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THE ROLE OF THE PROSODIC WORD IN
PHONOTACTIC GENERALIZATIONS*
GEERT BOOIJ
Vrije Universiteit Amsterdam
1. Introduction
In traditional generative phonology, phonotactic generalisations were expressed
by conditions on underlying forms of morphemes (morpheme structure
conditions), in combination with the set of phonological rules (cf. Postal 1968).
It is the claim of this paper to show that the phonotactics of morphemes should
be accounted for primarily in terms of properties of prosodie constituents such as
the syllable, the foot, and the prosodie word, three uncontroversial categories of
the prosodie hierarchy. I will focus on the role of the prosodie word because the
phonotactic role of that prosodie constituent has been somewhat neglected
compared to that of, in particular, the syllable. A second claim, intimately
connected to the previous one, is that the relevant constraints pertain to the
surface level, i.e. they are output constraints. In other words, they do not function
as constraints on underlying forms.
The consequences of constraints on the make up of prosodie constituents for
the phonotactics of Dutch morphemes are twofold. First, since lexical
morphemes occur as words by themselves, without further morphological
operations, each lexical morpheme has to obey the wellformedness constraints
on prosodie words; the composition of affixes, on the other hand, is affected
' differently, since they must lead to wellformed prosodie words when combining
with stems. Secondly, phonotactic constraints that hold for lexical morphemes
only, and not for all prosodie words, can be expressed in terms of conditions that
require the alignment of morpheme edges with edges of prosodie constituents.
The notion 'prosodie word', which stands in opposition to the notion
'grammatical word', is crucial for a proper account of the asymmetries between
* The comments of the editors, an anonymous referee, Willem Visser, and Richard Wiese are
gratefully acknowledged here.
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morphological and syntactic structure on the one hand, and prosodie structure on
the other. Prosodie words may be smaller than grammatical words, as is the case
for compounds in German and Dutch (Booij 1985), or comprise more than one
grammatical word, as is the case for host+clitic combinations (Booij 1996).
Moreover, there might be a non-isomorphy between the morphological structure
and the prosodie structure of a complex word. ' For instance, in the case of
Hungarian compounds, the word-final case suffix belongs morphologically to
the whole compound, but prosodically to the second constituent only (Booij
1984: 639). The dative form of the compound Budapest is Budapestnek, with the
following two structures (to stands for 'prosodie word'):
(1)

morphological structure: [[[Buda][pest]]nek]
prosodie structure:
(budajjpestnek)^

The prosodie structure can be read off the phonological form because of vowel
harmony, which has the prosodie word as its domain: it is the front vowel ofpest
that determines that the suffix is -nek, and not -nak.2
The basic roles of the prosodie word are the following:
(2)

a
b
c
d

domain of phonotactic generalisations
domain of stress assignment rules
domain of phonological rules
the relevant constituent for factoring out possibilities (gapping in complex words; cf.
Booij 1985, Wiese 1996)

One may think that in this list of roles one is lacking: it is often said that the
prosodie word is the domain of syllabification. Although the insight behind this
formulation is correct, the actual formulation is paradoxical (Booij 1988): the
prosodie word has to be defined before syllabification takes place, whereas on
the other hand the prosodie word presupposes the existence of syllables (and
feet) because it is higher in the prosodie hierarchy. This paradox can be
circumvented in a number of ways. In a rule-based approach, we have to refer to
morphological constituents such as the members of compounds as the domains
1
Cf. also Booij & Rubach (1984), Nespor & Vogel (1986), Cohn (1989), Hannahs (1995),
Peperkamp (1997).
2
This non-isomorphy also plays a role in language change: the formation of English words like
cheeseburger and beefburger in analogy to hamburger was possible because burger is a
constituent of hamburger, not a morphological constituent, but a prosodie one:
(i)
morphological structure:
[[[ham][burg]]er]
prosodie structure:
(ham)«, (burger)„
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of syllabification. In a constraint-based approach to syllabification, which is the
approach taken in this paper, the paradox will be avoided in the following way:
alignment conditions state which morphological boundaries have to coincide
with prosodie word boundaries; in addition, prosodie word boundaries have to
align with syllable boundaries (McCarthy & Prince 1994). For instance, the
following alignment conditions for left edges may be assumed:
(3)

a ALIGN LEFT (stem, w)
b ALIUN LEFT (u, a)

The left stem edge referred to in (3a) is the left edge of simplex words, of the
part of a prefixed word after the prefix, and of the constituents of compounds.
Conditions for the alignment of grammatical categories such as stem and
prosodie categories such as the prosodie word are implementations of ideas
concerning the mapping of syntax and phonology proposed in Selkirk (1986) and
further developed in Selkirk (1995). Note also that a condition like (3a) has a
different status from that in (3b). Condition (3a) is a condition on the relation
between two types of representations, a morphological representation and a
phonological one (cf. Jackendoff 1997: 24-30). Condition (3b) on the other hand
is a condition on one particular type of representation, the prosodie representation. Alignment condition (3a) presupposes that morphological structure
and prosodie structure are simultaneous representations (cf. Booij & Lieber
1993).
Together, these conditions will result in the correct syllabification of
complex words. In other words, the fact that the domain of syllabification is the
prosodie word is not a direct parsing principle, but the effect of alignment
conditions. Thus, the top down approach to prosodie structure assignment, made
possible by alignment conditions, can resolve the paradox at stake here.
As stated above, in this paper 1 will focus on the phonotactic role of
prosodie words. I will argue that the prosodie word is an important domain of
phonotactic constraints, in addition to the syllable and the foot, and I will also
show how these constraints help to determine the correct prosodification of both
morphologically simplex and complex words. However, these constraints do not
only express static generalisations; they are also active, not by creating
phonological alternations in lexical phonology, but in the formation of new
words, in the selection of competing affixes or allomorphs, in language
acquisition, in phonological erosion patterns in casual speech, and in
morphological change. In this way, the psychological reality of such phonotactic
constraints can be shown in a number of ways.
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2. The phonotactic role of the prosodie word
In traditional generative phonology of the SPE-lype (Chomsky & Halle 1968), it
was assumed that the phonotactics of a language is to be accounted for by two
mechanisms, morpheme structure conditions (MSCs) and phonological rules.
Morpheme structure conditions apply to underlying, lexical representations of
morphemes, and phonological rules derive the surface form from the underlying
form. Together, they define the possible combinations of sounds of a language
(Postal 1968).
Due to two influential articles, Hooper (1972) and Vennemann (1972), the
syllable was reintroduced into phonology. Hooper argued that the syllable is not
only indispensable as one of the domains of application of phonological rules,
but also as a unit of phonotactic restrictions. The principles for the division of a
word into syllables have a phonotactic impact which can be characterized as
follows:
(4)

