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Introduction concentrates on intonation and prosodic parsing of whole sentences, while
Kiparsky restricts himself to stresses of prefixes and rhythmic stresses.

Wurzel (1980a, b), whose phonological work is also carried out in a
generative framework, gives a rather descriptive account of lexical stress. He
divides German words into two classes, the native and the nonnative
vocabulary, and then gives two separate sets of rules for each class. These
rules use some aspects of the generative rules proposed by Chomsky & Halle
(1968), like the Stress Subordination Convention, which posits that when [1
stress] is assigned, all other stresses in the relevant string (here the word) are
reduced by one. The rules responsible for the native vocabulary assign stress
to the first syllable. Suffixes like -en, -em, -er, -es, -est, -end, -ellen are always
unstressed. And main stress is assigned to some nominal prefixes like un-,
rnifl-, ur- and erz-. All native inflectional and derivational affixes (-en, -er,
-isch, -ig, etc.) are unstressable. In contrast, the rules relevant for the
nonnative vocabulary assign stress to the last heavy syllable if there is one,
and to the first syllable otherwise. Since a heavy syllable is one with a long
vowel or a diphthong or a final consonant, Wurzel is forced to exclude
syllables like -on, -us, and -urn, as well as some occurrences of -or and -ik,
which are heavy, according to his classification, but never stressed. Thus, the
native vocabulary has unmarked stress on the first syllable, and the
nonnative vocabulary on the last (heavy) syllable. One of the main
consequences of Wurzel's rules is that the nonnative vocabulary is quantity-
sensitive, whereas the native one is not. And though his rules tend to make
the right predictions, they lack coherence and assume too many

,dassifications, ad hoc statements, and exceptions.
Benware (1980) is purely descriptive: the nonnative vocabulary is split

into three groups and the following rules are given.1

The present work is one of the first applications of Optimality Theory (OT) to
a large domain of German phonology: in the following chapters, syllabi-
fication, both in monomorphemes and in complex words, as well as lexical
stress patterns will be examined from an OT point of view. OT is a new
theory of grammar developed by Prince & Smolensky (1993) and McCarthy
& Prince (1993), who apply it to phonological facts from different languages
in the same works, as well as in subsequent publications (McCarthy & Prince
1993, 1994a, b). So far, the theory has been very successful in accoWlting for
many different aspects of phonology in many languages (Buckley 1994,
Hammond 1994, Hung 1993, 1995, Ito & Mester 1994, Ito, Mester & Padgett
1994, Kager 1994a, Kenstowicz 1994a, b, Pierrehumbert 1993 and Rosenthall
1994 among others); this is particularly so in the area of stress and related
phenomena. According to OT, universal grammar provides a set of wtiversal
constraints and the grammars of individual languages consist of one or
several rankings of these constraints, which interact to select, for each input
form, the optimal surface structure from a set of candidates. The details of
the theory will be explained in Chapter 1. Because of its flexibility, OT can
account for phonological regularities that are not entirely rigid or obligatory.
In particular, the technique of ranking constraints can be shown to solve
some of the problems posed by an account of German lexical stress, which
has long been a vexing domain because it does not comply to any easily
expressible l')eneralization (see Chapter 3 and especially section 3.3. for a

summary of the properties of lexical stress).
This introduction gives a short review of the literature on German

metrical phonology in the generative framework, followed by an overview of

the present study.
The frameworks that have been used to account for German word

stress are extremely varied and reflect the history of phonology itself. The
first approaches to German suprasegmentals in a generative framework are
Bierwisch (1966) and Kiparsky (1966). They both use generative rules like the
ones proposed by Chomsky & Halle (1968) for English. Unfortunately,
neither Bierwisch nor Kiparsky are interested in lexical stress: Bierwisch

(1) I. ABR The firstmost possible syllable is stressed.
2. EBR: The lastmost possible syllable is stressed.

! In the original:
], ABR: Die erstml)gliche Silbe wird belont.
2. EBR: Die letztm6gliche Sitbe' wird betont.
3. LR: Eine Lateinregel weist W6rtern auf gewissen Endungen (z,o. -11m,-us, -is u,a.) die

Oetonungje nach der Silbenstruklur des Wories und andercn Merkm.1lcn zu.
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3. LR:A Latin Rule assigns stress to words with certain endings (e.g. -
urn, -us, -is, among others), according to the syllable structure of the words
and other features.

abstrakt 'abstract', intakt 'intact', prasent 'present', grotesk 'grotesque',
rasant'sweeping'

As an example, the second rule accounts for words having a syllable with a
tense vowel plus a consonant or a lax vowel plus at least two consonants (in
the orthography). (Strangely, this rule is said to also apply to words like
Petersflie 'parsley', which does not correspond to its structural description,
since it does not have such a syllable.)Words can undergo more than one
rule. Thus, likeWurzel, Benware assumes that some words have initial stress
and others have final stress.

Giegerich (1985) is probably the most extensive study on German
stress until now, and the first one within an explicit theoretical framework.
Lexical stress is described in a purely metrical framework, using only
metrical trees.The following generalizationaccounts for lexicalstress:

(7) Metall 'metal', Pedell 'janitor', Rebell 'rebel', Hotel 'hotel', Karussell
'merry-go-round', Duell 'duel', Diagramm 'diagram', Tyrann 'tyrant', ProzeB
'process', RegreB 'recourse', KongreB 'congress', Fagott 'bassoon', Zermatt
'place name', Kompott 'stewed fruit', Schafott 'scaffold', Skelett 'skeleton',
Kattarrh 'catarrh'

Words with a 'heavy' penultimate syllable:

(8)Amok 'amok', Arrak 'arrak', Atlas 'atlas', Fazit 'result', Herpes 'herpes',
Konsul 'consul', Kognak 'brandy', Slalom 'slalom', Tenor 'gist', Limes
'Urnes', Kustos 'custodian'

"[...}the main stress in German words falls on the final syllable if
it is heavy: it falls on the penultimate syllable if the final one is
light and the penultimate heavy; it falls on the antepenultimate
syllable if both syllables that follow are light." Giegerich (1985:23)

(9) Baby 'baby', Gummi 'rubber', Hobby 'hobby', Nazi 'nazi', Profi
'professional', Auto 'car', Akku 'storage battery'

(10) Franziskus 'Francis', Chiasmus 'chiasmus', Orgasmus 'orgasm',
Organismus 'organism', Epidermis 'epidermis', Logarithrnus 'logarithm',
Epitaxis 'epitaxis', Epos 'epic'

Giegerich analyzes German as a quantity-sensitive language in all parts of
the vocabulary.The examples he considersare listed here. (11)Angina 'angina', Arena 'arena', Korona 'corona', Konto 'account', Saldo

'bank balance', Dementi 'denial', Esperanto 'Esperanto', Agenda 'agenda',
Veranda 'porch'Words with a 'heavy' final syllable:

(5) Magazin 'magazine', Disziplin 'discipline', Miliz 'militia', Indiz 'clue',
Offizier 'officer', Konsum 'consumption', Paket 'parcel', Dekan 'dean', Moral
'moral', Fraktion 'faction', Rasur 'shave', Skandal 'scandal', Salat 'salad',
Fasan 'pheasant', Organ 'organ', Okonom 'economist', Peru 'Peru', Buro
'office', Chemie 'chemistry', Trikot 'stockinette', Kamerad 'comrade', Allee
'avenue', konfus 'confused', solid 'decent', abstrus 'abstruse', naiv 'naive'

Words with two 'light' final syllables:

(12) Drosophila 'drosophila', Harmonika 'harmonica', Pandamonium
'pandemonium', Kompositum 'compound', Uvula 'uvula', Uterus 'uterus',
Claudius 'Claudius'

(6) Konzert 'concert', Konzept 'concept', Infarkt 'heart attack', Instanz
'instance', Instinkt 'instinct', Talent 'talent', Element 'element', Pdisent
'present', Prasenz 'presence', korrupt 'corrupt', korpulent 'corpulent',

(13) Akkordeon 'accordion', Homunkulus 'homunculus', Polyptoton
'polyptoton', Analeptikon 'analeptic', Lexikon 'dictionary', Onomastikon
'onomastic', Opuskulum 'opuscule', Ultima 'ultimate', Kamera 'camera',
Zeppelin 'airship'
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[R2] REDUCED SYLLABLE RULE
A covered reduced ultima arrests the accent on the last full syllable.

ultima or a syllable before the antepenult. He leaves the question of quantity-
sensitivity explicitly open. His exclusion of the final stress does not conform
to the data, as will be shown in Chapter 3. However, the insight that trochees
are the unmarked stress patterns is in accordance with the position taken in
this work. Grewendorf, Hamm & Sternefeld (1987) also come to the
conclusion that a trochee is canonically built in German. In their account,
nontrochaic patterns are explained by heaviness of the last syllable,
extrametricality and exceptionality. However, Eisenberg goes a step further
by considering not only monomorpherruc words, but also complex words.

From this short overview of the literature, one can see that there is no
consensus on what should be regarded as the best account of lexical stress in
German. Some authors take German to be a quantity-sensitive language,
others think that German is quantity-insensitive; some divide the vocabulary
into two classes, others give a uniform account; some claim that stress tends
to be initial, others that it is rather final; and still others give accentual
templates. But, so far, no author has looked into the data in a systematic way.

One of the goals of the present work is to remedy this situation by
giving a reliable description of word stress patterns based on large database
of German words (see Chapter 3 for details). The descriptive results thus
obtained will then be accounted for by an OT approach, offering new
insights into the organization of grammar. The main focus will be on the
constituent of the foot, which is taken to be the domain of both stress
assignment and some phonologically-conditioned morphological operations.

The present study is organized as follows. The first chapter is an

introduction to Optimality Theory. It simply describes the theory as

proposed by its originators.
The second chapter is devoted to syllable structure. The main focus

lies on the syllable weight, measured in moras, and on the lax-tense

distinction for vowels. We will show that, as far as syllable structure is
concerned, German syllables are non-, bi- or trimoraic (translatable into non-,
mono- and bimoraic: see section 2.1). Though most attention will be paid to
monomorphemic words, the syllabification of complex words will be

examined, too.
The third chapter is about the metrical structure of monomorphemic

words. Di-, tri- and polysyllabic words are the objects of different sections.
First, the data will be studied carefully and classified according to relative

Unlike Wurzel and Benware, Giegerich manages to come up with a
homogeneous account of all German words. According to him, the words
with two or more stressable syllables are generally nonnative, and only in
this part of the vocabulary is it possible to formulate rules and
generalizations (the native vocabulary consists of words that are too short to
be in need of stress rules). Hence, there is no need to make a distinction
between the native and nonnative vocabulary. However, the data presented
in Chapter 3 reveal too many exceptions to his rules, especially in disyllabic
words. Moreover, the characterization of the words in (7) as having a heavy
penult is based on orthography, not phonetics (see section 3.2.2 for a detailed
discussion of these words). See also Kaltenberg (1994) for a critical overview
of Giegerich and other accounts.

Vennemann (1992) formulates a few very accurate descriptive
generalizations (called rules) which are intended to account for the whole

Gennan vocabulary.

(14) [Rl] FULL SYLLABLE RULE
Only full syllables can be accented.

[R3]1HREE SYLLABLE RULE
Only the last three full syllables can be accented.

[R4] PENULT RULE
The accent does not retract beyond a heavy penult.

Since these rules will be commented on in some detail in Chapter 3, the mere
listing of them must suffice here. A critical survey of the literature focusing
on VennemaIUl's rules can be found in Jessen (1994).

A further approach to word stress which deserves mentioning here is
Eisenberg (1991). Eisenberg claims that the canonical accentual structures of
German are the trochee and the dactyl, in that order. According to him, the
penult and the antepenult are the normally stressed syllables, but never the
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syllable structure and weight. Second, an optimality-theoretic account will be
developed, using mainly constraints that have already been proposed for
other languages; this is considered an advantage because, according to
Optimality Theory, grammar consists of a ranking of universal constraints.
The fact that a special ranking and very few new constraints are needed for
German clearly confirms the whole theory. Consequently, we have tried to
avoid the creation of new constraints; and we have also avoided giving new
names to old constraints.

The analysis given for German word stress involves a nonexhaustive
footing. It is proposed that two feet, one initial and one final, are sufficient.

No attention at all is given to the realization of stress, which is still a
poorly understood domain (but see Dogil (forthcoming) for some experi-
ments in this direction).

In the fourth chapter, some aspects of the stress patterns of complex
words will be discussed, most of all of inflected and derived words. It is
shown that the syllabic trochee deserves a special place in the German
phonology, not only because it helps to give a unified account of stress
phenomena, but also because some morphology refers to the foot, as well.
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Chapter 1
Optimality Theory

(1) a. Gen (inil = {cand1, cand2, J

b. Eval (rrrv (cand1, cand2, }) -> {candkJ

1.1 General principles (1 a) and (lb) are thought of as two subsequent steps:
1. Generation of candidates: For each input (inj), an infinite set of candidates
{eandl, cand2, ... }, consistent with the input, is generated by (la). Various

linguistic asswnptions must be made in order to specify which structures can
be generated by Gen. Geo is restricted by very general principles of linguistic
form: how can phonological forms be represented? Which primitives can
combine? and the like. Examples are:
- Maraie representation: the syllable node dominates moras.

This first chapter is an introduction to Optimality Theory. The principles and
examples discussed in the following pages are mainly taken from McCarthy
& Prince (1993a, 1993b, 1994a) but also from Prince & Smolensky (1993) and
McCarthy & Prince (1994b), as well as from other sources (Ito, Mester &

Padgett 1994, Cohn & McCarthy 1994). McCarthy & Prince (1993a) offer a
detailed exposition of the theory, which clearly states the main principles
and changes with respect to earlier phonological theories. I will concentrate
on those aspects of the theory that are of relevance for the present work. In
particular, no reference is made to reduplication, though this phenomenon is
the main theme in different works of McCarthy and Prince.

Traditional generative phonological theories assume that the surface
structures of well-formed phonological representations are derived from
underlying representations by means of ordered rules of the form X -> Y / A
_ B, the so-called re-write rules. It has long been observed that not every
possible structure is actually derived, but only well-formed ones, though in
principle every kind of structure can be derived by re-write rules.
Phonotactics, metrical structure, feature geometry, etc. restrict their power.

Although Optimality Theory (OT) does not deny the existence of both
underlying structures and surface structures (they are called 'inputs' and
'outputs', respectively), it does away with rules and their orderings,
derivations and the like. Its aim is to explain relations between morphology
and phonology on the basis of very general, both universal and language-
dependent principles. Universal grammar provides a set of constraints, Con,
out of which grammars are constructed, a function Gen, which defines for
each possible input i the range of candidate linguistic analyses available to i,
and a function Eval, which comparatively evaluates sets of forms with
respect to a given constraint hierarchy r,a ranking of Con.

The grammar has the general form given in (1) (McCarthy & Prince
1994a:4).

(2) cr

A
µ

cr

/1"-
µ µ

- Long/short distinction: a vocalic root can be mono- or bimoraic. Moraic
structure comes from the lexicon.

(3) µ
I

V

µ

A
V V

Apart from such general principles of phonological representation and
combination, McCarthy & Prince (1993a) and Prince & Smolensky (1993a)
introduce three principles which underlie Gen.

1. Freedom of Analysis. Any amount of structure may be posited.
2. Containment. No element may be literally removed from the input
form. The input is thus contained in every candidate form.

3. Consistency of Exponence. No changes in the exponence of a
phonologically-specified morpheme are permitted.

True Freedom of Analysis means that Gen produces candidates with any
amount of structure, i.e., candidates with moraie, syllabic or other prosodic
structure, with association lines and with epenthetic segments. This principle
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is important in that the generation of a great number of candidates ensures
that no repair strategy (as in Paradis's Theory of Constraints and Repair
Strategies, Paradis 1988a, b, 1993, LaCharite & Paradis 1993) or other specific
rule is needed. There is no rule like 'add a mora', because candidates with an
additional mora already exist.

In McCarthy & Prince (1993a), Containment restricts this freedom: the
input must be contained in each legal candidate. However, as suggested in
McCarthy & Prince (1994b), where the notion of Correspondence is
developed in some detail, Containment is not absolutely necessary.1 In
principle, each conceivable candidate can be generated (which makes the
number of candidates enormous), and the task of eliminating suboptimal
candidates is undertaken by the Faithfulness constraints (see below).

Consistency of Exponence says that morphological affiliation cannot
be altered by Gen, in other words, that the phonological specifications of a
morpheme (like segments or moras) cannot be touched by Gen. In particular,
epenthetic segments which are generated by Gen have no morphological
affiliation. In the same way, underparsing (phonetic non-realization) does
not change the make-up of a morpheme, though it does change its phonetic
form. In sum, the phonological exponents of a morpheme must be identical
in the underlying and in the surface structures, except if it does not have any
phonological specification (as in reduplication).

