiceless vowels are limited to positions that are be­
tween voiceless consonants, (b) all voiceless vowels are unstressed, and
(e) no unstressed voiced vowels appear between voiceless consonants.
An additional generalization is that stress always appears on the final
vowel of the word.

Since the voiced and voiceless vowels have complementary distribu­
tions, we may set up either one as basic and derive the other via a rule.
The two heuristic principles discussed earlier suggest that voiced vowels
are basic and voiceless ones derived, forthe voiceless vowels have a more
limited distribution and, furthermore, the rule producing them converts a
basically unstressed voiced vowel to the corresponding voiceless vowel in
position between voiceless consonants-a rule assimilating a vowel to its
phonetic context. On this hypothesis, then, the rule would appear as (14).

Before closing this chapter, let us discuss one additional set of data
from Chatino, a language of Mexico (Gleason 1955), to which the con­
cepts of "Iist" and "rule" may be applied.
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(13) kAlti 'you will bathe' siyu 'juice'
ktst; "avocado' suld 'open!'
kusurwa 'you will send' tiye 'stomach'
sE?e 'place' la ?ti 'side'
S[?[ 'sad' lo?o 'where'
tA?a 'fiesta' ndiki 'you are burning'
uhf 'water' ngus! 'tomato'
tu?wa 'mouth' kf? 'fire'
kino 'sandal' hti? 'grass mat'

i!,



Exercises

I. Georgian (Robins and Waterson 1952). I, a clear lateral and I, a dark (velarized)
lateral, are variants of the same underlying element. State the principles determining
the choice of one as opposed to the other.

famazad 'prettily' zarali 'loss' xell 'hand'
lela 'goal' kata 'tin' xoio 'however'
saxdi 'at home' pepefa 'butterfly' c'ec'xii 'fire"
ixena 'joy kleba 'reduce' vxlec" 'I split'
kbits 'tooth' erthxel 'once' cvoli 'wife'

2. Sierra Popoluca. Aspiration is a predictable aspect of the pronunciation of conso­
nants in Sierra Popoluca. Determine what principles underlie the distribution of this
feature. In the following transcriptions, which show only as much phonetic detail as
is relevant to the present problem, t J" represents an alveopalatal stop. The glottal
stop? is shown as being unaspirated in all contexts; this may be incorrect, but our
source, Elson (1947), is not perfectly explicit on the matter.

In the data in (13) the only word final consonants are glottal stops. Rule
(16) claims that if there are words that end with a different consonant, the
preceding vowel would still be assigned stress. This seems likely to be
correct.

To show how these rules work to convert the UR of 'avocado' and
'fire' into the correct phonetic representations, we provide the derivations
of (17).

(17) !#kisu#! !#ki?#! Underlying representation
#kisti# #ki?# Stress placement
#k'sti# Vowel devoicing

By convention, after all the phonological rules have applied the syntactic
boundaries will be removed to yield the phonetic representation.

To summarize this chapter, we have seen that the phonetic repre­
sentation of a sentence is determined by three distinct factors: (a) the
lexical representation of the individual morphemes composing the sen­
tence, (b) the syntactic structure in which these morphemes occur (e.g.
the position of a sound relative to the word boundary), and (c) the
phonological rules which specify the systematic features of pronunciation
in terms of the information in (a) and (b).
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'I look for it'
'he works'
'he eats if'
'houses'
'he worked'
'he likes it'

Exercises

'he jerked it"
'he is playing'
'bow'

iCic
miCpa?
pik hfi?

kawa :/H
wataksa?
kakinpa :
pakutota?
Cl"!teyya?
p4tkay [?

kCsaks
royortev

(i:"raks
nikanehrukeh
wahoy6?dA?
range ?s

hQ.!na?
ca ;'mayi?
ya /ya: U?
ha'nna?
w(Jtapf?
h6~se :pP

!

'wood'
'tongue'
'corn'

'five'
'he plants'
-I push it'
'he scrapes'
'he remembers'
'he sees her'

kuy
toe
mok h

wisk:
ray.ithos
yekreks
rak[;'tas
rehye.:;rava
r~-;JAS

3. Greenlandic Eskimo (Schultz-Lorentzen 1945). There are five phonetic vowels but
only three underlyin~ vowels. What are they? What rules relate the underlying
system to the phonetic? In the following transcriptions, r denotes a uvular trill.

ivnaq 'bluff qasaloq 'bark'
iperaq 'harpoon strap' ikusik 'elbow'
imaq 'sea' qilaluvaq 'white whale'
tuluvaq 'raven' qaJigak 'back'
itumaq 'palm of hand' sakiak 'rib'
sava 'sheep' ugsik: 'cow'
nuna 'land' orpik 'tree'
ine 'room' nerdtoq goose
nanoq 'bear' marraq 'clay'
iseraq 'ankle' iga 'pol'
isse 'eye' igdla 'house'
sermeq 'glacier' sako 'tool"

6. Margi (Hoffmann 1963). The present tense morpheme a sometimes appears with a
high tone a and sometimes with a low lone a. The morpheme glj "you' exhibits
similar behavior. What principle determines when these morphemes have a high tone
versus a low lone'! The morpheme vJI 'fly' has a rising tone. Can the tonal shapes this
morpheme induces on the a and glj morphemes be explained?

a dta gt}. 'you fall'
d wi gtJ 'you run'
a ghii gi! 'you reach'
ii sa s« 'you go astray"
a wi g(J 'you beat"
a hi! gft "you take'
a I'M gij. 'you fly"

5. Sierra Miwok (Freeland 1951). Formulate a rule to predict the location of the stress
in the following words,

Mohawk (Postal, 1968). Vowel length i~ not distinctive. State the rule generating long
vowels. \r __ I .. - ;'

'where'
'his barrow'
'mestizo'
'mouth'
'he killed if
'ghost'
'it rolls'
'he sweeps'
'he walks'

hu :tJ"h

ikapun
ti sttit "
niph
lkkav
makvti?
ho:ppa?
pet hpa ?

Wiphpa ?

'broom'
'it is being swept"
'it flies'
'it flies again'
'he goes'
'turtle'
'cow'
'hole'
'very'

pel hku)'
petta sp h

kek "pa?
kekgak hpa ?

nikhpa?
trutki"
siJ
has
ca t m
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