A word is phonotactically well-formed if it can be divided exhaustively into one or more
well-formed syllables.

For instance, since the string abkmar cannot be exhaustively divided into wellformed English syllables, this string is not a possible word of English.
Note that this formulation implies that we no longer speak about the wellformedness of morphemes, but about the wellformedness of words. The reason
for this is that in a language where, for instance, a morpheme ending in an
obstruent-liquid cluster is always followed by a vowel-initial morpheme, the
morpheme as such may be unpronounceable, and prosodically ill-formed, but
this will not imply the ill-formedness of the morpheme. For example, in Dutch
there are a number of non-native morphemes that end in an obstruent-liquid
cluster, and that are always followed by a vowel-initial suffix. That is, these
morphemes do not occur as independent words:
(5)

penetr-eer
con-sacr-eer
celebr-eer
vibr-eer
emigr-eer
castr-eer

'to penetrate'
'to consecrate'
'to celebrate'
'to vibrate'
'to emigrate'
'to castrate'

The morpheme-final obstruent-liquid clusters will never have to surface as
codas. The prosodie well-formedness of words with these morphemes is
guaranteed.
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A similar example from Italian is the following. Italian words are subject to
the prosodie minimality condition (Thornton 1996) that they must be minimally
bisyllabic. Italian words usually end in a vowel which functions as a
morphological ending. Thus, Italian has lexical morphemes such as pizz(followed by the ending -a or -e, together forming the words pizza 'id.' and pizze
'pizza, pi.' respectively). Clearly, the morpheme pizz does not obey the prosodie
minimality conditions of Italian. This, however, is not a problem if the
phonotactic constraints of a language do not refer to morphemes, but to
(prosodie) words.
This argument can also be made on the basis of Semitic languages where
lexical morphemes can consist of a sequence of consonants without intervening
vowels. That is, these lexical morphemes are always unsyllabifiable, but this is
no problem since the non-concatenative morphology of these languages will take
care of this, and will insert vowels in between the consonants. Consequently,
there are no pronunciation problems.
An important implication of this approach is that it introduces output
constraints into phonology: the phonological well-formedness of words is
determined at the output level: principle (4) is an output constraint that applies
after syllabification has taken place. Below it will be argued that this outputbased approach to phonotactics is the correct one. In other words, there are no
statements in the grammar as to which sequences of sounds are possible
underlying forms for morphemes: the combinatory possibilities for segments are
a reflection of the phonological constraints (including those for prosodie
constituency) of the language in question. In this respect, Hooper's position can
therefore be seen as a precursor to present-day output-oriented constraint-based
theories of grammar such as Optimality Theory.' Principle (4), the principle of
exhaustive parsing has been reformulated in the OT-framework as the condition
'Parse Segment': 'every segment must be parsed into prosodie structure' (cf.
McCarthy & Prince 1993, Rubach 1997).
Phonological output conditions thus have implications for what kind of
underlying forms of morphemes a language will have. For a given output, that
input among conceivable inputs is chosen that is related to the output by the least

3

This raises the question whether we can completely do without morpheme structure constraints
in stating the full set of phonotactic generalizations for a particular language. I will not discuss
this problem here, cf. Booij (to appear), in which it is argued that conditions on the alignment of
morpheme boundaries and prosodie boundaries can partially take over the role of the classical
morpheme structure conditions. Cf. also Colston & Wiese (1998) who argue in favour of specific
constraints within the domain of the root.
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severe constraint violations. This is what has been called 'lexicon optimization'
(Prince & Smolensky 1993, Itô et al. 1995).
Wellformedness conditions on syllables do not suffice, however, for a
complete account of the phonotactics of words. The prosodie word plays its own
role, in at least the following ways:
(6)

a
b
c

a lexical word must be a minimal prosodie word;
there are syllable contact laws and other linear co-occurrence constraints with the
prosodie word as their domain;
there are conditions on prosodie word edges.

These three kinds of conditions will be discussed in the next subsections.
2.1 Phonotactic properties of lexical morphemes
The syllable (dor) is a perfect syllable of Dutch, and actually occurs as a weak
personal pronoun 3rd pers. sg. fern., and as a weak adverb 'there'. Nevertheless,
a lexical morpheme consisting of only this syllable is ill-formed because a
syllable headed by a schwa cannot form a prosodie word: it cannot project a foot,
whereas the minimal prosodie word consists of a foot. Therefore, we do not find
lexical morphemes consisting of a schwa-syllable only. This can be expressed as
a constraint that requires that both edges of a lexical morpheme (Lx) coincide
with edges of a prosodie word (Pr), formulated in Prince & Smolensky (1993) as
follows:
(7)

Lx - Pr

Since a prosodie word consists of at least one foot, a schwa-syllable on its own
does not suffice for forming a lexical word. Thus, the basic point to be made
here is that the prosodie word plays a central role in accounting for the
phonotactic properties of lexical morphemes, because lexical morphemes in
Dutch occur as independent words, without any further affixation.
Let me first introduce a number of prosodie constraints that are presupposed
in the following discussion:
(8)