(4) Principles of OT (McCarthy & Prince 1993a:1-2, 1994a:3)

a. Universality. UG provides a set Can of constraints that are universal and
universally present in all grammars.

b. Violability. Constraints are violable; but violation is minimal.
c. Ranking. The constraints of Can are ranked on a language-particular basis;

the notion of minimal violation is defined in terms of this ranking. A
grammar is a ranking of the constraint set.

d. Inclusiveness. The constraint hierarchy evaluates a set of candidate
analyses that are admitted by very general considerations of structural
well-formed ness.

e. Parallelism. Best-satisfaction of the constraint hierarchy is computed over
the whole hierarchy and the whole candidate set. There is no serial
derivation.

Violability

The best candidate is the one that fulfills all constraints. But the theory
allows constraints to be violated. Typically, the optimal output of a
phonological form does not satisfy all constraints and can violate several
constraints at once. Control over violations is obtained through the notion of
best-satisfaction or minimal violation. The candidate that best-satisfies or
minimally violates the constraints is called optimal, and is by definition the
output chosen by the grammar.

2. Eyah!3tjon of the candjdates: The function Eval (lb) estimates the well-
formedness of each member of the set of candidates with the help of a set of
constraints (Con) that are ranked relatively to each other according to a
hierarchy r,and chooses the optimal candidate ({candkJ).

Ranking
The constraints are ranked. Low-ranking constraints can be violated to
ensure fulfillment of higher-ranking constraints. There is a universal set of
constraints and the grammars of the individual languages define a ranking
of these individual constraints. Differences between languages can be
explained by the different hierarchies of constraints.

Parallelism

All candidates that are fully-formed output representations are
simultaneously compared with respect to the whole hierarchy of constraints.
Prince & Smolensky distinguish parallelism of constraint satisfaction from
serial harmony, which involves determining a surface form by applying an
evaluation procedure to produce a candidate that is then evaluated again

1 McCarthy & Prince (1994a) discuss reduplication and list different constraints responsible
for the correspondence between the base and the redupticant. The constraints they formulate
are grouped in two classes: those that deal with the structural integrity or quality of the
reduplicant (ANCHORING and CONTIGUITY), and those that deal with the extent of
correspondence between base and reduplicant, and the quantity of copying (BASE-
DEPENDENCE and MAX). The idea is that between each base and each candidate
reduplicant there exists a correspondence relation that must be evaluated. There is
absolutdy no restriction as to what the reduplicant can be, because an underlying
reduplication morpheme REDi has no phonetic content.

11 12



until the surface form is attained. In serial harmony, each candidate is
limited to one phonological operation, and the winning form is resubmitted
to Gen. Thus, parallelism is not intrinsic to Optimality Theory.

The theory can be illustrated by an abstract grammar consisting of two
constraints, A and B. Assume that, through Gen, the underlying form linkl
delivers a pair of candidates {k-cand1, k-cand2}. U one of these candidates
fulfills both A and B, then it is optimal. A suboptimal candidate would have
to violate both constraints, or at least one. Now consider the more interesting
case illustrated in Tableau 1;

Candidates A B

k-candt .
k-cand2 .

Tableau 1

Violation of a constraint is indicated by". In Tableau 1, k-candl fulfills A but
violates 5, and k-cand2 fulfills Bbut violates A. U k-candt is the grammatical

output, constraint A has priority over constraint B in the sense that A is
decisive when the two constraints conflict. In terms of Optimality Theory, A
dominates B (in symbols: A » B). The following tableau shows how the
constraints are ranked. Tableau 2 also illustrates what Prince & Smolensky
call "the strictness of strict domination". No amount of SUCCeSSon low-
ranking constraints can offset failure on a high-ranking one.

Candidates A B C
or k-candt

li?t '.1IWP·.;;j;1Ik-cand2 • ! . ',Jil\'fe 3t1i
Tableau 2

Conventions for reading the tableaux:
- Left-to-right columns give the dominance sequence of the

constraints.
- Satisfaction of a constraint is shown by an empty cell.
- The exclamation mark indicates fatal violations.

13

- The index Q'" points to the optimal candidate.
- Shadowing of cells shows the irrelevance of a constraint for the

evaluation of a candidate.
Constraints must be ranked only when they conflict with each other,

i.e., when they give different results for a candidate pair (which does not
mean that they give different results for all candidate pairs). We will see that
two constraints can have the same rank: this is indicated by a dotted line

between the two columns.
Two more cases can arise in which A and B give contradictory results.

In one case, A allows both candidates and B makes the decision, because
only one candidate satisfies B. This is illustrated in Tableau 3.

Candidates A B

k-candl • !... k-cand2

Tableau 3

In the second case, A permits neither of the candidates. In this case, too, B
decides between the wo candidates. This illustrates an important property
of the theory: violation of a constraint is never per se fataL It only becomes
fatal when other candidates fare better.

Candidates A B

k-candt . • !... k-cand2 •
Tableau 4

A single constraint can be violated several times.·To see what happens then,
consider the next tableau from McCarthy & Prince (1994a:5). The two
candidates tie on all constraints ranked higher than C in the hierarchy. It is
thus C that decides between them: k-candl is optimal because it violates C
less than k-cand2.

14



Candidates ... C... k-candl ... ,
k-cand2 ... •• ! •

1.2 Syllable structure

has these two constraints, which means that other things being equal, each
chooses (5b), two open syllables, as the optimal candidate.

A family of constraints called PARSE forces the forming of prosodic
constituents. PARSEis parameterized: PARSE-seg requires that segments have
a moraic or syllabic structure; PARSE-µ requires moras to be dominated by 0

(Le. they must belong to syllables); PARSE-O requires syllables to belong to
feet, etc. All grammars have these constraints. An unparsed element is called
extrametrical or extra prosodic.

A string <CVCV> without any structure violates PARSE.Consider now
how PARSE-seg and NOCODA can deliver contradictory results. To be
syllabified, a string <CVC> must violate either NOCODA or PARSE. The
following tableau shows what happens in case PARSEhas priority:

Tableau 5

Following McCarthy & Prince (1993a), we will use syllable structure to
illustrate the theory. The function Gen generates candidate syllables from a
string of segments. Consider the segment sequence /CVCV / and the syllable
affiliation of the medial e.lf the language admits CVC syllables, then at least
the two candidates in (5) are possible (out of an infinite number of
candidates). A dot stands for a syllable boundary.

(5) Possible syllabifications of the sequence ICVCV I
a .. CVe.V.
b.. CV.CV.

ICVCI PARSE NOCODA... .CVe. . Thii-;jMii,.. ;
.CV.<C> ' , i'm'k.9kL 'ilhS; ..--;:;;:.i
<CVC> ••• ! 1",#&',,% Tk.f

Tableau 6

The first syllable in (Sa) has a coda. Syllables with a coda are universally less

desirable, which is expressed by a constraint called NOCODA:

In this case, violation of PARSE is fatal. Languages which allow closed
syllables choose this ranking. On the other hand, languages which allow
only open syllables have the opposite ranking:

(6) NOCODA

Syllables have no coda.
ICVCI NOCODA I PARSE

.CVe. " .;"ILB
.r .CV.<C> I ,

<cvc> I ... !The first syllable in (Sa) violates NCX:::ODA.The second syllable in (Sa) has no
onset and again, syllables without an onset are universally less preferred.
Again we have a constraint to this effect:

Tableau 7

(7) ONSET

Syllables have an onset (or '[0 V).

However, ideal syllabification can be achieved through the insertion of
epenthetic elements. As a consequence, the set of candidates must contain
syllabifications with empty positions. The following syllabifications are also
possible candidates:

The second syllable in (Sa) violates ONSET. In contrast, (5b) violates neither
NOCODA nor ONSET - both syllables have an onset but no coda - and so it is
optimal, disregarding the ranking of these two constraints. Every grammar
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Here, ICVCI is analyzed as two open syllables. The last candidate is chosen
because it does not violate NOCODA and offers the minimal violation of FILL

The interaction between FILL and ONSET is similar. When FILL is
dominant, empty positions are not allowed. But when ONSET dominates
FILL, a vowel-initial IV I is syllabified with an empty onset ([.DV.]).

(9) a .. CV.CD.
b .. CVD.CD.

c.. CV.CDD.
d .. CV. CD. DO.

But the presence of such positions violates a constraint called FILL (McCarthy

& Prince 1994a:11):

When FILL dominates NOCODA, each candidate containing an empty
position is rejected; the only acceptable candidate does not violate FILL. In
this case, a single violation of FILL is fatal. Notice that there is always a
candidate that doesn't violate FILLin the set of generated candidates.

. (10) FILL

Epenthetic structure is prohibited.

or .CVe.

• !

Candidates FILL

• !

.CVD.CD. .. , ..

IVI ONSET

.CV.CDD. .., ..

or .DV.

.V.

Tableau 10

PARSE and FILL are examples of the so-called faithfulness constraints, which

require a tight relationship between input and output.
Until now only a small number of possible candidates have been

considered: those violating PARSE, and others violating FILL. But when Gen
admits unparsed elements as well as empty elements, then, for each input,
the candidate set must contain all kinds of violations of all faithfulness
constraints. Now consider the interaction between PARSEand FILL on the one
hand, and NoCODA and ONSET on the other. Since ONSET and NOCODA
have no immediate influence on each other, only two cases are relevant: first,
the interaction of PARSE, FILL and ONSET and, second, the interaction of
PARSE, FILL and NOCODA. In both cases, the lowest-ranking constraint
makes the final decision between the candidates, because the optimal
candidate fulfills two constraints and violates only one. Tableau 11 illustrates
this with ONSET as the lowest constraint and with the candidate I. V.I.

.CV.CD.DD. .. , ....

With the opposite ranking of NOCODA and FILL, a different result is
obtained. In this case, no violation of NOCODA is tolerated and a violation of

FILL makes it possible to generate a candidate that fulfills NOCODA.

Candidates NOCODA I FILL

.CVe. • ! JIR1
~.CVD.CD. • !

.CV.CDD. • !

.CV.CD.DD. ....!"

... .CV.CD . II I .

.CV.CD.

Tableau 8

Tableau 9

17

IVI FILL I PARSE ONSET

a- .V. i •
<V> I • !

.DV. • ! I
Tableau 11

The dotted line between FILLand PARSE means that the ranking between the
two is irrelevant in this particular case. The angled brackets around V mean
that the vowel represented by V is not parsed, in other words, it has no

phonetic realization.
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The faithful candidate (.V.] violates CNSET,but fulfills both PARSEand
FILL. The unsyllabified [<V>] violates only PARSE.Otherwise it vacuously
fulfills all constraints, since it has no structure. Finally, the epenthetical
candidate [.OV] violates only FILL Thus, when the faithfulness constraints
dominate ONSET,syllable well-formedness is sacrificed: the language allows
onsetless syllables.

It must be clear that ONSETcould not be eliminated from the set of
constraints altogether because this constraint is only violated when
absolutely necessary. In a string ICVCV I, it is ONSET that forces the
syllabification [.CV.CV.].

Next consider the case where FILLis the dominated constraint. ONSET
and PARSEmay not be violated. These two constraints are fulfilled when an
epenthetic segment is added, as in the last candidate of Tableau 12. Thus,
when FILL is lowest-ranking, epenthesis is allowed. The structural

constraints which dominate FILL determine the conditions under which
epenthetic material can appear.

In sum, when ONSETdominates at least one of the faithfulness constraints,
the syllables of the language must have onsets. When both faithfulness
constraints dominate ONSET, an onset is only required in case enough
phonetic material is around.

A similar interaction exists between PARSE,FILLand NCCODA. Codas
are not allowed when NCCODA dominates. Codas are allowed when both
faithfulness conditions dominate and when the syUabifiable string contains a
segment which is forced to be a coda, as in ICVC/.

1.3 The Emergence of the Unmarked

IVI ONSET I PARSE

.V. • !

<V> • !

or .OV.

Tableau 12

In McCarthy and Prince (1994a) it is observed that, even if a constraint Cis
generally violated in a language, it can be obeyed in a particular domain in
which the structure unmarked with respect to the constraint Cemerges. This
phenomenon is called emergence of the unmarked, because a form that violates
C can be seen as marked with respect to C. A constraint can be more or less
violated depending on its rank. This effect is peculiar to aT, according to
which no constraint is turned off completely. Some languages have only the
c-urunarked structures and some have both the marked and the urunarked
structures, but no languages have only the C-marked ones .

Problems appear when constraints conflict, which is inherent and
fundamental to Optimality Theory. There are different dimensions of the
evaluation, each of which has an urunarked structure (see also Vennemann
1986:33). A striking case of wunarkedness with respect to some constraints
has just been illustrated: a syllable is wunarked if it has an onset but no coda.
Unmarkedness with respect to faithfulness means 'identity between in- and
output'. But a string IV I or ICVCI cannot receive an unmarked
syllabification with respect to both syllable structure and faithfulness.
However, even in a language allowing codas and syllables without onsets,
syllables without codas but with onsets are unmarked relative to syllables
with codas and without onsets.

Notice that syllable structure and faithfulness are just two dimensions
along which strings can be marked or wunarked. Other dimensions cited by
McCarthy & Prince (1994a:2) are: segmental harmony (segments can be

The last possibility is domination of PARSE.In this case, the vowel- at least
its phonetic material- is deleted or 'unparsed'. ONSETis vacuously fulfilled,
and FILLis also obeyed, since there is no epenthesis.

IVI ONSET I FILL PARSE

.V. • ! I... <V> I
.oV. I • !

Tableau 13
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b. In English, as well as in other languages, the normal right-to-Ieft
alternation of stresses is interrupted in the initial position. The edge of
a Prosodic Word (PrWd) coincides with the edge of a foot, as shown in
(11). (It is, however, violated in many cases, like in Amanda, po[{ce .... )

marked or unmarked), alignment (coincidence of edges of morphological
and phonological constituents: see below), and metrical parsing (satisfaction
of constraints on exhaustivity and alignment of metrical feet; see below), as
well as others responsible for reduplication: Template Satisfaction (meeting
shape or constituency requirements imposed on the reduplicated string) and
exactness of copying relation (identity between the reduplicated string and
the base to which it is attached).

The ranking of the constraints imposes a ranking of markedness.

Phonological outputs are unmarked relative to higher constraints and
marked relative to lower ones, since they typically fulfill the former but

violate the latter.
The next section introduces the theory of Generalized Aligrunent

(GA), which is directly relevant for the topic of the present work, metrical

analysis.

(11) English: (fMa)ma(g6uchee)
German: (Abso)lu(tismus)

'Ta(tAma)(g6uchee)
• Ab(s6Iu)(tlsmus)

GA tries to unite all edge phenomena in one framework, the formalization

of which is given in (12):

(12) Generalized Aligrunent
Align (Can, Edge1, Cat2, Edge2) =..
'V Cat 1 3 Cat2 such that Edge1 of Can and Edge2 of Cat2 coincide,

where
CaU, Cat2 E PCat uGCat (prosodic and Grammatical categories)
Edge1, Edge2 E {Right, Left}

1.4 Generalized Alignment
The definition says that two prosodic or grammatical categories are aligned
when they share an edge. Examples of aligned structures are listed in (13);
some of them align two prosodic or two grammatical categories, others one
prosodic and one grammatical category (see also McCarthy & Prince 1994a:

5-6).

Though the first aligrunent constraint was proposed by Prince & Smolensky
(1993), McCarthy and Prince (1993b) have truly developed the theory of
Generalized Aligrunent (GA), which formalizes the fact that the edges of the
morphological and prosodic constituents often coincide. This theory is very
successful, as attested by the enormous amount of literature in the GA which
has recently appeared. Coincidence of edges is called 'aHgrunent' and it is
formulated in terms of constraints. GA has its source in works on the edge-
based theory of the syntax-prosody interface (Clements 1978, Selkirk 1986,
Chen 1987, Hale & Selkirk 1987, Selkirk & Shen 1990, Selkirk & Tateishi 1991,

Selkirk 1995).
Phenomena that have something to do with edges of constituents have

received various treatments in the literature: directionality of footing,
extrametricality of syllables or segments, prosodic circumscription, etc.
Consider the following examples, taken from McCarthy and Prince which
are discussed below:

b. [",. [.,

c. ]0 h.m

a. The infix Un! in Tagalog appears as near to the left edge as possible.

21

i. A1ign(Ft, L, PrWd, L)
'Every foot is initial in a Prosodic Word:

il. A1ign(prWd, L, Ft, L)
'A PrWd is foot-initial.'

A1ign(A1, L, Stem, L)
'Every Affix is a prefix in Stem.'

