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a The foot, a prosodic unit containing one stressed '
syllable, is the domain for determining the allo—
phones of stops in English. Aspiration is restric-
ted to foot-initial position. Consonants are laxed
within a foot after a nonconsonantal segment and lax
voiceless stops are glottalized in syllable codas;
lax alveolar stops are flapped syllable initially.
Some revisions to the rules establishing feet are
proposed. Because the metrical grid provides no
constituents, it is not adequate for predicting the
distribution of stop allophones in English.

INTRODUCTION

In contemporary phonology there is general agreement
that representations need to be enriched with pro-_
sodic organization, including such units as the syl-
lable and the foot. This view contrasts sharply
with the practice of early generative phonology [1],
where phonological representations consisted en-
tirely of strings of segments and boundaries. The
original motivation for metrical theory was to of—
fer a more natural account of stress systems [11],
but it soon became apparent that prosodic organi-
zation also allows for the correct description of
Certain segmental processes as well. Aspiration of
voiceless stops in English, for example, occurs in a
variety of disparate environments. Selkirk [15]
lists word—initial position (Zpronto), before a
stressed vowel unless [s] precedes (hotel vs aston-
ish), before a sonorant plus a stressed vowel unless
[s] precedes or [t] is followed by [l] (app}y vs
display, Afflantic). Such a process is difficult to
describe in purely segmental terms, and indeed no
systematic account of stop allophony appears in ihe
Sound Ehttern of English [1]. Selkirk observes
correctly that aspiration occurs only in syllable—
initial position, which partially accounts for these
observations. In order to account for the nonaspi—
ration of the underlined stops in words like happy,
heft , Selkirk proposes language—particular resyl-
labification rules that attract consonants leftward
out of stressless syllables, giving happ.y, heft.y,
thereby removing these stops from the domain of as—
piration. While I find these resyllabifications
cmmuhmfihgthwismemhkflagmmt
against this analysis. Selkirk's resyllabification
rules are subject to a structure—preservation prin—
Ciple that requires derived syllables to conform to
the canonical syllable patterns of the language. In
a word like At.kins, resyllabification to *Atk.£ns
is impossible, since English syllables never end in

.0 --1. p

—tk. This predicts that [k] of Atkins should aspi-
rates—which~it does not,-any more than the [t] of
actor,.where.act.or would be a possible resyllabi—
fication. ' ‘. '

A second syllable-based approach to English stop
allophones is that of Kahn [8], which is couched in
terms of autosegmental phonology. Instead of re—
syllabification, Kahn allows consonants to be ambi—
syllabic, i.e., part of both the preceding and fol—
lowing syllables. This would be the case of [p] in
happy and [t] in hefty, for example. Kahn's rule
aspirates voiceless stops that are syllable initial
but not syllable final (i.e., not ambisyllabic) and
thus achieves the same effect as Selkirk, and runs
into the same difficulty with Atkins. Since [k]
here can't be ambisyllabic, he wrongly predicts that
it should aspirate. (In fact, he claims that it
does aspirate in slow speech, but I find this pos-
sible only in very careful speech where both sylla—
bles are stressed.)

Kiparsky [9] was the first to propose that the
stress feet of Liberman and Prince [11] could also
be considered the domain of certain segmental pro-
cesses. Instead of resyllabification orambisyllab-
ification, Kiparsky proposed rule (1) (modified).

.... -

(l) C + [—tense] / ...[—cons] within a foot

Kiparsky restricts aspiration to tense voiceless
stops at the beginning of a syllable, thus account-
ing for happy. But Kiparsky predicts aspiration on
the second syllables of hefty, Atkins, where the
stops [t] and [k] are unaffected by rule (1), since
they are preceded by [+consonantal] [f] and [t] re~
spectively. Hammond [4] notices such problems with
the foot-based analysis, and advocates a return to
Kahn's ambisyllabic approach. I propose to retain
the foot—based approach, but to restrict aspiration
to foot—initial position. Some modification of K1—
parsky's system is needed anyway. Working within
the original metrical framework [11], Kiparsky re-
tained the feature [istress] and with it the pos—
sibility of stressless feet. He analyzes potato as
two feet, the first unstressed, [Fpo][Ftato], pre—

dicting aspiration on the foot—initial [p] and [t]
and flapping (via laxing) of the second [t]. Since
then, metrical theory has rejected the feature
[stress], holding that stress is the property of be-
ing_the strongest syllable in a foot [14]. If [p0]
of potato is not a foot, and aspiration is limited
to foot—initial position, how does the [p] come to
be aspirated? Hayes [5, 6] proposes that stray syl-
lables (i.e. those not associated with any foot) are
adjoined to an adjacent foot. If we assume thatad-
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junction creates nested feet, we get the represen-
“ tation in-(Z) (where w=weak, s=strong, F=foot; sand

w must always appear as ters t5'éach 6ther.1
. .