TROCHEE: Dutch feet are trochaic
FoOT-BiN: Feet are disyllabic
PARSESEGM: Parse segments into prosodie structure
PARSESYLL; Parse syllables into feet
PARSEFOOT; Parse feet into prosodie words
*S( IIWA: A schwa cannot head a foot
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The last of these constraints is unviolable, i.e. undominated. Foot-Bin and
ParseSyll, on the other hand, are clearly violable: Dutch allows for monosyllabic
feet (and hence for monosyllabic lexical morphemes), and there are also
polysyllabic words with sequences of schwa-syllables, of which at most one can
be parsed into a foot, e.g. the plural form of ader 'vein', aderen /a:d3ron/.
Since a schwa-headed syllable cannot be parsed into a foot, and hence not
into a prosodie word, lexical morphemes, which have to be prosodie words,
cannot have schwa as their only vowel.
A second observation about the lexical morphemes of Dutch is that they
never begin with a schwa, although word-initial onsetless syllables are possible
(Booij 1995: 47). The relevant constraint is the Contour Constraint that expresses
the generalisation that syllables headed by schwa require an onset (Van
Oostendorp 1995: 107):
(9) CONTOUR CONSTRAINT: Iff the head of a syllable is empty, its onset may not be empty.

This formulation obviously presupposes that a schwa does not bear feature
specifications apart from being specified as a vowel. This constraint is obeyed by
all lexical morphemes of Dutch. It is only clitics that may begin with a schwa,
but these clitics are then incorporated into the preceding word (Booij 1996).
A third generalisation with respect to the phonotactic properties of Dutch
lexical morphemes is that they do not begin with a schwa-headed syllable, and
do not contain sequences of schwa-headed syllables. That is, the following
configurations are not allowed within lexical morphemes:

(10)

a .. a.. V..
b

.. V .. ,T .. n

These generalisations can be expressed by alignment constraints that require the
boundaries of lexical morphemes to be aligned with foot boundaries. In the
configuration (lOa), the first syllable will not be parsed into a foot, because
Dutch feet are trochees. Hence, the word-initial syllable will be parsed directly
into the prosodie word. Therefore, if a lexical morpheme began with a schwaheaded syllable, there would be no alignment of the morpheme boundary with a
foot boundary.
Similarly, of a sequence of two schwa-headed syllables, the second will not
be parsed into a trochaic foot, and this would again lead to non-alignment of a
lexical morpheme boundary and a foot boundary if a lexical morpheme
contained such a sequence.
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Therefore, we need the following alignment constraints:
(11)

a AuciN LHH (Lx, F)
b Ai,i(iNRKiiiT(Lx, F)

This shows that the foot plays a crucial role in the phonotactics of Dutch.
The pattern (lOa) is found in a restricted number of simplex words, loans
from French such as:
(12)

b[o]sogne
b[o]ton
l(o]gaat
m[n]leren
n[o]geren
p[a]daal
t[3]nor

'task'
'concrete'
'legacy'
'to mix'
'to ignore'
'pedal'
'id.'

and in complex words that begin with prefixes such as he- /bo/ or ge- /yo/. Since
we formulated the alignment constraints as pertaining to lexical morphemes, it is
only the French loans that form real exceptions. We recognize them as loans on
the basis of the generalisation involved here.
The observation that pattern (lOb) is lacking, at least for simplex words, can
also be found in Van Oostendorp (1995: 141 ):
(13)

"In (monomorphemic) forms we do not find sequences of schwa-headed syllables"

There are no exceptions to this generalisation, except a few toponyms like
Deventer /de:vontor/, which derive historically from compounds. Complex
words with the patterns in (lOb), however, abound:
teken-en /te:knn-an/ (te:)„(k3),,(n9n)0
adel-lijk /aidal-bk/ (aiUdsUtok),

'to draw, inf.'
'noble'

This analysis of the phonotactic properties of lexical morphemes implies that
morpheme structure conditions, of which Hooper (1972) suggested that they
should be replaced with syllable structure conditions, still have a role in prosodie
phonology, in the form of alignment constraints between grammatical and
prosodie categories (cf. also Colston & Wiese 1 998 for similar conclusions).
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2.2 Syllable contact laws and linear constraints
The phonotactic role of the prosodie word is also clear from the existence of
syllable contact laws (Hooper 1976, Vennemann 1988: 40, Clements 1990). The
universal preference is that the last consonant of the first syllable is more
sonorous than the first consonant of the second. I will refer to this preference as
the Syllable Contact Law (SCL). Of the following Dutch words, those of the first
set have optimal syllable contacts, but those of the second set do not:
( 14)

optimal syllable contact:
al-bum
'id.'
ar-beid
'labour'
am-ber
'id.'
an-der
'other'
a[rj]-ker 'anchor'

no optimal syllable contact:
Am-ro
(acronym, name of a bank)
An-lo
(toponym, old compound)
Ab-ner
(Biblical Hebrew loan)
ast-ma
('asthma', Greek loan)
dog-ma
('id.', Greek loan)
ord-ner
'portfolio'

In a word like Amro /amro:/ there is nothing wrong with the syllables as such,
since both am and ro are wellformed syllables; it is the combination that violates
a constraint, the SCL.
Clearly, the domain of the SCL is the prosodie word: when we combine two
prosodie words into a compound or phrase, all kinds of consonant sequences will
appear at the border of the two prosodie words, because morphology and syntax
can violate the requirement of optimal syllable contacts:
(15)

doop-maal
'christening feast'
kerk-meuws 'church news'
pop-muziek 'pop music'

On the other hand, the SCL is not restricted to syllable contact within a foot,
because contacts between syllables parsed into different feet also obey the
constraint. Compare, for instance, the following existing words in which the first
two syllables are heteropedal, and their SCL-violating counterparts which do not
occur:
(16)

an(dijvie)p
am(bitie)F

'endive'
'ambition'