A1ign(Stem, R, Syll, R)
'Every Stem ends on a syllable edge:

A1ign(Af, L, PrWd, R)
'Every Affix subcategorizes for a preceding PrWd.'
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As an illustration, consider again the two edge effects mentioned above and
how they are treated in the Generalized Alignment framework. In the case of
English stress, only prosodic categories are necessary in the formulation of
the constraint. (13ali) is relevant for the formation of feet in English.

The infix is analyzed as a prefix. In OT, the notion of a prefix can be
formulated as a violable constraint: a prefix is an affix whose left edge must
coincide with the left edge of some constituent. However, due to the effect of
other constraints in the grammar, the leftmost possible position is not
necessarily the initial one. In the grammatical (17a), infixation leads to a

better syllable structure. The locus of the infix is prosodically defined.

(14) English stress
Align (prWd, L, Ft, L) (17) / wn + sulat/ -> a. su.rnulat

b. ·urn.sulat

In the two versions of (13a), it is conspicuous that the arguments of the
constraint are reversed. The definition (12) 'Align (Cat1, Edgel, Cat2, Edge2),
quantifies universally over the edges of all Catls and existentially over the
edges of Cat2s. Thus, the first version of (13a) says that for each foot, it is
initial in some Prosodic Word, whereas (13b) says that each Prosodic Word
must begin with a foot. (14) captures the fact that there is a secondary stress
on the initial syllable in the English words, ensuring that there is an initial
foot in each Prosodic Word. As a constraint, it can be violated. And it does
not say anything about the regular right-ta-Ieft pedification, which is
expressed by another constraint of the Align format.

In the grammatical form (17a), affixation creates an open syllable, whereas as
a pure prefix (17b), the affix gives rise to a dosed syllable. Two constraints
are responsible for the infixation in Tagalog, namely NOCODA and AUGN-
urn , with that ranking. In other words, a prosodic constraint dominates a
morphological one (P » M). Notice that the constraint (18) is identical to
(13b) - except for the fact that the infix is mentioned explicitly in (18).

(18) AUGN-um
Align ([urn I", L, Stem, L)

(IS) English stress
Align (Ft, R, PrWd, R)

Tableau 14 below accounts for gr-utn-adwet, whose input is {[um]af,
[gradwetlRJStem' In this tableau, all candidates with more than two violations

of the dominant NOCODA are rejected. (When the infix is between the two

elements of the onset, as in the second candidate, there is no advantage over
the location of the infix after the entire onset, as in the third candidate.) The
lowerMranked ALIGN-urn decides between the two remaining candidates.
Each segment that stands between the left edge and urn counts as a violation

against AUGN-urn. Since the candidate ·gradwurnet violates AUGN-urn five
times in having five segments between the left edge and urn, whereas the
candidate grumadwet violates this constraint only twice, the latter wins.

If this second constraint is ranked lower than the first one, the desired output
is guaranteed. Before the exact working of these constraints is explained in
detail, let us first look at the Tagalog infix urn (McCarthy & Prince 1993a,

1993b).
In Tagalog, the infix urn is located after the onset of the first syllable, if

it has one (see also French 1988).

(16) .ll.<l!ll um+ Root

aral urn-aral 'teach'

sulat s-urn-ulat 'write'

gradwet gr-urn-adwet 'graduate'
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Candidates NOCODA

-um.e:rad.wet. .......!

g-um.rad.wet. .....!

or o:r-u.mad.wet. ••
e:rad.w-u.met. .. I 2:radw!

Tableau 14

* Candidates

Tableau 16

The behavior of vowel-initial stems is also interesting. Tableau 15 shows the
evaluation of uln-aral, whose input is {[um]af, [aral]RJStem' In this case, urn is

optimal as a prefix, because no other candidate violates NOCODA fewer
times than the candidate umaral. The decision on the optimality of a
candidate is again taken by AUGN-urn. Prefixation does not violate this

constraint at all, thus the first candidate wins.

In Tagalog infixation, two morphological constituents are aligned. McCarthy
& Prince show that typological variation in the align constraints can appear
in the edges of constituents (L for prefixes, R for suffixes) as well as in the
active prosodic constraint. For Tagalog it is NOCODA, but in Timugon Murut
reduplication, ONSET is the relevant prosodic constraint, being ranked above
the morphological constraint. This can be gathered from the data in (19)j I
refer the interested reader to the discussion in McCarthy & Prince (1993b).

(19) Timugon Murut Reduplication
a. C-initial stems: prefixation

bulud lm-bulud
limo !i-limo

b. V-initial sterns: infixation
ulampoy u-Ill-lampoy
abalan a-l2a-balan
ompodon orn-l2Q,-podon

Candidates NOCODA AUGN-urn

or -u.rna.ral. • 0
a.-urn.ral. ••!

a.r-u.rnal. · ar!

a.ra.-umi. • ara!

a.ra.l-um. • aral!

Tableau 15

It has already been mentioned that the ranking of the constraints is
language-dependent. It must be clear that another ranking would give rise to
another optimal candidate. Inour case, dominance of ALIGN-urn would force
prefixation in all cases, as shown in the next tableau. The asterisk in the
upper left corner shows that the tableau displays a false constraint ranking.
A language like German, with obligatory peripherality of the affixes, chooses

this ranking.

'hill/ridge'
'five/ about five'

no gloss
'bathes/often bathes'
'flatter/always flatter'

Descriptively, a light syllable (reduplicative morpheme, RED = crµ) is infixed
after an onsetless syllable, but otherwise it is prefixed. It is the same as in
Tagalog, except that in this case ONSET does the job, rather than NOCODA.
ONSETand AUGN-R-LEFT are decisive.

(20) ALlGN-R-LEFr

The left edge of the reduplicant R coincides with the left edge of the stem.

Consider the two following tableaux that illustrate the constraint ranking for

bubulud and ulalnrnpoy.
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Candidates ONSET AUGN-R-LEFT... [lm.-bu.lud .
[bu.-ill.lud. U!

(23) Morphological Word -> Stem
Stem -> Stem, Affix (no linear ordering)
Stem -> Root

Tableau 17

Candidates ONSET

Consider now how the theory of Generalized Alignment accounts for the
metrical structure in different languages. For clarity of exposition, the
constraint Ft-BIN is assumed to be undominated and thus unviolated in all

cases below. Ft-BIN says that feet are always binary.
[ll.-u.lam.

... [u·-la.lam. • (24) Ft-BIN
Feet must be binary under syllabic or moraic analysis.Tableau 18

To be viable, GA assumes a morphological and a prosodic constituency. The
relevant prosodic constituency is the (relatively uncontroversial) prosodic

hierarchy (21).

The constraint FOOT-FORM (TROCHAIC)is true of all feet considered in this
section. It says that feet are syllabic trochees, which indicates quantity-

insensitivity (Hayes 1980,1995).

(21) PrWd
I

Ft
I

(25)FOOT-FORM (TROCHAIC)
Ft -> O's O'w

a Another constraint necessary for the following discussion is PARSE-SYLL,
which says that all syllables must be parsed into feet. Though it is frequently
obeyed, it can also be dominated and violated.Two deviations from the direct dominance hypothesis, which is taken for

granted by many authors, are possible. First, if feet must be binary, as

McCarthy & Prince (1993b) assume, syllables which would be parsed as
unary feet are not footable, or at least they cannot form syllabic trochees: the
first syllable of English [poaClice)Fclis unfootable.

Secondly, recursion of PrWd, as illustrated in the following example,

is possible.

(26) PARSE-SVLL
All syllables must be parsed by feet.

(22) a. [[light]Pw[house]pw]pw
b.[[[help]pw less]pw ness]pw

If Ft-BIN dominates PARSE-SYLL,exhaustivity of footing can no longer be
achieved in strings with an odd number of syllables. To see this, notice first
that parsing of an even-parity input is uniquely determined: /0'0'0'000/ ->

[(00) (00) (00)]; but for odd-parity inputs the parsing varies, as illustrated in
Tableau 19, where Fr-BIN dominates and PARSE-SYLLis minimally violated

in both optimal candidates.
As for the morphology, McCarthy & Prince assume the following structures:
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Candidates FT-BIN PARSE-SYLL

a (crcr)cr ',,' " ,,;{ ... , xi';

a cr(crcr) 'i'+"'iii,'i "H'!i'S

(00)(0) '! -', 'Fi <'4v, "iiCY /:

(0)(00) '! I !1;fW! 1'( "£1 i'

Tableau 19

As can be seen from the data in (28), the first two syllables must always form
a foot together. The constraint ALlGN·PRWO (Garawa) in (29) takes care of

this fact.

(29) AUGN-PRWD (Garawa)
Align (PW, L, Ft, L)

This constraint says that the left edge of each PrWd must coincide with the
left edge of a foot. There is also a right Alignment effect, which is taken care
of by ALIGN-Fr (Garawa) in (30). This constraint requires that each foot be
aligned on its right with the right edge of some PrWd.

Since more than one candidate is optimal in Tableau 19, other principles
must playa role, too, in order to decide which candidate is the grammatical
output in each language. In traditional metrical theory, directionality is used
to create the right metrical structure, but iterative foot parsing is not a
possible option here, because the candidates are fully structured forms.
Different languages have different options, some of which are illustrated in

(27),

(30) AUGN-FT (Garawa)
Align (Ft, R, PW, R)

(27) a, L -> R, Wankumara [(00) (00) oj
b, R -> L, Warao [a (00) (oa)J

c. Initial dactyl- final trochee + R -> L, Garawa [(00) a (00) (oa)J

d, L -> R + Final trochee, Polish [(00) (00) a (00)]

In Garawa (see also Kenstowicz 1994a), for example, we find the so-called
initial dactyl pattern, the properties of which are:

- main stress of the initial syllable,
- secondary stress of the penult,
- tertiary stress on every other syllable preceding the penult.

The decisive difference between the two constraints ALlGN-PRWO (Garawa)
and AUGN~Fr (Garawa) lies in the side and in the ordering of the arguments.
The two constraints are in conflict in trisyllabic words, as shown in Tableau
20. ALlGN (Catl, ... , Cat2, ... ) quantifies universally over the edges of the
constituents Cl and existentially over the edges of the constituents C2. Each
Cl must share an edge with C2. In Garawa each [PrWd must be aligned with
a {Ft, and each )Ft with a ]PrWd. In other words, AlJGN-PRWo is unviolated

but AUGN-FT is violated by each nonfinal foot. This decides between [(6cr)
(00) a (6a)J and [(60) a (60) (6a)J, ALIGN-Pr subsumes the iteration of

traditional metrical phonology.

(28) [(6a)J

[(00) oj

[(60) (6a)J

[(60) a (6a)J

[(60) (60) (6a)J

[(60) a (60) (6a)J

[(60) (60) (aa) (6a)J

[(60) a (60) (60) (6a)J

[(00) (00) (60) (60) (oa)J

yami 'eye'
pUnjaJa 'white'

watjim.p~9u 'armpit'
kama.la.rlnji 'wrist'
yAkaJakaJAmpa 'loose'
9anki.ri.k1rim.p~yi 'fought with boomerangs'

Dampa.lauin.mUkun.jlna 'at our many'
nari.uin.mUkun.jina.mira 'at your own many'
nfmpa.laDin.mUku.nanji.mlra 'from your own two'

Candidates AUGN-PRWD ALlGN-FT

... [(6a)aJ
,

[a (6a)J ' !
Tableau 20

Up to now, nothing has been said about metrical prominence - only footing,
i.e. constituency, has been considered. Typically, one foot must be chosen as
the strongest one, the one chosen by the End Rule in traditional metrical
phonology. In GA, it is also a constraint of the Align format that determines

the strongest foot.
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(32) ALIGN-HEAD
Align (PRWD, Edge, H(PW), Edge)

(34) ALL-Fr-LEFr
Align(Ft, L, PrWd, L)

Candidates ALIGN-HEAD

The pattern [(aa) (aa) a) comes from the ranking Fr-BIN» PARSE-SYLL»
ALL-Fr-LEFr, but in a five-syllable string, both PARSE-SYLLand ALL-FT-LEFr
are violated, because FT-BIN is undominated. However, and this is crucial,
both constraints can be obeyed when the following conditions are fulfilled:
every syllable belongs to a foot (PARSE-SYLL is obeyed) and every foot is
initial (ALL-Fr-LEFr is obeyed). Only the Minimal Word fulfills both
requirements because it has a single foot which parses all syllables: [Ft]pw

i.e. [(aale, )pw or [(µµ)F, )pw·

The following templatic constraint is sufficient:

In Garawa, Edge = L. There is no interaction of the ALIGN-HEAD constraint

with the other two Align constraints.
English, too, has the ranking AUGN-PRWD» ALIGN-Fr, as illustrated

in Tableau 21, but AUGN-HEAD must dominate ALIGN-PRWO (Edge = R). For
each Cat there is an H (Cat), i.e. each PrWd has a head.

[(Mani)la) •
... [Ma(nfla))

Tableau 21

A final point that is important for the following chapters concerns the
unmarked Prosodic Word. In 'Emergence of the Unmarked', McCarthy &
Prince show that the minimal Prosodic Word is identical with the unmarked
one. As a case in point, consider reduplication in Diyari in (33).

(35) Templatic Constraint
Red = PrWd (The reduplicant is a Prosodic Word)

Finally, consider the following tableau in which MAX, a constraint
responsible for the quantity of the reduplicated material, is dominated by

PARSE-SYLL:

(33) Diyari
wila wila-wila 'woman' Candidates PARSE-SYLL I MAX

kanku kanJrn-kanku 'boy' ... [ (Uilpa)F' )pw - [(tiilpar) .. kU)F.!PW •

kulku9a l;ill!rn-kulku9a 'to jump' r (tiiln.:l,r'.,. kl1 low - r (tiilnar)t=. kulpw ....,
Uilparku iliI!1a-uilparku 'bird sp'

All reduplicants end in a vowel, and they are all disyllabic. These properties
derive from the fact that they are free-standing Prosodic Words having their

own stress. Furthermore, all Diyari words end in a vowel, and all PrWds are
minimally disyllabic: a PrWd must contain at least one foot, and feet which
are syllabic trochees are minimally binary. Thus a PrWd is minimally binary,

too.
So the reduplication template is a minimal word (which is a trochaic foot).
FT-BIN is undominated in Diyari. Other constraints that also playa role are
ALL-Fr-LEFr (34) and PARSE-SYLL(26).
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Chapter 2
Syllable structure

The final sections of this chapter take a look at complex words. As has
been repeatedly shown in the literature, affixes do not behave
homogeneously with respect to syllabification: some affixes are treated as if
they were part of the roots, whereas others require a syllable boundary
coinciding with the morpheme boundary. Inflection, derivation and
compounding are each the subject of a different section.

Since the claim that German syllables are non-, bi- or trimoraic is a
serious deviation from the usual assumption in the literature that syllables
are universally mono- or bimoraic (Kenstowicz 1994c, Hulst 1995 among
others), our position requires an explanation. First, the fact that schwa
syllables are nonmoraic is well motivated by both the absolute
unstressability of these syllables as well as their frequent lack of a realized
vowel. (See section 2.1.3 for some discussion.) Second, the claim that
unmarked syllables are bimoraic and 'superheavies' trimoraic is easily trans-
lated into a framework in which they are mono- and bimoraic, respectively.
As Hubert Truckenbrodt (p.c.) has suggested, lax vowels could be analyzed
as half-moraic and in need of a haU-moraic consonant to form a monomoraic
syllable; tense vowels are then monomoraic. The absence of lax vowels from
open syllables can be accounted for by a constraint banning half-moraic
syllables. Besides its lack of elegance, this proposal strikes us as unintuitive
and wmatural: universally, vowels and consonants are whole moras, not half
ones. For this reason, the bimoraic analysis of unmarked syllables is
preferable. Trimoraic heavy syllables are sometimes analyzed as bimoraic
exactly as the UIunarked syllables, at least in Dutch, where relative syllable
weight is very similar to German. (But the majority of authors working on
Dutch assume a weight difference between the two kinds of syllables:
Zonneveld 1983, Dijkstra 1982, Kager & Visch 1983, Visch & Kager 1984,
Hulst 1984, Kager 1985, etc.) Kager (1989), e.g., notices that final 'superheavy'
syllables often attract stress. In his account, however, these syllables are not
heavier than the other ones; they are all bimoraic, but the 'superheavies'
escape final extrametricality which is the common lot of final syllables. In

other words, 'superheavies' are exceptions to an exceptional behaviour. He
motivates his analysis by stating that there are lexical exceptions to the
stressability of superheavies, and thus stress on such syllables should not be
treated as regular. It will be shown in Chapter 3 that, although there are also
exceptions in German (albeit apparently fewer, restricted to disyllabic

This chapter is about German syllable structure. It is mainly devoted to
monomorphemes, but in the final part complex words will be considered,
too. After some general considerations on the syllable in the first section, it
will be shown in the second section that tense vowels are always bimoraic
and that they are long in a stressed syllable, whereas lax vowels are always
monomoraic and thus remain short, both in stressed and unstressed
positions. German syllables can be norunoraic, bimoraic or trimoraic.
Nonmoraic syllables have a schwa or a syllabic sonorant in their nucleus and
bimoraic syllables are either open with a tense vowel (VV), or else closed
with a lax vowel and one closing, possibly ambisyllabic consonant (Ve).
Trimoraic syllables are closed with a tense vowel (WC) or with a lax vowel
and at least two closing consonants (VCC). The bimoraic status of tense
vowels explains why they can appear in a final open unstressed syllable, as
in rosa, Taxi and Motto, where they are not necessarily long, but rather half~
long. Syllables which do not contain a schwa but a full vowel are minimally
bimoraic, which explains why the lax vowels, being rnonornoraic, are
excluded from final open unstressed syllables.

