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The preceding chapter identified a num
ber of em

pirical generalizations, w
hich

cond
ition the ap

p
lication of consonant d

eletion, vow
el ep

enthesis, and
 vow

el
deletion. These output generalizations are sum

m
arized below

.

G
eneralization 1:

C
onsonants w

ant to be ad
jacent to a vow

el, and
 p

referably
follow

ed by a vow
el.

G
eneralization 2:

Stop
s w

ant to be adjacent to a vow
el, and p

referably follow
ed

by a vow
el.

G
eneralization 3:

Stop
s that are not follow

ed by a [+continuant] segm
ent w

ant to
be adjacent to a vow

el, and preferably follow
ed by a vow

el.

G
eneralization 4:

C
onsonants that are relatively sim

ilar to a neighboring segm
ent

w
ant to be adjacent to a vow

el, and p
referably follow

ed by a
vow

el.

G
eneralization 5:

C
onsonants that are not at the edge of a p

rosodic dom
ain w

ant
to be adjacent to a vow

el, and preferably follow
ed by a vow

el.

G
eneralization 6:

C
oronal stops w

ant to be follow
ed by a vow

el.

The likelihood that a consonant deletes or triggers vow
el epenthesis correlates w

ith
the degree to w

hich it is subject to these constraints. Likew
ise, the likelihood that a

consonant blocks vow
el deletion correlates w

ith the degree to w
hich it w

ould be
subject to these constraints if deletion applied.

I argue that these generalizations have a p
ercep

tual m
otivation and follow

from
 a general principle of perceptual salience:

(1)
P

R
IN

C
IPLE O

F PER
C

EPTU
A

L SA
LIEN

C
E:

A
ll segm

ents are perceptually salient.
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T
he p

ercep
tual salience of a segm

ent – or its d
egree of confusability w

ith
zero – is a function of the quantity and quality of the auditory cues that signal its
presence in the speech stream

. The best cues to consonants, apart from
 those present

in the consonants them
selves, are found in neighboring vow

els, especially in the C
V

transition. It is the desirability for consonants to benefit from
 these vocalic cues that

generalization 1 exp
resses. B

ut cues m
ay also com

e from
 other sources, and

 the
perceptibility of a consonant w

ithout the support of an adjacent or follow
ing vow

el
d

ep
end

s on these non-(p
re)vocalic cues. G

eneralizations 2-6 id
entify factors that

negatively affect these cues, and consequently enhance the desirability of an adjacent
vow

el in order to m
eet the principle in (1).

I assum
e that consonant deletion and vow

el epenthesis are m
otivated by the

p
rincip

le of p
ercep

tual salience; they ap
p

ly w
hen a consonant lacks p

ercep
tual

salience and becom
es m

ore easily confusable w
ith nothing, that is w

hen the cues that
p

erm
it a listener to d

etect its p
resence are d

im
inished

. D
eletion rem

oves such
deficient segm

ents, ep
enthesis p

rovides them
 w

ith the needed additional salience.
Likew

ise, vow
el deletion is blocked w

hen it w
ould leave a consonant w

ith a reduced
salience. M

aintaining the vow
el avoid

s rem
oving cu

es that are cru
cial to that

consonant. T
he link betw

een vow
el ep

enthesis and increase in salience has been
investigated for D

utch by D
onselaar et al. (1999). D

utch has an op
tional p

rocess of
epenthesis in w

ord-final consonant clusters, e.g. the w
ord film

 is pronounced [film
]

or [fil\m
]. D

onselaar et al. find that lexical access is significantly faster w
hen the

ep
enthetic vow

el is p
resent than w

hen it is not. They argue that this is due to the
increased

 salience or p
ercep

tibility that the vow
el p

rovid
es to its surround

ing
consonants, a finding that is sup

p
orted by a p

honem
e-detection exp

erim
ent in the

last section of the paper.

I hypothesize that there is a direct relation betw
een the perceptibility scale of

consonants and the likelihood that they delete, trigger vow
el ep

enthesis, or block
vow

el d
eletion. In other w

ord
s, the likelihood

 that a certain consonant d
eletes,

triggers epenthesis, or block vow
el deletion correlates w

ith the quality and quantity
of the auditory cues associated to it in a given context.

I propose that the principle of perceptual salience is encoded in the gram
m

ar
by m

eans of m
arked

ness and
 faithfu

lness constraints that m
ilitate against

consonants that lack auditory salience. These perceptually-m
otivated constraints are

p
rojected from

 observable p
honetic p

rop
erties in the course of acquisition (H

ayes
1999; Steriade 1999d). The analysis is cast in O

ptim
ality Theory (Prince &

 Sm
olensky
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1993; for recent overview
s of the theory, see A

rchangeli &
 Langendoen 1998 and

K
ager 1999).

In this chap
ter I p

resent the p
honetic m

otivations that u
nd

erlie the six
generalizations above (3.1) and

 d
evelop

 a constraint system
 that d

erives these
generalizations and

 yield
s the d

esired
 p

atterns of consonant d
eletion, vow

el
ep

enthesis, and
 vow

el d
eletion. I argue that both m

arked
ness and

 faithfulness
constraints encode p

ercep
tual factors. I also discuss a num

ber of issues that this
perceptually-m

otivated analysis raises, notably the role of phonetics and perception
in synchronic phonology and the treatm

ent of variation in O
ptim

ality Theory. I end
the chap

ter w
ith tw

o case stud
ies that I use to illustrate the functioning of the

constraint system
 I p

rop
ose. Lenakel ep

enthesis introduces the role of m
arkedness

constraints, 
w

hereas 
consonant 

d
eletion 

in 
Sranan 

highlights 
that 

of 
the

perceptually-based faithfulness constraints.

3.1. P
E

R
C

E
P

T
U

A
L

 M
O

T
IV

A
T

IO
N

S

I argue that the generalizations observed in p
atterns of consonant deletion,

vow
el ep

enthesis, and
 vow

el d
eletion have a p

ercep
tual m

otivation: less salient
consonants are m

ore likely to d
elete, trigger vow

el ep
enthesis, or block vow

el
deletion. The identification of consonants relies on a num

ber of acoustic cues, w
hich

can be grouped into tw
o categories: internal cues produced during the closure part

of the consonant, and contextual cues that originate from
 neighboring segm

ents. In
addition, an im

portant cue to stops is their release burst, w
hich can be thought of as

sharing characteristics of both internal and contextual cues: the burst is an inherent
p

art of the p
roduction of stop

s, w
hich relates it to internal cues, but its audibility

dep
ends on the nature of the follow

ing segm
ent, like contextual cues. (See W

right
1996 for a su

m
m

ary of available cu
es to consonants’ p

lace and
 m

anner of
articulation).

T
he 

w
hole 

system
 

rests 
on 

the 
p

rivileged
 

statu
s 

of 
C

V
 

transitions.
C

onsonants are op
tim

ally salient before a vow
el, and non-op

tim
ally salient in any

p
osition that lacks these transitions. W

hether or not non-op
tim

al consonants are
tolerated

 d
ep

end
s on the qu

ality and
 qu

antity of their non-C
V

 cu
es and

 the
langu

age-sp
ecific 

d
egree 

of 
tolerance 

for 
less 

salient 
consonants. 

T
he 

six
generalizations p

resented at the outset of this chap
ter are elucidated in term

s of
internal cu

es, contextu
al cu

es, m
od

u
lation in the acou

stic signal, and
 cu

e
enhancem

ent at edges of prosodic dom
ains.
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3.1.1. C
V

 A
N

D
 V

C
 T

R
A

N
S

IT
IO

N
S

G
eneralization 1:

C
onsonants w

ant to be ad
jacent to a vow

el, and
 p

referably
follow

ed by a vow
el.

T
he first generalization – consonants w

ant to be ad
jacent to a vow

el, and
p

referably follow
ed

 by a vow
el – stem

s from
 the m

ajor role p
layed

 by vocalic
transitions in the perception of consonants, and the dom

inance of the C
V

 transitions
over the V

C
 ones. Form

ant transitions from
 and to adjacent vow

els provide optim
al

contextual cues to consonants because of their high am
plitude and dynam

ic pattern
w

hich gives inform
ation about the changing configuration of the vocal tract. They

p
rovid

e cues to all asp
ects of the articulation of consonants: m

anner, p
lace, and

laryngeal settings. This explains w
hy consonants w

ant to be adjacent to at least one
vow

el (V
C

 or C
V

). T
he significance of these transitions for the p

ercep
tion of

consonants is sum
m

arized as follow
s by D

elattre (1961/1966: 407):

Les transitions de form
ants jouent, dans la perception de la parole, un

roflle autrem
ent plus im

portant que ne le laisserait entendre le choix peu
heureux du term

e “transition”. A
u lieu d’efltre une phase secondaire ou

ne'gligeable, com
m

e on l’a longtem
p

s cru, les transitions sont a` la clef
m

eflm
e de la perception de la consonne.

There is, how
ever, a significant difference betw

een V
C

 and C
V

 transitions. A
n

im
p

ortant bod
y of research p

oints to the p
rivileged

 status of C
V

 sequences, as
opposed to V

C
 ones (e.g. Fujim

ura et al. 1978; O
hala &

 K
aw

asaki 1985; O
hala 1990,

1992; Sussm
an et al. 1997; D

ogil 1999; Joanisse 1999; K
rakow

 1999; W
arner 1999).

Everything else being equal, consonants have better contextual cues in p
revocalic

than in p
ostvocalic p

osition. T
he relative w

eakness of p
ostvocalic cues certainly

constitu
tes the m

ain factor involved
 in one of the m

ost firm
ly established

generalizations in p
honology: the general p

reference for consonants to ap
p

ear in
onset rather than in cod

a p
osition. It also p

rovid
es an exp

lanation for the
asym

m
etrical 

behavior 
of 

several 
d

eletion, 
w

eakening, 
d

ebu
ccalization, 

or
assim

ilation p
rocesses in p

honology, w
hich typ

ically target p
ostvocalic consonants

and V
C

 sequences. 1

1T
he asym

m
etry betw

een C
V

 and
 V

C
 could

 also exp
lain statistical p

atterns in C
V

C
 w

ord
s in

E
nglish. K

essler &
 T

reim
an (1997) analyzed

 the d
istribution of p

honem
es in 2001 C

V
C

 E
nglish

w
ord

s. T
hey found

 a significant connection betw
een the vow

el and
 the follow

ing consonant –
certain vow

el-cod
a com

binations being m
ore frequ

ent than exp
ected

 by chance – bu
t no

associations betw
een the initial consonant and the vow

el.
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T
he p

ercep
tual advantage of C

V
 transitions over V

C
 ones is reflected in a

num
ber of exp

erim
ental results. First, p

ercep
tual exp

erim
ents have show

n that
w

hen faced
 w

ith contrad
ictory transitions from

 the p
reced

ing and
 the follow

ing
vow

els in a V
C

V
 context, listeners m

ainly rely on the C
V

 ones (Fujim
ura et al. 1978;

O
hala 1990). C

onsonants are also identified m
uch m

ore rap
idly w

ith C
V

 cues than
V

C
 ones (W

arner 1999).

W
hat is the source of this asym

m
etry? A

 num
ber of differences betw

een C
V

and
 V

C
 sequ

ences have been established
, w

hich all p
oint to the enhanced

p
ercep

tibility of p
revocalic consonants. O

‹hm
an (1966) and K

aw
asaki (1982) have

show
n that V

C
 form

ant transitions for different consonants are not as spectrally w
ell

differentiated am
ong them

selves as C
V

 transitions. It follow
s that consonants are

better contrasted w
ith each other in prevocalic than in postvocalic position. W

e also
know

 that the onset of a stim
ulus signal has a greater im

pact on the auditory system
that its offset. It gives rise to a m

arked burst of activity of the auditory nerve fiber
(see W

right 1996). This holds for linguistic stim
uli as w

ell, and provides a perceptual
advantage to p

ost-consonantal transitions cues: the onset of form
ants (those at the

C
V

 juncture) are am
p

lified in a w
ay that their offset (those at the V

C
 juncture) are

not. In addition, stop release bursts, an im
portant cue to stops, occur in C

V
 but not

necessarily in V
C

 contexts.

T
he aud

itory ad
vantage of C

V
 transitions seem

s to be reinforced
 by the

articulatory patterns in C
V

 vs. V
C

 sequences. This research is review
ed by K

rakow
(1999) and provides consistent results. 2 First, there is m

ore coarticulation or overlap
betw

een a consonant and a preceding vow
el than betw

een it and a follow
ing vow

el.
In other w

ord
s, there is a m

ore p
recise tim

ing of articulatory m
ovem

ents in C
V

sequences. For exam
ple, velic low

ering in [m
] occurs earlier w

ith respect to the onset
of the labial constriction in postvocalic than in prevocalic position; in C

V
 sequences

both gestures are synchronized. Therefore, the nasality of the consonant spreads to
the p

receding vow
el m

ore than to the follow
ing one. Likew

ise for laterals, w
hich

involve both a tongue dorsum
 and a tongue tip articulation (in English): it has been

observed that the tongue dorsum
 raises earlier w

ith respect to the tongue tip in V
C

than in C
V

 contexts. Second
, p

revocalic consonants have a m
ore extrem

e

2K
rakow

 (1999) nicely sum
m

arizes the coarticulation results. She p
resents her results in syllabic

term
s – coda vs. onset consonants – and interp

rets the coarticulatory differences betw
een them

 as
reflecting syllabic organization. N

otice, how
ever, that the data used to derive these results never

contrast only in syllable structure: they can all be described in term
s of p

revocalic vs. p
ostvocalic

consonants and dom
ain-internal vs. dom

ain-edge consonants. To the extent that reference to larger
dom

ains is necessary anyw
ay – and this is clear in num

erous studies cited by K
rakow

 – the role of
the syllable becom

es unclear. T
he syllable could

 be a p
ercep

tual sid
e-effect of the articulatory

organization, not its origin (see O
hala 1992).
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consonantal articulation than p
ostvocalic ones. T

hey are p
roduced w

ith a tighter
constriction; for exam

p
le, p

ostvocalic laterals show
 a w

eaker constriction betw
een

the tongue and the p
alate than p

revocalic ones. N
asals are also m

ore sonorant in
postvocalic position in that they are associated w

ith a low
er velic position and longer

low
 velic plateaus. These tw

o articulatory properties have an increasing effect on the
am

ount of nasal airflow
, m

aking p
ostvocalic nasals indeed m

ore sonorant-like or
less obstruent-like than prevocalic nasals.

Increased constriction and reduced coarticulation both enhance the contrast
betw

een the consonant and
 the follow

ing vow
el. T

hey m
axim

ize the alternation
betw

een a closed consonantal constriction and an open vocalic articulation; they also
keep

 the tw
o segm

ents m
ore d

istinct by red
u

cing the overlap
 betw

een them
.

A
lthough the precise perceptual effects of these articulatory properties need further

investigation, one expects a correlation betw
een the m

axim
ization of the articulatory

and acoustic contrast betw
een the consonant and the follow

ing vow
el. This in turn

p
ositively affects the p

ercep
tion of the segm

ents involved, since their salience is
largely determ

ined by the degree of m
odulation in the acoustic signal (see section

3.1.4).

3.1.2. IN
T

E
R

N
A

L
 C

U
E

S
 A

N
D

 T
H

E G
R

E
A

T
E

R
 V

U
L

N
E

R
A

B
IL

IT
Y

 O
F

 S
T

O
P

S

G
eneralization 2:

Stop
s w

ant to be adjacent to a vow
el, and p

referably follow
ed

by a vow
el.

The second generalization states that stops, m
ore than other consonants, need

an ad
jacent vow

el, p
referably a follow

ing one. T
he greater tend

ency of stop
s to

delete, trigger ep
enthesis, or block deletion stem

s from
 the w

eakness of their non-
C

V
 cues. C

onsonants that lack the cues p
resent in the C

V
 transition have to rely

m
ore on other cues, w

hich hap
p

en to be w
eaker for stop

s. Stop
s then suffer m

ore
than other consonants from

 not appearing in prevocalic position.

The sp
ecial status of stop

s stem
s from

 tw
o elem

ents: the w
eakness of their

internal cues and the audibility of their release burst. Stops have w
eak or no internal

cues produced during closure. D
ue to the absence of oral or nasal airflow

, this part of
the segm

ent is silent or associated only w
ith low

-am
p

litude vocal fold vibrations,
and p

rovide very w
eak (internal) cues. 3 The non-internal p

ercep
tual cues to stop

s
are rather concentrated in their release burst, w

hose im
portance in the perception of

3V
oiced

 stop
s are often not accom

p
anied

 by vocal fold
 activity and

 the corresp
ond

ing voicing
bar, esp

ecially in p
ostvocalic p

osition. Period
icity in the signal therefore d

oes not constitute a
reliable cue to voiced stop

s (W
right 1996; Steriade 1999c).
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stops has often been reported (see num
erous references in W

right 1996: 5 and C
lark

&
 Y

allop 1995: 282). But non-prevocalic stops do not reliably benefit from
 an audible

release burst, as noted in the p
revious section, and the absence or w

eakness of the
burst m

ay severely reduce their salience and perceptibility. Thus the disadvantage of
V

C
 cues against C

V
 ones is am

p
lified

 in the case of stop
s as op

p
osed

 to other
consonants.

By contrast, nasals, fricatives, and liquids have relatively robust internal cues.
Fricatives have frication noise, sonorants have form

ant structure. So they rem
ain

p
ercep

tible even in the absence of transition cues. The contrast betw
een segm

ents
w

ith and w
ithout internal cues (stops vs. other consonants) is not only apparent in

d
eletion and

 ep
enthesis p

rocesses. It also affects the articulatory tim
ing in the

p
roduction of consonant clusters. W

right (1996) studied in detail the p
roduction of

w
ord-initial and w

ord-internal consonant clusters in Tsou. H
e noticed that stops that

lack transitional cues are produced in such a w
ay as to m

aintain an audible release
burst, w

hich im
plies a sm

aller degree of overlap w
ith the follow

ing consonant. O
ther

consonants – those w
ith internal cues – in the sam

e context, how
ever, overlap m

ore
w

ith adjacent consonants, presum
ably because their internal cues are salient enough.

To m
aintain a sufficient degree of perceptibility in the absence of flanking vow

els, a
stop thus tends to involve m

ore articulatory energy. 4

A
 distinction should be m

ade, how
ever, betw

een strident and non-strident
fricatives w

ith resp
ect to internal cues. N

on-strident fricatives are associated w
ith

noise of low
 am

p
litud

e, often not d
etectable on norm

al sp
ectrogram

s. M
iller &

N
icely (1955) show

 that the d
istinction betw

een stop
s and

 the w
eak fricatives

becom
es unreliable in m

asking noise. This distinction is indeed reflected in deletion
p

atterns, w
hich further sup

p
orts the p

ercep
tual basis of d

eletion p
rocesses. T

he
historical loss of non-strident fricatives is com

m
on, but [s] and [ß] are generally m

ore
resistant. N

on-strident fricatives m
ay p

attern w
ith other fricatives w

ith resp
ect to

deletion / epenthesis (the m
ore com

m
on case in this dissertation) or w

ith stops. The
Iceland

ic p
attern review

ed
 in chap

ter 1 p
rovid

es just one exam
p

le of the latter
situation. I w

ill not, how
ever, discuss the behavior of non-strident fricatives in this

dissertation, focussing only on stops.

4See R
hee (1998) for a discussion of the role of release in various p

honological p
atterns.
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3.1.3. T
H

E
 A

U
D

IB
IL

IT
Y

 O
F

 R
E

L
E

A
S

E
 B

U
R

S
T

S

G
eneralization 3:

Stop
s that are not follow

ed by a [+continuant] segm
ent w

ant to
be adjacent to a vow

el, and preferably follow
ed by a vow

el.

The role of the [continuancy] value of the follow
ing elem

ent on stop deletion
can be related to the audibility of the release burst. There is a w

ell-know
n tendency

for stops to be unreleased or to lack an audible release in certain contexts. Based on
H

end
erson &

 R
ep

p
 (1982), w

e can usefully d
istinguish betw

een stop
s w

ith and
w

ithout a release that has an observable effect in the acoustic signal. Stops w
ithout

an acou
stically p

resent release actu
ally com

p
rise tw

o d
istinct typ

es: strictly
unreleased and silently-released stops. A

rticulatorily unreleased stops occur before
hom

organic nasal or oral stops and utterance-finally. In the first case the constriction
is m

aintained through the follow
ing consonant; utterance-finally it m

ay be delayed.
Silently-released

 stop
s are found

 before an oral or nasal stop
 w

ith a m
ore front

articulation. W
hen the closure of the second consonant is m

ade before the release of
the first stop

, this release has no acoustic effect since the air is trap
p

ed behind the
front constriction (see also Laver 1994: 359-360).

U
nreleased and silently-released stop

s, how
ever, are not found if the stop

 is
follow

ed by a segm
ent that does not involve a com

p
lete closure in the oral cavity,

since there is alw
ays an outgoing flow

 of air that can carry the effect of the release.
Such segm

ents correspond to the class defined by the specification [+continuant]. W
e

can therefore establish a basic op
p

osition betw
een [+continuant] segm

ents and the
rest ([-continuant] segm

ents and final position) w
ith respect to the acoustic effect of a

p
reced

ing stop
 release: it is necessarily p

resent w
hen the stop

 is follow
ed

 by a
[+

continu
ant] segm

ent. Since the release bu
rst p

lays an im
p

ortant role in the
perception of stops, it is advantageous to ensure that the release w

ill not be devoid
of an acoustic effect; being follow

ed
 by a [+continuant] segm

ent is one w
ay to

achieve this goal. 5

5It m
ust be noticed, how

ever, that a release burst m
ay be acoustically p

resent but so w
eak that it

is not p
erceived

 or not reliably p
erceived

 by listeners. A
s is m

ad
e clear in H

end
erson &

 R
ep

p
(1982), a binary op

p
osition betw

een “released
” and

 “u
nreleased

” stop
s is insu

fficient and
p

otentially m
isleading: the audibility of an acoustically p

resent release is a gradual p
henom

enon,
w

hich ranges from
 inaud

ible to very salient, w
ith various interm

ed
iate cases. T

his d
ep

end
s on

various asp
ects of the segm

ental and
 p

rosod
ic context and

 on the articulatory tim
ing. T

he basic
op

p
osition betw

een the absence and
 p

resence of an acou
stic effect of the release m

u
st be

sup
p

lem
ented by additional factors that determ

ine its level of p
ercep

tibility, but I do not carry out
this task here.
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3.1.4. C
O

N
T

R
A

S
T

 A
N

D
 M

O
D

U
L

A
T

IO
N

 IN
 T

H
E

 A
C

O
U

S
T

IC
 S

IG
N

A
L

G
eneralization 4:

C
onsonants that are relatively sim

ilar to a neighboring segm
ent

w
ant to be adjacent to a vow

el, and p
referably follow

ed by a
vow

el.