*adnijvie
*abmitie

The SCL is a violable constraint: it expresses a tendency, not an absolute
condition, as the examples given above show. Loan morphemes such as Abner (a
Hebrew name) and astma (from Greek) violate it.
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In addition to the effects of the SCL we also find linear cooccurrence
constraints on segment sequences which belong to the same prosodie word, but
which can be either tautosyllabic or heterosyllabic. An example from Dutch (cf.
Booij 1995: 44) is the following:
(17)

CONSONANT CLUSTER CONDITION: In consonant clusters, the second one is always coronal

There are exceptions to this constraint such as the words drachme 'id.', pygmee
'pygme', Afghaan 'Afghan', which are loan words. Another exception is
presented by the toponym Alkmaar (historically a compound). Derived female
proper names like Ajke and Harmke also violate this constraint, which shows that
this condition is not an absolute condition on the pronounceability of words: it is
violable.
The morphological system of Dutch conspires to comply with these cluster
conditions: consonant-initial suffixes of Dutch always begin with a coronal. This
guarantees that in a consonant cluster at the border between two morphemes, a
stem-final consonant is always followed by a coronal one. The only exception is
the suffix -baar '-able'; however, this suffix forms a phonological word of its
own, and therefore, suffixation will not lead to the violation of these linear
constraints, if we assume that they hold within the domain of the prosodie word.
An important class of linear constraints is formed by the class of OCPconstraints, i.e. constraints that forbid segments with adjacent identical feature
specifications. For instance, in Dutch the schwa, which can be assumed to have
no place features of its own, cannot be preceded and followed by the same
consonant (with the /n/ and the /s/, coronal consonants, as the only exceptions,
e.g. banen [ba:non] 'jobs', praeses [pre:sos] 'president'; cf. van Oostendorp
1995: 148)). This constraint applies to both tautosyllabic and heterosyllabic
sequences. In (18), some relevant data are presented.4
( 18)

impossible morphemes: a:bl, a:ror, a:m9m, a:psp, a:knk
suffix -el: eik-3l 'acorn' (ei),,(kol)„, stek-el 'prickle' (ste:)„(k3l)„; words such as pal-el
'small pole' (pa:)„(tel)„ do not occur

Since the suffix -el is unproductive, we cannot really prove the correctness of
this constraint by the ungrammatically of new formations, but the fact that all
the existing words in -el obey the constraint, is relevant. In the case of the
productive suffixes -eling /alirj/ and -elijk /slak/ the prediction can be tested:
4

This constraint is also valid for Norwegian (cf. van Oostendorp 1995: 205) and Frisian (Visser

1997: 165).
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sted-eling
sted-ehjk

'city dweller',
'city-',

but
but

*kal-eling
"taal-clijk

[ka:tollrj]
|ta:bbk|
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'bald person',
'linguistic'

Across the boundary between two prosodie words in a compound such
configurations can arise easily:
(20)

formub-lijst
controls-lichaam
vestibulo-lamp
finab-lied

'formula list'
'checking body'
'hall lamp'
'final song'

This follows from the domain specification of the OCP constraint: it is the
prosodie word to which OCP applies.
In sum, there are many linear cooccurrence constraints that have the
prosodie word as their domain. Since a lexical morpheme must be a prosodie
word, lexical morphemes obey these constraints as well.
2.3 Conditions on word edges
A typical property of prosodie word edges is that they may exhibit less or more
phonotactic possibilities than edges of syllables. Some languages allow for extra
consonants at the beginning or end of a word. For instance, in Dutch, the last
syllable of a word may be followed by one or more coronal obstruents, the socalled appendix (Booij 1995: 29). Thus, word-final syllables can be longer than
word-internal ones. Other Germanic languages exhibit similar appendix
phenomena. To give another example, Polish also exhibits these 'edge of
constituent phenomena' at the level of the phonological word (Rubach & Booij
1990).
The inverse situation is also possible: there are languages that, for instance,
allow less consonants in word-final position than in word-internal syllable-final
position (Booij 1983). In a number of languages there is a prohibition on liquids
in word-initial position that does not apply to word-internal syllable onsets
(Walsh Dickey 1995: 117).5
The occurrence of extra consonants at, for instance, the right word edge can
be expressed by differentiating between left edge alignment constraints and right
5

In Dutch, the onsets pj-, tj- and tj- do not occur word-initially (except in a few loan words), but
they do occur word-internally in diminutive nouns such as raam-pje 'window, dim.', traan-tje
'tear, dim.', koning-kje 'king, dim'. However, these extra word-internal possibilities only occur if
these onsets form part of the diminutive allomorphs, so they are not such a clear case of
differences between word-internal and word-initial syllables.

58

GEERTBOOIJ

edge alignment constraints. For instance, Rubach (1997: 563, 566) proposed the
following alignment constraint for Polish:
(21)

Ai.i(iNLEFT(stem,a)

This condition implies that segments at the left edge of a stem must be parsable
into syllable structure. Since there is no similar condition for right edges, extra
consonants at the right edge of a word that do not fit into the last syllable, can be
parsed directly as constituents of the prosodie word or the last foot.
For Germanic languages we have to specify that these extra consonants can
only be coronal obstruents. This may be expressed by making use of licensing
conditions for segments: whereas most segments must be licensed by occupying
a position in syllable structure, coronal obstruents can also be licensed in
prosodie word-final position.
This asymmetry between left word edges and right word edges is reflected
by the fact that Dutch has no prefixes that consist of consonants only, whereas
there are consonantal suffixes; these consonantal suffixes always consist of one
ore more coronal obstruents, i.e. /t/, /s/, or /st/, and are thus parsable. On the
other hand, consonantal prefixes cannot be parsed as onsets, because the right
edge of a prefix always has to coincide with a syllable boundary (Rubach &
Booij 1990). Since there is no word-initial appendix in Dutch, consonantal
prefixes are impossible.6 We do not need to make a direct phonotactic statement
of the type 'prefixes contain at least one vowel', since this generalisation is the
effect of the set of output constraints discussed above.
The word-edges that are referred to in these constraints are edges of
prosodie words since we do find appendix consonants within grammatical words
that are compounds:
(22)

koorts-thermometer 'fever thermometer'
langst-levende
'longest living'
eerst-komende
'first coming'