The third section is devoted to nonmoraic syllables with nuclear
schwa or syllabic sonorants. These syllables show some peculiarities: they are
always unstressed and do not play any role in the metrical structure of the
words they appear in; their coda is occupied by coronals exclusively; and
they are the unstressed allophone of [E], as has been shown by Wurzel (1970),

Ramers & Vater (1992) and others. They are obligatorily nonmoraic,
disregarding the number of segments in their coda. A constraint NOMC6CH
(Norunoraic Schwa) is responsible for this property.

Section 4 and 5 examines two optimality~theoretic constraints to the
effect that syllables are minimally bimoraic (except for schwa syllables) and
maximally trimoraic: the Bimoraic Minimum (BIMOR) and the Trimoraic
Maximum (TRIMAX), respectively. BIMOR can be violated: there are
nonmoraic syllables as well as trimoraic ones. However, TRIMAX is crucially
ranked higher than BIMOR,. since there are no syllables heavier than the
trimoraic ones, but there are syllables with fewer than two moras.
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words), the generalization that trimoraic syllables attract stress is a very
powerful one. In sum, we do not think that stress on final trimoraic syllables
should be treated as exceptional, but rather that it should be given a legal
status. In an approach like the one sketched above, according to which lax
vowels are half moras, they could be bimoraic. In our approach, however,
which considers unmarked syllables as bimoraic, they are analyzed as
trimoraic.

(2) German vowels3

a. tense vowels
i, y u

e " 0

a

b. lax vowels
I Y u

c. diphthongs
aj, Jr., ay

e ce ;;J J

a

Syllable structure has been the subject of a great number of studies in the
recent German literature (Giegerich 1985" Hall 1992" Vennemann 1982" 1988,
1992, Wiese 1986, 1988, Yu 1992, and the articles in Ramers and Wiese 1991
and in Eisenberg, Ramers and Wiese 1992). The present chapter is a
contribution to this line of research. It presents an analysis of the German
syllable structure in the framework of aT. Since the main concern of the
present work is to examine stress and foot in German, this chapter only
discusses those aspects of the syllable which throw light on the calculation of
syllable weight, namely the structure of the rhyme. We are only marginally
interested in the possible segments or sequences of segments appearing in
the onsets, or in the compliance with or defiance of the sonority hierarchy by
prefixes and appendices, for which we refer the interested reader to the
above~mentioned literature and some other references cited below.

In quantity-sensitive languages like German", syllables are heavy (H)
or light (L). Heavy syllables attract stress" whereas light syllables do not.
Only trimoraic syllables are considered here to be truly heavy, since only
they systematically attract stress. Bimoraic syllables are neither heavy nor
light and norunoraic syllables are light. A second distinction is made betw"een
open and closed syllables, according to their final segment. Syllables ending
in a vowel (CoVor CoV:)are open, and syllables ending in a glide and/or one
or more consonants (CoVY,CoVC, CoVYC, CoVCC, etc) are closed. In the
following, glides are systematically classified as consonants.

Independently of their weight and openness vs. closedness, syllables
have an internal structure. Most phonologists recognize at least three parts in
the syllable, not always granting them a constituent status: onset, nucleus
and coda. The onset is that part of the syllable that precedes the nucleus. In

2.1 Syllable structure of monomorphemes

2.1.1 Preliminaries

The German consonants I are listed in (1).The vowels fall into tw"oclasses, lax
vs. tense ones, and there are three diphthongs2 plus a schwa (2). There are
also nasal vowels, not listed in (2); they are found only in (mostly French)
loanwords, and nearly only in stressed final position, as in BaIlon 'balloon',
and Parfum 'perfume'.

(1)German consonants
voiceless voiced

Stops p,t,k b, d, g
Fricatives I, s, I, " x v, Z, 3, J
Affricates pi, ts, tJ
Nasals m,n,~
Liquids 1,R
Glides
Laryngea1s h, ?

1 [xl and [,I are in complementary distribution: [x] occurs only after tautomorphemic back
vowels and [,I elsewhere. [31appears only in some loanwords. Some other consonants have
a defective distribution:/b, d, g, s, hi. PI is inserted foot-initially before vowels. [~Ican be
analyzed as derived from a sequence /n/ +/g/ (Isa~cnko 1963). The reader is referred to
Kloeke (1982) and Ramers and Vater (1992) for synopses of Gennan segmental phonology.
2 Vater (1992;117) analyzes a sequence of a vowel followed by a glided /l./ as a diphthong
and, as a result, counts a total of 18 German diphthongs. In our opinion such sequences
should not count as diphthongs, even if they are phonetically realized as such, since
phonologically /l./ behaves as a consonant. For instance, in a word like Morchel [rrDJ;\,I]
'morel' the dorsal fricative is realized as a palatal (after consonant) and not as a velar as it
should after a back vowel.
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3 Some phonologists of German do not recognize the tense/lax opposition between / a / and
lat. For the majority, however, it is very clear (see, (or instance, Moulton 1962:92 and Vater
1992:114).
" Some researchers (for instance Wiese 1988:102, and to a lesser extent Giegerich 1985)
assume th.lt German is not a quantity-sensitive language.



German, only consonants, and marginally glides (see Vater 1992), appear in
the onset. The nucleus is the peak of the syllable, its most sonorous segment:
it is generally a vowel, but it can also be a syllabic sonorant. The coda is that
part of the syllable that comes after the nucleus: in German, glides or
consonants. The only obligatory constituent of the German syllable is the
nucleus. This generalization, which has been observed by most German
phonologists5, can be formulated as in (3):

Open syllables (without codas) are universally preferred. To account
for this, Prince & Smolensky (1993) have proposed a constraint called
NOCODA (see Chapter 1), counting each segment in the coda as a violation.

(6) NOCODA
Syllables have no codas.

(4) NUC(Nucleus)
Syllables have nuclei.

However, codas are very frequent in German, which implies that NOCODA is
often violated and must rank low in the hierarchy of constraints. Codas
consist of a glide, a glide plus a consonant, or one or two consonants
respecting the sonority hierarchy. At the right edge of the syllable, coronal
segments called appendices can be added. An appendix only appears in the
word final position, where it can occupy up to three voiceless coronal
obstruents, [sJ, [t] and exceptionally [Il: spieiL '(he/she) plays', wiinn:il. '(you)
warm', Herbill 'autums, gen. sg.', BachS£b.'Bachian'. Appendices are usually
suffixes (mostly inflectional) and are impossible within morphemes:
~Arslbeit, "ieugWlen. Not only appendices are excluded in these positions, but
some consonant sequences which appear in the coda of certain morpheme-
final syllables are prohibited morpheme-internally, too: "leumgnen (see
section 2.1.6).

The following syllable structures are well-formed (see also Hall

1992a:48).

(3) German syllable
A German syllable consists of an obligatory nucleus and optional
onset and coda.

In the OT framework, obligatoriness of the nucleus takes the form of a

constraint.

As for the onset and the coda, they are not obligatory parts of German
syllables. However, syllables with onsets are universally preferred, as
expressed by the constraint ONSET introduced by Prince & Smolensky (1993)
and McCarthy and Prince (1993a)and already mentioned inChapter 1.

(5) ONSET
Syllables have onsets.

(7) Well-formed German syllables
a. Onset + nucleus + coda (el VC, C1VCC, C1vy etc)

kalt 'cold'
Milll 'garbage'
Bein 'leg'

The onset consists of a consonant plus an optional glide or liquid, though kn
(Knnst 'clink'), gn (Gnade 'favor'), kv (Quark 'curd cheese') and Iv ~chwimmen
'to swim') are possible onsets, too. Onsets generally respect the sonority
hierarchy (see below and Hall 1992a:69for some exceptions). [i] and [s] can
appear at the leftmost edge of syllables (in general the first of a morpheme),
as in Sfrump!'sock',Skelett 'skeleton' and Skat 'skat'. These segments do not
respect Vennernann's (1986, (10» sonority hierarchy.

kam
KlUte
Presi.d.e.nt

b. Nucleus + coda

Aal
Ost
Muse.wn

'came'

'coldness'
'president'
(VCI)

'eel'
'East'
'museum'

5 However, some phonologists assume an obligatory onset constituent (for instance
Giegerich 1992 and Yu 1992).
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c. Onset + nucleus (ClV,ClW)
~l 'creole'
Alkuhol 'alcohol'
Illilsikalisch 'musical'
Januar 'January'
Stuhle 'chairs'

d. Nucleus (V, VV)

Since onsets are not obligatory in German and codas are frequent, it is not the
case that a candidate with an onset but without a coda will always be chosen
as optimal as compared to one without an onset or with a coda: it depends
on the input. The word Uhr 'clock' is weIl-formed in German, and the
evaluation algorithm must take the absence of an onset (leaving aside the
nonphonemic glottal stop realized before a stressed vowel) and the presence
of a coda into account, in order to decide which candidate is optimal. Thus,
additional constraints are necessary to make sure that the segments in the
input reappear in the optimal candidate. Tableau 1 shows that FILL and
PARSE,the faithfulness constraints introduced in Chapter 1, must be ranked
higher than ONSETand NOCODA.The input is given in the upper left comer.

Wm
Ehe
Theater
Radio.

'owl'
'marriage'
'theater'
'radio'

segments is syllabified as O.rna (never as Om.a). In contrast, the word Raglnn
'raglan sleeve' has the preferred syllabification Ra.glan (and not Rag.lnn). In
such cases, the effects of ONSETand NOCODAare visible.

To illustrate the interaction of the three constraints introduced so far
(Nve, ONSET,and NOCODA),consider the second syllable of the word Polen
'Poland' in Tableau 2. The optimal candidate satisfies NUC and ONSET,but
not NOCODA.The faithfulness constraints have been left out, since in this
example and in the subsequent ones they are always undominated. The
input of the word Polen consists of the unsyllabified string of segments
/poln/. This string cannot be monosyllabic because the only syllable would
then contain three moras and an appendix n, which is never found in
German monomorphemes (see below). So tw"osyllables must be realized. The
word Polen has the tentative syllable structure in (8). It is tentative since the
status of the syllabic sonorant is not clear. It could be just a nucleus, or both
nucleus and coda, as shown in (8). Since there are words in which a syllabic
sonorant is at the same time part of a syllable and the onset of the following
one (as in trocken.e 'dry', see 2.2.1.1), we assume that in those cases it is
ambisyllabic and thus coda of the first syllable. By analogy, n in Polen is also
a coda.

(8) cr

/"'"onset nucleus

I I
p 0:

cr

/I~
onset nucleus coda

\/
"/UR/ 'Uhr' H FILL

a. a u~

b. U<R>

'!c. Du~

Tableau 1

NUC is unviolable and unviolated: there are no syllables without a nucleus.
But, as we just saw, ONSETand NCCODAare violable, and, as a consequence,
they rank below NUc. In Tableau 2, the optimal candidate (a.) violates no
constraint at all, or only violates one if [n] is a coda as well as a nucleus.

The two candidates with epenthesis or deletion (b. and c.) are not optimal
because they violate the high-ranking faithfulness constraints. The candidate
that violates both ONSET and NoCODA wins, because there is a close
correspondence between input and output. In this candidate, FILLand PARSE
are not violated. However, a word like Oma 'granny' with a VCVsequence of
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/poln/ NUC (10) Consonant Sonority Hierarchy
..... po.lt;l. >

.po.ln. '! p b I v m 1 R glides

.pol.I). t d s z n

.pol.n. '! k g J 3 ~

.po"ln. pi C; J

.po.,l.I). ts x

Tableau 2
tJ

In addition to the three parts of the syllable, it is often assumed that nucleus
and coda together form a rhyme. The rhyme has a maximal number of
positions (see the next section), and it determines the syllable's weight. If the
rhyme is taken into account, the syllable structure in (8) must be replaced by
the one in (9).

The laryngeals [h] and [?] have not been included here because they
constitute an entire onset and are never found in a consonant duster or in a
coda (the glottal stop is not phonemic anyway). Thus, the sonority hierarchy
does not play any role in determining their occurrence.

An alternative which must be considered here is illustrated by the
Sonority Sequencing Principle proposed by Clements (1990:292). Clements
proposes the following universal ranking of segments.

(9) cr cr

11me 17m

\

(11) Obstruents < Nasals < Liquids < Glides

- - - - 'syllabic'

- - - + vocoid
onset nucleus onset nucleus coda - - + + approximantI I I \/ - + + + sonorant
p 0: I I)

0 1 2 3 rank (relative
sonority)

There are, of course, constraints as to which segment can appear in which
position. The sonority hierarchy (here adapted from Sievers 1901 and
Vennemann 1986) plays a major role in determining which sequences are
permitted. The hierarchy classifies segments on the basis of their sonority:
vowels are more sonorous than glides, which in tum are more sonorous than
liquids, and so on. German consonants are arranged along the following
hierarchy:

Clements proposes analyzing sonority as derived from the major class
features of standard phonological theory. Though the details of his theory are
not relevant for the present study, one important aspect of his proposal is his
assumption that all obstruents have the same ranking in the sonority
hierarchy. However, Clements establishes a universal sonority hierarchy and
does not exclude that some languages can introduce sonority differences
between stops and fricatives, as assumed in the present work for German.

Hall (1992b), adopting Clements's proposal, proposes that, in German,
all obstruents (stops and fricatives, voiced and voiceless alike) are equally
sonorous. This allows syllabifications like abs.trakt 'abstract', Obs.tm.ent
'obstruent', ab.strakt and Ob.stru.ent without violation of the sonority
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hierarchy. Hall's main argument (1992b:222) comes from the existence of
words like Blut-s 'blood, gen. sg.', Hof-s 'yard, gen. sg.', Blech-s 'tin, gen. sg.',
FiscJl-s 'fish, gen. sg.', hubsch 'pretty', Sehnaps 'schnaps' and Laells 'salmon',
which allow coronal fricatives to follow a stop. (Notice that the first four
words are inflected forms.) However, the only coronals that appear in this
position are the coronals lsi and rarely If I ,never the labial If! or the dorsal
/x/,/. This is exactly what is expected if the extrasyllabic /s/or /1/ at the
end of syllables (in the vast majority of words at the periphery of the
morpheme) is analyzed as an appendix (see section 2.1.6 for details). Hall
proposes syllabifying all coronals at a later level than the segments
occupying the 'regular' coda. They are syllabified by a rule also responsible
for the syllabification of appendices, called Coronal Obstruent Adjunction.
His proposal poses two problems. First it assumes the existence of levels of
syllabification inside monomorphemes. In an OT framework, this is
impossible. Second, words that are accounted for by Vennemann's sonority
hierarchy, like brusk 'brusque', eehl 'real' and Haft 'custody' are not
accounted for by Hall's sonority hierarchy, but are treated as exceptions
(because segments in the coda should have different sonority rankings).
Briisk and a very few other words ending in -sk, with a final dorsal like Kiosk
'kiosk', kafkaesk 'Kafkaesque', Obelisk 'obelisk', etc., are not covered by the
Coronal Obstruent Adjunction and are considered to be exceptions.
Vennemann's and Hall's sonority hierarchies both have some advantages
and both present some problems. Since this question does not affect the main
theme of this chapter, the question of which sonority hierarchy best captures
the German arrangement of segments is left open, with a slight preference for
Vennemann's hierarchy.