The role of sim
ilarity or contrast in com

binations of segm
ents is explained by

the correlation betw
een the am

ount of acoustic m
odulation in a sound sequence and

its p
ercep

tual salience (e.g. K
aw

asaki 1982; O
hala &

 K
aw

asaki 1985; W
right 1996;

Boersm
a 1998). The auditory system

 gets rapidly “bored” or “num
bed” and is little

resp
onsive to continuous stim

uli. It therefore need
s constant variation and

 the
greater the m

od
ulation, the greater the salience, the m

ore easily p
ercep

tible the
segm

ents involved are. M
odulation is m

easured in term
s of “the m

agnitude, rate
and the num

ber of stim
ulus param

eters varying sim
ultaneously” (O

hala &
 K

aw
asaki

1985: 116). Factors involved in the com
putation of m

odulation include differences in
sound intensity or am

p
litude and variation in the sp

ectrum
. M

ore sp
ecifically w

e
m

ay look at form
ant frequency, relative form

ant am
plitude, overall spectral energy,

and periodicity in the signal.

The necessity of m
odulation for perception is not specific to linguistic signals.

A
nalogies w

ith other p
ercep

tual system
s are easy to find. Boersm

a (1998) uses a
cartograp

hical m
etap

hor: in a cou
ntry m

ap
, ad

jacent cou
ntries have to be

represented in distinct colors if they are to be easily recognized as different entities.
M

ore generally, the production of m
odulations in som

e carrier signal can be view
ed

as “the essence of any com
m

unication channel” ( O
hala &

 K
aw

asaki 1985: 123).

In p
red

icting and
 exp

laining p
honotactic p

atterns, how
ever, m

od
ulation

interacts w
ith m

any other factors, in particular articulation, the w
ay the perceptual

system
 resp

ond
s to certain p

rop
erties of the acou

stic signal, and
 the risk of

confusability betw
een different sound sequences that are acoustically sim

ilar. But w
e

can hypothesize that, everything else being equal, sound com
binations displaying a

greater m
odulation in a given dim

ension are perceptually better, and are predicted
to be m

ore com
m

on, than other sequences w
ith a sm

aller m
odulation in the sam

e
d

im
ension. L

ikew
ise, sequ

ences containing m
od

u
lation in a larger nu

m
ber of

dim
ensions are preferable to sequences w

ith m
odulation in few

er dim
ensions. This

can be transp
osed in featural term

s, to the extent that features are associated w
ith

som
e acoustic contrast: a segm

ent that contrasts in n features w
ith its neighboring

segm
ents is m

ore p
ercep

tible than a segm
ent that contrasts in n-1 features (again,

everything else being equal). T
his w

ill be the rationale of the constraint system
developed below

.
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The role of acoustic m
odulation in explaining the crosslinguistic frequency of

certain phonotactic patterns and com
binations of segm

ents has been investigated in
p

articular by K
aw

asaki (1982) and
 K

aw
asaki-Fukum

ori (1992). She exp
lored

 the
follow

ing sequ
ences: stop

-liqu
id

, stop
-glid

e, stop
-vow

el, and
 vow

el-stop
. T

he
hyp

othesis tested w
as w

hether the relative rarity of certain com
binations w

ithin
these groups could be m

otivated by acoustic/auditory constraints, in particular the
lack of acoustic m

odulation w
ithin the sequence. The disfavored com

binations are
assum

ed to be:
- dental stop + /l/
- labial consonant + /w

/
- alveolar-palatal consonant + /j/
- sequences of a labial or labialized consonant and a rounded vow

el
- sequences of an alveolar/palatal or palatalized consonant and a front vow

el
In addition, C

V
 sequences are generally prefered to V

C
 ones.

T
o test this hyp

othesis, selected
 C

L
V

, C
G

V
, C

V
, and

 V
C

 sequences w
ere

recorded. The m
ost influential param

eter in acoustic m
odulation w

as taken to be the
changes in the frequencies of the first three form

ants. T
he salience of a given

sequence w
as ap

p
roxim

ated
 by the sum

 of the d
istance in frequency of these

form
ants.

The results support the hypothesis to a large extent. Labial consonant + /w
/

and alveolar-palatal consonant + /j/ clusters show
 little spectral m

odulation. This is
also true of sequences of a labial or labialized consonant and a rounded vow

el and
sequences of an alveolar/p

alatal or p
alatalized consonant and a front vow

el. The
relative m

arked
ness of these com

binations is therefore com
p

atible w
ith a

perceptually-based m
otivation. In general, as noted in section 3.1.1, V

C
 syllables are

also spectrally closer am
ong them

selves than C
V

 syllables, so consonants are better
contrasted w

ith each other in prevocalic than in postvocalic position, in accordance
w

ith O
‹hm

an’s (1966) results.

T
he case of d

ental stop
 +

 /
l/

 clu
sters is not exp

lained
 by the acou

stic
m

odulation hyp
othesis. In general, w

e observe m
ore m

odulation in stop
+/r/ than

in stop
+

/
l/

 clu
sters, w

hich is com
p

atible w
ith stop

+
/

r/
 sequ

ences being less
restricted crosslinguistically than stop

+/l/. But if w
e look at stop

s w
ith different

p
oints of articulation, w

e see that the clusters of a stop
 and a liquid show

 the least
sp

ectral change w
hen the initial stop

 is bilabial and
 the greatest m

od
ulation in

form
ant frequ

encies in /
d

/
+

liqu
id

. T
his is u

nexp
ected

 and
 the m

od
u

lation
hyp

othesis clearly fails to p
redict the avoidance of /dl/ sequences in languages of

the w
orld. I do not have a reasonable alternative to p

rop
ose and only notice that
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form
ant trajectories are not the only d

eterm
inant of salience and

 that other
p

ercep
tual factors m

ay be involved
, notably the release burst and

 the general
disp

reference for alveolar stop
s in nonp

revocalic p
osition (see generalization 6, in

section 3.1.6).

Janson (1986), how
ever, contests the validity of K

aw
asaki’s generalizations

concerning C
V

 sequences, specifically the dispreference for sequences of a labial or
labialized

 consonant and
 a round

ed
 vow

el and
 alveolar/

p
alatal or p

alatalized
consonant and a front vow

el. By looking at a sam
p

le of five unrelated or distantly
related

 langu
ages, Janson actu

ally reaches op
p

osite conclu
sions: the favored

sequences are alveolar consonant+front vow
el and labial consonant+back rounded

vow
el. H

e suggests that these tendencies are to be explained by articulatory factors:
the p

refered C
V

 sequences are those that require sm
aller articulatory m

ovem
ents.

K
aw

asaki’s generalizations, then, w
ou

ld
 hold

 only for /
w

/
 and

 labialized
consonants + rounded vow

els and /j/ and p
alatalized consonants + front vow

els.
These sequences are indeed disprefered and acoustic/auditory lack of m

odulation is
probably the relevant factor.

Janson’s statistical resu
lts, how

ever, w
ere reanalyzed

 by M
ad

d
ieson &

Precoda (1992), w
ho ended up w

ith no clear trend in any direction. They found no
p

reference or d
isp

reference for sp
ecific C

V
 com

binations, w
ith tw

o salient
excep

tions: sequences of a glide follow
ed by the corresp

onding vow
el and velar

consonants before high front vow
els. The first p

robably follow
s from

 K
aw

asaki’s
m

odulation hyp
othesis, the second from

 articulatory considerations. W
hat can w

e
conclud

e from
 these results? It m

ay w
ell be the case that the frequency of C

V
sequences is relatively uninfluenced by p

honetic factors of the kind K
aw

asaki and
Janson have p

rop
osed. But this conclusion, I believe, does not extend to contexts

other than C
V

. I w
ould like to suggest that C

V
 sequences, w

ith the excep
tion of

com
binations such as /w

u/ and /ji/, all generally involve large spectral m
odulation.

Their perceptibility m
ay be beyond the level found desirable in m

ost languages, and
the distinctions in sp

ectral change found betw
een different C

V
 com

binations m
ay

becom
e largely irrelevant. In other w

ords, C
V

 sequences are all good enough and
speakers/listeners m

ay not prize additional m
odulation high.

In this dissertation I am
 concerned w

ith com
binations of consonants, w

hich
generally show

 less m
odulation than C

V
 sequences. I suggest that differences in

am
plitude and spectral variations here play a decisive role and m

ay really determ
ine

the fate of p
articular sequences. It is in these less p

refered segm
ent com

binations
that the im

pact of auditory sim
ilarity is likely to reveal itself. I believe the patterns

described here support this idea.
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3.1.5. C
U

E
 E

N
H

A
N

C
E

M
E

N
T

 A
T

 E
D

G
E

S
 O

F
 P

R
O

S
O

D
IC

 D
O

M
A

IN
S

G
eneralization 5:

C
onsonants that are not at the edge of a p

rosodic dom
ain w

ant
to be adjacent to a vow

el, and preferably follow
ed by a vow

el.

T
he salience of consonants d

ep
end

s up
on their p

osition in the p
rosod

ic
stru

ctu
re. It is by now

 w
ell-established

 that segm
ents at ed

ges of p
rosod

ic
constituents, from

 the w
ord

 to the utterance, are associated
 w

ith p
rocesses that

enhance their salience. Sp
ecifically, ed

ge consonants benefit from
 articu

latory
strengthening, lengthening, and

 red
u

ction in the am
ou

nt of overlap
 w

ith the
segm

ent across the bou
nd

ary, p
rocesses that are assu

m
ed

 to increase their
p

ercep
tibility. Studies that have investigated these p

rocesses include: O
ller (1973);

K
latt (1975, 1976); C

ooper &
 D

anly (1981); Beckm
an &

 Edw
ards (1990); W

ightm
an et

al. (1992); Byrd (1994); Fougeron &
 K

eating (1996, 1997); G
ordon (1997); K

eating et
al. (1998); Fougeron (1999); Turk (1999);  Byrd et al. (2000).

C
onsonants at the right and left edges behave differently; both edges benefit

from
 cue enhancem

ent, but through different p
rocesses. The right edge is m

ainly
associated w

ith segm
ent lengthening, but is not characterized, or only m

arginally so,
by articu

latory strengthening. B
y contrast, the left ed

ge involves articu
latory

strengthening (e.g. tighter constriction), w
ith lengthening ap

p
arently p

laying a
secondary role in that position. R

eduction of overlap across prosodic boundaries is
obviously sym

m
etrical since it affects the final segm

ent of the first constituent and
the initial one of the follow

ing constituent. It has also been established that these
effects are cum

ulative as w
e go up the prosodic hierarchy; that is, w

e observe m
ore

initial strengthening, final lengthening, and
 red

u
ction of overlap

 at higher
boundaries than low

er ones.

T
here are only a handful of studies of gestural overlap

 betw
een segm

ents
separated by different levels of junctures. I refer to Byrd et al. (2000) for a sum

m
ary

of these stud
ies, w

hich “suggest that p
hrasal p

osition is a significant force in
constraining the degree of tem

poral overlap betw
een articulatory gestures.”

Studies that confirm
 dom

ain-final lengthening are num
erous, e.g. O

ller (1973),
K

latt (1975, 1976), C
ooper &

 D
anly (1981), Beckm

an and Edw
ards (1990), W

ightm
an

et al. (1992), Turk (1999), and additional sources cited in the last tw
o references. See

also Edw
ards et al. (1990) and Beckm

an et al. (1992) for the articulatory m
echanism

s
involved in final lengthening. Turk (1999) establishes that final lengthening targets
predom

inantly the coda, that is the last consonant(s), w
hich is lengthened in phrase-
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final p
osition in her corp

us by alm
ost 200%

. The p
receding nucleus vow

el is also
lengthened

, bu
t to a m

u
ch lesser extent (arou

nd
 65%

), w
hile the onset of the

dom
ain-final syllable is only m

arginally affected (around 12%
).

Stops, how
ever, contrast w

ith other consonants. M
y ow

n analysis of a corpus
very sim

ilar to that used by Turk (1999) suggests that lengthening affects stops m
uch

less than other consonants. 6 This corp
us allow

s us to directly com
p

are the w
ords

D
uke /d

uk/ and
 M

aine /m
en/ in p

hrase-final and
 p

hrase-m
ed

ial p
osition. For

phrase-final /m
en/, w

e observe an increase in duration of about 155%
 for the coda

/n/ vs. 59%
 for the p

reced
ing nucleus. T

hese num
bers are com

p
arable to those

provided by Turk, but they contrast dram
atically to those obtained for phrase-final

/duk/. In this case, the nucleus /u/ lengthens relatively m
ore than the coda /k/:

104.5%
 vs. 32.2%

. 7 This confirm
s K

latt’s (1976: 1213) observation that stops tend not
to lengthen as m

uch as other consonants at phrase boundaries. This m
ay be related

to the fact that m
aintaining a stop

 closure for a longer p
eriod

 of tim
e d

em
and

s
relatively m

ore effort than m
aintaining the constriction for other consonants. In

u
tterance-final p

osition, C
oop

er &
 D

anly (1981) fou
nd

 that the p
ercentage of

lengthening for alveolar and labiodental fricatives in English ranges from
 79%

 for
/v/ to 167%

 for /s/, that is also substantially m
ore than w

hat I found for stops. This
is not to say that stops are not affected as m

uch as other consonants in phrase-final
p

osition: I rather believe that the m
ain difference for them

 lies in the strength and
audibility of their release burst (see below

) m
ore than in their lengthening.

W
ightm

an et al. (1992) is the m
ost detailed study of the correlation betw

een
the am

ount of lengthening and the strength of the follow
ing boundary. They use

seven different break indices or boundaries, w
ith increasing strength from

 0 to 6. A
break index of 0 is assigned betw

een tw
o orthograp

hic w
ords w

here no p
rosodic

break is p
erceived

, the break ind
ex 6 m

arks sentence bound
aries. Interm

ed
iate

break indices can variably be related to other p
rosodic units cited in the literature

(prosodic w
ord, accentual phrase, interm

ediate phrase, intonational phrase, etc.), but
no exact correspondence is established (see the discussion on p. 1710). The am

ount
of lengthening for a segm

ent is expressed in term
s of norm

alized duration, w
hich is

6This analysis w
as p

erform
ed on a corp

us p
rovided by Stefanie Shattuck-H

ufnagel as p
art of the

course “Laboratory in the p
hysiology, acoustic and p

ercep
tion of sp

eech” taught at M
IT

 by K
en

Stevens, Joe Perkell, and Stefanie Shattuck-H
ufnagel in the fall of 1999.

7It is interesting to observe, though, that the increase in the rim
e p

hrase-finally is very sim
ilar for

both w
ord

s: 73.8%
 for M

aine and
 68.1%

 for D
uke. T

his su
ggests that p

hrase-final lengthening
p

rim
arily targets the rim

e, and
 that there are com

p
ensation effects betw

een the nucleus and
 the

coda dep
ending on the lengthenability of the coda consonant. T

he distribution of the increase in
d

uration w
ithin the rim

e ap
p

arently tend
s to concentrate on the cod

a consonant, unless it is a
stop

. In this case, the nucleus carries m
ost of the lengthening.
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a m
easure of d

eviation from
 an exp

ected
 value, taken to be 0. 8 T

hey find
 that

dom
ain-final consonants are longer and longer as w

e go from
 a break index 0 to a

break index 5. The strongest index 6 does not involve any additional lengthening
w

ith respect to the im
m

ediately preceding level. A
s w

e w
ill see again, the absence of

a contrast betw
een the end

 of the u
tterance and

 the end
 of the im

m
ed

iately
preceding level (standardly the Intonational Phrase or IP) is a recurrent result of the
p

honetic stu
d

ies of ed
ge segm

ents. 9 T
he average norm

alized
 d

u
rations of

consonants, dep
ending on the level of the follow

ing break index (0 to 5), are given
below

. These num
bers are approxim

ations taken from
 the first graph in figure 4 (p.

1714). By contrast, W
ightm

an et al. (1992) found no correlation betw
een the duration

of dom
ain-initial consonants and the size of the preceding boundary.

(2)
C

O
N

SO
N

A
N

T
 D

U
R

A
T

IO
N

 IN
 D

O
M

A
IN

-FIN
A

L
 PO

SIT
IO

N
:

Break index:
0

1
2

3
4

5
6

N
orm

alized duration
of the final consonant:

-0.5
-0.2

-0.1
0.2

0.5
0.85

0.6

Fougeron &
 K

eating (1997) also rep
ort an effect of the p

hrase-final p
osition

on articulation, in an exp
erim

ent involving reiterant sp
eech w

ith /no/ syllables:
p

hrase-final vow
els are m

ore op
en than p

hrase-m
ed

ial ones. T
his resu

lt w
as

interp
reted in term

s of strengthening, since op
enness for vow

els indicates a m
ore

extrem
e articulation. But they found no correlation betw

een the degree of openness
and the strength of the follow

ing boundary: final /o/’s above the w
ord level are

sim
ply alw

ays quite open, irrrespective of the strength of the boundary. Thus there
is no cum

ulative effect, unlike in final lengthening. M
ore im

p
ortantly, no sim

ilar
strengthening has been reported for consonants, w

hich m
ost particularly concern us

here.

A
rticulatory strengthening in initial position is a recent area of investigation,

studied in particular in Pierrehum
bert &

 Talkin (1992); D
illey et al. (1996); Fougeron

&
 K

eating (1996, 1997); G
ordon (1997); K

eating et al. (1998); Fougeron (1999);  Byrd
et al. (2000). Strengthening m

anifests itself d
ifferently in d

ifferent classes of
consonants, but it can be view

ed
 as alw

ays resulting in a m
ore consonant-like

articulation, that is less sonorant and/or involving a tighter constriction.

8A
 negative norm

alized duration m
eans that the segm

ent is shorter than average; a p
ositive one

m
eans that the segm

ent is longer than average.
9If w

e interp
ret lengthening as a cu

e to p
rosod

ic bou
nd

aries, w
e m

ay think that ad
d

itional
lengthening in the case of the utterance is unnecessary since other m

ore salient cues are available,
notably p

auses.
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Pierrehum
bert &

 Talkin (1992) found that initial /h/ is m
ore consonant-like

w
hen it is phrase-initial than w

hen it is phrase-m
edial, the degree of consonantality

being m
easured

 by the am
ount of breathiness and

 the corresp
ond

ing d
egree of

glottal op
ening. Sim

ilar results w
ere obtained for the glottal stop

. G
lottalization of

w
ord-initial vow

els w
as further investigated by D

illey et al. (1996), w
ho found that it

is m
ore frequ

ent at the beginning of large p
rosod

ic constitu
ents (Intonational

Phrase) than at the beginning of low
er dom

ains (Interm
ediate Phrase), and least

likely p
hrase-m

edially. T
hese findings are interp

reted in term
s of strengthening,

greater gestural m
agnitude and increase in consonantality associated w

ith the onset
of prosodically significant dom

ains.

Fougeron &
 K

eating (1996, 1997), G
ordon (1997), K

eating et al. (1998), and
Fougeron (1999) are concerned w

ith linguopalatal contact and/or nasal flow
 in initial

oral and/or nasal alveolar stops in various dom
ains, from

 the w
ord to the utterance.

T
hese stu

d
ies consistently establish a correlation betw

een the strength of the
bou

nd
ary p

reced
ing the consonant and

 the am
ou

nt of lingu
op

alatal contact,
m

easured
 by the num

ber of electrod
es contacted

 on an artificial p
alate in E

PG
exp

erim
ents. T

he id
entity and

, to a lesser extent the nu
m

ber, of the p
rosod

ic
dom

ains that can be consistently distinguished by the am
ount of contact varies from

sp
eaker to sp

eaker, but the general trend is invariant. A
s in the lengthening data

p
resented in (2), the U

tterance is not generally distinguished from
 the Intonational

Phrase. I use the French data analyzed in Fougeron &
 K

eating (1996) as an exam
ple.

I rep
ort below

 for their tw
o sp

eakers the p
ercentage of electrodes contacted in the

p
rod

uction of /t/ and
 /n/ at the beginning of syllables (w

ord
-internal), w

ord
s,

accentual p
hrases, intonational p

hrases, and
 utterances (ap

p
roxim

ated
 from

 the
graphs in figure 4).

(3)
C

O
N

SO
N

A
N

T
A

L
 C

O
N

ST
R

IC
T

IO
N

 IN
 D

O
M

A
IN

-IN
IT

IA
L

 PO
SIT

IO
N

:
A

verage m
axim

a of linguopalatal contact for /t/ and /n/ at the left edge of
increasingly strong prosodic dom

ains (from
 Fougeron &

 K
eating 1996):

Syllable
W

ord
A

P
IP

U
Speaker 1

/n/
40

44
49

56
57

/t/
51

54
56

60
62

Speaker 2
/n/

47
52

58
68

67
/t/

54
55

63
69

66

Sim
ilar results are obtained for the am

ount of nasal airflow
: nasals at the left

edge of higher constituents are associated to a reduced am
ount of nasal airflow

 in
com

p
arison to nasals at the beginning of low

er d
om

ains or in d
om

ain-internal
p

osition. A
gain, this is interp

reted
 as an increase in consonantality. B

u
t the
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correlation 
w

ith 
bou

nd
ary 

strength 
is 

not 
as 

good
 

as 
that 

obtained
 

w
ith

linguopalatal contact, w
hich appears to be m

ore directly influenced by the prosodic
p

osition. The m
axim

a of nasal flow
 in /n/ dep

ending on the p
rosodic p

osition for
sp

eaker 1 above are given below
. The underlined num

bers indicate the levels that
are significantly d

istinguished
 by the am

ount of nasal flow
, the other tw

o not
follow

ing the exp
ected

 trend
, although this is not surp

rising in the case of the
utterance. (T

he other sp
eaker had less consistent results, w

hich differed w
ith the

identity of the adjacent vow
els; they are not show

n here.)

(4)
N

A
SA

L A
IR

FLO
W

 IN
 D

O
M

A
IN

-IN
IT

IA
L

 PO
SIT

IO
N

:
A

verage m
axim

a of nasal flow
 (in m

l/
sec) for /

n/
 at the left ed

ge of
increasingly strong prosodic dom

ains (from
 Fougeron &

 K
eating 1996):

Syllable
W

ord
A

P
IP

U
Speaker 1

48
69

60
47

59

Finally, a w
ord should be said about lengthening in initial position of prosodic

d
om

ains. A
lthou

gh certainly less p
revalent than in constitu

ent-final p
osition,

lengthening of initial consonants is reported in a num
ber of studies, e.g. O

ller (1973)
and Pierrehum

bert &
 Talkin (1992). In their detailed study of segm

ental durations at
edges of p

rosodic dom
ains, how

ever, W
ightm

an et al. (1992) found no correlation
betw

een the length of the initial consonant and
 the strength of the p

reced
ing

boundary. Just like final strengthening, w
hich w

as found to occur indistinctively in
final positions above the w

ord level, there could be a process of initial strengthening
w

hich affects all phrase-initial segm
ents, irrespective of the level of the juncture.

T
he linguistic significance of these p

honetic p
rocesses affecting ed

ges of
p

rosodic constituents – articulatory strengthening, lengthening, and reduction of
overlap

 – is not yet entirely clear. W
e m

ay think that they help
 w

ith the
segm

entation of the signal into w
ords and higher constituents, by signalling the

presence of prosodic boundaries and providing cues to their strength (see Fougeron
&

 K
eating 1997). It seem

s clear that segm
ent lengthening m

ay be used by listeners to
locate p

rosodic boundaries. W
ightm

an et al. (1992) have show
n that the degree of

final lengthening enables listeners to distinguish at least 4 levels of prosodic dom
ains.