A second observation on Dutch syllables is that the rhymes of word-internal
syllables of monomorphemic words are usually bipositional, but can be
tripositional if the last segment of the rhyme is an obstruent. Word-final
syllables, on the other hand, often have tripositional rhymes, which may also be
followed in addition by one or more appendix consonants (Trommelen 1984,
6

Word-initial clusters such as sp- and st- should not be analysed as onsets /p,t/ preceded by an
appendix /s/ (cf. Booij 1995: 28).
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Van der Hulst 1984, Booij 1995: 34). Thus, word-internal tripositional rhymes
ending in a sonorant consonant are very rare:
(23)

tem-po
pom-poen
versus
hauk-siet
plank-ton

'pace'
'pumpkin'

*teem-po, *term-po
*poom-poen, *porm-poen

. 'bauxite'
'plankton'

The third position of the rhyme, which is always occupied by a consonant, forms
part of the syllable since it is subject to the Sonority Sequencing Generalisation,
unlike the appendix consonants. How can we formally express this constraint on
word-internal syllables? The solution proposed by Struijcke (1997) is stating the
constraint involved as a bimoraicity constraint, and assuming that the moraicity
of consonants is variable: sonorant consonants are moraic in word-internal
position (unlike obstruents which are always non-moraic), but not at the end of
words:
(24)

Wl KillT: Word-medial sonorants are moraic in coda position

The notion 'word-medial' refers again to the prosodie word.
There are two classes of exceptions to the constraint on word-internal
syllables of lexical morphemes that they are bimoraic:
(25)

a next syllable headed by schwa
Maarten /ma:rt3n/ 'id., boy's name'
aarde
/a:rda/
'earth'
pien-ter /pi:ntar/ 'smart'
vaan-del /va:ndal/ 'banner'

b next syllable headed by a full vowel
aalmoes
/a:lmu:s/
'alms'
maarschalk /ma:rsxulk/ 'marshal'
oordeel
/o:rde:l/
'verdict'
oorzaak
/o:rza:k/
'cause'

The words in (25a) violate the bimoraicity constraint, but Faithfulness will force
the sonorant consonants involved to be parsed. The words in (25b), on the other
hand, have been called 'prosodie compounds' in the literature. That is,
morphologically speaking they are not compounds, but prosodically, they behave
like compounds, and thus they do not violate the word-internal bimoraicity
constraint:
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(26)

(a:l),„ (mu:s)œ
(maT)«, (sxQlk)0,
(o:r),„ (de:l)„
(ox)b(wk)>

These words should not be parsed into two monosyllabic feet that together form
one prosodie word, because main stress is on the first syllable, whereas Dutch
prosodie words are right-headed: the rightmost foot bears main stress. Such a
prosodie parsing is excluded by the Weight constraint: if the words formed one
prosodie word, the sonorant consonants of the first syllables would be moraic,
and hence violate the bimoraicity constraint. The assignment of prosodie
compound status to the words in (26) correctly predicts that they have primary
stress on the first syllable, and secondary stress on the second, which is the
normal pattern for (prosodie) compounds. That the second syllable has some
degree of stress, is also proven by the kind of plural suffix they take. The rule in
Dutch is the following (Booij 1997, 1998):
(27)

-en /on/ after a syllable with (primary or secondary) stress
-s /s/ after an unstressed syllable

The plural forms of the words in (26) are in conformity with the analysis
proposed since they select -en:
(28)

aalmoez-en, maarschalk-en, oordeel-en, oorzaak-en

If these words formed one prosodie word only, with a trochaic foot, the plural
ending /s/ would be predicted, because the second syllable of these words would
then bear no stress. In other words, the prosodie compound status of these words
predicts the correct cluster of properties. They also illustrate the asymmetry
between morphology and prosody since these words are synchronically simplex
words, yet prosodically complex.
How do we account for the prosodie compound status of these simplex
words? Has this to be encoded in the lexicon? The answer is 'no': we do not
have to encode this lexically, since it will follow from the set of ranked
constraints, in this case parsing constraints. The relevant constraints are Prosodie
Minimality and Bimoraicity:
(29)

PROSODIC MINIMALITY: assign minimal prosodie structure
BIMORAICITY: rhymes are bimoraic
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The first of these constraint ensures that we only assume more than one prosodie
word for a grammatical word if necessary. A word like doctor /doktor/
'academic degree', for instance, could be analysed as two prosodie words, doc
and tor, just like the compound boktor /boktor/ 'longicorn beetle'. However,
unlike what is the case for the compound boktor, there is no alignment condition
that forces us to assign more than one prosodie word to doctor. Therefore, it will
be parsed as one prosodie word, consisting of one trochaic foot. This difference
between doctor and boktor correlates with a difference in stress pattern, choice
of plural suffix, and choice of diminutive suffix (the allomorph -etje is selected
after a stressed syllable ending in a short vowel plus sonorant consonant), -tje is
the default allomorph, cf. Booij (1995):
(30)

doctor, doctor-s (plural), dóctor-tje (diminutive form)
boktor, boktorr-en (plural), bóktórr-etje (diminutive form)

If we rank Bimoraicity above Prosodie Minimality, we correctly compute the
prosodie compound status of words like aalmoes (the angled brackets indicate a
non-moraic interpretation of the /!/, the dots indicate syllable boundaries):

(31)

/a:lmu:s/
(a:l.mu:s)„,
(a:<l>mu:s),u
-» (ailUmuis)«,

Weight

HlllHIt.lk IIV

I'lllsMllMIIKllllV

»I
*!