The nucleus is generally the most sonorous element of the syllable.
From the nucleus to the edges of the syllable, the sonority decreases.6

The behavior of IRI in German is rather puzzling. In order to account
for the fact that tautocodaic glides and IRI are impossible (~Baur, :tCdr: such
sequences force IRI to be syllabic; Bauer 'peasant' and Geier 'vulture' are
disyllabic), German IRI and glides could be analyzed as ranking equally on

the sonority hierarchy. However, two different facts speak against this

proposal. First, it becomes untenable once onsets are taken into con-
sideration. In words like Rndio 'radio' or Italien 'Italy', with a hiatus between
an [I] and a following vowel, [i] is often realized as a nonnuclear onset glide
(as in Thjmian 'thyme' [ty:.mia:nD, and the first part of the onset can be IR/:
Karies 'caries' [ka:. Rje:S], Arie 'aria'. On the contrary, a sequence of a glide
plus 1p,,1 in the onset is impossible. This speaks against an equal sonority of
h/ and glides in German, and for the hierarchy in (10) and (ll), in which
glides are more sonorous than IR/. However, as Clements (1990) convin-

cingly argues, sonority restrictions apply at an abstract level of syllabi-
fication. In regard to Knries it may be objected that the abstract syllabification
involves three syllables: Kn.ri.es, where Ii! is a full vowel. The second fact is
that in a great nwnber of cases IR/ is vocalized. In such cases, the syllable of
which it is a nucleus can have a glide in its onset: Bayern [bajen] 'Bavaria',
Meier [maje] (a name), Reiher [Raje] 'heron'. The glide is ambisyllabic. In
sum, Ip,,/ is either less sonorous than a glide or more sonorous, depending on

its status as a consonant or a vowel. More study is necessary to understand
the characteristics of I R/.

The following constraint, originally proposed by Smolensky & Prince
(1993:16), is directly relevant to the present discussion:
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(12) HNUC (The Nuclear Harmony Constraint)
A higher sonority nucleus is more harmonic than one of lower

sonority.

HNVC accounts only for the nucleus. Another constraint, which we call SON
(13), is responsible for the sonority of the edge elements.

(13) SON (The Decreasing Sonority Constraint)

From the nucleus to the edges the sonority must not increase.

The sonority hierarchy offers an explanation of why the words Kerl or Helm
are monosyllabic, whereas Keller and Hammel are disyllabic. The sonority of
rl and 1mis decreasing, whereas the sonority of lr and ml is increasing. Thus,
since German allows syllabic sonorants, I in Hammel and r in Keller become
syllabic, forming new syllables. As already mentioned, a schwa can be
facultatively inserted before lor r in these words, as reflected by the

6 Or, at least, it does not increase. Some sequences of equal sonority are allowed in the coda
but not in the onset, as attested by the following words: Au! [apt] 'abbot' and Akt [aktJ 'act'.
It is not entirely dear whether the final coronal in those words is an appendix or not (see
section 2.1.6 for a short discussion of this problem).



orthography. The following tableau shows how the constraints decide
between different candidates for the word Leber 'liver' (input: /Iebr/. In
Tableau 3, nothing forces the ranking of HNUC and SON relatively to each
other.

these cases only. A syllabic sonorant can be the nucleus of a syllable in order
to fuUili NuC, even if it violates the sonority hierarchy, as shown in the first
candidate of Tableau 4. A candidate that fulfills HNUC is shown in the
second candidate of Tableau 4, but it violates ONSET.The third candidate has
no nucleus and thus violates the high-ranking constraint NUC

/lebR/ HNUC I SON... .Ie.be . I
.IebR. I '!
.Ie.bR. '! h

Tableau 3

/poln/ NUC ONSET HNUC... po.lI:> 10'Wii" ·,,,W 'V\li'V
po. ,In '! I tiiF:!:!WiiI;;' Wi'" d#
po.ln '! 10)'j1\1l%0lf • % K <r"i-If:~,, • <

Tableau 4There is one context in which HNUC is not respected and this is the last
syllable of some words with a syllabic sonorant as nucleus. In (14a), the onset
of the final syllable is less sonorous than the nucleus, but in (14b), it is more
sonorous, thus contradicting HNUC.

(14) Syllabic sonorants
a. Atem 'breath'

Segel 'sail'
b. Pollen 'pollen'

Polen 'Poland'

Tableau 4 has an undesirable consequence: with the ranking ONSET »
HNUC, it is more preferable that a word like Uhr 'clock', with no onset, have
an onset than that is respects HNUC. Inother words, according to the ranking
of Tableau 4, the long vowel should be the onset and I the syllabic nucleus.
This is not a welcome result! To avoid this syllabification, an additional
constraint is necessary: VOCNUC in (16), a positive constraint which makes a
syllabic nucleus of each voweL This constraint is ranked above ONSET and
forces the correct syllabification of Uhr. The second syllable of Polen is not
affected since it does not contain a vowel.

Monomorphemic examples as in (14b) are hard to come by, but the problem
is more common when inflection is at play, as in (15). Syllabic n is a frequent
inflection suffix and many stems end in r or I.

(15) Violations of the sonority hierarchy
roll-r;t 'to roll'
Ball·~ 'balls, dat. pI.'
knurr-r;t 'to growl'
stur-r;t 'obstinate, infl:

(16) YOC:Nl!C
Each vowel is a syllabic nucleus.

VCX:NUC is unviolated, like Nuc These two constraints are not ranked.

Some authors (for instance Wiese 1986 and Giegerich 1987) avoid this
difficulty by assuming a consonantal sonorant plus an epenthetic schwa
which are then parUy deleted and partly replaced by a syllabic sonorant at a
later phonetic level. We believe that this step is unnecessary, and in
Optimality Theory it is even impossible, since there are no such derivations.
The solu~ion we propose is to admit violations of the sonority hierarchy for

JURI Nuc I VOCNuc ONSET HNUC
aT .uC. I IK '.% .•' fui y 01\

. I,.!l!. ; 'r dlim '1il"')jj "' ·).il ' .•y •I
Tableau 5

It will be shown in the next section that full vowels are underlyingly moraic:
lax vowels are monomoraic and tense ones bimoraic. In consequence,
VOCNuc could be expressed in such a way as to make each moraic segment
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2.1.2 Tense and lax vowels

We reject both redundancy rules in (17) and instead propose explaining the
difference behNeen the two classes of vowels by their moraic structure which
is underlyingly specified (Hyman 1985, Hayes 1989): vowels are
underlyingly bimoraic or monomoraic. Monomoraicity implies laxness, and
bimoraidty tenseness, except for the front mid unrounded vowel [El, which

can be both mono- and bimoraic.
Some phonologists (e.g., Giegerich 1985, Hall 1992, Rarners 1988,

Wiese 1986, 1988 and Yu 1992) have suggested that long vowels are
associated with two syllable positions.S According to our proposal, the
distinction is made in the moraic structure, and only indirectly in the syllable
structure (for Dutch see Hulst 1984, Kager 1989, Hulst and Van Lit 1987 and
the literature dted there). Hence, not only are tense vowels bimoraic and lax
vowels monomoraic, but tense vowels also have a lengthening potential,
whereas lax vowels do not. Thus both length vs. shortness and tenseness vs.
laxness are predictable from the moraic structure. A monomoraic vowel is
always lax and short. A bimoraic vowel is always tense: it is long in a
stressed position and short in an unstressed one. In a secondary stressed
position, it is half-long (Ramers 1988, Reis 1974, Vater 1992). The following

redundancy rules take the place of (17):

a syllabic nucleus. However, VOO'JUC is to be preferred, because although
schwas are nonmoraic segments (see 2.1.3), they are nevertheless syllabic
nuclei. One may wonder whether the words in (14b) should be disyllabic at
aU: Poll"" at least, could be monosyUabic and still be well-formed. ([po:ln] is
too long to be disyllabic, as already mentioned.) As a matter of fact,
monomorphemes like the ones in (14b) are rare, and maybe Pollen is
lexicalized as disyllabic. On the other hand, suffixed words like those listed
in (15) are extremely frequent. It has been shown in Hry (1991, 1995) that
some inflectional affixes obligatorily add a syllable. In such cases, -n is

syllabic, no matter which segment forms the onset of the newly created
syllable. Since there is no vowel, n is in many cases the only segment that can

function as the nucleus (see 2.2.1.1).
After these preliminaries, vowels and their weight will be discussed in

the following two sections. Vowels are always nuclear and crucially
contribute to the syllable weight. It will be shown that tense vowels are

bimoraic and lax vowels are monomoraic.

Though tense vowels can also be short, they are often long, while lax ones are
always short (with the exception of [El, which can be long)? There is general

agreement among phonologists of German in the generative derivational

tradition that only one of these oppositions is necessary and that the other
one should be expressed by redundancy rules of the form shown in (17). The
first alternative, (17a) (length is distinctive, tenseness is predictable) is
defended by Hall (1992a), Ramers (1988), Ramers and Vater (1992), Vater
(1992), Wiese (1988) and Yu (1992); the second, (17b) (tenseness is distinctive,
length is predictable), is supported by Kloecke (1982), Moulton (1962), Reis

(1974) and Wurzel (1970).

(18) Redundancy rules for lax and tense vowels
a. If a vowel is monomoraic, it is lax and short.
b. If a vowel is bimoraic, it is tense.
·c. If a bimoraic vowel has main stress, it is long.
d. If a bimoraic vowel has secondary stress, it is haU·long.
e. If a bimoraic vowel has no stress, it is short.

Moraie structure is specified in the lexicon, and all other properties of vowels
are derived from it. In the following, the moraic structure is given with the

input of the morphemes.
The following properties of vowels confirm (18):

1. Short lax vowels (except for schwa) do not occur in open syllables, but
only in closed ones (Moulton 1956). This is illustrated in (19). In words like
Otto and Kaffee, the final vowel in the open syllable is always tense. A lax

(17) Redundancy rules
a. [long] -> [tense], [short] -> [lax]
b. [tense] -> [long], [lax] -> [short]

7ln some dialects of Standard German [e] has a special status in the vowel system: it can be
long or short. Thus, there is an opposition between uhm [le:mJ. Bett [bet] and kltmst [kc:mst].
We assume that some occurrences of le] arc bimoraic and become long when stressed,
exactly like the other bimoraic vowels.

8 All these authors assume that segmental roots i\re associated with skeletal positions, and
do not consider the relevance of moras for the syllable's slructure.
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M~tall [me.taIJ 'metal'

K,,16nne [ko.bry.J 'row'

k.ullntirisch [ku.!Lna:.RJ) 'culinary'

bin~r [bLnqJ 'binary'
Harm6nika [ha~.mo:.ni.ka·] 'harmonica'

c. dosed syllables:
Hut [hu:tJ 'hat'

L2hn [lo:nJ 'salary'

vowel cannot be realized in this position (19a). In closed syllables like in
(19b), lax vowels occur freely.9 A dot under a consonant signalizes its
ambisyllabicity. Also the fisrt vowel in a hiatus always is a tense vowel (19c).

(19) Lax vowels
a. Ott" [>10') .[> t;1) name

Kall~ [kale') ·[kaftl 'coffee'

b. H~lm [hElm) 'helmet'

MiiJl [mYI) 'garbage'

Dime [bl]1.n.) 'pear'

RQbbe [R>1).) 'seal'

c. Dia [di:.a·) 'slide'

Qase [o:.a:.z.) 'oasis'

3. Finally, stressed tense vowels are long (21a), both in primary stressed
positions (21a) and in secondary stressed ones (21b), though in the latter
context they are half-long. The length of the tense vowels directly correlates
with stress. Unstressed tense vowels are short, as illustrated in (20b).

2. Tense vowels, in contrast, do appear both in open (19c, 20a and b) and in
closed syllables (20c). The length of the tense vowels inunstressed word-final
position is not well-defined: they are neither long, nor short (20a). Short tense
vowels appear in unstressed word-internal position (20b).

(21) Long tense vowels in stressed syllables
a. primary stress:

Besen [be:.zry]

Hut [hu:t)
N6.te [no:.t;»
Hiihle [he:.!,)
Mll!te [mi:.t;»

b. secondary stress:
BahnhQf [ba:n.ho·f]

arbeitslli.s [a~.bajts.1o-s)
EigenWn [aj.gt).tu·m)
Demut [de:.mu·t)
M6nat [mo:.n a·t)

(20) Tense vowels in closed and open syllables
a. open syllables in final position:

Mutti. [mu!i'J
KiIff~ [kafd
Aut" [all.tO·J

b. open syllables in word-internal position:
OkQnQmie [•. ko.no.mi:)
h~br~isch [he.bRE:.,I)

'mum'

'coffee'
'car'

'economy'
'Hebrew'

9 Vennemann (1992) uses another terminology, first introduced by Jakobson (1937) and
Trubetzkoy (1939). Syllables with a tense vowel are called smoothly cut and those with a lax
vowel are abruptly cut. In his own words: "The intuitive correlates of these prosodies are the
ways Ih~ rnd of th~ nu.c/ros is r('achtd: in abOJpt syllables the nucleus ends on an intensity
crescendo, the decrescendo, if there is one, occurring either in the coda or in the following
syllable; by contrast, in smoolh syllables the intensity decrescendo begins in the nucleus
ilself. According 10 phonetic measurement, the acoustic intensity decrescendo of an abrupt
syllable is short and steep and occurs at the very end of the nuclear vowel; by contrast, the
acoustic intensity decrescendo of a smooth syllable is long and flat and begins long before
the end of the nuclear vowel. These phoneHc characterizations, both the intuitive one and
the one based on experiments, establish the cut properties as prosodic properties, because
the same sequence of speech sounds may in principle occur with one or the other of the
syilable cuts" (1992:401) (emphasis in the original).

'broom'

'hat'
'note'
'cave'
'rent'

'railway station'

'unemployed'
'property'
'humility'
'month'

The generalization that emerges has been observed by Moulton (1962) and by
Reis (1974). Moulton says:

To sum up: though the opposition "long-short" is a striking
phonetic feature of the German vowel system, it affects vowels
only when they are stressed. The one constant feature which
distinguishes the two sets of vowels in both stressed and
unstressed position is the opposition "tense-lax". In formal speech
this opposition is suspended in unstressed position only for the
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pair /~/-/~/i in the informal speech of many persons, however, it
is suspended for all other pairs as well. (1962:64)

Syllables with less than two moras violate BIMORThis constraint accounts
for the fact that no syllable ends in a short lax vowel, since a short vowel.
being monomoraic, cannot fulfill the bimoraicity condition. Short tense
vowels can appear in open syllables, since they fulfill (22). There is some
evidence that short tense vowels are indeed bimoraic.ll

As already mentioned in section 2.1, nucleus and coda together form a
rhyme. Different reasons can be invoked for the existence of the rhyme, a
crucial one being the rhyme in poetry, another one being directly relevant to
the discussion about the status of tense vs. lax vowels: rhymes have a
maximal number of positions. Lax vowels can be followed by more
tautosyllabic segments than tense vowels (Moulton 1956). More exactly, tense
vowels (and diphthongs) behave like a sequence of a lax vowel plus one
consonant. Whereas a lax vowel can be followed by two consonants (23a),
this is not the case for long tense vowels and diphthongs (23b), nor for short
tense vowels (23c).

And Reis (1974:192):
The crucial argument for the distinctivity of the vowel quality in
German is to be found in the secondary stressed syllables. There,
the difference in quantity vanishes, but the difference in quality
remains. [... ] The vowel length appears to be primarily dependent
on the word stress and secondarily dependent on the vowel
quality: under main stress length is automatically tense.1o(quoted
after Vater 1992:115)

If lax vowels are monomoraic and tense vowels bimoraic, the difference in
length in primary stressed vowels can be explained. Bimoraic vowels exploit
their length potential under stress, whereas monomoraic vowels, having no
length potential, remain short. Our proposal to make the primary distinction
between tense and lax vowels a distinction in their moraic structure also
accounts for the fact that short vowels cannot appear in open syllables. In a
framework in which segments are associated with skeletal positions, there is
an unsolvable contradiction between the requirement that syllables have at
least two positions, which is necessary to explain the non-occurrence of final
open syllables with a lax vowel, and the fact that tense vowels can be short,
and thus occupy only one skeletal position. In our approach the problem
does not even appear. The minimal syllable is measured in moras and not in
positions. Even if skeletal positions are necessary, they do not express
restrictions on syllable weight. The constraint (22), BIMOR,expresses the fact
that Getman syllables, with the exception of schwa syllables, are at least
bimoraic: see the next section and Kager (1989: Chapter 3) for a similar
generalization about Dutch.

(23) Restrictions on the number of positions in rhymes
a. A lax vowel can be followed by maximally two moraic consonants (µCC)

Lump [lump] 'scoundrel' '[luRmp]
fUnk [fl'!)k] 'nimble' '[f!JR~k]
Helm [hElm] 'helmet' '[he1mp]
Him [11rin] 'brain' '[hi:Rn]
Tempo [tEmpo'] 'tempo' '[tElmpo']

(22) BIMOR(Bimoraic syllables)
Syllables are minimally bimoraic.

b. A long tense vowel can be followed by only one moraic consonant (µµC)
Hehl [he:l] 'secret' '[he:lk]
Lohn [loon] 'salary' '[lo:mp]
Bein [bajn] 'leg' '[bailn]

c. A short tense vowel can be followed by only one moraic consonant (µµC)
M~tAll [me.tal] 'metal' '[l!J.fsl.tal]
kulinArisch [ku.lLna:.RJ] 'culinary' '[kl.umt.lLna:.RJ]
Harm6nika [ha~.mo:.ni.ka] 'harmonica' "[ha~.mo:.nifi.kQ]

10 In the original: "Das entscheidende Argument fUr den distinktiven Status des qualitativen
Konlrastes im Deutschen liegt im Zeugnis def Ncbcnsilben. In dicsen verschwinden die
Quantitalsunterschiede, die qualitativen Kontraste bcstehen jedoch weiler. (... ] Damit
erweist sich die Vokallange aIsprimarabhangigvomWortakzent und sekundarvon def
Vokalqualit1it: Unter Hauptton tritt sic automatisch zu gespannt hinzu."