Strengthening and overlap
 reduction result in an enhanced contrast betw

een the
initial consonant and the adjacent segm

ents. This enhancem
ent process could also be

interp
reted by listeners as indicating the p

resence of a boundary. T
he am

ount of
strengthening or contrast cou

ld
 even p

rovid
e cu

es as to the strength of the
boundary. Percep

tual exp
erim

ents are necessary, how
ever, to assess the extent to

w
hich listeners use these phonetic variations for segm

entation purposes.
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Fougeron &
 K

eating (1997) also suggest that initial strengthening m
ay play a

facilitating role in lexical access. It enhances the contrast betw
een the initial segm

ent
and its neighbors. This increases the accessibility of segm

ental inform
ation in this

position, w
hich is w

elcom
e since initial segm

ents are im
portant in w

ord recognition.

I w
ould

 like to suggest a third
 area in w

hich the p
honetic correlates of

dom
ain-final and dom

ain-initial p
ositions im

p
act the linguistic system

: consonant
licensing.  Lengthening, increased articulatory energy, and less overlap enhance the
salience of dom

ain edges, and conspire to license m
ore com

plex segm
ents, a greater

nu
m

ber of segm
ents, and

 a w
id

er variety of consonants in these p
ositions. A

strengthened and lengthened articulation correlates w
ith m

ore robust auditory cues,
and those cues are not suscep

tible to w
eakening through overlap

 w
ith a follow

ing
segm

ent. Stop
s and affricates are likely to p

articularly benefit from
 those effects,

w
hich facilitate the p

roduction of m
ore strongly released bursts and increase their

audibility through reduction of overlap
. Since the burst constitutes an im

p
ortant

elem
ent in the perception of these segm

ents, w
e m

ay think that the addition of the
cues associated

 to it results in a rad
ical shift up

w
ard

 in their p
ercep

tibility. In
contrast, the effects of strengthening or lengthening m

ay affect less radically the
perceptibility of consonants other than stops and affricates, w

hich does not so m
uch

depend on the release cues.

Since w
e observe a correlation betw

een lengthening, strengthening, overlap
,

and the strength of the adjacent boundary, I predict that consonants are m
ore easily

licensed at edges of higher prosodic constituents than at edges of low
er ones. This is

indeed w
hat w

e find in H
ungarian degem

ination and the French schw
a. A

dditional
cases w

ill be p
resented in chap

ter 5. Segm
ents in w

ord-internal p
osition are not

follow
ed by any (relevant) p

rosodic boundary. Therefore they do not benefit at all
from

 the advantages associated w
ith dom

ain edges, w
hich exp

lains their increased
tendency to delete, trigger vow

el epenthesis, and block vow
el deletion.

3.1.6. C
O

R
O

N
A

L
 S

T
O

P
S

 A
N

D
 F

2 T
R

A
N

S
IT

IO
N

S

G
eneralization 6:

C
oronal stops w

ant to be follow
ed by a vow

el.

O
ur last generalization, illustrated by deletion and assim

ilation in A
ttic G

reek
(chap

ter 1), concerns coronal stop
s, w

hich contrast w
ith other stop

s in being
particularly disfavored in non-prevocalic position. This issue has been addressed in a
recent p

ap
er by Y

. K
ang (1999), w

ho p
rovid

es a p
ercep

tual exp
lanation for the

specific behavior of coronal stops. I rely entirely on her treatm
ent in this section. The

A
ttic G

reek (and
 L

atin) p
attern w

as used
 to illustrate the shortcom

ings and
 the
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syllabic ap
p

roach to deletion and ep
enthesis, and K

ang’s exp
lanation sup

p
orts the

perceptual alternative I advocate in this dissertation. This w
ill exhaust w

hat I have to
say about the peculiarities of coronal stops.

In 
m

any 
langu

ages 
coronal 

stop
s 

are 
m

ore 
su

bject 
to 

d
eletion 

and
assim

ilation than other stops in preconsonantal position. This is unexpected in view
of the relative unm

arkedness of coronals w
ith respect to other places of articulation.

K
ang’s exp

lanation for this tendency is based on the role of F2 transitions in the
p

ercep
tion of coronality and their distinct p

rop
erties in p

revocalic and p
ostvocalic

position. A
n im

portant auditory cue to coronality lies in the F2 transitions. W
hile F2

transitions from
 a coronal consonant to a follow

ing vow
el (C

V
) are robust and clear,

those from
 a vow

el to a coronal (V
C

) are consid
erably w

eakened
, alm

ost
nonexistent. T

here is little m
ovem

ent in F2 in the final 20 m
s of the vow

el. T
his

acoustic fact is interpreted as the result of a w
eakening in the tongue body gesture,

w
hich p

lays a large p
art in shap

ing the F2 transition. This articulatory w
eakening

m
akes coronals particularly vulnerable in (unreleased) preconsonantal position and

subject to m
asking by the follow

ing consonant. C
iting Byrd (1992) and Z

siga (1994)
(see also Surp

renant &
 G

oldstein 1998), K
ang notes that in V

1 C
1 C

2 V
2  sequences,

w
here C

1  is coronal, produced w
ith extensive overlap betw

een the tw
o consonants,

the vow
el V

1  carries the cues to C
2  rather than those to the coronal C

1 . W
hat is

perceived is thus V
1 C

2 (C
2 )V

2 . The m
asking of the transitions obviously affects stops

m
ore than other consonants since stops do not carry independent internal cues that

could com
pensate for the w

eakness of the contextual ones. 1
0,1

1

3.2. T
H

E
O

R
E

T
IC

A
L

 A
P

P
A

R
A

T
U

S

The last section established that the optim
al position for a consonant is the C

V
context, and

 enum
erated

 a num
ber of factors that influence the p

ercep
tibility of

1
0K

ang does not distinguish coronals in p
reobstruent vs. p

resonorant p
ositions. W

e exp
ect them

to be m
ore vulnerable before obstruents. Sonorants have a form

ant structure and
 m

ay carry the
need

ed
 F2 transition. B

u
t its am

p
litu

d
e is red

u
ced

 in com
p

arison w
ith vow

els, esp
ecially for

nasals. W
e ind

eed
 find

 a three-w
ay contrast betw

een coronal stop
s in p

revocalic, p
resononant,

and p
reobstruent p

osition in A
ttic G

reek: they are system
atically avoided before obstruents, only

m
arginally so before sonorants (see note 39 in chap

ter 1), and not at all before vow
els.

1
1C

oronal stop
s are not w

eaker than other stop
s in all languages. T

hey m
ay even be the only

segm
ents allow

ed
 in p

reconsonantal p
osition, in p

articular in A
ustralian languages (H

am
ilton

1996). These languages typ
ically contrast different coronal p

laces of articulation and K
ang argues

that the p
resence of this p

honem
ic contrast, p

rim
arily cued

 by F2, forces sp
eakers to m

aintain
accurate tongue bod

y p
ositions in the p

rod
uction of coronals, even in p

ostvocalic p
osition. T

he
F2 transition thus rem

ains salient, and so does the consonant. In other cases, e.g. Finnish, all stop
s

are consistently audibly released in all p
ositions, p

roviding sufficient cues to coronal stop
s even

w
ith a w

eakened tongue body gesture and F2 transition.
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consonants: the p
resence of vocalic transitions, the am

ou
nt of contrast w

ith
neighboring segm

ents, the strength of the adjacent boundary (if any), the p
resence

of internal cues, and, for stops, the audibility of the release burst.

These p
honetic factors im

p
act the gram

m
ar by m

otivating both m
arkedness

and
 faithfulness constraints. T

he focus is on a fam
ily of m

arked
ness constraints

against non-prevocalic consonants, that is consonants that are not in a perceptually
op

tim
al p

osition. T
hese constraints interact w

ith faithfulness constraints w
hich

encod
e the relative p

ercep
tu

al im
p

act of a m
od

ification of the inp
u

t. T
he

p
ercep

tu
ally-m

otivated
 

con
strain

t 
system

 
I 

p
rop

ose 
to 

accou
n

t 
for 

th
e

generalizations established
 in the p

reced
ing chap

ters raises a num
ber of issues,

w
hich have to d

o w
ith the role of p

ercep
tion, and

 m
ore generally p

honetic and
functional factors, in phonology (3.2.1 and 3.2.4), and the integration of variation in
O

p
tim

ality T
heory, w

hich is crucial in the analyses to follow
 (3.2.5). I suggest in

particular that the inclusion of perceptually-m
otivated constraints in the synchronic

phonological system
 is intim

ately linked to the existence of variable processes.

3.2.1. P
E

R
C

E
P

T
IO

N
 IN

 P
H

O
N

O
L

O
G

IC
A

L
 T

H
E

O
R

Y

A
s w

ith m
any concep

ts in science, p
ercep

tion has gone through a cycle in
p

honological theory. In the op
p

osition betw
een p

ercep
tion and

 articu
lation,

Jakobson, Fant &
 H

alle (1952: 12) established the prim
acy of the form

er:

The closer w
e are in our investigation to the destination of the m

essage
(i.e. its p

ercep
tion by the receiver), the m

ore accurately can w
e gage

the inform
ation conveyed

 by its sound
 shap

e. T
his d

eterm
ines the

op
erational hierarchy of levels of decreasing p

ertinence: p
ercep

tual,
au

ral, acou
stical and

 articu
latory (the latter carrying no d

irect
inform

ation to the receiver).

T
he feature system

 they develop
ed reflects this bias tow

ard the auditory face of
speech. The Sound Pattern of English (1968) constituted a radical departure from

 this
p

osition, as the distinctive features p
rop

osed by C
hom

sky &
 H

alle are p
rim

arily
articu

latory in natu
re. T

he articu
latory orientation has been m

aintained
 in

subsequent w
ork on distinctive features and feature geom

etry (e.g. C
lem

ents 1985;
M

cC
arthy 1988), and

 even reinforced
 in Sagey (1986) and

 H
alle (1995) by d

irect
reference to articulators in the definition and organization of features.

T
he fund

am
ental role p

layed
 by features in p

honological d
escrip

tion and
analysis cannot but influence the range of topics investigated and the w

ay w
e look at
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them
. For exam

ple, as discussed in H
ura et al. (1992), articulatory features show

ed a
clear ad

vantage over acou
stic/

au
d

itory ones in the treatm
ent of assim

ilation
processes  (e.g. palatalization before high-front vow

els, place assim
ilation of nasals).

A
s a result, these p

rocesses are typ
ically view

ed
 in p

honology as m
otivated

 by
articulatory factors. Y

et m
ore p

honetically-oriented
 research on assim

ilation has
show

n that p
ercep

tion is crucial in assim
ilatory p

rocesses (e.g. K
ohler 1990; O

hala
1990; H

ura et al. 1992, w
ho provide additional references). By contrast, patterns that

do not seem
 to be naturally exp

ressible in term
s of the standard articulatory-based

features are m
ore likely to be overlooked or analyzed in a m

ore ad hoc fashion. See
Flem

m
ing (1995) for num

erous exam
p

les. T
he sp

ecial vulnerability of stop
s in

deletion and epenthesis patterns m
ay also fall into this category.

In contrast w
ith stand

ard
 p

honology, how
ever, research m

ad
e by or in

collaboration w
ith phoneticians continues to stress the role of perception in shaping

sound p
atterns. A

m
ong the influential p

rop
osals highlighting the contribution of

p
ercep

tual factors, one should m
ention: Liljencrants &

 Lindblom
’s (1972) w

ork on
the role of p

ercep
tu

al d
istance in the configu

ration of vocalic system
s and

L
ind

blom
’s (1986, 1990) T

heory of A
d

ap
tive D

isp
ersion (see also Joanisse &

Seidenberg 1998);  Stevens’s (1972, 1989) Q
uantal Theory of sp

eech; the theory of
enhancem

ent features (Stevens, K
eyser &

 K
aw

asaki 1986; Stevens &
 K

eyser 1989;
K

eyser &
 Stevens 2001); num

erous w
orks by John O

hala (e.g. 1981, 1983, 1992, 1993,
1995, etc.), as w

ell as K
aw

asaki (1982) and K
aw

asaki-Fukum
ori (1992).

The recent developm
ent of O

ptim
ality Theory, how

ever, is associated w
ith a

renew
ed

 interest in the p
honetic – in p

articu
lar p

ercep
tu

al – m
otivations of

phonological patterns and their direct integration into phonological analyses. Indeed,
it can be argued that a “serious com

ing to grip
s w

ith p
honetic functionalism

” w
as

not w
orkable in pre-O

T non-constraint-based approaches (H
ayes 1999: 244). The old

idea of sound patterns being the outcom
e of a com

petition betw
een the dem

ands of
the speaker and the hearer – m

axim
izing articulatory ease vs. the distinctiveness of

contrast – has been reappropriated in m
uch recent w

ork, w
hich cite such authors as

Passy (1891, cited in Boersm
a 1999), Z

ipf (1949), or M
artinet (1955). This functionally-

m
otivated phonology has been advocated particularly forcefully in w

ork conducted
at U

C
LA

 (Flem
m

ing 1995; Jun 1995; Silverm
an 1995; H

ayes 1999; Steriade 1999a,c,d,
to ap

p
ear; K

irchner 1998; Fleischhacker 2000a,c), to w
hich w

e m
ay add H

am
ilton

(1996), C
oflte' (1997a, 1999), Padgett (1997), Boersm

a (1998, 1999), H
um

e (1999), Y
.

K
ang (1999, 2000), K

ochetov (1999), and H
um

e &
 Johnson (to appear).

The sequential approach to deletion and epenthesis processes developed here
pursues the line of reseach advocated in the above-cited w

orks. It is both m
otivated
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and constrained by direct reference to perceptual factors. It adopts m
ore specifically

the ‘Licensing by cue’ approach developed by Steriade (1999a,c).

In tw
o im

p
ortant p

ap
ers, Steriade (1999a,c) argues against the p

rosodic or
syllabic ap

p
roach to p

honotactic p
rocesses, and develop

s an O
p

tim
ality-theoretic

account directly based on perceptual cues. H
er hypothesis, refered to as ‘Licensing

by cue’, is phrased as follow
s: “The likelihood that distinctive values of the feature F

w
ill occur in a given context is a function of the relative p

ercep
tibility of the F-

contrast in that context” (Steriade 1999a: 4). In other w
ords, retention of distinctive

features in a given context correlates w
ith the num

ber and quality of the available
p

ercep
tual cues to that feature in that context. C

ues d
o not d

ep
end

 on syllable
structure but on the nature of adjacent segm

ents and boundaries. In her 1999c paper,
Steriade applies this approach to laryngeal features; the 1999a one develops a m

ore
su

ccint analysis of asp
iration and

 p
lace contrasts. I p

resent here the voicing
neutralization case, addressed in the first half of her 1999c paper (leaving aside issues
of asp

iration and ejection, dealt w
ith in the second half). K

ochetov (1999) ap
p

lies
Steriade’s approach to palatalization; m

y ow
n analysis of deletion and epenthesis can

be interpreted as an extension of it to w
hole segm

ents rather than features.

O
bstruent devoicing and voicing neutralization have been considered classic

exam
p

les of p
rosod

ically-d
riven feature-changing p

rocesses (e.g. R
ubach 1990;

L
om

bard
i 1991, 1995, 1999; B

ethin 1992; G
ussm

ann 1992). T
hey are d

escribed
 as

dependent on syllabic affiliation, and typically apply in coda position. Steriade argues
that the retention of d

istinctive voicing rather follow
s from

 the availability of
possible cues to voicing in different contexts. The cues to the voicing specification of
stops and the contexts w

here they can be found are sum
m

arized below
; V

1  and V
2

correspond to the preceding and follow
ing vow

el, respectively.

(5)
C

U
E

S 
T

O
 

V
O

IC
IN

G
 

C
O

N
T

R
A

ST
S 

A
V

A
IL

A
B

L
E

 
IN

 
D

IFFE
R

E
N

T
 

C
O

N
T

E
X

T
S

(based on Steriade 1999C: 30-31):
C

u
e

C
ontext w

here it can be found
C

losure voicing
E

veryw
here

C
losure duration

E
veryw

here
V

1 duration
O

nly after sonorant
F0 and F1 values in V

1
O

nly after sonorant
Burst duration and am

plitude
N

ot before obstruents
V

O
T value

Before sonorant
F0 and F1 values at the onset of voicing in V

2
Before sonorant
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W
e can then establish a hierarchy of contexts, from

 those that provide the m
ost cues

to voicing and in w
hich voicing contrasts are best p

erceived, to those that p
rovide

the few
est cu

es and
 in w

hich voicing contrasts are the least p
ercep

tible. T
his

perceptibility scale is given below
, w

ith ‘context x’ _
 ‘context y’ being interpreted as

context x is less favorable to the perception of voicing contrasts than context y.

(6)
H

IE
R

A
R

C
H

Y
 O

F C
O

N
T

E
X

T
S FO

R
 T

H
E

 PE
R

C
E

PT
IB

IL
IT

Y
 O

F V
O

IC
IN

G
 C

O
N

T
R

A
ST

S

(based on Steriade 1999C: 35):
O

=obstruent
R

=sonorant
#=final position

O
—

O
 , #—

O
   _

O
—

#
_

R
—

O
_

R
—

#
_

—
R

_
R

—
R

T
his scale p

rojects a corresp
ond

ing hierarchy of m
arked

ness constraints
against the p

reservation of voicing contrasts, of the form
 *α

voice/
X

 – d
o not

m
aintain a voicing contrast in context X

. T
he constraints are universally ranked

according to the perceptibility of voicing values: the low
er it is in a given context X

,
the higher ranked the constraint *α

voice/X
 is.

(7)
H

IE
R

A
R

C
H

Y
 O

F M
A

R
K

E
D

N
E

SS C
O

N
ST

R
A

IN
T

S A
G

A
IN

ST
 T

H
E

 PR
E

SE
R

V
A

T
IO

N
 O

F

V
O

IC
IN

G
 C

O
N

TR
A

STS (based on Steriade 1999C: 35):
*α

voice/O
—

O
, #—

O
 

>>
*α

voice/O
—

#
>>

*α
voice/R

—
O

>> 
*α

voice/R
—

#
>>

*α
voice/—

R
>> 

*α
voice/R

—
R

These m
arkedness constraints interact w

ith a faithfulness constraint m
ilitating for the

p
reservation 

of 
inp

u
t 

[voice] 
valu

es: 
P

R
E

S
E

R
V

E 
[voice]. 

T
he 

p
osition 

of
P

R
E

SE
R

V
E [voice] w

ithin the hierarchy of *α
voice constraints w

ill d
eterm

ine the
contexts 

in 
w

hich 
voicing 

neu
tralization 

ap
p

lies 
or 

not. 
For 

exam
p

le, 
if

P
R

E
SE

R
V

E [voice] is inserted
 betw

een *α
voice/

R
—

# and *α
voice/

—
R

, voicing
contrasts are m

aintained only before sonorants. A
ccording to Steriade, this is the

pattern found in several Indo-European languages, am
ong them

 Lithuanian.

Lithuanian constitutes the m
ost transp

arent counterexam
p

le to the p
rosodic

account p
rovided by Steriade. The argum

ent runs as follow
s. There is agreem

ent
that Lithuanian m

edial clusters are heterosyllabic, regardless of the nature of the
consonants, e.g. a'uk.le, not *a'u.kle. D

istinctive voicing is preserved before sonorants
but lost elsew

here, that is before obstruents and
 w

ord
-finally. For exam

p
le, the

op
p

osition betw
een a'ukle ‘governness’ and auglingas ‘fruitful’ and

 that betw
een

silpnas ‘w
eak’ and skobnis ‘table’ illustrate that stop

s m
ay be voiced

 or voiceless
before laterals and nasals. W

ord-finally obstruents are all voiceless, e.g. ka`d [kat], and
before another obstruent they assim

ilate in voicing, e.g. de`g-ti [kt] ‘burn-IN
F’. In all

these cases the (first) obstruent arguably appears in coda position, yet it m
ay or m

ay
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not m
aintain voicing contrasts. W

e conclude that the behavior of voicing features
does not depend on the syllabic position but on the nature of the follow

ing segm
ent.

T
he ranking *α

voice/
—

O
, —

# >> P
R

E
SE

R
V

E [voice] >> *α
voice/

—
R

 nicely and
sim

ply accounts for the Lithuanian pattern. I refer the reader to Steriade’s paper for
a discussion of sim

ilar and other cases.

3.2.2. M
A

R
K

E
D

N
E

S
S

 C
O

N
S

T
R

A
IN

T
S

The evidence presented in chapters 1 and 2 supports the hypothesis that the
behavior of phonological elem

ents is shaped by their perceptibility, and applies it to
segm

ent deletion and epenthesis. I propose that the principle of perceptual salience
in (1) im

p
acts the p

honology through m
arkedness constraints that m

iliate against
segm

ents that are not p
ercep

tually salient. (I restrict m
y attention to segm

ents but
the idea and its im

plem
entation could extend to other phonological elem

ents.) These
constraints obey the general form

at in (8):

(8)
G

EN
ER

A
L FO

R
M

A
T O

F PER
C

EPTIBILITY-BA
SED

 M
A

R
K

ED
N

ESS C
O

N
STR

A
IN

TS:
S —

 X
A

 segm
ent S ap

p
ears in a context X

 w
here it is p

ercep
tually

salient.

H
ere I consider only cases w

here S is a consonant. I take vocalic transitions to be
crucial in a consonant’s perceptibility, and I assum

e that consonants are m
axim

ally
salient in p

revocalic p
osition, reflecting the p

rivileged status of C
V

 sequences. The
w

hole architecture to be d
evelop

ed
 below

 rests on these observations and
 on a

corresp
onding fam

ily of constraints against non-p
revocalic consonants (w

hich are
necessarily in a perceptually non-optim

al position). I propose the follow
ing tw

o basic
constraints, w

hich reflect the general p
art of generalization 1. 1

2 The double arrow
“↔

” is used
 throughout to refer to ad

jacency, the sim
p

le arrow
 “_

” ind
icates

precedence. 1
3

1
2These constraints w

ere used indep
endently by Fleischhacker (2000a,b), and the one in (9a) also

by Steriade (1999d)
1

3W
e could also im

agine a constraint C
 ←

 V
 “C

 is p
receded by V

”, w
hich w

ould be p
osited if the

p
reced

ing vow
el p

rovid
ed

 better cues than the follow
ing one. T

his d
oes not corresp

ond
 to the

general situation, but according to Steriade (1999a,c), retroflexion w
ould be a relevant case, as she

argues that it is better cued by a p
receding vow

el than by a follow
ing one. W

e m
ight then need a

constraint sp
ecific to retroflex consonants like [retroflex] ←

 V
 “a retroflex consonant is p

receded
by a vow

el”. But I do not deal at all w
ith retroflex consonants in this dissertation.
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(9)
B

A
SIC

 C
O

N
STR

A
IN

TS EN
FO

R
C

IN
G

 A
D

JA
C

EN
C

Y
 TO

 V
O

W
ELS (G

eneralization 1):
a.

C
 ↔

 V
A

 consonant is adjacent to a vow
el.

b.
C

 _
 V

A
 consonant is follow

ed by a vow
el.