(2) F

I ///‘\?

W SAW

po ta to

In (2), both [p] and the first [t] are foot initiaL
and so get aspirated, while the second It] laxesand
flaps, as in Kiparsky's treatment. This captures

the essence of Kiparsky's proposal, and resolves
Kiparsky's problem with Atkins and hefty.

Subsequent studies have confirmed the roleof the
foot in segmental phonology as well as stress sys-
tems. Prince [12] states rules for gradation and
overlength in Estonian partly in terms of foot
structure. Similarly, Hayes [7] discusses certain
segmental processes in Yidiny, an Australian lan-
guage, in terms of foot conditioning, thereby obvi-
ating the necessity for phonological rules to refer
to the odd-numbered syllables in a word. Even for
stress systems, constituency is necessary. Halls
and Vergnaud [3] cite a number of studies showing
that deletion of a (potentially) stressed vowel in
many languages results in a stress shift to an ad-
jacent syllable within the foot.

In the-remainder of this paper, I will first re—
view the properties of syllables, propose same mod-
ifications to Hayes's rules of foot construction,
then show the role of the foot in English stop al-
lophones, making crucial reference to rule (1).

SYLLABLES

The acoustic record provides no direct evidence of
syllables and their boundaries. The syllable is an
abstract unit which makes it possible to provide a
more insightful statement of certain phonological
processes. Among competing approaches, we assume
the metrical representation of Kiparsky [9], in
which the syllable has the same type of s-w label-
ling as the foot, as in (3).

(3) . . o

W/\S

/\/\
W S S W

WAS SAW w/\s

In this representation, sister constituents are re-
quired to observe the sonority hierarchy, according
to which segments are ordered (from weakest to
strongest) as steps, fricatives, nasals, 1, r,
glides, vowels. In addition, English imposes lan-
guage-specific constraints on onsets and times. For
example, a syllable cannot begin with a sequence of
two stops (including nasals), and the time islimit-
ed to the sequence V([+sonorant])(C)([+coronall)
where the 'coronal' position may exceptionally cdn—
tain [st] or [$9] as in next, sixth. An additional
[s], [z], [t], or [d] may follow if it is inflec-
tional, e.g. sixths. Even though contrary to the
sonority hierarchy, [5] plus voiceless stop can oc-
cur in the onset, and also the sequence [3] plus

voiceless stop plus liquid (but not *stl—p).-.__.I
. ,The.question of dividing between syllables is a
more difficult one, There is no difficulty with

‘ Atins, which can only be syllabified as Shown.
Kiparsky prgposed that, in English, the onset is
maximized when two or more divisions are possibleat
the boundary between two syllables. Th this.respect
English contrasts with Finnish and Estonian, where
the coda is maximized, and where, in general, the
onset is limited to a single consonant. Thisraises
an interesting question: what happens to VsT(R)V
clusters (where T=voice1ess stop, R=liquid or
glide)? The sonority hierarchy predicts Vs.T(R)V;
the onset maximization principle predicts V.sT(R)V.

Davidsen-Nielsen [2] investigated this question
experimentally. He measured the degree of aspira-
tion in words like despise and compared it to that
of words like pin (aspirated) and spin (unaspirat-
ed). Measurements revealed that the stops in words
like despise are normally unaspirated, supporting
the syllabification V.sT(R)V. The only exceptions
were in words that contained "a prefix with -s fol-
lowed by an intuitively transparent morpheme boun-
dary, e.g. miscalculate, discourteous," where the
stops are aspirated, thus supporting a syllable di-
vision coinciding with the morpheme boundary, i.e.
Vs.T(R)V in these words. ‘

In a sense, or course, this argument is circulan
The syllable boundary is inferred from the degreeof
aspiration on the stop, while the rule for aspira-
tion is assumed to affect only syllable—initial
stops. (The stops in question are also foot ini-
tial, and so consistent with our hypothesis alsoJ
However, this conclusion is independently supportEd
by the stress pattern of these words. The prefixes
Mis- and dis- exhibit secondary stress, andwe migm
expect to find similar effects from a preceding
stressed syllable, even if it doesn't constitute 3

morpheme; In Davidsen—Nielsen's material, gestdtion
and fastidious have a somewhat greater average de—
gree of aspiration (3.0 and 3.09vosec respectivelfi
than bestow and establish (2.5 and 2.41 csec, re-
spectively. Tq_test this further, I recorded two
speakers of North American English in wordscontaim

ins 3-8t0p clusters, both.with and without stresson
the preceding syllable. Results were analyzedusim
a Mingograf 804 connected to a Kay Elemetrics Visb
pitch 6087 and also with a Kay Elemetrics SonagraPh
7800. The results are given in Table l.
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Table 1. Duration of release stage (in cseCJ
of medial stops (underlined) in words with (a)
and without (b) seconda stress on the pre-
ceding syllable. ry
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.While these results are not conclusive, there is

somewhat more aspiration in wordsowhere a_secondaryl
stress precedes the cluster in question than when the -
preceding syllable is unstressed. This supports the
syllabification Vs.T(R)Vforthe words of Tablel(b).