*

In the case of words like aarde 'earth' it is impossible to assign prosodie word
status to the second syllable (do) because it is headed by a schwa. The constraint
*Schwa is undominated, and thus aarde will be assigned to one prosodie word
with a trochaic foot, and a trimoraic first syllable. In other words, in an
outputconstraint-based computation of prosodie structure, the exceptional
prosodie structure of words like aalmoes does not have to be encoded in the
I lexicon, unlike what is the case in a rule-based approach. The segmental make
up of these words suffices to compute the correct prosodie structure, given the
correct ranking of the constraints involved.
More complicated cases are the following words, which have primary stress
on the first syllable although the second one is superheavy; this final syllable has
secondary stress:
(32)

bruiloft /broeybft/
eekhoorn /e:kho:rn/
arbeid
/arbeid/

'wedding'
'squirrel'
'labour'
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Since the second syllable bears secondary stress rather than primary stress, such
words must be considered prosodie compounds. Yet, the first syllable does not
violate the bimoraicity constraint. Therefore, unlike what was the case in the
examples in (26), we can only get the main stress on the first syllable by giving it
the status of prosodie word in the lexical representation: (brui),Joft. The second
syllable is superheavy, and will therefore form a prosodie word of its own. Thus,
the stress pattern of prosodie compounds will be assigned, with main stress on
the first prosodie word, and no arbitrary morphological structure is necessary in
order to get the correct stress pattern. These simplex words with prosodie
compound status again underline the non-isomorphy of morphological words
and prosodie words.
There is also a substantial number of compounds in Dutch of which only
one constituent is recognizable as a lexical stem:
(33)

right constituent only is a word:
arg-waan
/aryua:n/
'suspicion'
ant-woord
/untuo:rd/
'reply'

left constituent only is a word:
erf-genaam /frvY3na:m/ 'heir'
vraag-baak /ura:yba:k/
'vademecum'

ei-land
oot-moed
sperzie-boon
vleer-muis

twee-spalt

/eiland/
'island'
/o:tmu:d/
'humility'
/spersi:bo:n/ 'butter bean'
/ule:rmceys/ 'bat'

/tue:spahV

'discord'

In these cases, the alignment condition that a lexical stem boundary must
coincide with a prosodie word boundary will force the non-labeled part to be
also interpreted as a prosodie word, due to Parse Syllable (parse a syllable as part
of a foot) and Parse Foot (parse feet into prosodie words). The top-down
approach relieves us from assigning specific prosodie markings to the nonlabeled parts of such partially opaque compounds.
A similar analysis can be developed for prefixes. The crucial alignment
constraint is that the stem boundary of a prefixed word must always coincide
with a prosodie word boundary. Hence, the optimal prosodie structure of a word
like onaardig 'unkind', with the negative prefix on-, is as follows:
(34)

(3n)m (airdsx),,,

That is, the syllable (an)a will get prosodie word status since this syllable has a
full vowel. The correct prediction that follows from assigning this prosodie
structure is that the stress pattern of (34) is that of a prosodie compound:
onaardig. However, if the vowel prefix is a schwa, it is impossible to assign the
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prefix the status of prosodie word; hence it will be parsed as an adjunct to the
prosodie word node of the stem, as in beadem 'to breathe air into':

(35)

That is, we do not have to lexically mark some prefixes as prosodie words: the
alignment constraints, in interaction with the constraints on prosodie structure,
will give us the correct prosodie structure for prefixed words, and thus the
correct stress pattern.
As far as suffixed words are concerned, there is a well-known asymmetry
between suffixes and prefixes in that suffix boundaries do not necessarily
coincide with a prosodie boundary, unlike prefixes. This difference can be
accounted for by ranking the constraint Onset ('every syllable must have an
onset') higher than the Alignment constraint Align, R (Lx, co). This will force
vowel-initial suffixes to prosodify into one prosodie word with the preceding
stem (Kager 1997). The right edges of stems before consonant-initial suffixes, on
the other hand, can be aligned with a prosodie word boundary, because the Onset
constraint will not be violated. Therefore, a complex word such as draagbaar
'bearable' will be prosodified into two prosodie words, which is the correct
result:

(36)

draag-baar
(dra:y.ba:r)„,
-> (dra:Y)„,(ba:r)„,

Onset

Align-R
*!

i The parsing of the second syllable as a prosodie word follows from the
constraints ParseSyllable and ParseFoot which require a syllable to be part of a
foot, and a foot to be part of a prosodie word. Such a parsing is possible because
the suffix contains a full vowel. Only in the case of consonant-initial suffixes
consisting of a syllable headed by schwa, such as the diminutive suffix -tje /tja/
and the adjectival suffix -lijk /lak/, is it impossible to parse that syllable as an
independent prosodie word, and thus -tje and -lijk will be incorporated into the
prosodie word of the stem.
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Thus, the top down approach to prosodie parsing enables us to express the
generalisation that it is consonant-initial suffixes with a full vowel only that
parse as independent prosodie words.
This analysis thus shows the attractiveness of a top-down approach to the
assignment of prosodie structure to complex words, which is characteristic of
theories that make use of output constraints: the lexical specification of prosodie
structure can be reduced to its bare minimum, which is in most cases is zero; the
assignment of morphological structure for phonological reasons only is avoided.
3. Dynamic aspects of prosodie word constraints
The constraints on prosodie words discussed so far seem to be static constraints:
they express regularities, but these constraints can be violated. A monomorphemic word that violates one of these constraints will not be changed by
them, because the ranking of Faithfulness above these constraints guarantees that
it will preserve its exceptional nature. In sum, these constraints do not result in
phonological alternations.
Nevertheless, there is a number of areas in which we can see these
constraints functioning as active forces. A first area of activity is that of complex
word formation. For instance, the OCP constraint *C,oCj mentioned above not
only excludes a specific set of lexical morphemes, it also plays a role in
morphology. For instance, the suffix -eling does not attach to stems ending in /,
nor the suffix -er to stems in -r. In both cases, alternative suffixes or suffix
allomorphs are used:
(37)

kaal
taal
Opmeer

'bald'
*kaal-eling /kaiblin/ kal-erd
'bald person'
'language'
*taal-elijk
/ta:bbk/
taal-ig
'linguistic'
'village name'*Opmeer-er /3pme:rer/ Opmeer-der 'inhabitant of Opmeer'