 
N

ot all consonants are equivalent w
ith resp

ect to the desirability to benefit
from

 the cues associated w
ith an adjacent or follow

ing vow
el. I integrate this fact

into the system
 by allow

ing the target of these constraints – C
 – to be sp

ecified for
any factor that affects its p

ercep
tibility: those concerned w

ith the consonant itself
(classes of consonants) and those that depend on the context (neighboring segm

ents,
adjacent boundaries

14). M
ore specifically, the follow

ing argum
ents can be specified.

(10)
F

A
C

T
O

R
S A

FFEC
T

IN
G

 C
O

N
SO

N
A

N
T

 PER
C

EPT
IBILIT

Y:
a.

C
lass of consonants

Ex: stops, strident fricatives, nasals, coronal stops, etc.
b.

Sim
ilarity w

ith ad
jacent segm

ents, exp
ressed

 in term
s of agreem

ent or
contrast in som

e feature F
Ex: agreem

ent or contrast in place of articulation, continuancy, voicing, etc.
c.

Presence of an adjacent boundary
E

x: Follow
ed

 by an Intonational P
hrase bou

nd
ary, p

reced
ed

 by a
Prosodic W

ord boundary, etc.
d.

(For stop
s) N

ature of the follow
ing elem

ent (as it affects the audibility of
the release burst)

To account for generalizations 2-6, I design the constraints in (11)-(15), w
hich

are specific instantiations of the constraints in (4):

(11)
C

O
N

STR
A

IN
TS EN

C
O

D
IN

G
 TH

E SPEC
IA

L STA
TU

S O
F STO

PS (G
eneralization 2):

a.
stop ↔

 V
A

 stop is adjacent to a vow
el.

b.
stop _

 V
A

 stop is follow
ed by a vow

el.

(12)
C

O
N

ST
R

A
IN

T
S E

N
C

O
D

IN
G

 T
H

E
 R

O
L

E
 O

F T
H

E
 E

L
E

M
E

N
T

 FO
L

L
O

W
IN

G
 A

 ST
O

P

(G
eneralization 3):

a.
stop(¬

     [+cont]) ↔
 V

A
 stop that is not follow

ed by a [+continuant]
segm

ent is adjacent to a vow
el.

b.
stop(¬

     [+cont]) _
 V

A
 stop that is not follow

ed by a [+continuant]
segm

ent is follow
ed by a vow

el.

1
4O

ne could include the location of stress, w
hich also affects salience.
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(13)
C

O
N

STR
A

IN
TS EN

C
O

D
IN

G
 TH

E R
O

LE O
F SIM

ILA
R

ITY (G
eneralization 4): 1

5

a.
C

(A
G

R
EE=F) ↔

 V
A

 consonant that agrees in som
e feature F w

ith a
neighboring segm

ent is adjacent to a vow
el.

b.
C

(A
G

R
E

E=F) _
 V

1
6

A
 consonant that agrees in som

e feature F w
ith a

neighboring segm
ent is follow

ed by a vow
el.

(14)
C

O
N

STR
A

IN
TS EN

C
O

D
IN

G
 TH

E R
O

LE O
F BO

U
N

D
A

R
IES (G

eneralization 5):
a.

C
ìi  ↔

 V
A

 consonant that is next to a boundary i is adjacent
to a vow

el.
b.

C
ìi _

 V
A

 consonant that is next to a boundary i is follow
ed

by a vow
el.

(15)
C

O
N

STR
A

IN
TS EN

C
O

D
IN

G
 TH

E SPEC
IA

L STA
TU

S O
F C

O
R

O
N

A
L STO

PS

(G
eneralization 6):

C
(cor stop) _

 V
A

 coronal stop is follow
ed by a vow

el.

In addition, for the constraints in (14) w
e m

ust distinguish the preceding from
the follow

ing boundaries, since they affect the p
honotactics differently. This is not

unexpected since, as w
e saw

, left and right edges are not enhanced through the sam
e

m
echanism

s. (14) is decom
posed in the tw

o subcases below
:

(16)
C

O
N

ST
R

A
IN

T
S EN

C
O

D
IN

G
 T

H
E EFFEC

T
 O

F T
H

E FO
LLO

W
IN

G
 BO

U
N

D
A

R
Y:

a.
C

]i  ↔
 V

A
 consonant that is follow

ed
 by a bound

ary i is
adjacent to a vow

el.
b.

C
]i _

 V
A

 consonant that is follow
ed

 by a bound
ary i is

follow
ed by a vow

el.

1
5T

he role of sim
ilarity w

ith ad
jacent segm

ents is encod
ed

 in the constraints in (13) in term
s of

featural agreem
ent, but it could equally w

ell be exp
ressed in term

s of featural contrast, as in the
constraints below

:
(i)

C
(C

O
N

T
R

A
ST=F) ↔

 V
A

 consonant that contasts only in som
e featu

re F w
ith a

neihboring segm
ent is adjacent to a vow

el.
C

(C
O

N
T

R
A

ST=F) _
 V

A
 consonant that contasts only in som

e featu
re F w

ith a
neihboring segm

ent is follow
ed by a vow

el.
I w

ill stick to the agreem
ent constraints in (13) in this dissertation, but I see no reason w

hy one
form

ulation should be p
refered over the other. A

greem
ent and contrast are really tw

o faces of the
sam

e p
henom

enon. T
hese m

arked
ness constraints being assu

m
ed

 to be bu
ilt in the cou

rse of
acquisition, it is reasonable to believe that language learners enjoy a relative degree of freedom

 in
the form

ulation of these constraints.
1

6A
s w

e w
ill see in the follow

ing chap
ter, this constraint is equivalent to an O

C
P-[F] constraint

betw
een adjacent segm

ents.
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(17)
C

O
N

ST
R

A
IN

T
S EN

C
O

D
IN

G
 T

H
E EFFEC

T
 O

F T
H

E PR
EC

ED
IN

G
 BO

U
N

D
A

R
Y:

a.
i [C

 ↔
 V

A
 consonant that is p

reced
ed

 by a bou
nd

ary i
is adjacent to a vow

el.
b.

i [C
 _

 V
A

 consonant that is p
reced

ed
 by a bou

nd
ary i

is follow
ed by a vow

el.

T
hese sp

ecifications can be freely com
bined

 to create m
ore com

p
lex

constraints. T
he constraints in (12) involve su

ch a com
bination since they are

sp
ecified

 for stop
s and

 the nature of the follow
ing elem

ent. T
he agreem

ent and
contrast specifications can also be com

bined w
ith them

selves, if different features are
involved. Som

e exam
ples follow

:

(18)
E

X
A

M
PLES O

F C
O

N
ST

R
A

IN
T

S C
O

M
BIN

IN
G

 D
IFFER

EN
T

 A
R

G
U

M
EN

T
S:

a.
stop

]i  ↔
 V

A
 stop that is follow

ed by a boundary i is adjacent to a vow
el.

b.
stop(¬

     [+cont] ∧ A
G

R
EE=F) _

 V
A

 stop that is not follow
ed by a [+continuant] segm

ent and that agrees in
a feature F w

ith a neighboring segm
ent is follow

ed by a vow
el.

c.
i [C

(A
G

R
EE=F ∧ G

) ↔
 V

A
 consonant that is p

reced
ed

 by a bound
ary i and

 that agrees in the
features F and G

 w
ith a neighboring segm

ent is adjacent to a vow
el.

W
ithin the fam

ily of constraints against non-p
revocalic consonants, sp

ecific
constraints m

ay be inherently ranked. I assum
e that inherent ranking betw

een tw
o

constraints is, as are the constraints them
selves, based

 on p
ercep

tion and
 the

principle of perceptual salience. I propose the condition in (19) for establishing such
rankings:

(19)
D

O
M

IN
A

N
C

E
 C

O
N

D
IT

IO
N

:
A

 constraint CC
1 dom

inates a constraint CC
2 if and only if the candidates that

violate CC
1 are, everything else being equal, equally or less p

ercep
tible than

the candidates that violate CC
2.

T
he effect of this constraint ranking is to have the less p

ercep
tible cand

id
ates

elim
inated

 before the m
ore p

ercep
tible ones. T

his is w
hat w

e exp
ect from

 the
gram

m
ar since, everything else being equal, a m

ore perceptible candidate is alw
ays

p
referable to (m

ore harm
onic than) a less p

ercep
tible one. So a constraint that

m
ilitates against less perceptible segm

ents should be ranked higher than a constraint
against m

ore perceptible ones.
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The ranking condition in (19) enables us in particular to establish the follow
ing

dom
inance relation betw

een the tw
o constraints in (9):

(20)
D

O
M

IN
A

N
C

E R
ELA

TIO
N

 BETW
EEN

 TH
E C

O
N

STR
A

IN
TS IN

 (9):
C

 ↔
 V

  >>  C
 _

 V

This ranking, as it w
ill becom

e clear later, is crucial for the analyses to follow
. It is

derived in the follow
ing w

ay. C
onsider the follow

ing strings of segm
ents, w

here §
rep

resents a p
ause. The consonants w

ith a letter subscrip
t violate both C

↔
V

 and
C

_
V

; those w
ith a num

ber subscript violate only C
_

V
. N

o consonants m
ay violate

C
↔

V
 w

ithout sim
ultanously violating C

_
V

.

(21)
...V

C
1 C

d C
V

...
...V

C
2 C

e §
§C

f C
V

...

Everything else being equal, I assum
e that consonants that lack vocalic transitions

are less p
ercep

tible than consonants that benefit from
 transitions from

 at least one
vow

el. T
he letter-subscrip

ted
 consonants are therefore less p

ercep
tible than the

num
ber-subscripted ones. So the consonants that violate C

↔
V

 are either equally or
less p

ercep
tible than those that violate C

_
V

. This m
eets the conditions in (19) for

establishing the dom
inance relation C

↔
V

 >> C
_

V
. This is the only possible ranking

betw
een the tw

o constraints; the reverse order is excluded since it is not the case that
the consonants that violate C

_
V

 are all equ
ally or less p

ercep
tible than the

consonants that violate C
↔

V
. T

he ranking in (20) can be extend
ed

 to all the
constraints derived by sp

ecifying one or m
ore of the argum

ents in (10): for all C
j ,

w
here C

j  is any specified consonant, the ranking C
j ↔

V
 >> C

j _
V

 necessarily holds,
e.g. stop↔

V
 >> stop_

V
, C

]i ↔
V

 >> C
]i _

V
, etc.

T
he rankings in (22) can be established

 in the sam
e w

ay. T
hey follow

straightforw
ardly from

 the p
ercep

tual facts described in section 3.1: stop
s are less

perceptible than other consonants in non-prevocalic position (22a); stops that are not
follow

ed
 by a [+

cont] segm
ent are less p

ercep
tible than other stop

s (22b);
consonants that are m

ore sim
ilar to (i.e. agree in som

e feature F w
ith) an adjacent

segm
ent are less perceptible than consonants that are less sim

ilar (i.e. do not agree in
the sam

e feature F) (22c-d); consonants that are adjacent to a w
eaker boundary i are

less p
ercep

tible than consonants that are adjacent to a stronger boundary j (22e). I
note the absence of boundary w

ith the sym
bol ^

. C
onsonants that are adjacent to

no boundary are the least perceptible, w
hich establishes the ranking in (22f).
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(22)
IN

H
ER

EN
T

 R
A

N
K

IN
G

S BET
W

EEN
 M

A
R

K
ED

N
ESS C

O
N

ST
R

A
IN

T
S:

a.
stop _

 V
 >> C

 _
 V

stop ↔
 V

 >> C
 ↔

 V
b.

stop(¬
     [+cont]) _

 V
 >> stop _

 V
stop(¬

     [+cont]) ↔
 V

 >> stop ↔
 V

c.
C

(A
G

R
EE=F) _

 V
 >> C

 _
 V

C
(A

G
R

EE=F) ↔
 V

 >> C
 ↔

 V
d.

C
(A

G
R

EE=F∧G
) _

 V
 >> C

(A
G

R
EE=F) _

 V
 ; C

(A
G

R
EE=G

) _
 V

C
(A

G
R

EE=F∧G
) ↔

 V
 >> C

(A
G

R
EE=F) ↔

 V
 ; C

(A
G

R
EE=G

) ↔
 V

e.
C

ìi  _
 V

 >> C
ìj  _

 V
if i is a w

eaker boundary than j
C

ìi  ↔
 V

 >> C
ìj  ↔

 V
if i is a w

eaker boundary than j
f.

C
ì^

 _
 V

 >> C
ìi  _

 V
if i ≠ ^

C
ì^

 ↔
 V

 >> C
ìi  ↔

 V
if i ≠ ^

T
his basically exhausts the rankings that w

ill be needed in the analyses to
com

e. N
ote that these ranked constraints all are in a subset relation to one another,

e.g. stop
s are a subset of consonants; consonants that are adjacent to a boundary j

are a subset of consonants that are adjacent to a low
er boundary i (including no

bou
nd

ary). T
he constraints only d

iffer in one d
im

ension w
hose effect on

perceptibility is considered clear. The rankings I use never involve m
ultidim

ensional
com

parisons of perceptibility, for exam
ple com

paring stops at a boundary j and non-
stops at a low

er boundary i, w
hich contrast in tw

o dim
ensions w

ith opposite effects
on perceptibility. A

voiding m
ultidim

ensional perceptibility com
parisons allow

s us to
escap

e a lot of p
otential difficulties and controversies, in view

 of the com
p

lexity
involved

 in such com
p

arisons. See Flem
m

ing (1995) for a sim
ilar situation. B

ut
m

ultidim
ensionality is certainly an issue that should be taken up in the future.

B
efore leaving this section, a final w

ord
 abou

t the Sonority Sequ
encing

Principle, w
hich w

as crucially involved in the case studies in chapters 1 and 2. The
p

honetic nature of sonority is not yet clearly und
erstood

, nor is its relation to
p

ercep
tion and articulation (see C

lem
ents 1990 for discussion). I take it here to be

indep
endent from

 the Princip
le of Percep

tual Salience. T
o account for its role in

consonant deletion and vow
el ep

enthesis, I sim
p

ly p
rop

ose the constraint in (23),
w

hich m
eets our needs:

(23)
S

O
N

O
R

ITY
 S

EQ
U

EN
C

IN
G

 P
R

IN
C

IPL
E (SSP):

Sonority m
axim

a correspond to sonority peaks.
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3.2.3. F
A

IT
H

F
U

L
N

E
S

S
 C

O
N

S
T

R
A

IN
T

S

The m
arkedness constraints against non-p

revocalic consonants interact w
ith

faithfulness constraints to yield the attested p
atterns. Since I deal here only w

ith
epenthesis and deletion, I use the follow

ing tw
o basic constraints (from

 M
cC

arthy &
Prince 1995):

(24)
B

A
SIC

 FA
ITH

FU
LN

ESS C
O

N
STR

A
IN

TS:
a.

M
A

X
D

o not delete
b.

D
EP

D
o not epenthesize

It has been noticed several tim
es, how

ever, that these general faithfulness
constraints do not allow

 us to reduce the set of op
tim

al candidates to the desired
singleton (Lam

ontagne 1996; Steriade 1999d; W
ilson 2000). The p

roblem
 is easy to

see. I illustrate it first w
ith a hyp

othetical case of consonant deletion, and discuss
ep

enthesis later. Sup
p

ose an inp
ut of the form

 /
V

C
1 C

2 V
/

 and
 a gram

m
ar G

characterized by the tw
o constraint rankings C

_
V

 >> M
A

X and D
E

P >> M
A

X. This
gram

m
ar yields obligatory deletion of one of the tw

o consonants, to ensure that all
consonants in the outp

ut are follow
ed by a vow

el. But it cannot determ
ine w

hich
consonant to delete. A

s illustrated in the tableau below
, the outp

uts [V
C

1 V
] and

[V
C

2 V
] are equivalent w

ith resp
ect to G

. H
ere and in the rest of this dissertation I

use thick lines betw
een colum

ns to indicate that the constraint at the left dom
inates

that at the right, e.g. betw
een D

E
P and

 M
A

X
 in (25). T

hin lines betw
een tw

o
constraints indicate ranking indeterm

inacy betw
een them

, e.g. betw
een C

_
V

 and
D

EP.

(25)
F

A
ILU

R
E TO

 ID
EN

TIFY
 TH

E C
O

R
R

EC
T D

ELETIO
N

 SITE:

/V
C

1 C
2 V

/
C

 _
 V

D
EP

M
A

X

a.      V
C

1 C
2 V

* !
b.      V

C
1 V

C
2 V

* !
c.  _

 V
C

1 V
*

d. _
 V

C
2 V

*

G
 then needs to be augm

ented to be able to pick betw
een candidates c. and d.

I propose that this is done by using context-sensitive faithfulness constraints, w
hose

ranking is p
ercep

tually m
otivated

 and
 d

eterm
ined

 by consid
erations of relative

p
ercep

tibility of constrasts. This corresp
onds to the p

artial adop
tion of Steriade’s

(1999b,d, 2000b, to ap
p

ear) new
 ap

p
roach to corresp

ondence, based on a linguistic
com

ponent called the P-m
ap. O

ther proposals that are m
eant to solve this problem
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include R
elativized C

ontiguity (Lam
ontagne 1996) and targeted constraints (W

ilson
2000), w

hich I w
ill review

 in turn.

L
am

ontagne p
rop

oses that the choice betw
een V

C
1 V

 and
 V

C
2 V

 is to be
m

ad
e by contiguity constraints w

hich d
em

and
 that any sequence of segm

ents
contiguous in the input/output be contiguous in the output/input. H

e defines tw
o

general typ
es of contiguity constraints, called D

O
M

A
IN

-C
O

N
T

IG
U

IT
Y (D

-C
O

N
T

IG
)

and
 JU

N
C

T
U

R
E-C

O
N

T
IG

U
IT

Y
 (J-C

O
N

T
IG

), w
hich evalu

ate contigu
ity betw

een
segm

ents w
ithin a d

om
ain and

 across ad
jacent d

om
ains, resp

ectively, w
here

dom
ains correspond to prosodic units like the syllable, the foot, the Prosodic w

ord,
etc. D

-C
O

N
T

IG
 p

enalizes the existence of segm
ents that are contiguous w

ithin a
constituent in the output, but are not contiguous in the input. J-C

O
N

TIG
 penalizes the

existence of segm
ents that are contiguous across a boundary in the outp

ut, but are
not contiguous in the input. The ranking betw

een these tw
o constraints determ

ines
w

hich consonant to delete or w
here to epenthesize.

C
onsid

er the sam
e /

V
a C

1 C
2 V

b /
 inp

u
t and

 the tw
o p

ossible ou
tp

u
ts

[V
a .C

1 V
b ] and [V

a .C
2 V

b ], syllabified as indicated by the dot. The [V
a .C

1V
b ] output

violates D
-C

O
N

T
IG

(syllable): C
1 and

 V
b  are contiguous w

ithin a syllable in the
outp

ut, but they are not contiguous in the inp
ut. B

ut the sam
e outp

ut d
oes not

violate J-C
O

N
T

IG
(syllable), since V

a  and C
1, w

hich are contiguous across a syllable
boundary in the output, are also contiguous in the input. The candidate [V

a .C
2 V

b ] is
the m

irror im
age of [V

a .C
1 V

b ]. It violates  J-C
O

N
T

IG
(syllable) (since V

a  and C
2  are

contiguous across a syllable boundary in the output but they are not contiguous in
the input) but not D

-C
O

N
T

IG
(syllable). W

hich of [V
a .C

1 V
b ] and [V

a .C
2 V

b ] turns out
to be optim

al depends on the language-specific ranking betw
een J-C

O
N

T
IG

(syllable)
and

 D
-C

O
N

T
IG

(syllable). If D
-C

O
N

T
IG

(syllable) d
om

inates J-C
O

N
T

IG
(syllable),

[V
a .C

2V
b ] w

ins out and it is the first consonant that deletes. D
iola Fogny instantiates

this ranking, e.g. /let-ku-jaw
/ _

 [lekujaw
] ‘they w

on’t go’. If J-C
O

N
T

IG
(syllable)

outranks D
-C

O
N

T
IG

(syllable), [V
a .C

1 V
b ] is selected. A

s an exam
ple of this ranking,

Lam
ontagne cites W

iyot (Teeter 1964), e.g. /p
ucarag+lolisw

-/ _
 [p

ucaragoris‡w
-]

‘w
histle a tune’ (w

here /g/ corresponds to /©/ in Teeter’s transcription).

Lam
ontagne’s solution w

orks; the problem
 I see w

ith it is that it considers the
deletion of C

1  and C
2  equally likely. In fact they are not; W

ilson (2000) and Steriade
(1999b) note that it is typically the first consonant that deletes, as in D

iola Fogny, and
both relate this fact to the better cues associated w

ith p
revocalic consonants, hence

their higher p
ercep

tibility and greater resistance (see section 3.1.1). W
ilson claim

s
that know

n excep
tions to this p

attern – that is deletion of the second (p
revocalic)

consonant – involve independent factors, in particular a preference for keeping stem
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consonants over affixal ones, or less sonorous consonants (w
hich form

 better onsets)
over m

ore sonorou
s ones. T

u
rkish (K

eyser &
 C

lem
ents 1983) is given as an

illustration of m
orphologically-based deletion, Pa¤li (H

ankam
er &

 A
issen 1974) as one

of sonority-based deletion.

A
s for W

iyot, the evid
ence it p

rovid
es is unclear. T

eeter (1964: 26) d
oes

suggest that illicit com
binations of tw

o consonants across m
orphem

e boundaries are
rep

aired by deletion of the second elem
ent. Sup

p
orting data, how

ever, are scarce.
T

eeter cites one excep
tion to his generalization: w

hen /
h/

 is follow
ed

 by a
consonant w

ith w
hich it cannot com

bine, it is the /h/ that deletes. Interestingly, all
but one of the exam

p
les I have found of deletion of the p

revocalic consonant in
/

...V
C

+
C

V
.../

 also involve /
h/

 in /
C

+
h/

 sequ
ences. O

ne m
ay w

ond
er, then,

w
hether it is not the deletion of the laryngeal consonant that is favored, irrespective

of its position. D
eletion of a prevocalic consonant other than /h/ w

as only found in
the exam

ple cited above (/pucarag+lolisw
-/ _

 [pucaragoris‡w
-] ‘w

histle a tune’), on
w

hich I cannot com
m

ent. 1
7

G
ranting the unconclusiveness of the W

iyot case, the theory should p
redict

that, everything else being equal, it is the p
ostvocalic consonant rather than the

p
revocalic one that deletes in a V

C
C

V
 sequence. Both W

ilson (2000) and Steriade
(1999b,d, 2000b) accom

p
lish this. W

ilson derives this result by introducing a new
type of m

arkedness constraints, called targeted constraints, w
hose m

ain novelty is to
restrict the candidates that are being com

pared by these constraints to a set of form
s

that are considered sim
ilar enough, according to a sim

ilarity criterion. Sim
ilarity here

is defined in term
s of perceptual confusability. Form

ally, a targeted constraint _
C

 is
defined in term

s of a sp
ecific statem

ent of absolute m
arkedness and a sim

ilarity
criterion. For any tw

o candidates a and b, the targeted constraint _
C

 prefers a over
b iff a is less m

arked than b according to the absolute m
arkedness statem

ent and a is
considered sufficiently sim

ilar to b.