FEET AND ASPIRAIION

For the core system of English stress, Hayes [5]
proposed left—dominant maximally binary feet con—
structed right to left across a word. Ternary feet
(i.e. with three syllables) can arise only by ad-
joining a stray syllable to a binary foot. Sylla-
bles become stray either by being made extrametri-
cal or as a result of destressing. Before foot as-

' signment, the finallconsonant of a word, the final
suffix of Ah adjective, and the final syllable of a
noun are extrametrical. The rightmost foot may be
binary only if its second syllable ends in a short
(lax) vowel. Conversely, a monosyllabic foot must
contain a long vowel, a diphthong, or at least one
final consonant. This accounts for the familiarob—
servation that a monosyllabic (stressed) wordcannot
end in a 'checked' vowel; i.e. bee [bi:] and bit
[btt] are possible (and actual) words, while *bi
[bL] is an impossible word.. Prince [12] claims that

Estonian is subject to the same constraint on pos-
sible feet. Other languages, e.g. French and Hun—
garian, are not restricted in this way. In English,

the only exception to this generalization is words
with an initial monosyllabic foot of the proscribed
form followed by a well—formed monosyllabic foot,

such as essay [ 6,5ej], Hanoi [,hm'noj]. Hayes pro—
posed several destressing rules, but we will becon—

cerned with only one: Poststress destressing, which

removes a binary foot whose first syllable is open
and which immediately follows a monosyllabic foot.
Hayes appeals to this rule in his derivation of

words like abracadnbra (4).

(4) a. F F F b. F F
/‘\ | /‘\

a bra ca da bra + a bra ca da bra +

(stressing and (Poststress

retraction) destressing)

c ' /<K¢ /F\ (stray syllable
a bra a da bra adjunction)

speakers find the division (4c) counterintuitive.

To test this, I asked a group of 28 native English-

sPeaking first-year undergraduate linguistics stu-
dents to divide words of this type "into two parts,
according to the pronunciation." None of the sub-

Jects knew the purpose of the test beforehand. Con-
trol words were inserted into the list to prevent
extraneous strategies from being used. Subjects had

a printed list of words and were asked to indicate

a single division between letters in each as they

were pronounced by the author, with only a short in-

terval between tokens. The results are shown in
Table 2.

With two unstressed syllables flanked by two

stressed syllableS, the preferred pattern seems to

be to join the first unstressed syllable to thepre—

ceding foot and the second to the following foot, as

long as the second unstressed syllable is open.
This produces the intuitively correct structure (5)

from (4b).

. 1/ 2/ 3/ other
abracadabra gl 3.6% ,23 82.1% , 3 10.7% 1 .3.6%
Navratilova .5 17.6% 22 78.6% 1 3.6% 0
Winnepesaukee 1 3.6% 14 50.0% 11 39.3% 2 7.1%
Tippecanoe 1. 14.3% 24 35.7% o o
Luxipallila ‘3 10.7% 22 78.6% 1 3.6% 2 7.1%
Nebuchadnezzar 2 7.1% 5 17.8% 17 60.7% 4 14.3%
Kilimanjaro 1 3.6% 17 60.7% 10 35.7% 0

Table 2. Division of words into two parts. Number
(and percentage) of responses. Column headings:

— 1/ indicates a division after the first syllable,
2/ after the second, 3/ after the third. Other
includes no division or more than one division.

(5). F;/,/“\\\Fs;. .

A fa
a bra ca da bra.

If the second unfooted syllable is closed, it joins-
the foot on the left: 60.7% of subjects preferred
the division [Nebuchad][nezzar]. Prince suggests
that this is because chadnezzar (with the first syl-
lable unstressed) is not a possible word type! in
our terms, a possible foot [13]. On the otherhand,
Kilimanjaro may go both ways, [Kili][manjaro] or
[Kiliman][jaro], since both divisions into twoparts

give two possible phonological words, or feet.