As the examples in (37) illustrate, the choice between competing affixes or
allomorphs can be made on the basis of prosodie output constraints (cf. Booij
1998). If there is more than one allomorph of a particular affix or stem, that
alternative will be chosen that leads to the violation of the lowest ranked
constraint.
There are three other areas, in which apparently static constraints on
prosodie words can be seen at work, that of language acquisition, casual speech
and of morphological change. These will be discussed in more detail in the next
subsections.
7

The only exception to this generalisation is the suffix -achtig /axtoy/ '-like' that is vowel-initial,
but also forms a prosodie word of its own.
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3.1 Language acquisition
The language acquisition data concerning Dutch reported in Fikkert (1994:
202ff) show how the alignment constraints discussed above affect the
pronunciations of Dutch words. Words that violate these constraints are
truncated in the language acquisition period. For instance, bisyllabic words with
final main stress violate the condition ( l i a ) that the left boundary of a lexical
word coincides with a foot boundary: they do not form trochees. Fikkert (1994:
203) has shown that there are four stages to be distinguished in how children
deal with such words:
(38)

Stage 1 : deletion of the first, unstressed syllable
Stage 2: shift of stress to the first syllable
Stage 3: level stress, both syllables receive stress
Stage 4: correct stress pattern

Examples of the phonetic forms of words in the first three stages that do not
conform to the adult norm are the following:
(39)

Stage 1:
banaan
Stage 2
gitaar
StageS
banaan

'banana' /ba:na:n/ -> f'na:n]
'guitar'

/yi:ta:r/

-» ['siita:]

'banana' /ba:na:n/ -» ['ma:'na:n]

The adult phonetic forms can be seen as the input forms, whereas the output
forms computed by a specific ranking of the constraints are what children
actually say. What is obviously at stake here, is that faithfulness constraints are
ranked pretty low during the first stages of language acquisition. They are ranked
higher and higher in subsequent stages. In the first stage the faithfulness
requirement that segments must be realized is ranked lower than the alignment
constraint (lia); in the second stage, the faithfulness constraint that the main
stress of the input must be preserved is ranked lower than the requirement to
have trochaic disyllabic feet.
The different stages in the pronunciation of words thus show how
constraints that are static in adult speech because faithfulness constraints
dominate them, can be seen as active in the phonetic forms of words as produced
by the language learner.
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3.2 Casual speech
A systematic study of casual speech phenomena, and the role of prosodie
structure therein, is an important desideratum for future research. What I can
provide at present is some observations that suggest that prosodie word structure
constraints are essential for understanding these phenomena.
It is well known that in casual speech the pronunciation of a word may
considerably differ from its lexical form as represented in the orthography of
these words. Consider the following data about the casual speech realisation of
some reasonably frequent Dutch words:
(40)

natuur-lijk
'lit. natural, of course'
eigen-lijk
'lit. essential, really'
gemakk-elijk 'easy'

/na:ty:rbk/ [ty:rbk]
/Eiyantak/
[eiybk]
/ynmaknbk/ [mukbk]

These complex words underwent semantic specialisation. They lost their
semantic transparency, and consequently, their actual pronunciation moved into
the direction of the prosodie patterns found for simplex words. The casual
pronunciations of these three words consist of a trochaic foot. The
simplifications involved can be represented as follows:

(41)

ma

kbk
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The word natuurlijk violates the constraint that the left boundary of a lexical
word coincide with a foot boundary, because the first syllable does not belong to
a foot. In the case of eigenlijk it is the last syllable that cannot be parsed into a
foot, because foot are binary. Hence, the right boundary of this word does not
coincide with a foot boundary (cf. the alignment constraints (11)).
The third example, gemakkelijk exhibits both the simplification of natuurlijk
(deletion of the first syllable), and that of eigenlijk (deletion of the first of two
adjacent schwa-headed syllables).8 A related reduction can be seen in German
glauben 'to believe', in which the first consonant is the remnant of a prefix gewhich is still present in the Dutch counterpart geloven, pronounced as either
[•ploivan] or [ylo:von].
The phonetic form [ty:rlok] still exhibits a violation of Bimoraicity, and it is
this constraint that explains the also occurring, even shorter phonetic form
[ty:lok]. This shortening is also found in a casual phonetic form of moeilijk.
This adjective derives historically from the noun moei (compare German Mühe),
which does no longer exist in Dutch:
(42)

moei-hjk /mujbk/

[mu:bk]

The Syllable Contact Law, which is also a primarily static generalisation about
morphemes, can also be seen active in casual speech. The word potlood 'pencil'
is historically a compound consisting of pot 'pot' and lood 'lead'. It was a
substance, black-lead, used to blacken iron stoves. Synchronically, this word is
completely opaque, and in conformity with this fact, the casual phonetic form is
['polo:!], in which the bad syllable contact /t-1/ is avoided. The same process led
to the change ofpotlepel 'lit. pot spoon, kitchen utensil' into pollepel [poleipol],
which is the only possible form in present-day standard Dutch.
Contour Constraint (9) also has a dynamic aspect. Its effects can be seen in
the constraints on vowel reduction. In Dutch, a full vowel can be reduced to
schwa in unstressed position, i.e. if it does not form the head of a foot. However,
reduction does not take place in word-initial vowels because this would create
prosodie words that begin with a schwa. Thus, the constraint that schwasyllables require an onset is not only a static constraint on lexical morphemes
and on prefixes (of course not on suffixes!), but can also be seen active in the
post-lexical process of vowel reduction.
8