A
 m

ore concrete exam
p

le w
ill m

ake this system
 clearer. T

ake again our
hypothetical V

C
1 C

2 V
 case and assum

e the targeted constraint _
N

O
W

EA
K-C

, w
hich

m
ilitates against segm

ental root nod
es in the outp

ut (the absolute m
arked

ness
statem

en
t 

corresp
on

d
s 

to 
*S

T
R

U
C

(R
t)). 

W
ilson 

states 
that 

consonants 
in

preconsonantal position are perceptually w
eak (on w

hich w
e agree), that is they are

difficult to distinguish from
 ^

. Prevocalic consonants, how
ever, are associated w

ith

1
7T

here is a class of inalienable nouns that m
ay ap

p
ear to involve the d

eletion of a p
revocalic

consonant in p
ossessed

 form
s (p

p
. 80-81), e.g. ba'pt ‘teeth’ but kha'pt ‘your teeth’, containing a

second p
erson p

ossessive p
refix kh-. A

ll the unpossessed form
s of the w

ords in this class, how
ever,

begin w
ith /b.../, w

hich is m
ost p

robably not p
art of the base but also a p

refix.
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strong cu
es. T

he constraint _
N

O
W

E
A

K
-C

 only com
p

ares cand
id

ates that are
p

ercep
tually com

p
arable, i.e. V

C
1 C

2 V
 and V

C
2 V

, but crucially not V
C

1 C
2 V

 and
V

C
1 V

. In this lim
ited com

p
etition, V

C
2 V

 fares better on *S
T

R
U

C(R
t) and w

ins. The
crucial consequence of the targeted constraint is to evacuate the candidate V

C
1 V

,
w

hich is in the end w
hat w

e aim
 at.

W
ilson’s p

rop
osal cru

cially relies on p
ercep

tu
al salience and

 au
d

itory
sim

ilarity, w
hich are I believe the relevant factors. It is C

1  that deletes because it is
perceptually w

eaker than C
2  (recall the com

parison betw
een consonants in C

V
 and

V
C

 contexts in section 3.1.1). But m
y m

ain concern about targeted constraints is the
d

ichotom
ized

 sp
lit they im

p
ose betw

een the com
p

arable and
 non-com

p
arable

candidates. H
ow

 are w
e to define and determ

ine the levels of acceptable sim
ilarity,

acknow
led

ging the grad
ient nature of p

ercep
tibility? T

his issue has im
m

ed
iate

em
p

irical consequences. Take a m
ore com

p
lex three-consonant cluster V

C
1 C

2 C
3 V

.
U

nder sim
plification, it is typically C

2  that deletes, w
hich is the consonant that does

not benefit from
 any vocalic transitions. C

3  is the p
ercep

tually strongest consonant
(everything else being equal), C

1  being in an interm
ediate situation betw

een C
2  and

C
3 . W

e m
ay safely assum

e that V
C

1 C
2 C

3 V
 and V

C
1 C

3 V
 are com

p
arable und

er
_

N
O

W
E

A
K-C

, and that V
C

1 C
2 V

 is excluded from
 the com

parison. But w
hat about

V
C

2 C
3 V

? Should it be considered sim
ilar enough to V

C
1 C

2 C
3 V

? The answ
er is no if

w
e w

ant V
C

1 C
3 V

 to end up
 as the only op

tim
al candidate; because if w

e include
V

C
2 C

3 V
 in the com

p
arison, both V

C
1 C

3 V
 and V

C
2 C

3 V
 w

ill fare equally. But is
there a m

otivation for this exclusion, other than the desire to get the correct result?

C
onsider now

 a case w
here C

2  cannot delete for som
e indep

endent reason;
for exam

ple, it has to surface because of its m
orphological status. C

1  w
ould then be

m
ore likely to delete than C

3 . U
nfortunately, I do not have a specific pattern at hand,

but suppose that there exists a language in w
hich C

1  deletes if the deletion of C
2  is

ruled out by som
e independent higher-ranked constraint. Such a case does not seem

to m
e to be at all im

p
lausible. If both V

C
2 C

3 V
 and V

C
1 C

2 V
 are excluded by the

targeted
 constraint, w

e find
 again the initial p

roblem
 and

 the gram
m

ar cannot
choose betw

een d
eleting C

1  and
 d

eleting C
3 . In this langu

age, the targeted
constraint should consider the interm

ediate candidate V
C

2 C
3 V

 if w
e are to derive

the correct output.

I do not believe that it is fatal for W
ilson’s p

rop
osal that the set of sim

ilar
enough candidates is gram

m
ar-specific; indeed, this m

ay be the expected situation.
B

ut I think that the d
ichotom

y involved
 in the sim

ilarity criterion of targeted
constraints is at od

d
s w

ith the inherent relativity of p
ercep

tibility. R
ather than

d
ecid

ing w
hether or not a cand

id
ate is to be inclu

d
ed

 in the evalu
ation of a
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constraint, gram
m

ars should
 encod

e the relative likelihood
 that consonants in

different p
ositions delete. This can be done quite naturally in a fram

ew
ork such as

O
p

tim
ality Theory. D

eterm
ining w

hich consonant w
ill ultim

ately be drop
p

ed then
follow

s from
 interactions w

ith other constraints.

T
his is p

recisely w
hat Steriad

e’s (1999b,d
, 2000b, to ap

p
ear) ap

p
roach to

faith
fu

ln
ess 

con
strain

ts 
ach

ieves. 
Steriad

e 
p

rop
oses 

th
at 

faith
fu

ln
ess 

or
corresp

ondence constraints are p
rojected from

, and their ranking determ
ined by, a

gram
m

atical com
p

onent, called the P-m
ap

. The P-m
ap

 is a set of statem
ents about

p
erceived

 d
istinctiveness d

ifferences betw
een d

ifferent contrasts in d
ifferent

contexts. For exam
ple, the P-m

ap m
ay tell us that the contrast betw

een [t] and [d] is
better perceived before a vow

el than before a consonant (sam
e contrast in different

p
ositions), or that the contrast betw

een [t] and
 [n] is better p

erceived
 than the

contrast betw
een [t] and

 [d
] w

ord
-finally (d

ifferent contrasts in the sam
e

environm
ent). T

he contrast and
 the context m

ay covary and
 the P-m

ap
 can also

claim
 that the contrast betw

een ^
 and [\] after a consonant w

ord-finally is better
perceived than the contrast betw

een [t] and [d] after a vow
el w

ord-finally (exam
ples

from
 Steriad

e 2000b). T
hese com

p
arisons are d

erived
 from

 statem
ents about the

absolu
te d

istinctiveness or p
ercep

tibility of contrasts. E
ach contrast x-y/

—
K

(contrast betw
een x and y in context K

) is associated w
ith a specific distinctiveness

in
d

ex 
an

d
 

p
rojects 

a 
corresp

on
d

in
g 

faith
fu

ln
ess 

con
strain

t 
of 

th
e 

form
C

O
R

R
E

SP.(x-y/—
K

). If it can be determ
ined from

 the P-m
ap that a contrast x-y/—

K
is m

ore p
ercep

tible than a contrast w
-z/

—
Q

, then for any corresp
ond

ence
constraint, C

O
R

R
ESP.(x-y/—

K
) dom

inates C
O

R
R

ESP.(w
-z/—

Q
).

Let us go back to our V
C

1 C
2 V

 exam
p

le again. W
e have determ

ined that in
this context C

2  is perceptually m
ore salient than C

1  (everything else being equal). In
other w

ords, the contrast betw
een C

 and ^
 in the context C

—
V

 is m
ore distinctive

or perceptible than the contrast betw
een C

 and ^
 in the context V

—
C

. Translated in
term

s of the correspondence constraint M
A

X-C
, this com

parison derives the ranking
M

A
X-C

/
C

—
V

 >> M
A

X-C
/

V
—

C
. T

his ranking d
eterm

ines that, everything else
being equal, deletion of a p

ostvocalic consonant is alw
ays favored over that of a

prevocalic one. That is, V
C

1 C
2 V

 is reduced to V
C

2 V
 and not V

C
1 V

, as show
n in the

tableau. This is the result w
e intended to derive.
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(26)
G

ETTIN
G

 TH
E D

ELETIO
N

 SITE W
ITH

 C
O

N
TEX

T-SE
N

SIT
IV

E
 FA

IT
H

FU
L

N
E

SS:
/V

C
1 C

2 V
/

C
 _

 V
M

A
X-C

/C
—

V
M

A
X-C

/V
—

C

a.      V
C

1 C
2 V

* !
b.      V

C
1 V

* !
c. _

 V
C

2 V
*

To account for the sim
plification of three-consonant clusters V

C
1 C

2 C
3 V

, w
e

need to extend the ranking of M
A

X-C
 constraints to include the constraint against

d
eletion of interconsonantal consonants M

A
X-C

/
C

—
C

. Such consonants are less
perceptible than consonants that benefit from

 vocalic transitions. A
gain, the contrast

betw
een C

 and ^
 in the context C

—
C

 is less distinctive than the contrast betw
een ^

and a C
 that is adjacent to a vow

el. C
onsequently, M

A
X-C

/
C

—
C

 is ranked low
er

than the constraints against deletion of pre- and post-vocalic consonants:

(27)
R

A
N

K
IN

G
 O

F C
O

N
T

EX
T-SEN

SITIV
E M

A
X

 C
O

N
ST

R
A

IN
T

S:
M

A
X-C

/C
—

V
 >> M

A
X-C

/V
—

C
 >> M

A
X-C

/C
—

C

This ranking ensures that if nothing p
revents it, C

2  is the consonant that deletes in
V

C
1 C

2 C
3 V

 sequences. But it also follow
s from

 it that if deletion of C
2  is ruled out by

som
e independent constraint, it is C

1  that deletes, not C
3  (provided the appropriate

ranking of the m
arked

ness constraint that m
otivates d

eletion, say C
↔

V
, above

M
A

X-C
/V

—
C

). This situation is illustrated in the tableau below
. Let us have a three

consonant-cluster in the input and tw
o unviolable constraints: C

↔
V

 dem
anding that

every consonant be adjacent to a vow
el, and K

EEPC
2 , w

hich could be any constraint
that p

revents the d
eletion of C

2,  p
resu

m
ably for m

orp
hological reasons. In a

gram
m

ar w
ithout K

E
E

PC
2 , it is easy to see that the op

tim
al candidate is V

C
1 C

3 V
,

given the inherent and p
ercep

tually-m
otivated ranking of the M

A
X-C

 constraints.
The addition of the high-ranked constraint K

EEPC
2  rules out this candidate, and the

w
inner autom

atically becom
es V

C
2 C

3 V
.

(28)
D

ELETIN
G

 TH
E LEA

ST PER
C

EPTIBLE C
O

N
SO

N
A

N
T PO

SSIBLE:

/V
C

1 C
2 C

3 V
/

K
E

E
PC

2
C

↔
V

M
A

X-C
/C

—
V

M
A

X-C
/V

—
C

M
A

X-C
/C

—
C

a.  V
C

1 C
2 C

3 V
* !

b.     V
C

1 C
3 V

* !
*

c. _
 V

C
2 C

3 V
*

d.     V
C

1 C
2 V

* !

This approach to correspondence is perfectly coherent w
ith the basic intuition

behind faithfulness constraints: the idea that the input should be m
odified m

inim
ally.
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T
he innovation here is to d

efine w
hat counts as m

inim
al in term

s of p
ercep

tual
distinctiveness. The relative ranking of a faithfulness constraint correlates w

ith the
extent to w

hich its violation w
ould perceptually disrupt the input. The ranking in (27)

follow
s from

 the fact that d
eleting an interconsonantal consonant has a sm

aller
perceptual im

pact or is less disruptive than deleting a postvocalic consonant; likew
ise

for postvocalic vs. prevocalic consonants. This approach, how
ever, requires a change

in the w
ay w

e view
 inp

u
ts. Inp

u
ts have stand

ard
ly been consid

ered
 abstract

unp
ronounceable entities. B

ut if w
e evaluate faithfulness in term

s of p
ercep

tual
m

od
ification, w

e have to d
efine inp

uts as elem
ents that are, at least p

otentially,
perceivable, that is, basically, as potential outputs. The consequences of this shift for
p

honology are not clear to m
e at this p

oint. It is obvious that this issue deserves a
m

ore elaborate discussion, but I can only hope that it w
ill be taken up in the future.

The reasoning that has led to the ranking in (27) can be extended to variables
other than the vocalic context of consonants, and

 can m
otivate sim

ilar rankings.
G

iven tw
o constraints M

A
X-C

1  and M
A

X-C
2 , M

A
X-C

1 >> M
A

X-C
2  iff the contrast

betw
een C

2  and ^
 is less perceptible than the contrast betw

een C
1  and ^

, in other
w

ords if C
2  itself is less perceptible (everything else being equal) than C

1 . Section 3.1
id

entified
 a nu

m
ber of factors that increase or d

ecrease the p
ercep

tibility of
consonants. O

ne of them
 w

as the presence of adjacent vow
els, hence the ranking in

(27). O
ther variables includ

e the nature of the consonant (stop
s having w

eaker
internal cu

es than other consonants), the continu
ancy valu

e of the segm
ent

follow
ing stops, the am

ount of contrast w
ith adjacent segm

ents, and the presence of
ad

jacent bou
nd

aries. T
hese factors m

otivated
 the existence of m

arked
ness

constraints against non-prevocalic consonants; they m
otivate faithfulness constraints

in the sam
e fashion. The constraints and the rankings that can be derived are given

in (29), together w
ith the generalization that they encode:

(29)
P

E
R

C
E

PT
IB

IL
IY-BA

SED
 FA

ITH
FU

LN
ESS C

O
N

STR
A

IN
TS:

a.
G

eneralization 1:
M

A
X-C

/—
V

 >> M
A

X-C
/V

—
 >> M

A
X-C

M
A

X-C
/—

V
 D

o not delete a consonant that is follow
ed by a vow

el.
M

A
X-C

/V
—

 D
o not delete a consonant that is preceded by a vow

el.

b.
G

eneralization 2:
M

A
X-C

(-stop) >> M
A

X-C
M

A
X-C

(-stop)
D

o not delete a consonant that is not a stop.
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c.
G

eneralization 3:
M

A
X-stop/—

[+cont] >> M
A

X-stop
M

A
X-stop/—

[+cont]
D

o not delete a stop that is follow
ed by a [+continuant] segm

ent.

d.
G

eneralization 4:
M

A
X-C

/C
O

N
TR

A
ST=F >> M

A
X-C

(w
here F is any feature)

M
A

X-C
/C

O
N

TR
A

ST=
F

D
o not d

elete a consonant that contrasts in som
e featu

re F w
ith an

adjacent segm
ent.

e.
G

eneralization 5:
M

A
X-C

ìi >> M
A

X-C
(w

here i is any prosodic boundary)
M

A
X-C

ìi
D

o not delete a consonant that is adjacent to a prosodic boundary i.

Each ranking identifies a factor that affects the salience of consonants. In the
gen

eral 
case 

con
son

an
ts 

are 
en

d
ow

ed
 

w
ith

 
en

h
an

cin
g 

factors 
an

d
 

are
corresp

ond
ingly associated

 w
ith sp

ecific higher-ranked
 M

A
X constraints, w

hich
dom

inate the general M
A

X-C
. These include:

1) C
onsonants that are adjacent to a vow

el (29a);
2) C

onsonants other than stop
s (29b). N

ote that I use +/-stop
 here in a p

urely
descrip

tive fashion, and do not consider “stop
” to be a p

honological feature in the
strict sense; 1

8

3) Stops that are follow
ed by a [+continuant] segm

ent (29c);
4) C

onsonants that contrast in som
e feature F w

ith an adjacent segm
ent (29di);

5) C
onsonants that are adjacent to a prosodic boundary (29e).

The constraints in (29a) and (29b) w
ill be illustrated (and supported) in the analysis of

consonant deletion in Sranan in section 3.4 and Q
ue'bec French in chapter 4. Those in

(29c) w
ill be used in the form

al accounts developed in chapter 4.

The ranking of faithfulness constraints according to the principle of m
inim

al
p

ercep
tual disrup

tion or m
odification of the inp

ut also ap
p

lies to constraints other
than M

A
X-C

, in p
articular D

E
P-V

. Ep
enthesis is indeed less disrup

tive in certain

1
8C

onsonants other than stop
s could

 be m
ore form

ally refered
 to as: “consonants that bear a

p
ositive “+

” sp
ecification for som

e m
anner featu

re”. Stop
s are [-sonorant], [-continu

ant],
[-ap

p
roxim

ant], [-vocoid
], i.e. they are negatively sp

ecified
 for all m

anner features, w
hereas all

other consonants have at least one “+” sp
ecification for one or m

ore of these features. This is the
form

u
lation I u

sed
 in the original (official) version of this d

issertation, bu
t I ad

op
t a m

ore
descrip

tive and straightforw
ard form

ulation here.
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contexts than in others, but the effect of the segm
ental and prosodic context does not

ap
p

ear to be as clear and system
atic as w

ith consonant deletion. In a /V
C

1 C
2 V

/
sequence, there is only one possible site for vow

el epenthesis (if the m
otivation is to

have every consonant ad
jacent to a vow

el): [V
C

1 V
C

2 V
]. C

onsid
er now

 a three-
consonant sequ

ence /
V

C
1 C

2 C
3 V

/, not tolerated
 on the surface. T

here are tw
o

possible outputs: [V
C

1 V
C

2 C
3 V

] and [V
C

1 C
2 V

C
3 V

]. Each of them
 is w

idely attested
crosslinguistically, and the choice betw

een them
 seem

s to be largely indep
endent

from
 p

ercep
tual factors, unlike consonant deletion. T

he fam
ous contrast betw

een
d

ifferent A
rabic d

ialects (B
roselow

 1980, 1992; Selkirk 1981; Itofl 1986, 1989;
L

am
ontagne 1996; Z

aw
ayd

eh 1997, am
ong others) illu

strates this variation in
ep

enthesis sites: given an und
erlying three-consonant sequence, C

airene A
rabic

inserts an ep
enthetic [i] betw

een the second and third consonants, w
hereas Iraqi

inserts it betw
een the first and

 second
 (30). In other langu

ages, ep
enthesis

system
atically targets m

orp
hem

ic boundaries, e.g. French (chap
ter 2) and C

hukchi
(K

enstow
icz 1994b).

(30)
V

O
W

EL EPEN
TH

ESIS IN
 C

A
IR

EN
E A

N
D

 IR
A

Q
I A

R
A

B
IC:

a.
C

airene
/÷ul+t+l+u/

_
[÷ultilu]

‘I said to him
’

b.
Iraqi

/gil+t+l+a/
_

[gilitla]
‘I said to her’

T
he factors und

erlying the d
istinction betw

een C
airene and

 Iraqi are not
entirely clear and I w

ill not attem
p

t to enlighten the issue. The contrast has been
accounted for w

ith directional syllabification (Itofl 1986, 1989), reanalyzed in term
s of

alignm
ent in O

p
tim

ality-theoretic term
s (M

ester &
 Padgett 1993). Broselow

 (1992)
proposed an alternative analysis, w

hich links the location of epenthesis to the m
oraic

or nonm
oraic status of stray consonants, building on Selkirk’s (1981) proposal based

on the d
istinction betw

een onsets and
 cod

as. I w
ill sim

p
ly ad

op
t the alignm

ent
strategy w

hen the issue arises.

This is not to say that perceptual factors are alw
ays irrelevant to the choice of

the ep
enthesis site. Fleischhacker (2000a

1
9,b,c) conducted a crosslinguistic study of

epenthesis in w
ord-initial consonant clusters, in particular in loanw

ord adaptation. I
focus here only on tw

o-consonant sequences. Som
e languages system

atically insert
the vow

el in the sam
e location, either before the tw

o consonants (/C
C

/ _
 [V

C
C

],
e.g. Iraqi A

rabic)  or insid
e the cluster (/C

C
/ _

 [C
V

C
], e.g. K

orean). B
ut in an

interesting 
su

bset 
of 

langu
ages, 

e.g. 
E

gyp
tian 

A
rabic 

and
 

Sinhalese 
(see

1
9Fleischhacker (2000a) is a revised version of her M

.A
. thesis (2000c), w

hich contains exp
anded

discussion of the cross-linguistic data and results from
 an additional exp

erim
ent, w

hile om
itting

certain details of the exp
erim

ental p
ortion of the M

.A
. (Fleischhacker p

.c.). I have had only access
to this revised version.
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Fleischhacker 2000a for ad
d

itional languages), this choice is d
eterm

ined
 by the

nature of the cluster: initial epenthesis (prothesis) w
ith sibilant+stop (ST) clusters but

m
edial epenthesis (anaptyxis) in stop+sonorant (TR

) clusters. 20 N
o languages display

the op
p

osite p
attern. W

hat is also found are languages that use p
rothesis w

ith ST
clusters but leave TR

 clusters intact (e.g. H
aitian, C

atalan), and languages that allow
initial ST clusters but break TR

 ones w
ith anap

tyxis (e.g. Lakhota, C
entral Y

up
’ik).

W
hat w

e observe, then, is a clear tendency to favor anap
tyxis w

ith stop
+sonorant

sequences and prothesis w
ith sibilant+stop ones.

Fleischhacker’s explanation for this contrast relies on perception and the idea
of m

inim
al disruption of the perceptual properties of the input: “the epenthesis site is

chosen to m
axim

ize auditory sim
ilarity betw

een the non-epenthesized input and the
ouput” (2000a: 4); in other w

ords, “epenthetic vow
els are located exactly w

here they
are least auditorily obtrusive” (p

.14). Fleischhacker exp
lains that the stop

-sonorant
juncture is acoustically sim

ilar to a stop-vow
el one because both are characterized by

a rapid increase in am
plitude and onset of form

ant structure. The epenthetic vow
el

appears in a location corresponding to a vow
el-like portion of the input, w

here w
e

find
 no contrast in sonorancy. T

he sibilant-stop
 juncture lacks those vow

el-like
p

rop
erties and anap

tyxis there w
ould constitute a m

ajor m
odification of the inp

ut.
Prothesis is a better alternative, to the extent that “the output string corresponding
to the input is not interrupted by an inserted elem

ent” (p.16). Fleischhacker provides
experim

ental support for this perceptually-based hypothesis: \ST w
as judged m

ore
sim

ilar to ST than S\T by a group of English speakers, w
hile T\R

 w
as judged m

ore
sim

ilar to TR
 than \TR

. She concludes that an inserted vow
el is less perceptible, i.e.

m
ore confusable w

ith ^
, in the context T

—
R

, and
 m

ore p
ercep

tible betw
een a

sibilant and a stop
 S—

T. W
ord-initial ep

enthesis (before an obstruent) ap
p

ears to
form

 an interm
ed

iate case betw
een S—

T
 and

 T
—

R
 in term

s of the au
d

itory
obstrusiveness of the p

rocess. 2
1 T

his hierarchy of p
ercep

tibility of the vow
el is

reflected in the follow
ing ranking of D

EP-V
 constraints:

(31)
R

A
N

K
IN

G
 O

F C
O

N
TEX

T-SEN
SITIV

E D
E

P C
O

N
ST

R
A

IN
T

S:
 D

EP-V
/S—

T  >>  D
EP-V

/#—
  >>  D

EP-V
/T—

R

2
0T

he behavior of sibilant+sonorant sequences is m
ore variable and dep

ends in p
articular on the

sonority level of the sonorant; I om
it these cases and refer the reader to Fleischhacker (2000a) for

discussion.
2

1For the p
osition of the w

ord
-initial context w

ith resp
ect to au

d
itory sim

ilarity and
 the

corresp
ond

ing ranking in (31), I follow
 Fleischhacker (2000b). Fleischhacker (2000a) d

oes not
com

p
are the context #

—
 w

ith T
—

R
 and

 S—
T

, and
 d

oes not u
se the coresp

ond
ing constraint

D
E

P-V
/#—

; she obtains the expected results by m
eans of faithfulness constraints independent from

the ranking in (31). For p
u

rp
oses of exp

ository sim
p

licity, I u
se the ap

p
roach exp

osed
 in

Fleischhacker (2000b).
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Patterns w
ith anaptyxis in TR

 clusters and prothesis in ST ones follow
 directly

from
 this ranking, ep

enthesis being m
otivated

 by the high ranking of the
m

arkedness constraint C
↔

V
. The Lakhota/C

entral Y
up

’ik case – anap
tyxis in TR

bu
t ST

 allow
ed

 – d
erives straightforw

ard
ly from

 C
↔

V
 being ranked

 above
D

EP-V
/T

—
R

 but below
 D

EP-V
/#—

: only the least obtrusive instances of epenthesis
are tolerated. The H

aitian/C
atalan case – prothesis in ST but TR

 allow
ed – appears

m
ore problem

atic, but could be understood in term
s of the m

arkedness of ST vs. TR
sequences. TR

 clusters display a contrast in sonorancy absent from
 ST ones. I suggest

th
at 

th
is 

m
akes 

th
e 

latter 
m

ore 
m

arked
, 

su
bject 

to 
th

e 
con

strain
t

C
(A

G
R

E
E=

[son])↔
V

 (13), w
hile T

R
 clusters are only affected by the general and

low
er-ranked C

↔
V

 (22c).  The ranking in (32) yields the H
aitian/C

atalan p
attern.