11Recall that tense vowels arc long under stress, which implies that, in this case, their
bimoraic status is uncontroversiaL The same is true for lax vowels: since they arc always
short, their monomoraic sta.tus is uncontroversial, too.
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If a vowel is followed by a tautosyllabic dorsal nasal ruL it is always lax, as
illustrated in (24). No tense vowel, long or short, occurs in this position. The
dorsal nasal is often analyzed as being the phonetic realization of a sequence
of a nasal + [gJ (Isa~enko 1963, Kloecke 1982), thus a sequence of two

consonants, except if it is the result of an assimilation to the following velar
stop, like in Bank [ba!)kJ 'bank'. It is monomoraic only in the latter case (a
monomoraic [nJ has become I!)I as the result of an assimilation). In the
former case, it is bimoraic. This restriction also shows that tense vowels are in

some sense heavier, i.e. they occupy more positions than lax vowels.12

position, or the further fact that the labial and the alveolar nasal
may occur both after a tense and a lax vowel but the velar only
after a lax vowel. If one insists on a synchronic explanation, one
may relate the different coda restrictions to the fact that one of the
phonetic accompaniments of tenseness is length: A coda of several
consonants would make syllables with a tense vowel phonetically
over-long.

(24) Restrictions on the number of positions of rhymes in syllables with a
dorsal nasal
a. Lax vowel

lang [la91
sing [z'!Jl

b. Long tense vowel
"o:!), "a:!)

c. Short tense vowel
"O!),"ClJ

'long'
'sing'

Vennemann's conunent contains two weaknesses, the first one being that the
difference in tolerated codas after lax and tense vowels needs no explanation:
it can be interpreted as a mere structural property (whatever that means). His
analogy with the velar nasal is strange, since, according to most
phonologists, the fact that the velar nasal does not appear word-initially and
the fact that it does not appear after a tense vowel are correlated: both
properties are explained if [9] is phonologically a sequence [n] + [g], or

simply the result of a word-internal assimilation of [n] to a following velar,
as illustrated in Triangel [9]ltrianguliir [9g]. Secondly, he gives an

explanation (for those who insist) based on phonetics: "A coda of several
consonants would make syllables with a tense vowel phonetically over-
long." This explanation works only for long tense vowels, but says nothing
about short tense vowels.

Contrary to Vennemann's point of view,we think that the absence of
long codas after tense vowels is in need of an explanation. The difference
between codas after tense and lax vowels can be easily explained if rhymes
have a maximal number of positions: it consists of maximally three moras in
word-final syllables, and preferably two in word-internal syllables. If the
nucleus is bimoraic (tense vowel), it can be followed by one moraic
consonant in the same syllable. If the nucleus is monomoraic (lax vowel), two
tautosyllabic moraic consonants can follow. The constraint on the occurence
of the consonants can be expressed in a simple way, as a constraint on the
maximal number of moras that a syllable may have (25). Appendices are not
moraic, and thus do not count for (25). This point is developed in section
2.1.6.

The crucial data are those in (23c) and (24c), which show that a short tense
vowel cannot be followed by more than one consonant or by the bimoraic
dorsal nasal in the same syllable. So a short tense vowel behaves like a long
tense vowel in terms of the number of consonants it can be followed by.
Vennemann (1992, footnote 1), criticizing Wiese's claim that all German
syllables contain at least VC at the syllabic level, writes:

Wiese's second reason for his VC requirement is the well-known
fact that syllables with a lax vowel in general tolerate longer codas
than syllables with a tense vowel (or diphthong). But this can
easily be interpreted as merely a structural property of Standard
German, no more in need of an explanation in synchronic terms
than the other fact that of the three nasal consonants only the
labial and the alveolar but not the velar may occur in word-initial

12See also Anderson (1984) who proposes that tense vowels arc internally more complex
than lax ones. More precisely he says that tense vowels occupy "two segmental positions
within the syllabic Nucleus, as opposed to lax vowels, which occupy only one" (p.95).

(25) TRlMAX (Trimoraic maximum)
Syllables are maximally trimoraic.
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Taken together, (22) and (25) claim that syllables contain two or three moras.
However, as shown in Tableau 6, TRIMAX is ranked higher than BlMOR. In
fact TRIMAX is unviolable: there are no quadrimoraic syllables, whereas
BIMOR is often violated: all schwa syllables are nonmoraic (see next section).

Hohle & Vater 1978, Isa~enko 1974, Noske 1992, Wiese 1986, Wurzel 1970).

As already mentioned, we take the default pronunciation of the last syllable's
nucleus in words like Polen, Leber and Segel to be a syllabic sonorant. On this
point, our position differs from the literature on German schwa which
considers schwa + consonantal sonorant to be the default realization
(Giegerich 1987, Hall 1992a, Wiese 1986, among others).13 Schwa is
obligatorily pronounced only in case there is no consonant in the coda, or if
the following consonant is not a sonorant and cannot be syllabic, like [t] in
redet 'speaks'. A schwa followed by [R] is realized as a vocalic [el (sometimes
transcribed as [....], as in Ramers 1992 and Hall 1993).

In this section, no clear line between syllables whose nucleus is a
schwa and syllables containing syllabic sonorants is drawn, since they have
the same properties, as far as their weight is concerned: they all are light and
monomoraic.We distinguish between them only when necessary. Following
a proposal by Kager (1989), we caU them 'schwaUables'.

Like full vowels, schwallables are real syllables14: they can have an
onset, or a coda, or both, or neither. But not all types of schwallables can
appear in all word-positions: a schwallable without an onset never appears
word-initially. Word-internally and -finally, onsetless schwallables are
exceptional (Elle 'marriage' is an example), at least in monomorphemic
words, and no word consists of a single schwallable. As already mentioned,
in the list (27), and everywhere else, syllabic sonorants form both the nucleus
and the coda of the syllable they are in, and sometimes even the onset of the
following syllable as, e.g., in trockene [tJt:>kl}a] 'dry, hill.', where n is syllabic

and the nucleus and coda of its own syllable as well as the onset of the next
one.

Ibytnantl 'Leutnant' TRlMAX

cr

f71\
µµ µ
I I I

D" b Y t.nant

cr

~

/I\\
µµ µµ
I I I I

·1 J Y n t.nant

"!

Let us summarize the main findings of the present section. We have seen that
tense vowels are bimoraic and lax vowels are monomoraic. Different facts of
German phonotactics have confirmed this view. A constraint BrMOR has
been introduced, which requires the German syllables to be bimoraic, as well
as a constraint TRrMAx, which prohibits syllables with more than three
moras.

In the next section a class of syllables which systematically violate
BIMOR is discussed: those with a nuclear schwa or a nuclear syllabic
sonorant. These syllables are nonmoraic, irrespective of the number of
consonants in their coda.

Tableau 6

2.1.3 Nonmoraicity: the schwa syllables

(26) cr cr cr
I \ 11\ j\

0 N ONCON

1\ I I \ I I I
t R ) k ~ ,

So far, only full vowels have been considered. But German also has a
reduced mid central vowel, schwa (a), which has a special status: it is always

unstressed, and in many cases, schwa plus consonantal sonorant is an
alternative realization of a syllabic sonorant (see Fery 1991, Giegerich 1987,

55

13These autho~s assume an epenthetic schwa in the lexical component of the granunar
which is deleted at the posilexicallevei. Such derivations cannot be expressed in OT.
H Even if the syllable they form is sometimes deleted in connected speech:/ahrm-> t/a:n],
holen -> tho:/nJ.
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The possible German schwallables are listed in (27). fli.issig
n~idillil
Jlingling(27) Possible German schwallables

a. Onset + nucleus + coda (CaC, CaCC)

=bl~iben [f•. blaj.bq/n:1] 'stay'

Al2illd. [a:.bqtJ 'evening'
b. Nucleus + coda (.C)

~htl [e:.e) 'rather'
kauwe [ka~e.t.J 'chewed'

baum [ba~qJ 'to build'
c. Onset + nucleus (C.)

llfamte [b•. am.t.J 'civil servant'
Palkrborn [pa:.de.b,~nJ name of a town
Ka~ [ka~.J 'heap (for a car)'

d. Nucleus (.)

Bb~ [b.: .• J 'squall'

Eh~ [e:.• J 'marriage'
Statu~ [Jta:.tu .• J 'statue'

'liquid'
'envious'

'youth [= boy],

Wurzel (1970:182) formulates a derivational rule changing an unstressed [e)
into [a] before a tautomorphemic coronal and into [I] before a palatal or a

dorsal. He also convincingly argues that schwa is in many cases an allophone
of [eJ (or of [eJ, which is itself an allophone of Ie]), as shown by the
alternations in (31).

(31) Schwa alternates with [eJ or [eJ

a.leb.endig [eJ/Le~n [.n/q/I1)J
b. Charakt.ere [e:J/Charak~r [eJ

'alive/life'
'characters/ character'

As observed by Kloeke (1982:21), schwa alternates not only with [E] or [e] but

also with other full vowels. Some of these alternations are listed in (32).

(32) Schwa seems to alternate with other vowels

However, even if alternations between schwa and vowels other than [£] or re]

do exist, as attested by (32), it is not the case that schwa is the reduced vowel
of all full vowels in German - as it is in English - and this is for the following
reasons:

1. In the pairs (32), the first four examples do not involve alternations
between a stressed vowel and an unstressed one, but between two
unstressed ones, since the relevant vowels injonnulferen, triangular, omino5

An interesting aspect of schwallables is that their codas (and their syllabic
sonorant nude i) are generally coronals, except for palata-alveolars and
palatals (where, however, [2J is completely vocalized), and, in few cases, the

labial nasal (Kiparsky 1966). No schwa occurs before a palatal or dorsal,
though [IJdoes: compare the data in (28) to (30),

a. [uJ
F6rrn.e.1lformulferen
Triangel/ triangwar

b. [iJ
Omen/ominos
sensfbel/Sensibili ta t

Alp"n/alpln
c. [oj

Metapher / metaphO.risch

Ap6st"l/ apostlilisch

(28) Schwall abIes have an [anterior] coda
R6ggen [q/DJ
gearbeittl [.tJ

edrl llJ
Rudtl [eJ

'rye'

'worked'
'noble'
'oar'

(29) Schwall.bles have a labial nasal coda
Atrnl [I1)) 'breath'

(30) Unstressed [I) before alveo~palatals, palatals and velars
Mrrlkh [I,J 'marvellous'

57

'formula/to formulate'
'triangle (musical instrument)/triangular'

'omen/ominous'
,sensiti vel sensitivity'

'Alps/ Alpine'

'metaphor /metaphoric'

'apostle/ apostolic'
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and Sensibilitiit are not main stressed. Only the last three examples involve
stressed vowels, which do alternate with unstressed ones.

2. All alternations listed in (32) and others of the same kind are not original
to German, but are found in other languages as well. Thus, the
alternations are not German, in the sense that they did not originate in this
language. Furthermore, some of these alternations, though etymologically
related, are no longer semantically related (for instance Omen/ominos or
Triangel/trianguliir).15

3. The unstressed vocalic counterpart of a stressed vowel usually has the
same quality as the stressed vowel. Thus, numerous counterexamples of
the:alternation full vowel/schwa exist:

Now for schwallables in OT. The first full-fledged account can be
found in Cohn & McCarthy (1994), who observe that Indonesian schwa is
unstressable (as it is inGerman). 1his is accounted for by the constraint NON-
HEAD(a) given in (34).

(34) NON-HEAD(a)
Stressed [aJ is prohibited.

Schwa has an additional property in this language: it is metrically invisible.
They account for this property with another constraint: NON-FooT(a) in (35).

(33) Okon6.m/OkonQrnle
nationAl/ Nation.a.litat
Kultllr /kultur~ll
romAnisch/Rom.a.n!st
machen/zum.a.chen
Pr6.sa/ prQsi\isch
Tri\wna/ trawni\tisch

'economist! economy'
'national/ nationality'
'culture/cultural'
'Romance/romanist'
'to do/to close'
'prose/prosaic'
'trauma/traumatic'

(35) NON-FOOT(a)
Schwa-headed syllables have no metrical projection.

In contrast to NON-HEAD(a), this last constraint is violable. Indonesian
minimal words are disyllabic (except for a handful of lexical exceptions,
borrowings, which are monosyllabic) and many words are disyllabic by
virtue of combining a schwa syllable with one non-schwa vowel, as
illustrated in (36). Notice that the schwa-syllable is not allowed to be final:
there is no word like "bfr<1 or "b6tir<1m.

Thus, contrary to the situation in English, the fact that a vowel is not stressed
in German does not imply that its vocalic nucleus is reduced. The quality of
the vowel remains generally unaffected. However, as Kohler (1977) and
Vennemann (1992) observe, a vowel may lose its distinctivity in connected
speech, especially between two stressed vowels: AppartH 'apparatus' is often
pronounced App[a}r,;t, and Cholera, Cho/{a}ra.!'

(36) (ani) 'Australian pine' anam 'six'
barl 'give' kanl 'monkey'
kacH 'small' karjA 'work'
satalAh 'after' ampalas 'sandpaper'

Indonesian has a high-ranking constraint FT-BIN,requiring syllabic or moraic
foot binarity (see Chapters 1 and 3). The word bicara 'speak' is footed as
bi(cara), where parentheses indicate footing, because (bi)(cara) would violate
FT-BIN.The same holds for the third syllable in (konti)nu(asiJ 'continuation'
and (ame)ri(kanj)(sasi) 'americanization'. FT-BINis formulated in such terms
that syllabicity or moraicity counts for binarity, but the discussion makes
clear that only syllabification counts. The word tik 'type' for instance is

15Thanks to Ede Zimmermann who drew our attention to this point.
16 Anoth.er remark is in order here, which has nothing to do with schwa, but rather with the
unstressed counterpart of a stressed vowel: the following alternations are very common in
German:
(i) Molek.ill/moleklliar 'molecule/molecular'

nerva;/Nervo;:;itiit 'nervous/nervousness'
binar/Dinaritiit 'binary/binarity'

The left member of each pair has a stressed umlauted vowel. Its counterpart in the right
member is an unstressed non-umlauted vowel. If a vowel is umlauted, it is generally
stressed. However, there are exceptions to this tendency, a few of which are under (ii).
(ii) Mfibel/mobl1eren 'furniture/to furnish'

Ti,p/tipisch/t)!.poI6gisch 'type/typical/typolOgical'
Land/ AuslAnder 'country/foreigner'

However, it is apparent in those words that they are all derivations (rom stems in which the
generalization that umlauted vowels appear only in stressed syllables holds{see Chapter 4).
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augmented to disyllabicity by the addition of a schwa, becoming Cltik. Thus

{kJ is not moraic. Furthermore, true monosyllabic words are never found
(apart from a few lexical exceptions). This implies that minimal words,
containing a full vowel syllable and a schwallable must be footed, as
illustrated in (38a). These words differ from polysyllabic words containing
schwa, as in (37), which have enough syllables with a full vowel that can
form feet. One example of footing of these words is shown in (38b), in which
word schwall abies do not need to be footed. In (38b), the first two syllables
do not participate in the metrical structure of the word; only the last two do.
The schwallable in (38b) fulfills (35), whereas the one in (38a) does not. What
is not dear to us is how other polysyllabic words including schwa syllables,
like the ones given in (37), are footed, since Cohn & McCarthy are not explicit
about this.

This constraint is undominated and crucially ranked above BIMOR There are
no examples of syllables containing schwa or a syllabic sonorant and having
some weight. Schwall abIes can have up to three segments in their coda (all
coronals or [R] and exceptionally [m]) and still be nonmoraic. All other

consonants occuring in the same syllable are also nonmoraic. As they usually
are coronals, it could be a consequence of their being appendices (see 2.1.6
for more about these cases).