There might be variation here in that some speakers of Dutch always keep a prefinal schwasyllable, and do not have this kind of reduction. The casual pronunciation is then [muksbk].
Data from a corpus of spoken Dutch developed by Mirjam Ernestus, Vrije Universiteit
Amsterdam.
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(43)

banaan
banaal
versus
atoom
anaal

/ba:na:n/ 'banana' [bonain]
[bona:l]
toa:na:l/ 'banal'
/a:to:m/
/a:na:l/

'atom'
'anal'

*[9to:m]
* [snail]

Casual speech should therefore be assigned to a second stratum of phonology
(postlexical phonology) that differs from lexical phonology in that Faithfulness,
which at the lexical level forces us to accept the violation of quite a number of
constraints, is ranked much lower at the postlexical level, thus giving a number
of constraints the chance to have effect on the pronunciation of words (cf. also
Booij 1997).
3.3 Morphological change
The forces that are active in casual speech, and affect those complex words that
are semantically opaque, are also the forces that explain110the phonological
changes of semantically opaque words that have lexicalized. " This applies for
instance to the adjective lelijk /leilak/ 'ugly' that derives historically from leedlijk /le:d-bk/ 'sorrow causing'. Present-day speakers of Dutch do not relate the
word lelijk to the still existing word leed 'sorrow'. In its present phonological
form, the adjective lelijk does not violate the Syllable Contact Law, whereas the
form /le:dbk/ did. In other words, if complex words are no longer transparent,
the Faithfulness Constraints that guarantee the complete surfacing of the
underlying form of the constituent morphemes are no longer in force."
Compounds that have become semantically opaque also exhibit phonological
erosion: their phonotactic structure gradually changes in such a way that they
conform to the canonical structure of prosodie words, in some cases they change
into minimal prosodie words. Classic examples from English are compounds
such as (cf. Raffelsiefen 1993):
(44)

business, handsome, cupboard, breakfast, postman, shepherd

in which the last syllable is realized with a schwa. That is, these words are no
longer treated as compounds, since they each form a trochaic foot. The following
opaque Dutch compounds also underwent heavy reduction:
'" Vennemann (1988) has stressed the point that prosodie output constraints govern the
phonological change of words.
" Vennemann (1988: 40ff) presents a survey of phonological changes in a number of languages
that can be related to the Syllable Contact Law.
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boomgaard /bo:mya:rd/ 'lit. tree-garden, orchard' > bongerd /bsrjard/ (dialectal form)
wijngaard/UEinya:rd/ 'lit. wine-garden, vineyard' > wingerd /uirprd/

These compounds are opaque in that orchards and vineyards'2 are no longer seen
as kinds of garden.
The notion 'minimal prosodie word' also plays a role in reinterpretation.
Affixes that can form a foot of their own can become independent words since
they obey the constraint on lexical morphemes that they contain at least one full
vowel:
(46)

prefix her- > her = herexamen
prefix ex- > ex = ex-echtgenoot
suffix -schap > schap = genootschap

're-examination', with the diminutive herretje
'ex-husband/wife'
'society'

A remarkable reinterpretation of a suffix as a word is that of the suffix -tig [tax]
that occurs in words like
(47)

twin-tig '20VtwmtOY/, der-tig '30', veer-tig '40', etc.

This suffix has been reinterpreted as a word with the meaning of 'an
undetermined number of. However, in this interpretation, the vowel is no longer
the schwa, but the full vowel [i], and thus the word tig is pronounced as [tix].
This is a consequence of the constraints (11) and the Schwa-constraint: they
imply that lexical morphemes must minimally consist of a foot, and therefore
must contain at least one full vowel.
The loss of affix status may also be related to prosodie conditions: if a
stem+affix combination obeys conditions of prosodie optimality, the affix is less
easily recognizable as such. This is the case for the historical suffix -el /3l/ of
Dutch that was used after monosyllabic nouns, and thus created optimal
bisyllabic feet. Compare, for instance, nouns ending in -el with infinitives ending
in -en:
(48)

eik 'oak'
drup 'drip'
versus
teken 'draw'
adem 'breathe'

eik-el /eikal/ 'acorn'
drupp-el /drœpal/ 'drop'
teken-en /teikanan/ 'draw, inf.'
adem-en /a:dnm3n/ 'breathe, inf.'

12
The phonetic form of the historical compound vineyard, with a lax vowel in the first syllable, is
itself also an example of this kind of reduction.
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The infinitival forms are easily recognizable as complex words, because they
contain a sequence of two schwa-syllables, and thus violate the alignment
condition that lexical word boundaries align with foot boundaries. The words
eikel and druppel do not violate this alignment condition. Therefore, the prosodie
structure of these latter words does not reveal their morphological complexity.
Thus, their morphological structure becomes less transparent, with the
consequence that it may be reinterpreted as simplex. This is indeed the case for
present-day Dutch: the suffix -el is unproductive, and words in -el are not
recognized as complex words.
4. Conclusions
In this paper we have seen that the phonotactics of a language is to be stated in
terms of properties of syllables, feet and prosodie words, and in terms of
conditions of alignment between the edges of grammatical and prosodie
categories.
The conditions involved are static generalisations, "soft" constraints which
may be overruled by Faithfulness constraints. Yet, we can see them at work in
specific areas: language acquisition, casual speech, and language change.
The top-down assignment of prosodie structure to words also made it
possible to identify those words which should be considered as prosodie
compounds, although they are morphologically simplex, or no longer
compounds with two lexical constituents: the lexical information necessary for
the correct assignment of prosodie structure to such words can be reduced to a
minimum.
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