Prothesis in ST clusters follow
s from

 the ranking C
(A

G
R

EE=[son])↔
V

 >> D
EP-V

/#—
w

hile the ranking D
E

P-V
/

T
—

R
 >> C

↔
V

 yield
s the absence of anap

tyxis in T
R

sequences.

(32)
R

A
N

K
IN

G
 Y

IELD
IN

G
 PR

O
T

H
ESIS IN

 ST A
N

D
 N

O
 EPEN

TH
ESIS IN

 TR
:

C
(A

G
R

EE=[son]) ↔
 V

  >>  D
EP-V

/#—
  >>  D

EP-V
/T—

R
  >>  C

 ↔
 V

A
s for p

atterns w
ith system

atic anap
tyxis or p

rothesis, Fleischhacker assum
es that

they arise from
 ind

ep
end

ent requirem
ents, p

ossibly a p
reference for consonants

being follow
ed

 (rather than p
reced

ed
) by a vow

el (system
atic anap

tyxis), or a
C

O
N

TIG
U

ITY constraint (system
atic prothesis).

W
e m

ay briefly venture beyond initial ep
enthesis, to w

hich Fleischhacker’s
study is restricted, and reflect on the observed tendency in several languages to
ep

enthesize next to a sonorant but leave obstruent sequences intact. I cite three
exam

ples: W
innebago, Irish, and U

pper C
hehalis. In W

innebago (M
iner 1979; H

ale &
W

hite Eagle 1980), all sequences of an obstruent follow
ed by a sonorant are broken

by an ep
enthetic vow

el, either a cop
y of the follow

ing vow
el or a slight intrusive

schw
a. In the second

 case, the obstruent also becom
es voiced

. T
he cop

y typ
e of

epenthesis is know
n as D

orsey’s Law
, and is illustrated in the exam

ple in (33), from
H

ale &
 W

hite Eagle (1980), w
hich also show

s the absence of ep
enthesis in the [kß]

sequence.

(33)
D

O
R

SE
Y’S L

A
W

 IN
 W

IN
N

E
B

A
G

O
:

/ha+ra+ki+ß+ru+dÅik-ßaãnaã/
_

[harakißurudÅikßaãnaã]     ‘pull taut, 2N
D

’

Irish (C
arnie 1994; N

i' C
hiosa'in 1996, 1999; G

reen 1997) disp
lays ep

enthesis
betw

een any sequence of a sonorant follow
ed by a voiced obstruent (34a), w

hile

C
hapter 3: Basic elem

ents
174

clusters com
p

osed of a sonorant and a voiceless obstruent (34b) or tw
o obstruents

(34c) surface intact.

(34)
V

O
W

EL EPEN
TH

ESIS IN
 IR

ISH
:

a.
/gorm

/
_

[gor\m
]

‘blue’
b.

/
kork/

_
[kork]

‘C
ork (place nam

e)’
c.

/ßaxt/
_

[ßaxt]
‘seven’

In U
pper C

hehalis (a Tsam
osan Salish language), R

ow
icka (2000) proposes a

rule of schw
a ep

enthesis that ap
p

lies sp
ecifically in sequences com

p
osed

 of a
consonant and

 a sonorant (or a glottal stop
), w

hile the language tolerates long
clusters of obstruents. T

he exact contexts for schw
a ep

enthesis, how
ever, are not

clearly defined in the paper.

I believe these cases of asym
m

etry betw
een clusters containing a sonorant

and
 clu

sters com
p

osed
 only of obstru

ents can be u
nd

erstood
 in term

s of the
perceptual account of epenthesis proposed by Fleischhacker. Epenthesis applies only
in clusters w

here it is not disruptive, leaving intact som
e m

arked clusters in w
hich

ep
enthesis w

ou
ld

 be too salient. T
his is a p

articu
larly w

elcom
e resu

lt as this
asym

m
etry has rem

ained p
uzzling. A

lderete (1995) has analyzed the W
innebago

case in term
s of the Syllable C

ontact L
aw

, w
hich requires sonority to fall across

syllable bound
aries, but such an analysis cannot extend

 to the Irish and
 U

p
p

er
C

hehalis cases. In Irish, the fact that ep
enthesis is restricted to ap

p
ly before voiced

obstruents is consistent w
ith the p

ercep
tual exp

lanation since it is exp
ected

 that
vow

el ep
enthesis w

ill be less obtrusive in the context of voiced segm
ents, w

hich
share w

ith vow
els the p

resence of low
 frequency energy associated w

ith voicing.
The fact that voicing favors epenthesis is also independently noticed in Fleischhacker
(2000a: 15-16).

In this long section, I have argued for the adoption of perceptually-m
otivated

faithfulness constraints, w
hose ranking reflects the d

egree of d
isrup

tion of the
auditory p

rop
erties of the inp

ut. D
eletion of less p

ercep
tible consonants or vow

el
ep

enthesis in a context w
here the vow

el rem
ains relatively non-salient leads to the

violation of low
er-ranked faithfulness constraints. This approach to correspondence

constraints is obviously in keep
ing w

ith w
hat I have p

rop
osed

 for m
arked

ness
constraints. In fact, one m

ay be struck by the resem
blance betw

een the rankings of
the M

A
X-C

 constraints in (29) and those of the m
arkedness constraints in (20) and

(22), w
hich are the m

irror im
age of one other. C

onsider in this respect the rankings
of M

A
X-C

 and m
arkedness constraints in (35), extracted from

 (20), (22), and (29).
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T
he rankings in (35a-e) exp

ress the generalization that consonants that are
less perceptible should be avoided m

ore than consonants that are m
ore perceptible.

T
hose in (35f-j) encod

e the fact that the d
eletion 0f consonants that are m

ore
p

ercep
tible is less easily tolerated

 than the d
eletion of consonants that are less

perceptible. The correspondence betw
een the tw

o series obviously follow
s from

 the
fact that they are m

otivated by the sam
e perceptual factors, and they both result in

less perceptible consonants being less likely to surface than m
ore perceptible ones.

(35)
E

Q
U

IV
A

LEN
C

E BETW
EEN

 M
A

R
K

ED
N

ESS A
N

D
 M

A
X-C

 C
O

N
ST

R
A

IN
T

S:
M

arkedness constraints
M

A
X-C

 constraints

a. C
 ↔

 V
  >>  C

 _
 V

f. M
A

X-C
/C

—
V

 >> M
A

X-C
/V

—
C

 >> M
A

X-C

       C
om

m
on m

otivation: prevocalic consonants are m
ost perceptible, postvocalic

       ones are less perceptible, those that are not adjacent to any vow
el are least

       perceptible

b. stop
 _

 V
 >> C

 _
 V

    stop ↔
 V

 >> C
 ↔

 V
g. M

A
X-C

(-stop) >> M
A

X-C

       C
om

m
on m

otivation: stops are less perceptible than other consonants (in non-
       prevocalic position)

c. stop
(¬

     [+cont]) _
 V

  >> C
 _

 V
    stop(¬

     [+cont]) ↔
 V

 >> C
 ↔

 V

h. M
A

X-stop
/—

[+cont] >> M
A

X-stop

       C
om

m
on m

otivation: stops that are follow
ed by a [+continuant] segm

ent are
       m

ore perceptible than other stops

d. C
(A

G
R

E
E=F) _

 V
 >> C

 _
 V

    C
(A

G
R

E
E=F) ↔

 V
 >> C

 ↔
 V

i. M
A

X-C
/C

O
N

T
R

A
ST=F >> M

A
X-C

       C
om

m
on m

otivation: consonants that agree/contrast in som
e feature F w

ith an
       adjacent segm

ent are less/m
ore perceptible than consonants that do not.

e. C
ìi  _

 V
 >> C

ìj  _
 V

    C
ìi  ↔

 V
 >> C

ìj  ↔
 V

    if i is a w
eaker boundary than j

j. M
A

X-C
ìi >> M

A
X-C

       C
om

m
on m

otivation: consonants that are adjacent to a prosodic boundary are
       m

ore perceptible than consonants that are not.

O
ne m

ay w
orry about the redundancy present in this system

. For exam
ple, is

it necessary to integrate the effect of ad
jacent vow

els (a and
 f), m

anner of
articulation (b and g), the continuancy value of segm

ents follow
ing stops (c and h),

contrast/sim
ilarity (d and i), or the prosodic boundary (e and j) in both m

arkedness
and M

A
X-C

 constraints? I believe so, this system
 being both em

p
irically adequate

and m
axim

ally coherent. O
n the one hand, doing aw

ay w
ith the context-sp

ecific
M

A
X-C

 and D
EP-V

 constraints yields an em
pirically inadequate system

, w
hich cannot
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derive the correct outp
uts, because it cannot p

redict w
hich consonant deletes and

w
here epenthesis occurs. This is exactly the reason w

hy the perceptual faithfulness
constraints w

ere proposed. O
n the other hand, failing to incorporate the perceptual

m
otivations into the m

arkedness constraints leads to a theory that seem
s at best

incoherent. T
his conclusion arises w

hen w
e consid

er the existence of m
ultip

le
strategies to elim

inate perceptually w
eak consonants. C

onsonant deletion and vow
el

epenthesis are frequent ones; m
etathesis is also a possible solution, as illustrated by

the Lithuanian and Singapore English cases presented in the appendix to this chapter.
In addition, vow

el deletion m
ay be blocked to satisfy p

ercep
tual requirem

ents. A
ll

these processes are subject to the sam
e factors (the presence of adjacent consonants,

the p
ercep

tual w
eakness of stop

s, the strengthening effects of p
rosodic boundaries

and contrast, etc.), and several of them
 m

ay coexist in the sam
e gram

m
ar (e.g. vow

el
deletion, vow

el epenthesis, and consonant deletion in French; see chapters 2 and 4).
P

ercep
tu

ally-m
otivated

 
m

arked
ness 

constraints 
serve 

to 
p

rovid
e 

a 
u

nified
m

otivation for these different p
rocesses. W

ithout such m
arkedness constraints, the

p
ercep

tual factors w
ould

 have to be incorp
orated

 into each of the faithfulness
constraints as w

ell as the constraint m
otivating vow

el deletion. W
e w

ould then need
our constraint ranking to encode, for exam

ple, the fact that epenthesis is m
ore easily

tolerated next to stops than next to other consonants. This appears inconsistent w
ith

the find
ing above that ep

enthesis is m
ore likely next to a sonorant. T

he form
er

generalization stem
s from

 the m
arked nature of stops lacking an adjacent vow

el, the
latter from

 the preference for less obtrusive epenthesis. Incorporating both of them
into the ranking of D

EP-V
 constraints w

ould require it to m
eet potentially conflicting

requirem
ents: m

axim
izing sim

ilarity betw
een input and output and “saving” w

eak
consonants. T

hese requirem
ents are better kep

t ap
art and dealt w

ith by sep
arate

faithfulness and
 m

arked
ness constraints, as in the ranking in (32) above for the

H
aitian/C

atalan pattern of initial epenthesis. The conclusion that both m
arkedness

and
 faithfulness constraints need

 to be context-sp
ecific is also reached

 by K
ang

(1998); see also Z
oll (1998) w

ho argues that positional m
arkedness constraints are a

necessary com
ponent of the gram

m
ar.

• N
ote on the P-m

ap and the “Too-m
any-solutions problem

”

Before closing this section, I should add a few
 com

m
ents concerning the scope

of Steriad
e’s p

rop
osal regard

ing p
ercep

tu
ally-m

otivated
 constraints, and

 m
y

position w
ith respect to it. First, note that the m

ain m
otivation behind Steriade’s new

ap
p

roach to corresp
ond

ence is not so m
u

ch to solve the p
roblem

 of w
hich

consonant to delete or w
here to insert a vow

el in cluster sim
plification, although this

is obviously a w
elcom

e result of it, but to develop
 a theory that better p

redicts the
range of rep

air strategies that are available to a given p
honotactic constraint. The
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idea is easy to grasp
: in current versions of O

T, any p
honotactic constraint can be

m
et by the use of any p

ossible rep
air strategy, dep

ending on the ranking of the
various faithfulness constraints. For exam

p
le, sup

p
ose that a gram

m
ar disallow

s
voiced obstruents w

ord-finally. In p
rincip

le, an inp
ut of the form

 /tab/ could be
m

odified in a num
ber of different w

ays to conform
 to this phonotactic requirem

ent:
d

evoicing [tap
], nasalization [tam

], ap
p

roxim
antization [taw

], ep
enthesis [tab\],

d
eletion [ta], m

etathesis [bat], etc. Since the faithfulness constraints that p
revent

these processes are ranked freely, w
e expect to find languages that instantiate each

of these solutions, d
ep

end
ing on w

hich of the faithfulness constraint is ranked
low

est:

(36)
P

R
E

FE
R

E
D

 O
U

T
P

U
T

 D
E

P
E

N
D

IN
G

 O
N

 T
H

E
 L

O
W

E
ST-R

A
N

K
E

D
 

FA
IT

H
FU

L
N

E
SS

C
O

N
ST

R
A

IN
T:

Phonotactic constraint: no w
ord-final voiced obstruents

Input: /tab/
a.

[tap] 
if the low

est faithfulness constraint is 
ID

EN
T-[voice]

b.
[tam

]
ID

EN
T-[nasal] / [son]

c.
[taw

]
ID

EN
T-[approxim

ant]
d.

[tab\]
D

EP-V
e.

[ta]
M

A
X-C

f.
[bat]

L
IN

E
A

R
IT

Y

Steriade’s observation, how
ever, is that only devoicing (36a) is attested as a

response to a constraint againt final voiced obstruents. This is com
pletely unexpected

in the current state of the theory and she refers to this situation as the Too-M
any-

Solutions Problem
. H

er answ
er to it is the P-m

ap and the correspondence contraints
its p

rojects. T
he claim

 is that only d
evoicing is attested

 because it involves the
sm

allest m
odification of the input. That is, the pair [tab]-[tap] is perceptually m

ore
sim

ilar than any other inp
ut-outp

ut p
air in w

hich the outp
ut conform

s to the
phonotactics: [tab]-[tam

], [tab]-[tab\], [tab]-[ta], etc.

To show
 this, how

ever, w
e have to com

p
are the distinctiveness of contrasts

that differ over m
ultip

le dim
ensions. For exam

p
le, to conclude that the p

air [tab]-
[tap

] is m
ore sim

ilar than the p
air [tab]-[tab\], w

e have to d
eterm

ine that the
contrast betw

een [b] and [p] in the context [a]—
# is less distinctive than the contrast

betw
een ^

 and
 [\] in the context [b]—

#
. From

 this com
p

arison w
e d

erive the
follow

ing constraint ranking: D
EP-V

/C
—

# >> ID
EN

T-[voice]/V
—

#.

This is clearly a m
ore com

plex case than the one used to solve the consonant
deletion problem

 above and w
hich resulted in the ranking in (27), extended to those
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in (29). These rankings are based on com
p

arisons w
hich involve the sam

e contrast
(C

 vs. ^
) in different contexts, or different contrasts (e.g. C

 vs. stop
s) in the sam

e
context. W

hat w
e know

 about the acoustics and the perception of consonants allow
s

us to establish w
ith a reasonable degree of confidence a hierarchy of distinctiveness

am
ong different contexts or contrasts, w

hen the other variable is held constant. The
idea w

as not to com
p

are different rep
air strategies, that is consonant deletion vs.

som
ething else, but rather the sam

e p
rocess in different situations. In contrast, the

voicing p
roblem

 just d
escribed

 requires that w
e com

p
are d

ifferent contrasts in
d

ifferent contexts, a m
uch m

ore com
p

licated
 task, the goal being to establish a

hierarchy am
ong distinct repair strategies.

W
e w

ill not have to p
erform

 m
u

ltid
im

ensional com
p

arisons in this
dissertation, nor establish perceptually-m

otivated rankings betw
een different types

of faithfulness constraints. In fact, unlike in the voicing case, there is no single
p

rocess d
esignated

 as the op
tim

al rep
air for p

honotactic constraints against
p

ercep
tually w

eak consonants: both consonant deletion and vow
el ep

enthesis are
w

idely attested, and it does not seem
 that D

EP and M
A

X should be ranked in the w
ay

ID
E

N
T-voice and

 D
E

P w
ere ranked

 above. Y
et in her d

iscussion of the various
solutions to final voiced obstruents, Steriade (1999d) cites w

ork by Fleischhacker
(2000c), w

ho com
p

ares consonant d
eletion and

 vow
el ep

enthesis as strategies to
avoid consonant clusters. In a psycholinguistic experim

ent, English speakers had to
judge w

hether hef or heft\ sounds m
ore sim

ilar to a reference term
 heft. The form

involving consonant deletion, hef, w
as rated as m

ore sim
ilar to heft than the form

w
ith an epenthetic vow

el heft\. This leads to the prediction that final clusters of this
typ

e shou
ld

 alw
ays be rep

aired
 by d

eletion rather than ep
enthesis, given the

corresponding fixed ranking D
EP-\/C

—
# >> M

A
X-C

/C
—

# that can be derived from
the sim

ilarity jud
gm

ents. T
his p

red
iction is contrad

icted
 by num

erous cases of
ep

enthesis, from
 w

hich I conclud
e that either Fleischhacker’s result cannot be

generalized or that auditory sim
ilarity is irrelevant in choosing betw

een epenthesis
and deletion in the avoidance of consonant clusters. 2

2 It rem
ains to be seen to w

hat
extent this conclusion w

eakens Steriade’s proposal for the voicing case. I leave this
issue op

en and rem
ain agnostic on w

hether and to w
hat extent m

ultidim
ensional

com
p

arisons betw
een d

ifferent rep
airs should

 be p
erform

ed
 and

 d
eterm

ine the
ranking betw

een distinct faithfulness constraints. In the m
ean tim

e, it should be clear
that I adopt the idea of constraint ranking based on com

parisons of distinctiveness of

2
2In section 7 on cluster sim

p
lification, Steriade suggests that “the choice betw

een V
 insertion and

C
 d

eletion m
ight rem

ain free in resolving a size-of-cluster violation”, on w
hich I agree. B

ut this
claim

 can be contrasted
 w

ith the resu
lts of Fleischhacker’s stu

d
y ju

st p
resented

, from
 w

hich
Steriade derives the ranking D

E
P(\ vs.^

) >> M
A

X
(C

 vs. ^
). This ranking could be taken to suggest

that deletion should be favored over ep
enthesis in cluster reduction, and it is not clear to m

e w
hy

Steriade does not m
ake this inference.
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contrast only for a given rep
air, in order to determ

ine w
hat segm

ent or p
ortion of

the string w
ill be affected, and not to choose betw

een repairs.

3.2.4. L
IM

IT
IN

G
 T

H
E

 R
O

L
E

 O
F

 P
H

O
N

E
T

IC
 G

R
O

U
N

D
IN

G

T
he p

ercep
tion-based

 ap
p

roach d
evelop

ed
 here im

p
lies a view

 of the
relationship

 betw
een p

honetics and
 p

honology by w
hich the form

er d
irectly

constrains the latter. T
his fu

nctionalist orientation in p
honological theory has

becom
e prom

inent in recent years; H
ayes (1999), for exam

ple, claim
s that “virtually

all of segm
ental phonology (...) is driven by considerations of articulatory ease and

p
ercep

tu
al d

istinctness”. T
his view

 has not m
et w

ith u
nanim

ity, and
 several

researchers rem
ain scep

tical of the integration of functional, notably p
honetic,

factors in synchronic gram
m

ars (e.g. O
hala 1997; H

ym
an, to ap

p
ear; H

ale &
 R

eiss
2000; H

ansson 2000). T
hese authors rather believe that p

honetic d
eterm

inism
 is

only relevant in sound change and acquisition, but that synchronic gram
m

ars are
form

al system
s w

hich are su
bject to d

ifferent p
rincip

les. T
o the extent that

synchronic p
rocesses are p

honetically natural, this is considered a result of history
and the acquisition process, not a property of phonological system

s constrained by
phonetic determ

inism
.