The following tableau for Hubert (name) shows that NOMo5cH
cancels the effect of BIMOR

(37) kopan'i.si
apArtamen

'coopera tion'
'apartment'

gAmalan
car£tara

'Indonesian orchestra'
'story'

(J

11\
or (hu). bet

(38) a. (an'i)
b. kop,(rasi)

(J

1\
µ µ
I I

(hu). bet

OJ

Ihube tl Hubert NOMOSCH

Tableau 7

In German, as in Indonesian, schwa is unstressable, but it is generally
metrifiable, though in some rare cases there is evidence that it is not footedP
But contrary to Cohn & McCarthy, we propose that its non-stressability is
accounted for by the fact that schwa is nonmoraic. It projects a syllable, but
no mora. Nonmoraicity is accounted for by a constraint, called NOMOSCH,
formulated in (39). It ensures that a schwallable is always nonmoraic and, as
a consequence, always unstressed, because nonmoraic syllables are too light
to aUract stress.

We assume that NOMOSCH can replace NON-HEAD(a) in Indonesian, too.

Cohn & McCarthy (1994:24, footnote 14) say without further comments that
they do not consider the further formal development of NON-HEAD(a), and

we think tha t nonmoraicity of schwa can account for the fact that it is never
stressed, as in German.

In section 2.2 it will be shown that syllabic inflections, which always
consist of schwall ables, have the same properties as stem schwallables.

(39) NOMOSCH (Nonmoraic SchwaUable)
A schwa syllable is nonmoraic. 2.1.4 Bimoraicity: the consequences of BIMoR

17See Chapter 4 for examples with umlaut-inducing -<hen. It is shown there that productive
umlaut, only induced by the diminutive affixes -<hen and -lein, applies in a foot. Thus,
Rlfdchen 'little wheel', Skttndi1lchen 'little scandal' but -Aulochen/"Autlichen 'little car',
-MlinatchenrMonlttchen 'little month'. In words like Dotterchen 'little yolk' and Ankerchen
'little anchor' (without umlaut) the schwallable must be metrically visible. However, in
BrlldercJu!n 'little brother', Bltllerchen 'little peasant', Nltdelchen 'little needle' and K(/gelchen
'little ball' (with umlaut) the reverse 5(.'Cmsto be true.

Having shown that schwallables require a special constraint that gives them
absolute nonmoraicity, we will now return to syllables with a full vowel. As
shown in section 2.1.2, these syllables have the minimal structure (40); see
also Kager (1989:185) for the same constraint in Dutch.
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(40) Bimoraic syllable
<J

I \
µ µ

I I
V

Backe [ba~aJ 'cheek'
Roggen ["g~J 'rye'
offen [o,6)J 'open'

Masse [ma;aJ 'mass'
lache [la,,,J 'laugh, 1st pees 5g'
Komma [koO)aJ 'comma'

trenne [tRE~aJ 'separate, 1st pees 5g'
HOlle [heeiaJ 'hell'
irren [,,~J 'to be mistaken'Monomoraicity is excluded for syllables with a full vowel in their nucleus.

Hence, a syllable structure like (41) is impossible.

I
µ
I

Ott 0

Ambisyllabicity of the medial consonant in words like those in (42) is
generally recognized by the phonologists of German. It has some phonetic
reality and corresponds to a phonological need.

Phonetically a single consonant after a stressed lax vowel and before
an unstressed vowel does not have the phonetic correlates of a syllable-initial
consonant, like aspiration for instance. Word-initial /t/s and /d/s are
realized with clearly defined closures and releases: Itls are aspirated, as are
the voiceless stops of other places of articulation. In contrast, word-medial
consonants are not realized as clearly. In English, alveolars before an
unstressed vowel are realized as flaps (very short prevoiced alveolars with
little or no sign of a release burst). Turk (1994) discusses the distribution of
bilabial stops in English. She compares two theories of syllable affiliations,
both of which involve resyllabification of the medial consonant. Kahn (1976)
proposes that the I pi of leper is underlyingly the onset of the second syllable
and becomes ambisyllabic on the su.rface structure. In Selkirk's (1982b)
account, the consonants in the flapping environments are syllable-final in the
surface representation: leper is syllabified as lep.er. Turk finds that bilabial

stops following a stressed vowel and preceding an unstressed one pattern
with syllable-final stops, and not with syllable-initial ones. However, as she
observes, her results are not incompatible with Kiparsky (1979), who claims
that the relevant environment for syllabification is the foot, a comment with
which we completely agree. Turk's experiments (as well as similar ones by
Krakow 1989 and Treiman & Danis 198819) consider only English data, but it
is very probable that the same results apply to German as welL

(41) No monomoraicity for syllables with a full vowel
<J

The fact that lax vowels can only appear in closed syllables has consequences
for a word-internal lax vowel followed by a single consonant and a vowel. as
in the examples given in (42). The list is adapted from Ramers18 (199"2:247); in
all these examples the main stress is on the first syllable. Remember that a
dot under a consonant signalizes ambisyllabicity.

(42) Words with an ambisyllabic consonant
Kippe [kl];>aJ 'cigarette-end'
Robbe [oo1;>aJ 'seal'
Mitte [ml!aJ 'middle'
Widder [VIQ~] 'ram'

18Ramers offers a detailed account of ambisyllabicity in German and proposes correlating
underlying ambisyllabicity with orthography (see also Giegerich 1985, Prinz &. Wiese 1990
and Butt « Eisenberg 1990, who defend the thesis that orthography has ;\0 influence on
phonology). All doubly written consonants, like those in (42), as well as the final ones in
Hallelt 'ballett', Proufl 'process' and Duell 'duel', signalize ambisyllabicity. As Ramers
himself observes, this approach implies absolute neutralization, which is undesirable since it
is unmotivated by the phonetic facts. The singly written conson<lnt in Balnnce 'balance'
(ambisyllabic by an extra rule) and the doubly written one in BalladI.' 'ballad' are not
distinguished phonetically.

19Treiman« Danis find that the consonant type has an effect on its syllabific<ltion: sonorants
arc more often interpreted as ambisyllabic than obstrucnts.
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Phonologically, ambisyllabicity closes a syllable whose peak is a lax
vowel. A stressed syllable is at least bimoraic, and the second mora comes
from the ambisyllabic consonant. Two constraints are involved in the
syllabification of the medial consonant: ONSET and BIMOR. The consonant in
question has to be the onset of the second syllable in order to fulfill ONSET,
but it also must close the first syllable in order to satisfy BIMOR,. since this
consonant is the only segment that can give the first syllable its missing
second mora. (See Kager 1989 for the same pOint in Dutch.)

Ambisyllabicity of the medial consonant satisfies both requirements.
The word Rntte 'rat' with an ambisyllabic medial [t] is syllabified as in (43):
[t] is moraic in its function as the coda of the first syllable and nonmoraic in
its function as the onset of the second syllable.

(45) Onset
a. <J

fll\
µ µ µ

. \ I 1

Rot

or b. <J

I 1 \

µ µ µ
I \ I

R 0

In this work, the representation (45a) will be used, because it better reflects
the weightlessness of the onset. However, nothing hinges on the one or the
other representation.

The conflict between the requirement of bimoraicity imposed on
syllables with full vowels and the fact that a medial consonant is also the
onset of the second syllable is thus solved by ambisyllabicity. Such cases are
exactly the ~ind of conflicts the Optimality Theory addresses. Tableau 8,
illustrating the evaluation of Milte [mI.td] 'middle', shows the effect of BIMOR

and ONSET on ambisyllabic consonants. Since the lax vowel of the first
syllable is monomoraic, it needs the following [t] to add a second mora in
order to fulfill BIMOR The first syllable of candidate b. is monomoraic and
does not fulfill BIMoR; it is thus eliminated. Notice that in a word with a
schwallable, BIMOR is systematically violated in order to fulfill NOMOSCH.
But NOMOSCH has no effect on syllables with a full vowel: it only checks the
nonmoraicity of schwallables. What matters is the violation of. BMOR by a
syllable with a full vowel. Candidates a. and c. both violate BIMOR once, but
candidate c. also violates ONSET, which candidate a. does not. So candidate a.
wins. Nothing forces the ranking of BIMOR and ONSET, sowe assume that
they are not ranked.

(43) Ratte [Raj.]

<J <J

Rat d

The syllabification of Ratte contrasts with that of rate 'guess', in which the
long tense vowel is already bimoraic. In rate, the only function of It} is to be
the onset of the second syllable (44).

(44) rale [RO:t.]

<J <J

Rat 0)

Onsets do not enter the moraic count, which reflects the fact that onsets do
not play any role in the syllable weight. The onset is simply adjoined to the
syllable node (45a), as proposed by Hayes (1989), McCarthy & Prince (J993a),
etc., or it can be adjoined to the first mora (45b), as in Hyman (1985).
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µ I NOMOSCH I BIMOR I ONSET
I

1m 1 tal Mitte
a. (J (J

~\~
... ml t •
b. (J (J

(~() I I .ot!

m r. t a

c. (J (J

~/~ ) I I 0 I 0,

ml t..

Tableau 8

If [t] is ambisyllabic, the first syllable is trimoraic, which is not prohibited by
the constraints discussed so far, including TRIMAX(introduced in section
2.1.2 and discussed in the next section), which restricts the number of moras
in German syllables to maximally three: consider Tableau 9 and remember
that the big asterisk in the upper left corner of the Tableau indicates that it
has a flaw of some sort.

Trirnoraicity in word·final syllables is widespread, but word-internal
syllables are generally bimoraic (though there are exceptions; see the next
section). Compare the data in (46) and (47). In (46), all words are trimoraic
(see the next section for a systematic presentation of trimoraicity), and in (47),
the first syllable of each word has two moras.

(46) Trimoraic syllables
Lob [lo:p]
Krug [kRu:k]
Korb [be.p]

brusk ~rysk]

'praise'
'jug'
'basket'

'brusque'

At this point a problem arises. According to the constraints of Tableau 8,
medial [t] of rate [oa:ta] 'guess' can be ambisyllabic like the [t] of Ratte [oa.ta]
or Mitte [1IU,t.].

(47) Bimoraic syllables
Robe [oo:.b.]
Hohle [h.o:l.]

'robe'
'cave'

* µ µ TRIMAX I NOMOSCH BIMOR I ONSET

\I I
I

/R a tal rate i I
a. (J (J ;

(:'\ ~
0

µ µµ
\II

or 0 at. ,
b. (J (J •a/~~ 0

I I... Rat ~

Ambisyllabicity is restricted to syllables which would otherwise be
monomoraic. Trimoraicity of nonfinal syllables is avoided as far as possible.
To avoid ambisyllabicity in words like rate or in the words in (47), NOCODA

is active.

This constraint posits that, other things being equal, the onset of a
syllable is affiliated to one syllable only. Tableau 10 is an extension of
Tableau 9. It shows the effect of NOCODA on the syllabification of rate. Both
candidates fulfill NOMOSCH and ONSET, and both violate BIMOR by their
schwall able. But candidate b. crucially violates NOCODA. For this reason,

candidate a. wins. NOCODA has no effect on truly ambisyllabic consonants,
since BIMOR and ONSET are ranked higher than NOCODA.

Tableau 9
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µ µ TRIMAX NOM05CH BIMOR ONSET NOCODA

\/
/R a tal rate

a. " " I0(!~ .
"-R a. t ~

b. " " I

f\\~ Iµ µµ

I
• '!

\/1
R a ~ ;)

or of a lax vowel followed by two consonants (48b), or of a diphthong
followed by one consonant (48c).

(48) Trimoraic syllables
a. Lob [lo:p] 'praise'

Krug [kRU:k] 'jug'

lahm [la:m] 'lame'

AlQm [at6:m] 'atom'

Piill [pi.Ra:t] 'pirate'

Pri~ [pRm.tsf:p] 'principle'

b. Korb [b~p] 'basket'

bri.isk [bRysk] 'brusque'

Inslinkl [lns.tI!Jkt] 'instinct

aulMk [ay.ta~k] 'self-sufficient'

Elefanl [e.le.fant] 'elephant'
c. Bawn [baym] 'tree'

Pfeil [pfail] 'arrow'

aUrin [a)ajn] 'alone'
Astrolli!.l.tl [as.tRo.nayt] 'astronaut'

Tableau 10

In this section, the implications of BlMOR have been examined. This
constraint guarantees that the lax vowels are checked by a consonant. In case
there is only one medial consonant, it is ambisyllabic. Ambisyllabicity is
restricted to syllables with a lax vowel. NOCODA blocks ambisyllabicity in
syllables with a tense vowel, as well as on syllables closed by two
consonants. This step is necessary since in principle trimoraic syllables are
allowed in German, as will be demonstrated in the next section.

A remarkable fact is that although BIMOR is a violable constraint, it is
never violated by final open syllables, but only by schwallables, which are
nonmorak by decree. Only schwas are nonmoraic; all other vowels are
bimoraic.

These trimoraic syllables contrast not only with bimoraic ones (see the
preceding section), but also with longer syllables in word-final position. The
words in (49) are trimoraic, like those in (48), but they have additional,
nonmoraic segments in their codas called appendices. Syllables with
appendices are the subject of the next section; they are not considered here.

2.1.5 Trimoraicity

(49) Longer syllables
Herbst [hEllPst]

Obst [o:pst]
eins [ajns]

'autumn'

'fruit'
'one'After having looked at the conditions under which bimoraicity is forced, this

section examines trimoraic syllables. It will be shown in the next chapter that
only trimoraic syllables are heavy in German.

Some examples of morpheme-final trimoraic syllables are given in
(46), which is repeated in (48) along with some additional instances. The
three moras are made up of a tense vowel followed by one consonant (48a),

The third mora is always consonantal and can be a sonorant (only word-
finally), as in (50), or an obstruent, as in (51) to (53). Trimoraic syllables are
also found in word-medial position, as shown by the following examples.
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(50)Sonorants as the third mora
!li!hn [boon)
Lfhm [le:m)
Ai!l [0:1)
fuIm [hdm)
Symplilln [zvmp.to:m)
Dillmler [dajm.!e)

'railway'
'clay'
'eel'
'helmet'
'symptom'
car brand

Palimp.sest [pa.lrmp.sESt]
.ElillJkton [pla9k.to:n)

c. Stop + fricative
iIl>strakt [aps.trakt]
Qb.s.truent [::>ps.tRu.Ent)
""tra [,ks.tRo] 'extra'

'palimpsest'
'plankton'

'abstract'
'obstruent'

'muesli'
'desert'
'monastery'
IAustralia'

As can be seen from the data, the third mora is not a marginal phenomenon
in German and should be allowed in the phonology of the language. In this
aspect, German differs from Dutch for which Kager (1989) assumes a
maximal bimoraicity. Kager formulates a constraint against tripositional
syllables followed by non-<lentals.

Consider how some of the constraints introduced so far interact to
choose the optimal syllabification of the word Symptom. Since both syllables
in this word are trimoraic, the candidates in Tableau 11 display parallel
violations or fulfillments of constraints in both syllables simultaneously. The
constraint PARSE(Chapter 1), which has not been considered for German
until now, but which has been assumed implicitly, since all input material
appears in the optimal output candidates, is made explicit in Tableau 11.
Remember that the faithfulness constraints PARSEand FILLare assumed to be
undominated in German. Remember also that PARSEis parameterized: here
only PARSE-segis relevant, which requires that segments have a syllabic
affiliation (see also Scobbie 1991:133 for a similar requirement in the
Declarative Phonology framework). The first candidate, the optimal one,
does not violate any constraint. It fulfills PARSE,since all segments belong to
some syllable. It also fulfills TRIMAX and BrMOR,in being maximally
trimoraic and minimally bimoraic, with no superfluous structure. Candidate
b. violates PARSE,because [p] and [m] are phonetically deleted. Apart from
that it does not violate any constraints shown in the tableau. PARSEand
TRIMAXare not ranked since they are both undorninated.

The obstruent can occur after a tense vowel or a diphthong, as in (51) and
(52).

(51) Obstruents in the third position after a tense vowel or a diphthong
Tense vowel + fricative
Mul:sli
lY.ii£te
lQQs.ter
Aw.tralien

[my:s.li]
[vy:s.ta)
[klo:s.te)
[a1,!s.tRa:.li.an]

(52) Obstruents in the third position after a tense vowel or a diphthong
Tense vowel + stop
Adler [o:t.!e)" 'eagle'
B..edner [Re:t.n'e] 'speaker'

It can also appear after a lax vowel and another consonant, as in (53).

(53)Obstruents in the third position after a lax vowel plus a consonant
a. Liquid + stop/affricate

1ill;tis [a~k.tIs)
Mnei [a~ts.naj)
r.lliner [pa~t.ne]

b. Nasal+stop
Symp.tom
~ner

[zymp.to:m)
[kl,mp.ne]

'Arctic'
'medicine'
'partner'

'symptom'
'plumber'

20 Adler and Redner have an alternative syllabification in which the medial consonant cluster
is the onset of the second syllable (Giegerich 1992).
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I \f

/zYmptom/ Symptom
a. (J 0'

~

I\ ~71\
µµµ µµµ
I II \f I

Jr zymp.t 0 m
b. 0' cr

~\ 07\
µ µ µ µ
I I \f

z Ym<p>.t o<m>

In German, appendix consonants are always coronal and nonmoraic. They
are simply attached to the syllable node and are usually analyzed as
extraprosodic (or extrametrical). They do not contribute to the syllable
weight and do not always respect the sonority hierarchy.21 Herbst 'autumn'

has the structure shown in (54).