Prince uses facts such as these to argue against
the foot as a legitimate phonological unit. Because

the metrical theory of stress uses only a small
fraction of the types of tree structure that the

theory allows in principle, he proposes eliminating

the trees and displaying relative prominence in

terms of a grid, in which column height correlates

with greater prominence. Such a representation has

no constituents, and thus no way of capturing the

segmental processes that we have seen depend on

these constituents. Prince notes the virtually

obligatory aspiration of the [t] of Navratilova, un-
expected if it is metrically structured as in (4c).

However, rather than discard foot theory, theanswer

lies in modifying it so that it will produce struc—

tures like (5), where aspiration of [k] (abracadabm)
and [t] (Navratilova) is expected, under the hy-
pothesis that aspiration of tense voiceless stops

occurs only in foot—initial position.
As with syllabification, we sought instrumental

verification of the proposed division into feet (5)

Table 3 gives the duration of the release stage of
the steps at the beginning of the third syllables
of the words of Table 2 (except for Kilimanjaro,
which has no stop in that position). Speakers and
equipment are the same as in Table l.

are
abracadabra 4 4

Navragilova 7 6
Winnepesaukee 5 2
Tippeganoe 5 5
Luxipallila 2 5
Nebughadnezzar 6 4

MEAN 4.83 4.33
Table 3. Duration of release stage (in case.)
of medial stops (underlined) in potential
foot-initial position
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These results are consistent with the hypothesis
that (5) represents the correct foot structure, on
the assumption that only foot-initial'voiceless
stops are aspirated. « -

GLOTTALIZATION

Glottalization of stops is manifested differently in
various English dialects. Cockney is notorious for
the extent to which glottalization appears between
vowels. In RP and North American dialects, glottal-
ization is restricted to voiceless stops insyllable
codas laxed by rule (1). Examples are octave, atlas,
at Lynne's. The only case where voiceless stopsare
glottalized in syllable—initial position is before
syllabic [n]; as in kitten. Nonrhbtic speakers (e.
g. RP) can also have glottalized [t] in words like
pattern, where r-loss makes the [n] syllabic; North
American speakers, with syllabic [r] in such words,
have the expected flap. It is notable that Cockney
speakers use glottalized stops (or [?]) where North
American speakers have the flap. In my analysis,
this results from the lack of the flapping rule in
British dialects, coupled with the extension of the
glottalization rule to lax voiceless stops in all
positions, and is especially noteworthy when it af—
fects labial and velar stops, as in [paj7e]'paper'.

In Selkirk's account, both flapped alveolars and
glottalized stops are in syllable-final position as
a result of her resyllabification rule. She there—
fore resorts to a feature [trelease], claiming that
alveolar stops are flapped in syllable-final posi—
tion when they are released, generally before a
vowel. Unreleased voiceless stops are glottalized.
This runs into two difficulties, only one of which
she discusses. Phrases like get off can only be
pronounced [gerof] by her account, with a flap.
Kahn notes an alternate pronunciation [get’of] or
[98?of], both impossible under Selkirk's analysis,
since stops are obligatorily released before vowels
and thus never glottalized there. She proposes that
[7] is inserted before certain initial vowels under
emphasis. This makes [t] unreleased, since it is
followed by a nonvowel. While this works for the
North American dialects she is discussing, it won't
account for the Cockney facts just mentioned. The
medial stop in paper is followed by a vowel, and
there is no possibility of inserting [?] under em-
phasis. In any case, nonrelease is not generally
associated with glottalization, as many languages
have phonemic released glottalized stops (e.g.Geor—
gian). We conclude that it is more natural to de—
scribe the difference between glottalized and
flapped allophones in English in terms of syllable
poéition and dispense with the feature [release].

FLAPPING

In North American English, but not in most forms of
British English, alveolar stops [t], [d], [n] are
flapped within words before stressless vowels, and
often between words regardless of stress. So, the
second [t] of potato is flapped, as is the [t] in
met Ann, although this [t] can also be glottalized.
The difference depends on the syllabic status of[t]
here. Kiparsky proposes a rule that flaps alveolar
stops in syllable-initial position if they are lax
(by rule (1)). Since [t] in met Ann is lax, it will
flap only if it is resyllabified with the following

vowel; otherwise it is glottalized. We assume
that resyllabification is optional at word bounda-
ries. Notice that, in phrases, it doesn't mattEr -
that the following Vowel is stressed. What matters
is that the [t] of met is laxed within its foot be-
fore it is syntactically concatenated with Ann.

SUMMARY

Laxing (1): Consonants become lax after a nonconso-
nantal segment within a foot.

Aspiration: Tense voiceless stops.are aspirated at
the beginning of a foot.

'Glottalization: Lax voiceless stops arefglottalized
in the syllable coda. (Generalized in Cockney
to all positions).

Flapping: Lax alveolar stops (including [n] are
flapped in the syllable onset (North American
only).
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