H
ym

an (to ap
p

ear) and
 H

ale &
 R

eiss (2000) in p
articu

lar p
oint to the

existence of synchronic phenom
ena that are phonetically unnatural. Sound patterns

interact w
ith indep

endent factors, such as borrow
ings, analogy, restructuring, and

the result m
ay be unnatural on articulatory or p

ercep
tual grounds. Y

u (2000), for
instance, describes a process of voicing in coda position found in Lezgian, w

hich is
quite unexp

ected from
 the p

oint of view
 of universal p

honetics. T
he existence of

such processes leads to the inclusion of an arbitrary com
ponent in the gram

m
ar, that

is one that is not functionally m
otivated

. B
ut once the necessity of an arbitrary

gram
m

atical com
ponent is acknow

ledged, conceptual econom
y argues for a view

 of
gram

m
ar that com

prises only arbitrary processes. A
s H

ale &
 R

eiss (2000) put it:

[A
 gram

m
ar that has an arbitrary com

p
onent and a nonarbitrary one]

is em
pirically nondistinct from

 the theory w
e propose (...), w

hich posits
that all gram

m
atical com

p
u

tations are arbitrary w
ith resp

ect to
p

honetic substance. (...) Since [w
e] m

ust adop
t a m

odel w
hich allow

s
arbitrary p

henom
ena (...), the ad

d
ition to the theory of a sp

ecial
su

bcom
p

onent to accou
nt for alleged

 “non-arbitrary” p
henom

ena
violates O

ccam
’s R

azor. [their em
phasis] (p. 161)
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Phonology is not and should not be grounded in p
honetics since the

facts w
hich p

honetic ground
ing is m

eant to exp
lain can be d

erived
w

ithou
t reference to p

honology. D
u

p
lication of the p

rincip
les of

acoustics and acquisition constitutes a violation of O
ccam

’s razor and
thus m

ust be avoided. (p. 162)

A
s is often the case, I suggest that the solution lies neither in the all-phonetic

ap
p

roach nor in the all-arbitrary one. I see no reason w
hy acknow

led
ging the

existence of phonetically unnatural processes should lead one to com
pletely exclude

p
honetic grou

nd
ing from

 p
honology. Im

p
ortantly, the concep

tu
al econom

y
argum

ent brought by H
ale &

 R
eiss to evacuate phonetics from

 synchronic gram
m

ar
seem

s to hold
 only if ones assum

es, as they ap
p

arently d
o, that constraints are

innate. I do not m
ake such an assum

p
tion, but rather believe that constraints are

built by language learners in the course of acquisition. W
hat m

ay be innate is only a
constraint-building m

echanism
. U

nder this view
, it seem

s difficult to consider form
al

phonology and acquisition to be tw
o com

pletely separate com
ponents of language,

as is done by H
ale &

 R
eiss.

I argue that p
ercep

tion p
lays a direct role in the ap

p
lication of deletion and

ep
enthesis p

rocesses. I also believe that gram
m

ars have to accom
od

ate arbitrary
phenom

ena. A
n obvious question, then, is: W

hat is the division of labor betw
een the

arbitrary and
 fu

nctionally-m
otivated

 com
p

onents of gram
m

ars, sp
ecifically

phonology? I see tw
o plausible options at this point, w

hose value w
ill be determ

ined
by further research. First, notice that alm

ost all the p
atterns exam

ined
 in this

dissertation and brought in sup
p

ort of the p
ercep

tual ap
p

roach are variable ones.
These include: consonant deletion in H

ungarian, English, Icelandic, C
atalan, M

arais-
V

ende'en, and Q
ue'bec French, as w

ell as vow
el epenthesis in French and Picard, and

consonant deletion and vow
el ep

enthesis in Basque (som
e of these cases w

ill be
exam

ined
 in the follow

ing chap
ters). It cou

ld
 be that the role of fu

nctional
m

otivations is synchronically lim
ited

 to variable p
henom

ena, in w
hich d

irect
com

p
arisons betw

een form
s w

ith different p
ercep

tual and articulatory p
rop

erties
can be m

ad
e. T

he p
honetic m

otivation, how
ever, could

 be lost w
hen p

rocesses
becom

e categorical. U
nder this view

, final obstruent devoicing, for instance, could be
considered an arbitrary p

rocess for kids learning G
erm

an or R
ussian, but schw

a
insertion in French w

ould be directly constrained by perception. 23

A
lternatively, p

honetically-m
otivated

 constraints in p
honology cou

ld
 be

view
ed as default ones, that is constraints that are m

ore readily available to learners

2
3N

ote that variable p
henom

ena cannot be d
ism

issed
 from

 synchronic gram
m

ars as change in
p

rogress. The French schw
a has been variable for centuries.
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in the p
rocess of gram

m
ar building. A

rbitrary constraints w
ould only em

erge as a
fall-back op

tion w
hen requ

ired
 by d

ata that are not am
enable to a fu

nctional
accou

nt. It is not im
p

lau
sible to think that fu

nctional constraints w
ou

ld
 be

constructed m
ore easily than arbitrary ones since the form

er are grounded in and
constrained

 by p
hysical reality, w

hereas the latter are com
p

letely d
ep

end
ent on

language-specific and process-specific data. Interestingly, this view
 of gram

m
ar can

be tested psycholinguistically. W
e expect default elem

ents to be acquired earlier than
m

ore m
arked

 ones. If the p
rop

osed
 sp

lit betw
een the functional and

 arbitrary
com

p
onents of gram

m
ar is correct, w

e exp
ect that children w

ill generally m
aster

fu
nctionally-m

otivated
 p

rocesses before arbitrary ones. T
his rem

ains to be
investigated.

T
his d

iscussion m
akes it clear that I am

 not claim
ing that all segm

ental
p

honology 
is 

p
honetically-d

riven; 
I 

am
 

only 
argu

ing 
for 

the 
existence 

of
perceptually-based constraints in phonology. These constraints could have a m

ore or
less lim

ited role in the gram
m

ar, depending on the correct division of labor betw
een

the arbitrary and non-arbitrary com
p

onents. If functional constraints are lim
ited to

variable p
rocesses, their role in the gram

m
ar m

ay be rather red
u

ced
; if they

corresp
ond to default op

tions, m
uch of p

honoloy m
ay be functionally-m

otivated,
w

ith the arbitrary part playing a subsidiary role.

3.2.5. V
A

R
IA

T
IO

N
 IN

 O
P

T
IM

A
L

IT
Y

 T
H

E
O

R
Y

A
s m

entioned in the previous section, variation and frequency/likelihood are
om

nipresent in the processes investigated in this dissertation. This requires that w
e

sp
end som

e tim
e discussing the treatm

ent of these asp
ects in p

honological theory,
particularly in O

ptim
ality Theory.

V
ariation has been a neglected area of p

honological theory. O
p

tional rules
have been used

 to exp
ress non-categorical p

rocesses, but notions of frequency/
likelihood or p

reference have been to a large extent relegated to the sociolinguistic
dom

ain. Y
et a large portion of phonological variability is driven by the sam

e factors
that u

nd
erlie categorical p

rocesses. I believe one of the m
ajor ad

vantages of
O

p
tim

ality T
heory over p

revious rule-based ap
p

roaches is p
recisely its ability to

m
odel variation and derive hierarchies of frequency or gradient w

ell-form
edness.

C
ategorical p

henom
ena are straightforw

ard
ly d

erived
 in O

T
 by strict

constraint ranking. O
p

tionality is standardly handled by constraint ties (although
these are exclud

ed
 und

er the m
ost constrained

 version of the theory), but this
approach is too restrictive to account for all cases of variation. See e.g. A

nttila (1997),
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C
oflte'é (1999), and A

uger (2000) for p
atterns that cannot be accounted for w

ith tied
constraints. A

 m
ore pow

erful solution becom
es available if w

e adopt A
nttila’s (1997)

view
 of gram

m
ars as partial orders. 2

4 This approach abandons the assum
ption that

all constraints are ranked
 (p

ossibly tied
) w

ith resp
ect to all others, and

 allow
s

constraint rankings to rem
ain u

nd
erd

eterm
ined

. A
 gram

m
ar m

ay then be
com

patible w
ith m

any different full or total rankings. These distinct rankings m
ay, in

tu
rn, yield

 d
ifferent ou

tp
u

ts (for a given inp
u

t). T
his is how

 variation (and
optionality) is generated by the system

. 2
5

A
n additional assum

p
tion of A

nttila is that frequency of use or the relative
w

ell-form
edness of a given output should reflect the probability that it be generated

by the gram
m

ar. T
his p

robability corresp
ond

s to the p
rop

ortion of the p
ossible

rankings that yield
 this outp

ut. T
he follow

ing abstract exam
p

le illustrates the
m

echanism
. Sup

p
ose three constraints A

, B, C
, and

 a gram
m

ar consisting in the
unique ranking A

 >> B. Three p
ossible total orders of the constraints A

, B, C
 are

com
patible w

ith this gram
m

ar: A
>>B>>C

, A
>>C

>>B, and C
>>A

>>B. Suppose that
for som

e inp
ut I the first ranking yields an outp

ut O
1 , and the last tw

o a different
output O

2 . This gram
m

ar then predicts variation / optionality betw
een O

1  and O
2 .

In addition, it is exp
ected that O

1 , w
hich is generated by one ranking out of three,

w
ill surface one third of the tim

e, w
hile O

2  w
ill be used tw

o thirds of the tim
e.

I adop
t A

nttila’s view
 of gram

m
ars as p

artial orders, as w
ell as the relation

betw
een the frequency/likelihood of a form

 and the p
robability that it be selected

by the constraint ranking. This relation, how
ever, w

ill not be interp
reted in a strict

fashion. That is, I w
ill not expect these probabilities to be equal to actual frequencies

of use, but only to reflect hierarchies of frequency or likelihood. If an outp
ut O

2  is
generated by m

ore rankings than an output O
1 , I w

ill not go m
uch further than the

p
red

iction that O
2  is p

refered
 to, or m

ore likely than, O
1 . T

he reasons for this
loosening are tw

ofold. First, in m
ost cases I do not know

 the actual frequencies of
use, w

hich m
akes it im

possible to test the stricter version of A
nttila’s theory. Second,

actual frequencies are usually influenced by non-gram
m

atical factors, w
hich lead to

d
eviations w

ith resp
ect to w

hat is exp
ected

 from
 the constraint system

 alone. I
expect, how

ever, that the order of preference of the form
s is preserved.

2
4R

eynolds’s (1994) floating constraints can be view
ed as a sub-case of A

nttila’s p
artial orders.

2
5See B

oersm
a (1998), B

oersm
a &

 H
ayes (1999), and

 H
ayes (2000) for d

ifferent ap
p

roaches to
variation in O

p
tim

ality Theory, w
hich I w

ill not consider here.



183
C

hapter 3: Basic elem
ents

3.3. A
P

P
L

IC
A

T
IO

N
S

3.3.1. L
E

N
A

K
E

L
 V

O
W

E
L

 E
P

E
N

T
H

E
S

IS

V
ow

el epenthesis in Lenakel is a good exam
ple to provide a first illustration

of the functioning of the constraint system
 I p

rop
ose. It sp

ecifically highlights the
role of the m

arked
ness constraints. T

his p
rocess d

isp
lays several of the factors

identified as relevant – contrast, edge effects, adjacent vow
els – and also show

s a
certain am

ount of variation. Y
et the p

attern is relatively sim
p

le and im
m

une from
independent intricacies.

T
he L

enakel ep
enthesis p

attern can be d
escribed

 as follow
s (L

ynch 1978;
B

levins 1995; K
ager 1999). A

n ep
enthetic vow

el [π] or [\], d
ep

end
ing on the

p
reced

ing consonant, is autom
atically inserted

 in sequences of tw
o consonants

w
ord-initially (37a-b) and finally (37c-d), and in clusters of three consonants w

ord-
internally (37e-f). T

he ep
enthetic vow

el (und
erlined

 in the exam
p

les below
) is

inserted betw
een the second and third consonant w

ord-internally, and betw
een the

tw
o consonants at w

ord edges. 2
6

(37)
O

BLIG
A

TO
R

Y
 V

O
W

EL EPEN
TH

ESIS IN
 L

E
N

A
K

E
L:

a.
/t-n-ep-kπn/

_
[tπn´'bg\n] - [dπn´'bg\n]

‘you w
ill eat it’

b.
/t-r-ep-ol/

_
[tπr

'́bøl]
‘he w

ill then do it’
c.

/r-πm
-πgn/

_
[‰πm

\'˜\n]
‘he w

as afraid’
d.

/n-\m
-\pk/

_
[nπm

\'b\k˙]
‘you (sg.) took it’

e.
é/πs-πt-pn-aan/

_
[\`sπdb\nå'n]

‘don’t go up there’
f.

/k-ar-p
kom

/
_

[kårb\'gøm
]

‘they are heavy’

 T
here is one excep

tion to this p
attern: glid

e+consonant sequences are tolerated
w

ord-finally: 27

2
6I ad

ap
t L

ynch’s (1978) transcrip
tion in the follow

ing w
ay, in conform

ity w
ith the IPA

: [y] is
rep

laced by [j]; [r‡] is described as a flap
 and is rep

laced by [‰]; [v] is described as a high central
glide noted [π9] and this is the sym

bol I adopt.
2

7In fact, L
ynch (1978: 15) d

escribes this excep
tion as follow

s: “w
hen tw

o consonants com
e

together at the beginning or the end of a w
ord, [π] is inserted betw

een them
 p

rovided that neither
is a glide”.  This characterization is m

et in p
rincip

le in four different cases, the com
binations C

+G
or G

+C
 w

ord
-initially or w

ord
-finally. In fact I have found

 on the surface only the w
ord

-final
G

+C
 com

bination, illustrated
 in (38). Som

e com
binations w

ere not found
 in the d

ata p
rovid

ed
,

esp
ecially initial G

+
C

 clu
sters. Interestingly, B

ell &
 H

oop
er (1978: 11) claim

 that these are
unattested

 crosslinguistically. O
thers m

erged
 into a single consonant by ind

ep
end

ent p
rocesses

w
hich I d

isregard
 here: glid

es becom
ing second

ary articu
lations (i) or /

h/
 d

eleting w
hile

d
evoicing the ad

jacent consonant (ii). N
ote that L

ynch inclu
d

es /
h/

 in the set of u
nd

erlying
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(38)
N

O
 EPEN

TH
ESIS IN

 /G
+C

/ C
LU

STER
S W

O
R

D
-FIN

A
L

L
Y:

a.
/pw

apw
auk/

_
[p∑Åb∑Å'w

k˙]
‘butterfly’

b.
/aik/

_
[ajk˙]

‘to sw
im

’

In addition to the obligatory cases of ep
enthesis in (37), [π]/[\] is op

tionally
inserted

 betw
een any tw

o consonants w
ord

-internally (39). 2
8 Insertion becom

es
obligatory, how

ever, betw
een tw

o id
entical consonants across a m

orp
hem

e-
boundary (40). 2

9

(39)
O

PTIO
N

A
L EPEN

TH
ESIS IN

 IN
TER

N
A

L /C
C

/ C
L

U
ST

E
R

S:
a.

/r-am
-alfa/

_
[‰åm

å'lfå] / [‰åm
å'lπfå]

‘he is lazy’
b.

/nπm
r-n/

_
[nπ'm

‰πn] / [nπ'm
\‰πn]

‘his eyes’

(40)
O

BLIG
A

TO
R

Y
 EPEN

TH
ESIS BETW

EEN
 ID

EN
TIC

A
L C

O
N

SO
N

A
N

TS:
a.

/i-ak-kπn/
_

[yåg\'g\n]
‘I eat it’

b.
/t-r-rai/

_
[tπ‰π‰åy] / [dπ‰π‰åy]

‘he w
ill w

rite’

I analyze these facts in the follow
ing w

ay. C
onsonants in L

enakel m
ust

surface w
ith an ad

jacent vow
el. T

his follow
s from

 a high-ranked
 general C

↔
V

constraint. This constraint applies exceptionlessly w
ord-internally and w

ord-initially.
H

ow
ever, it is relaxed

 for w
ord

-final consonants that are p
reced

ed
 by a glid

e. I
interp

ret the latter condition as a requirem
ent that the consonant contrasts in the

feature [vocoid] w
ith an adjacent segm

ent. C
onsonants that agree in this feature

glid
es, along w

ith /
w

/
 and

 /
π9/

; [j] is assu
m

ed
 to only su

rface as a reflex of /
i/

 in certain
positions. In the case of /C

+π9/, norm
al ep

enthesis ap
p

lies, contrary to Lynch’s generalization (iii).
(i)

/am
nuum

w
/

_
[åm

nu'm
∑]

‘to drink’
/t-i-πs-π9a-aan/

_
[t∆`́sπ9eå'n] / [d∆`́sπ9eå'n]

‘I w
on’t com

e’
(ii)

/rho/
_

[‰≤o']
‘he hit it’

/r-am
-aw

h/
_

[‰åm
å'w
≤]

‘she is w
eaving’

(iii)
/m

-π9πn/
_

[m
\`π9πn]

‘and
-go’

/r-π9a/
_

[r ππ9a]
‘3s-com

e’
E

ven if glid
e-containing sequences other than final G

+C
 sequences turned

 out to be attested
, it

w
ould not be a p

roblem
 for the analysis sketched here.

2
8A

s long as the first consonant is not a glide and the follow
ing vow

el is unstressed. I leave these
additional conditions aside for the purposes of this illustration.
2

9W
hen both consonants are coronals deletion of the first consonant occurs rather than ep

enthesis.
C

ertain verbal p
refixes, how

ever, like /t/ and /r/ in (40b), cannot delete. W
hen they are follow

ed
by an id

entical consonant, like the /
r/

 in the sam
e exam

p
le, then the general ep

enthesis rule
ap

p
lies. I leave a unified analysis of coronal deletion and vow

el ep
enthesis for future research.
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w
ith their neighboring consonants invariably trigger ep

enthesis. 3
0 To account for

these generalizations I design the follow
ing m

arkedness constraints:

(41)
R

ELEV
A

N
T

 M
A

R
K

ED
N

ESS C
O

N
ST

R
A

IN
T

S:
a.

C
ìØ ↔

 V
A

 PW
-internal consonant (w

hich is adjacent to no p
rosodic boundary) is

adjacent to a vow
el.

b.
PW

[C
 ↔

 V
A

 consonant that is preceded by a PW
 boundary is adjacent to a vow

el.
c.

C
]PW

 (A
G

R
EE=[vocoid]) ↔

 V
A

 consonant that is follow
ed

 by a P
W

 bou
nd

ary and
 that agrees in

[vocoid] w
ith a neighboring segm

ent is adjacent to a vow
el.

d.
C

]PW
 ↔

 V
A

 consonant that is follow
ed by a PW

 boundary is adjacent to a vow
el.

By the dom
inance condition in (19), w

e can establish the inherent rankings in
(42) betw

een these constraints; the reader m
ay also refer to the rankings in (22).

(42)
IN

H
ER

EN
T R

A
N

K
IN

G
S BETW

EEN
 TH

E M
A

R
K

ED
N

ESS C
O

N
STR

A
IN

TS IN
 (41):

a.
C

ìØ ↔
 V

  >>  PW
[C

 ↔
 V

b.
C

ìØ ↔
 V

  >>  C
]PW

 ↔
 V

c.
C

]PW
 (A

G
R

EE=[vocoid]) ↔
 V

  >>  C
]PW

 ↔
 V

O
ur task is now

 to rank D
EP-V

 w
ithin this w

eb of m
arkedness constraints. The three

constraints in (41a-c) are u
nviolated

 in the langu
age and

 m
u

st d
om

inate all
constraints against vow

el epenthesis. But D
EP-V

 outranks C
]PW

↔
V

, since epenthesis
does not apply w

ord-finally in the clusters that are not subject to the higher-ranked
C

]PW
(A

G
R

E
E=[vocoid])↔

V
. This m

ini-gram
m

ar is given in graphic form
 in (43) and

illustrated in the tableau in (44), w
ith exam

p
les from

 (37) and (38). In this and all
follow

ing grap
hics thick lines are u

sed
 to ind

icate langu
age-sp

ecific rankings
d

eterm
ined

 on the basis of the available d
ata, w

hereas thin lines ind
icate fixed

inherent rankings.

T
he issue of the site of ep

enthesis obviously arises here. In internal three-
consonant clu

sters, the vow
el is inserted

 betw
een the second

 and
 the third

consonant, w
hile it alw

ays occurs betw
een the tw

o consonants at edges. I disregard
this issu

e in this first step
 and

 consid
er only the cand

id
ates w

ith the correct

3
0I assum

e that the final consonant is a non-glide. If glide+glide sequences are tolerated as w
ell,

the generalization w
ould be that it is agreem

ent in [-vocoid] sp
ecifically rather than [vocoid] that

system
atically triggers ep

enthesis.
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placem
ent of the epenthetic vow

el.  This problem
 w

ill be addressed below
. Finally, in

/aik/, the last exam
p

le in the tableau, I assum
e that the faithful candidate [aik] is

excluded by a constraint against hiatus, w
hich m

ust at least dom
inate C

]P
W

↔
V

. I
disregard the rules of alternation betw

een high vow
els and glides.

(43)
P

A
R

TIA
L G

R
A

M
M

A
R

 O
F L

EN
A

K
EL I:

                C
]pw

 (A
G

R
=[voc])<->V

                 C
ìØ<->V

    N
o-H

iatus                                 pw
[C

<->V

                                          D
ep-V

                      

                         C
]pw

<->V

(44)
E

PEN
TH

ESIS A
N

D
 N

O
N

-EPEN
TH

ESIS IN
 L

E
N

A
K

E
L:

a.  /t-r-ep-ol/
N

O
-H

IA
T

U
S

C
]PW

 (A
G

R=[voc])↔
V

C
ìØ↔

V
PW

[C
↔

V
D

E
P-V

C
]PW

 ↔
 V

_
 tπr´bøl

*

    tr´bøl
(t) !

b. /n-\m
-\p

k/

_
 nπm

\'b\k˙
*

    nπm
\'pk˙

(k˙) !
*

c./k-arp
-kom

/

_
 kårb\'gøm

*

    kårbgøm
(b) !

d. /aik/

    ajV
k˙

* !

_
 ajk˙

*

    aik˙
* !

In (44a) the faithfu
l cand

id
ate [tr´bøl] (d

isregard
ing vow

el qu
ality and

intervocalic voicing) violates PW
[C

↔
V

, w
hich requires every w

ord-initial consonant
to be adjacent to a vow

el. The epenthesized candiate [tπr´bøl] violates D
E

P-V
 and is

the w
inning output since D

EP-V
 is ranked low

er than PW
[C

↔
V

. The situation in (44c)
is sim

ilar, except that the m
arkedness constraint violated by the faithful candidate is

C
ìØ↔

V
 rather than PW

[C
↔

V
. (44b,d) contain underlying w

ord-final tw
o-consonant

clusters. In (b) vow
el insertion ap

p
lies, in (d) it does not. The difference betw

een
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these tw
o cases lies in the nature of the cluster. The tw

o segm
ents in the sequence

[p
k˙] (44b) share the sam

e value for the feature [vocoid]. T
he final [k˙] agrees in

[vocoid] w
ith the preceding consonant and is not adjacent to a vow

el, in violation of
the higher-ranked constraint C

]P
W

 (A
G

R
E

E=[vocoid
])↔

V
, w

hich dom
inates D

E
P-V

.
U

nlike [pk˙], the sequence [jk˙] (44d) displays a contrast in the feature [vocoid] and
only yields a violation of the general low

er-ranked constraint C
]PW

↔
V

.

Let us now
 look at w

ord-internal tw
o-consonant sequences. W

e have seen
that epenthesis in such m

edial clusters is optional in the general case, but obligatory
betw

een tw
o identical consonants. The relevant constraints to deal w

ith these facts
are given in (45), and the derivable inherent rankings that involve them

 in (46).

(45)
A

D
D

IT
IO

N
A

L
 M

A
R

K
E

D
N

E
SS C

O
N

ST
R

A
IN

T
S:

a.
C

ìØ (A
G

R
EE=∀

F) _
 V

A
 w

ord-internal consonant (that is next to no prosodic boundary) and that
agrees in all features w

ith an adjacent segm
ent is follow

ed by a vow
el.

b.
C

ìØ _
 V

A
 w

ord
-internal consonant (that is next to no p

rosod
ic bound

ary) is
follow

ed by a vow
el.

(46)
A

D
D

IT
IO

N
A

L
 IN

H
E

R
E

N
T

 R
A

N
K

IN
G

S:
a.

C
ìØ (A

G
R

EE=∀
F) _

 V
  >>  C

ìØ _
 V

b.
C

ìØ ↔
 V

  >>  C
ìØ _

 V

C
ìØ (A

G
R

E
E=∀

F)_
V

 is violated in cases of tw
o identical consonants w

ord-
internally. T

his constraint is undom
inated in Lenakel and forces ep

enthesis. T
he

ranking betw
een D

EP-V
 and the low

er-ranked C
ìØ_

V
 rem

ains undeterm
ined, since

w
e find variation betw

een form
s that violate C

ìØ_
V

 ([...V
C

C
V

...]) and form
s that

violate D
E

P-V
 ([...V

C
V

C
V

...]). T
his is illustrated in the tableau below

 w
ith form

s
from

 (39) and (40). The m
ini-gram

m
ar in (43) is augm

ented as in (48).

(47)
E

PEN
TH

ESIS A
N

D
 N

O
N

-EPEN
TH

ESIS IN
 W

O
R

D
-IN

TER
N

A
L C

C
 C

L
U

ST
E

R
S:

a. /r-am
-alfa/

C
ìØ↔

V
C

ìØ(A
G

R=∀
F)_

V
D

EP-V
C

ìØ_
V

_
 ‰åm

å'lπfå
*

_
 ‰åm

å'lfå
(l)

b. /i-ak-kπn/
_

 yåg\'g\n
*

    yågg\n
(g) !

*
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(48) P
A

R
TIA

L G
R

A
M

M
A

R
 O

F L
EN

A
K

EL II:

                C
]pw

 (A
G

R
=[voc])<->V

                  C
ìØ<->V

                C
ìØ(A

G
R

=allF)_
V

       
         N

o-H
iatus                               pw

[C
<->V

                 

                                                       
                                                       D

ep-V
                          C

ìØ_
V

                            C
]pw

<->V

L
et us now

 consid
er the issue of the site of ep

enthesis. I assum
e that the

w
ord-internal placem

ent of epenthesis betw
een the second and third consonants in

three-consonant clusters is due to an alignm
ent constraint requiring every consonant

to align w
ith the left ed

ge of the p
rosod

ic w
ord

 (49a), w
hich d

om
inates the

corresponding constraint favoring alignm
ent to the right (49b). These constraints are

evaluated gradiently in term
s of the num

ber of segm
ents that intervene betw

een a
consonant and the edge.

(49)
A

L
IG

N
M

E
N

T
 C

O
N

ST
R

A
IN

T
S D

ETER
M

IN
IN

G
 TH

E LO
C

U
S O

F EPEN
TH

ESIS:
a.

A
LIG

N
-L (C

,PW
):

A
 consonant aligns w

ith the left edge of a PW
.

b.
A

LIG
N

-R
 (C

,PW
):

A
 consonant aligns w

ith the right edge of a PW
.

c.
A

LIG
N

-L (C
,PW

)  >>  A
LIG

N
-R

 (C
,PW

)

(50)
D

ETER
M

IN
IN

G
 TH

E LO
C

U
S O

F EPEN
TH

ESIS W
O

R
D

-IN
T

E
R

N
A

L
L

Y:
/k-ar-p

kom
/

C
ìØ↔

V
D

EP-V
A

LIG
N

-L (C
,PW

)
A

LIG
N

-R
 (C

,PW
)

_
 kårb\'gøm

*
0+2+3+5+7=17

0+2+4+5+7=18
    kår\'bgøm

*
0+2+4+5+7=18 !

0+2+3+5+7=17
    kårbgøm

* !
0+2+3+4+6=15

0+2+3+4+6=15

A
t w

ord edges ep
enthesis is alw

ays m
edial. M

edial ep
enthesis (i.e. betw

een
the tw

o consonants) is correctly p
red

icted
 by the alignm

ent constraints w
ord

-
initially, but not w

ord-finally, w
here w

e rather exp
ect final ep

enthesis. G
iven an

initial #C
C

 sequence, left-alignm
ent is better achieved in #C

V
C

 than in #V
C

C
, w

hich
is w

hat w
e find in Lenakel. The opposite holds w

ith final C
C

# inputs: C
C

V
# satisfies

left-alignm
ent better than C

V
C

#. Y
et it is the latter output that surfaces in Lenakel.

A
s discussed in Blevins (1995), this is a problem

 for the directionality approach to the
location of epenthesis, w

hich carries over to the alignm
ent one. This pattern – m

edial
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ep
enthesis at both edges, irresp

ective of the p
refered site w

ord-internally – is not
exceptional and is also found for exam

ple in C
hukchi.

A
 som

ew
hat unexp

ected but w
elcom

e result of the system
 of m

arkedness
con

strain
ts 

w
e 

h
ave 

d
evelop

ed
 

is 
th

at 
th

ey 
au

tom
atically 

d
erive 

th
e

L
enakel/

C
hu

kchi p
attern of ep

enthesis in ed
ge clu

sters, w
ithou

t the need
 for

additional constraints. This follow
s from

 the observation, encoded in the ranking,
that consonants are m

ore easily tolerated
 at ed

ges than d
om

ain-m
ed

ially,
everything else being equal. E

p
enthesis takes ad

vantage of this and
 p

referably
applies in a w

ay that puts the consonants at an edge rather than m
edially. The m

ini-
gram

m
ar in (48), w

ith the constraint C
ìØ_

V
 p

laying the crucial role, yield
s the

desired result, as show
n in the tableau below

, w
hich concludes our first case study.

(51)
D

ETER
M

IN
IN

G
 TH

E LO
C

U
S O

F EPEN
TH

ESIS A
T W

O
R

D
 ED

G
ES:

a. /t-r-ep-ol/
C

]PW
 (A

G
R=[voc])↔

V
C

ìØ↔
V

PW
[C

↔
V

D
E

P-V
C

ìØ_
V

_
 tπr´bøl

*

    πtr´bøl
*

(t) !

    tr´bøl
(t) !

b. /n-\m
-\pk/

_
 nπm

\'b\k˙
*

    nπm
\'bk\

*
(b) !

    nπm
\'bk˙

(k˙) !

3.3.2. S
R

A
N

A
N

 C
O

N
S

O
N

A
N

T
 D

E
L

E
T

IO
N

A
lber &

 Plag (1999) discuss vow
el deletion and consonant ep

enthesis in the
form

ation of Sranan, an E
nglish-based

 creole langu
age sp

oken in Su
rinam

.
C

onsonant clusters in the source language w
ere extensively sim

p
lified in Sranan,

usually by d
eletion, excep

t w
ord

-finally, w
ere w

e often find
 vow

el ep
enthesis

(paragoge). I am
 interested here in w

ord-internal consonant deletion. It applies quite
system

atically to sequences of tw
o consonants com

p
osed of obstruents and nasals.

Liquids that are not intervocalic are subject to m
ore varied and partly unpredictable

p
rocesses: d

eletion, m
etathesis w

ith an ad
jacent consonant or vow

el, ep
enthesis,

preservation. I focus here on clusters that do not involve liquids. C
onsider the data

in (52) to (54).
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(52)
S

R
A

N
A

N
 A

D
A

PTA
TIO

N
S O

F ST
O

P+
FR

IC
A

TIV
E A

N
D

 STO
P+

N
A

SA
L C

LU
STER

S:
English w

ord
Sranan adaptation

a.
curtsey

kosi
b.

good
m

orrow
kum

ara
c.

goodnight
kuneti

(53)
S

R
A

N
A

N
 A

D
A

PTA
TIO

N
S O

F FR
IC

A
T

IV
E+

STO
P A

N
D

 N
A

SA
L+

STO
P C

LU
STER

S:
a.

m
aster

m
asra, m

asera
b.

nasty
nasi

c.
sister

sisa
d.

softly
safri

e.
rem

em
ber

m
em

re, m
em

ere
f.

som
ething [m

†]
sani

(54)
S

R
A

N
A

N
 A

D
A

PTA
TIO

N
S O

F ST
O

P+
STO

P C
LU

STER
S:

a.
doctor

datra
b.

sit dow
n

sidon

In (52) w
e have English form

s containing stop+fricative (a) and stop+nasal (b-
c) clusters. In all cases only the second consonant is retained in Sranan. (53) show

s
exam

p
les of fricative+stop

 (a-d) and nasal+stop
 (e-f) sequences. H

ere it is the first
consonant that show

s up
 in the ad

ap
ted

 form
. T

he generalization is that stop
s

p
referentially d

elete over non-stop
s. It has been noticed

 in the d
iscu

ssion of
faithfulness constraints, how

ever, that in V
C

C
V

 sequences, it is typ
ically the first

consonant that deletes. This generalization can be observed in clusters com
posed of

tw
o stop

s, in w
hich case it is the second stop

 that is retained (54). T
his deletion

pattern show
s that the tendency to delete the first consonant in an intervocalic tw

o-
consonant cluster can be overriden by conflicting factors, here the stop or non-stop
nature of the consonants. 3

1

A
lber &

 Plag do not extract these generalizations from
 the data. They notice

variation in the p
osition of the d

eleted
 consonant, but cannot account for it and

sim
p

ly leave the issue op
en. This p

attern, how
ever, receives a natural and sim

p
le

3
1I suspect that the position of stress is relevant in the data in (52)-(54), but the data in the paper do

not allow
 us to test this hyp

othesis. It could
 be that retention of the p

ostvocalic rather than the
p

revocalic consonant occurs only in the context v'ccv°, w
here the stable p

ostvocalic consonant is
adjacent to a stressed vow

el, w
hile the deleted stop

 is follow
ed by an unstressed one. A

dding the
effect of stress to the analysis w

ould not be p
roblem

atic. T
he cues p

resent in the transition to or
from

 a stressed vow
el are better than those to or from

 an unstressed one, since stressed vow
els are

generally associated
 w

ith higher am
p

litu
d

e. T
his contrast cou

ld
 be easily integrated

 into ou
r

m
arkedness and faithfulness constraints.
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exp
lanation in the fram

ew
ork develop

ed here. The distinctions in (52)-(54) follow
straightforw

ardly from
 the p

ercep
tually-m

otivated faithfulness constraints in (29a-
b), rep

eated below
. The deletion of p

ostvocalic consonants is p
refered over that of

prevocalic ones, due to the better cues present in the C
V

 transition. The deletion of
stop

s is also m
ore likely than that of non-stop

s because of the w
eakness of their

internal cues.

(29)
R

E
L

E
V

A
N

T
 FA

IT
H

FU
L

N
E

SS C
O

N
STR

A
IN

TS IN
 S

R
A

N
A

N
:

a.
M

A
X-C

/—
V

 >> M
A

X-C
/V

—
 >> M

A
X-C

M
A

X-C
/—

V
 D

o not delete a consonant that is follow
ed by a vow

el.
M

A
X-C

/V
—

 
 D

o not delete a consonant that is preceded by a vow
el.

b.
M

A
X-C

(-stop) >> M
A

X-C
M

A
X-C

(-stop)
D

o not delete a consonant that is not a stop.

By assum
ing the sim

p
le ranking in (55), w

e derive the data in (52)-(54), as
show

n in the tableau in (56). This ranking interacts w
ith the constraint C

_
V

, w
hich

is taken to m
otivate m

edial consonant deletion in Sranan. To account for the data in
(52)-(54) C

_
V

 m
ust at least dom

inate M
A

X-C
/—

V
.

(55)
R

A
N

K
IN

G
 BET

W
EEN

 T
H

E FA
IT

H
FU

LN
ESS C

O
N

ST
R

A
IN

T
S:

M
A

X-C
(-stop)  >>  M

A
X-C

/—
V

  >>  M
A

X-C
/V

—

(56)
C

O
N

SO
N

A
N

T
 D

E
L

E
T

IO
N

 IN
 S

R
A

N
A

N
:

a. Eng. goodnight
C

_
V

M
A

X-C
(-stop)

M
A

X-C
/—

V
M

A
X-C

/V
—

     kudneti
(d) !

_
 kuneti

*
     kudeti

* !
*

b. Eng. sister
     sista

(s) !
_

 sisa
*

     sita
* !

*

c. Eng. sit dow
n

     sitdon
(t) !

_
 sidon

*
     siton

* !

In all these exam
p

les the faithful outp
ut (in term

s of the size of num
ber of

consonants, irresp
ective of other p

honological p
rocesses) violates C

_
V

 and one of
the consonants deletes. W

hen the cluster contains a stop and a non-stop (56a-b), the
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stop deletes, w
hether it appears in cluster-initial or cluster-final position, due to the

high-ranking of M
A

X-C
(-stop), w

hich prohibits the deletion of non-stops. In clusters
com

posed of tw
o stops (56c), the first one is dropped since the constraint against the

deletion of prevocalic consonants M
A

X-C
/—

V
 dom

inates that against the deletion of
postvocalic ones M

A
X-C

/V
—

.

3.4. C
O

N
C

L
U

S
IO

N
S

In this chap
ter I have introd

u
ced

 the theoretical ap
p

aratu
s d

esigned
 to

account for the em
p

irical generalizations p
resented in chap

ters 1 and 2 concerning
deletion and epenthesis. The constraint system

 developed in section 3.2 rests on the
p

ercep
tual m

otivations that underlie these generalizations, as exp
lained in section

3.1. Both faithfulness and m
arkedness constraints are taken to encode the notion of

p
ercep

tibility and
 the d

esirability for segm
ents to be p

ercep
tible. Faithfu

lness
constraints 

ensu
re 

that 
consonant 

d
eletion 

targets 
the 

au
d

itorily 
w

eakest
consonants, and vow

el insertion m
axim

izes auditory sim
ilarity betw

een inp
ut and

ou
tp

u
t. M

arked
ness constraints establish a correlation betw

een the d
egree of

p
ercep

tibility of consonants and
 their relative m

arked
ness. T

his theoretical
orientation raises the m

ore general issu
e of the role of p

ercep
tion, p

honetic
grounding, and other functional m

otivations in phonology, and I have argued for a
m

ixed view
 of gram

m
ars as com

p
rising both functionally-m

otivated and arbitrary
p

rocesses, although the exact d
om

ains of these tw
o com

p
onents rem

ain to be
identified. A

dditionally, the treatm
ent of variation in O

p
tim

ality Theory, seen as a
m

ajor advantage of this theoretical approach, has been addressed, as m
ost patterns

analyzed
 in the rem

aind
er of this d

issertation are variable ones. Finally the
constraint system

 w
as illustrated in the analysis of tw

o sim
p

le cases of consonant
d

eletion in Sranan and
 vow

el ep
enthesis in L

enakel, w
hich highlight the role of

p
ercep

tually-m
otivated faithfulness and m

arkedness constraints, resp
ectively. The

functioning of the constraint system
 w

ill be m
ore fully appreciated in the follow

ing
tw

o chapters, w
hich expand on the role of contrast and edge effects in deletion and

epenthesis.
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A
P

P
E

N
D

IX
:

A
D

D
IT

IO
N

A
L

 P
A

T
T

E
R

N
S

 S
H

O
W

IN
G

 T
H

E
 S

P
E

C
IA

L
 S

T
A

T
U

S
 O

F
 S

T
O

P
S

I provide here additional patterns that exclusively or m
ore specifically target

stop
s. I p

resent these p
atterns to fu

rther illu
strate the sp

ecial statu
s of these

consonants and their increased vulnerability in the absence of adjacent vow
els. But I

w
ill not refer to them

 in the rest of the dissertation. O
ther cases are also described or

m
entioned

 
in 

Steriad
e 

(1999d
, 

to 
ap

p
ear), 

am
ong 

them
 

C
olloqu

ial 
L

atin
(N

iederm
ann 1953) and D

ihovo M
acedonian (G

roen 1977).

There is one case of consonant deletion (Farsi) and, m
ore interestingly, tw

o
cases of m

etathesis. M
etathesis has not been m

entioned as a possible repair strategy
for com

p
lex consonant clusters. It is indeed m

arginal in com
p

arison w
ith deletion

and ep
enthesis, but the Lithuanian and Singap

ore English exam
p

les clearly show
how

 m
etathesis can be used

 p
rod

uctively to avoid
 stop

s in p
ercep

tually w
eak

p
ositions. These tw

o cases w
ere discussed in C

oflte' (1997a). The Lithuanian one is
analyzed in the sam

e term
s but independently by Steriade (to appear).

A
. M

etath
esis in

 L
ith

u
an

ian

In Lithuanian, verbs that end in a fricative-stop
 cluster undergo m

etathesis
w

hen follow
ed by a consonant-initial suffix (K

enstow
icz 1971; A

m
brazas 1985: 60;

M
athiassen 1996: 26):

(1)
S

T
O

P-FR
IC

A
T

IV
E

 M
E

T
A

T
H

E
SIS IN

 L
IT

H
U

A
N

IA
N

:
U

R
s

+V
ow

el
+C

onsonant
/-sk/

/dresk-/
dreskia   ‘he/they tear(s)’

dreksti   ‘to tear’
/-zg/

/m
ezg-/

m
´~zga   ‘he/they knot(s)’

m
e`gzdam

as   ‘knotting’
/-Ωg/

/d
ΩerΩg-/

d
ΩerΩgia   ‘he/they scrape(s)’

d
ΩergΩti   ‘to scrape’

I interpret this process in the follow
ing w

ay. W
hen the last stop of the stem

 precedes
a vow

el, it benefits from
 the strong contextual cues p

resent in the transition to the
vow

el. If the last stop
 p

reced
ed

 a consonant, it w
ou

ld
 find

 itself in an inter-
consonantal w

eak position. M
etathesis of the stop and the fricative then allow

s both
consonants to be sufficiently salient. O

n the one hand, the stop
 is strengthened by

now
 being in post-vocalic position. O

n the other hand, fricatives rem
ain perceptually

salient even in inter-consonantal position.
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B
. M

etath
esis in

 S
in

g
ap

o
re E

n
g

lish

In Singapore English  (M
ohanan 1992),  final  /-sp/ m

etathesizes to /-ps/. For
exam

p
le, crisp is p

ronounced [krip
s], grasp [grå:p

s]. A
s in Lithuanian above, this

p
rocess allow

s both consonants to rem
ain acoustically salient: /p

/ gains vocalic
transitions from

 the preceding vow
el, w

hile /s/ is strong enough by itself.

C
. C

o
n

so
n

an
t d

eletio
n

 in
 F

arsi

C
olloquial Farsi (D

arzi 1991; M
ahootian 1997) productively sim

plifies certain
consonant clusters, in p

articular w
ord

-finally. W
e can d

istinguish three d
istinct

deletion processes:

1. D
eletion of /÷/ and /h/. This occurs in num

erous positions, especially in clusters
but also w

ord-finally after a vow
el and even intervocalically. I disregard these cases

of deletion, w
hich involve a restricted class of glottal consonants.

2. D
eletion of /r/ after an obstruent w

ord-finally, e.g. /fekr/ _
 [fek] ‘thought. I

suspect this process is m
otivated by the SSP.

3. D
eletion of stop

s in C
—

C
 and C

—
## contexts. T

his is w
hat interests m

e here.
M

ahootian (1997) states that stop deletion applies (optionally) to /t/ after a coronal
fricative /s, ß/ (2) and /d/ after /n/ (3).

(2)
/t/ D

ELETIO
N

 A
FTER

 A
 C

O
R

O
N

A
L FR

IC
A

TIV
E IN

 F
A

R
SI:

a.
/dæ

st/
[dæ

s]
‘hand’

b.
/dæ

stgire/
[dæ

sgire]
‘handle’

c.
/dæ

stgah/
[dæ

sgah]
‘equipm

ent’
d.

/bist/
[bis]

‘tw
enty’

e.
/rastgu/

[rasgu]
‘truthful’

f.
/m

oßt/
[m

oß]
‘fist’

g.
/æ

ngoßtnem
a/

[æ
ngoßnem

a]
‘notorious’

(3)
/d/ D

ELETIO
N

 A
FTER

 /n/:
a.

/qæ
nd/

[qæ
n]

‘sugar’
b.

/kond/
[kon]

‘slow
’

c.
/m

und-æ
nd/

[m
undæ

n]
‘they stayed’

d.
/m

i-neveßt-æ
nd/

[m
ineveßtæ

n]
‘they w

ere w
riting’

e.
/tßæ

nd-ta/
[tßæ

nta]
‘how

 m
any’

f.
/bolæ

nd-qæ
d/

[bolæ
nqæ

d]
‘tall’
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But according to D
arzi (1991), the process extends at least to /d/ after /z/ (4), /t/

preceded by non-coronal fricatives (5), as w
ell as stops at places of articulation other

than coronal (6).

(4)
/d/ D

ELETIO
N

 A
FTER

 /z/:
a.

/m
ozd/

[m
oz]

‘w
age’

b.
/dozd/

[doz]
‘thief’

(5)
/t/ D

ELETIO
N

 A
FTER

 A
 N

O
N

-C
O

R
O

N
A

L
 FR

IC
A

T
IV

E:
a.

/hæ
ft/

[hæ
f]

‘seven’
b.

/gereft/
[geref]

‘(he) got’
c.

/loxt/
[lox]

‘naked’
d.

/saxt/
[sax]

‘(he) built’

(6)
N

O
N

-C
O

R
O

N
A

L STO
P D

ELETIO
N

:
a.

/xoßk/
[xoß]

‘dry’

First, the p
rocess ap

p
ears to be restricted to stop

s. N
o cases of fricative or

nasal d
eletion are rep

orted
, excep

t in the isolated
 exam

p
le /

tßeßm
/

 ‘eye’,
pronounced [tßeß] (M

ahootian 1997: 336). Final /m
/ does not delete in other sim

ilar
w

ords – e.g. /pæ
sßm

/ ‘w
ool’ – or after other consonants – e.g. /esm

/ ‘nam
e’, /elm

/
‘science’, /hokm

/ ‘order’ – even if the SSP is violated, as in the last tw
o exam

ples.

Stop
 deletion, how

ever, is clearly dep
endent on contrast betw

een the stop
and

 the p
reced

ing consonant. B
ut D

arzi and
 M

ahootian d
iffer on the am

ount of
contrast that is necessary to block deletion. A

ccording to M
ahootian, only coronal

stop
s that are hom

organic w
ith the p

reced
ing consonant d

elete. So a contrast in
p

lace of articulation p
revents sim

p
lification. 3

2 In addition, stop
s are drop

p
ed only

after consonants that contrast m
inim

ally in m
anner of articulation: nasals, w

hich
contrast only in [sonorant], and fricatives, w

hich contrast in [continuant]. Stops seem
to be stable after liquids, w

hich contrast in both [sonorant] and [continuant], or in
[sonorant] and [approxim

ant] depending on the feature system
 one adopts. A

ll the
reduced clusters also show

 no contrast in voicing. D
arzi is less restrictive w

ith respect
to place of articulation, and allow

s the deletion of stops that are not coronal and not

3
2T

he role of coronality is not clear. Is it the case that non-coronal consonants m
ay not d

rop
 in

the variety described by M
ahootian, or are non-coronal stop

s disregarded because they are m
uch

less frequent, as is the case in English (see chap
ter 1, section 1.2.3.3.)? R

ecall that D
arzi does allow

deletion of non-coronal stop
s.
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hom
organic w

ith the preceding consonant. The conditions on m
anner of articulation,

how
ever, are identical as in M

ahootian.