BIMORPARSE

(54) Appendices

cr
It!'. n%§&f~i®Wfm@fWI-,rJWJ;imHE~tfW:iffW%~1 f/~\~

h E r p s t 'Herbst'
Tableau 11

It is often difficult to decide whether coronal segments in the coda of a final
syllable are appendices or truly maraie. In the case of Herbst, Papst, Obst, tins,
... the final coronals are appendices, because they corne on top of the three
moraS. In other cases, the segments preceding the coronals do not suffice to
fill the three moraic positions. On the one hand, in a word like Ele/unt

'elephant' , the final syllable must have three moras, because it is stressed
and should therefore be heavy. In a word like Kobold 'goblin', on the other
hand, which also has two coronals in the coda of its last syllable (or at least
one that can be analyzed as an appendix, since III is not an appendical
segment), the situation is different. The final syllable is not stressed, and it
thus seems better to assume nonmoraic final coronals, i.e. appendices.
Nevertheless, in the remainder of this work, two final coronals that follow a
lax vowel will always be analyzed as moraic, no matter what the stress
pattern is. Hence both the hvo final coronals ofEIe/ant and those of Kobold are

equally moraic.

In sum, trimoraic syllables are not totally exceptional in German, though
morpheme-internal ones are not as frequent as morpheme-final ones.
Trimoraicity is maximal in German: there is no syllable with four moras.

2.1.6 The Appendix

Final syllables can contain more segments than medial ones. As Borowsky

(1986:165) comments:

"It has been recognized that the possible sequences of
consonants found in word-initial and word-final positions are

not an altogether true reflection of the possible sequences found
in syllable initial and syllable final positions in the syllable. For
example, languages often allow various violations of syllable
structure at word-edges - appendices. An appendix may contain
a series of consonants not normally allowed in medial position,
or it may contain violations of sonority restrictions, or it may
contain violations on other phonotactic constraints on syllable
structure." Borowsky (1986:165)

(55) cr cr

~

11\
µ µ µ
I I I

e.l e. fan t

(

11\
µµµ
I I I

ko.b ) I t 'Kobold'

21 [Jut sec the remarks in section 2.1.1.
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However, Elefant has a regular stress, whereas that of Kobold is lexically
marked.

Similarly, coronals closing a schwallable can be moraic or not. It has
already been proposed that they are not. A word like Abend [a:.br;tt] 'evening'

has the structure shown in (56):

trimoraicity constraint is unviolable, thus MORAICITYmust be the one that is
violated. Compare the candidates in Tableau 12. Remember that PARSE-seg
simply requires that segments have a syllabic or moraic affiliation, in other
words, that they are phonetically realized. Candidate c. violates this
constraint because the last segment [t] is not realized phonetically. All other
candidates fulfill it. Candidate b. violates TRIMAX. Candidate 3. wins because
it only violates MORAICITY, which is lower ranked than PARSE-seg and
TRIMAX.

(56) (J (J

1 \ !I\µ µ
\ 1
a: b ~ t 'Abend' µ ~ PARSE-seg I TRlMAX

I
IhEe_pstl Herbst

a. (J

~I~µµµ
III

B" hER pst

b. (J((/1\\
µµµµµ
I II I I

hERP st
c. (Jr~ I '!

µµµ
II I

hERps<t>

Tableau 12

The following generalizations arise: in a syllable whose nucleus is mora ie, the
following segments are also moraie, up to a maximwn of three, due to the
limitation imposed by TRIM AX. In contrast, in a syllable whose nucleus is
norunoraic, no segment is moraie. The first generalization can be expressed
by MORAICITY,which can be understood as an iterative weight-by-position
phenomenon.

MORAICITY

(57) MORAICITY

Segments in the coda of a moraie nucleus are moraic.

The second generalization expresses the fact that schwallables are totally
devoid of weight. They simply do not count in the metrical structure of
words. Appendieal segments and codas of schwallables have the same status:
they never add weight to the syllable they are attached to. It will be shown in
section 2.2.1.1 that the majority of appendical segments, both in syllables
with a full vowel and in schwall ables, arise through inflection. In fact, all

inflection. is either appendical and nonsyllabic or syllabic with an added
schwall able.

The existence of appendical segments has an important implication for
the ranking of the constraints. TRIMAX, which limits the number of moras in
a syllable to three, conflicts with MORAICfTY,which forces each segment from
the nucleus on to be moraic. In words like Herbst or Papst, MORAlClTYsays
that all five segments from the nucleus on should be morak, but TRIMAX
limits the number of moras to three. It has been repeatedly shown that the

..

A word with a schwall able is illustrated in Tableau 13. Since the nucleus of
the second syllable of Abend is norunoraic, all other tautosyUabk segments
are nonmoraie as well. Candidate b. shows a violation of NOMOSCH. In
candidate c., the last segment, being unparsed, violates PARSE.Candidate a.,
on the other hand, violates no constraint.
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µµ
\I

/ ab~t / Abend

NOMOSCH MORAIOTY second syllable, as predicted both by the sonority hierarchy and the Contact
Law of Vennemann (1988:40).22

PARSE TRIMAX

[pa~.t~iJ
[~1.to·J

(59) Partei
Alto

'party'
'alto'

The interesting words ace those listed in (58). The medial consonant clusters
are the subject of a paper by Giegerich (1992) in which he makes a distinction
between Standard German, with the consonant cluster as the onset of the
second syllable (first option in (58)), and Colloquial German, in which the
syllable boundary lies in the middle of the consonant cluster (second option
in (58». However, as Vater (1992:105)also comments, the individual
intuitions and realizations of these words vary considerably.

Regardless of the correctness of the distinction between Standard and
Colloquial German, the variable syllabification of these words shows that
inside a foot, syllables are not as clear-cut (or 'crisp' to use a term coined by
Ito & Mester 1994) as at the foot boundaries (see also section 2.2.2, and
Chapter 4 for various phonological alternations taking the foot as their
domains).

The following section considers the syllabification in complex words.

b. 0' 0'

/\~1\
µµ µ µ
\f I I
a b I;t t

c. 0' 0'

/\~µµ
\f
a b I;t<t>

.,

Tableau 13

2.1.7 Special consonant clusters

Finally, to close the discussion on the syllabification of German
monomorphemes, consider the following words.

(58) Adler
Ordner
Kadmium

'eagle'
'file'
'cadmium'

Magma 'magma'
Leibniz, Wagner
Handlung 'action'

2.2 Syllable structure of complex words

[(a:.dle)Ft]pw or [(a:t/d.le)F,]pw
[(5~.dne)p.]pw or [(5~t/ d.ne)p,]pw
[(k~.dmium)F']pw or

[(k~t/ d.mium)FJpw
[(m~.gma)FJpw or [(m~k/ g.ma)F.]pw
[(va:.gne)Ft]pw or [(va:k/g.ne)FJpw
[(Mn.dluglF,]pw or [(h~nt/d.luglF']pw

In this section, the constraints responsible for the syllabification of complex
words are reviewed. Since at least two morphemes are involved, two cases
must be distinguished: either syllabification takes place across morpheme
boundaries or it does not. In the following cases it does:

- inflectional suffixation
- vowel-initial derivational suffixation

Only the last of these words is a complex one; all others are
monomorphemic. In these words, an obstruent precedes a sonorant. In the
reverse case, if a sonorant precedes an obstruent as in the words in (59), the
sonorant is the coda of the first syllable, and the obstruent the onset of the

22 'A syllable contact A$H is the more preferred, the less the Consonantal Strength of the
offset A and the greater the Consonantal Strength of the onset D; more precisely- the greater
the characteristic difference CS(B)- CS(A) between the Consonantal Strength of B and that
of A.'
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And in the following cases it is blocked:
- consonant-initial derivational suffixation
- compounding
- prefixation

for the weight of the syllable, they are also extrametrical. Thus, in German,
appendicality and extrametricality amount to the same thing. They apply to
coronal segments which come from the stem or from a suffix, which are not
part of the core syllable and which are, consequently ..nonmoraic. It will be
shown shortly how Optimality Theory accounts for inflectional suffixes, but
let us first take a look at the data.

The list (60) shows some inflectional suffixes which consist of
appendical coronal segments.

Prefixation and compounding will be inspected in sections 2.2.2 and 2.2.3,
respectively. They are relatively straightforward .. though it will be shown
that some cases involve optional syllabification across morpheme
boundaries. Suffixation .. however, which is examined in section 2.2.1..
requires more attention. (60)Non-syllabic inflectional suffixes

a. Genitive singular
Tor-s

2.2.1. Suffixation Stuhl-s
'gate'
'chair'

Suffixation can be inflectional or derivational. Inflection is considered first.
Ara-s 'parrot'

b. Plural inflection
Auto-s 'cars'
Film-s 'movies'

c. 3rd pers. sg. pf the present tense
lach-t 'laughs'
schwimm-t 'swims'

d. 2nd pers. sg. of the present tense
lach-st 'laugh'

2.2.1.1Inflection

Inflection can be syllabic or non-syllabic. It is the only morphological
operation that can be non-syllabic, in the sense that it does not necessarily
add a syllable but only segments to the stem it adjoins to. There are two
conflicting trends in the Gennan syllable (as in other languages): the first one
is to keep the syllables as small as possible_ Algorithms that build syllables
from the segment string, like those proposed by Kahn (1976),Steriade (1982),
Clements & Keyser (1983), Borowsky (1986), Kager (1989) and Sloan (1992)
for English and Dutch and Giegerich (1985),Wiese (1988),Hall (1992a) and
Yu (1992) for German, often distinguish two levels of syllabification. At a
first stage, the 'core' syllable is formed (corresponding in earlier models to
the nucleus), which consists of two positions, the most sonorous one (the
syllable peak) and the immediately following one, thus restricting this first
syllable to two positions, skeletal or moraic. The second trend consists in
realizing all input segments from the stem or inflectional suffixes in order to
satisfy FILL. Thus, it is often proposed that at a later stage, level-2
syllabification, the remaining segments are adjoined. Non-syllabic
inflectional suffixes are appendices, i.e. peripheral segments added at the
right edge of the final syllable. Since the appendical segments do not count

schwimm-st
e. superlative

schon-st
k1ar-st

'swim'

'most beautiful'
'clearest'

With the exception of plural inflection, which is largely lexicalized anyway,
all these suffixes have syllabic allomorphs, though the conditions for their
allomorphy vary. For instance, the nominal genitive singular suffix -5 is
obligatorily replaced by -es if the stem itself ends in [s], as illustrated in (6la)_
In fact, even when the stem ends with some other consonant, the genitive
singular suffix is optionally ·es, except when the stem's final syllable is
unstressed. This restriction can be explained by the fact that German prefers
trochaic feet to any others and avoids creating a dactylus whenever possible
(Eisenberg 1991, POry1991). (61b) illustrates the 3rd person of the present
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tense. There is no optionality here: the suffix -t is replaced by -et when the
stem ends with a coronal stop ([t] or [d]). As for the superlative, the suffix -st
becomes -est when the stem ends with a coronal obstruent ([t, d, s, z, i]) (see
Wurzel 1970:172-176 for a detailed account of these alternations).

b. PrWd
I
F

/ \

(61) Syllabic allomorphs of nonsyllabic inflectional suffixes
a. Genitive singular

Mumpitz-es 'nonsense'
Ereigniss-es 'event'
Hut-(e)s 'hat'
Tor-(e)s 'gate'
Konig ('e)s 'king'
Atem ("e)s 'breath'

b. 3rd pers. sg. of the present tense
red-et 'talks'
bad-et 'bathes'

c. superlative
rot-est
heiJ5-est

(J (J

/\ / I~~
µ µ µ µµ
\I \ II

Pro blem s

Next consider the syllabic inflections: they are either allomorphs of
nonsyllabic inflections (as in (61)) or intrinsically syllabic. In both cases, they
add a syllable to the stem they attach to. Syllables added through inflection
are always schwallables and thus unstressed. They are syllabified with the
stem. Some examples of syllabic inflection are given in (63).

'reddest'
'hottest'

(63) Syllabic inflection
a. Dative plural

Tisch-€n [I)] 'tables'
Hund-en [I).l 'dogs'
Motor-en fI).) 'motors'

b. Infinitive, also 1st pers. pI. and 3rd per. pI.
lach-€n [I)] 'to laugh'
segel-n lin] 'to sail'
mah-en [r;t) 'to mow'

c. Nom. 5g. fern, also acc., weak neuter, rnasc, fern nom., acc. sg.
schon-e [a] 'beautiful'
blau-€ [a] 'blue'
grob-e [a] 'gross'

d. Nom sg. rnasc, strong, also gen., dat, fern, comparative
sch6n-er Ie] 'beautiful'
blau-er [.] 'blue'
grob-€r [.] 'rough'

e. Dative neuter or masc.
bas-em In;tl
schon-em [n:]

'naughty'
'beautiful'

Even though the last syllable of inflected words like des Ara-s 'of the parrot'
(des Auto-s 'of the car', des Album-s 'of the album' ... ) looks as if it were
trimoraic, it is in fact birnoraic, as shown in (62a). All nonsyllabic inflectional
suffixes consist of coronal segments and they are added to syllables which
can be trimoraic, as shown in (62b). Stress is not affected by the addition of
inflections.

(62) a. PrWd
I
F

/ \
(J (J

/\ /\~
µ µ µ µ
\I \ /
A r a s
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Obviously, many inflectional suffixes add a syllabic (n), (\?L [m) or [s].23Some

others just add a schwa, like the adjectival feminine nominative singular
(63c), the first person singular of the present tense, and other adjectival and
nominal forms (including plural inflection). The syllabification of these
inflectional suffixes does not differ from that of the stem schwall abies
discussed in section 2.1.3. They obey the constraint NOMOSCH that forces
them to be nonmoraic.

Two inflectional affixes can occur in a row: if they are both syllabic, as
illustrated in (64), the result is two nonmoraic syllables at the end of the
form. Hence, three schwallables can be concatenated if the stem itself ends in
a schwallable, as in the second example in (64a). Again, the syllabification of
these forms does not differ from the stem's syllabification. All schwallables
fulfill NOMo5cH.

(66) NOMOINFL (Nonmoraic inflection)
Inflectional suffixes are nonmoraic.

The consequence of this undominated constraint is that all inflectional
suffixes, whether syllabic or non·syllabic, are nonmoraic. The difference
between the two types of inflection is that some inflectional suffixes are
appendices, whereas others form a syllable, as shown in (67) and (68).

(64) Sequence of syllabic inflections
a. Comparative + inflection, e.g. nom. fern.

schon·er·e 'more beautiful'
trocken--er·e 'drier'

b. Syllabic perfect inflectional suffix + 1st or 3rd pers pI.
red-et-en 'spoke'
kost-et-en 'cost'

(67) (J

/I~µ µµ
VI

t 0 ~ [ s (Tors)

(68) (J (J

/\ Aµ µ
V
J 0: nl. (schaner)

In Optimality Theory, some constraint must be made responsible for the
nonmoraicity of all inflectional suffixes. In nonsyllabic inflection, the
morpheme boundary - indicated by [ in (65) - is located in the middle of a

syllable and is often a moraic boundary:

Another constraint, ALIGN·R is responsible for the syllabification across
stems and suffixes; it is always violated in inflection, which will be illustrated
in the next subsection.

2.2.1.2 Derivation

(65) Torls
schon Ist

Derivation is always syllabic. It is slightly more complex than inflection,
because derivational suffixes can begin with a vowel or a consonant, and
they can be stressed or not. In this chapter, only syllabification is considered.
Stress in complex words is examined in Chapter 4.

As in McCarthy & Prince's (1993a) account ofAxininca Campa, the
following cases can be distinguished according to the nature of the segments
at the edg~ of the morphemes involved: either the stem ends with a vowel
and the suffix begins with a vowel (69a) or a consonant (69b); or the stem
ends with a consonant and the suffix begins with a vowel (69c) or a
consonant (69d).

Norunora~city can simply be imposed on inflectional suffixes by a special
constraint:

23See Chapter 4 for an account of the syllabic sonorant in verbs like stgeln 'to sail', want/ern
'to hike', ctc.
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(69) a. V + V:

b. v+c:

c.C+V:

B6e/bo-ig
Ruhe/ruh-ig
stc-isch
Prosa/prosa-isch
froh/froh-lich
roh/Roh-heit
Kind/kind-isch
Tat/tiit-ig
polar/Polar-iUit
faul/Faul-heit
Geld/ geld-los

'gust (of wind)/squally'
'peace/peaceful'
'stoic'
'prose, prosaic'
'gay/gaily'
'raw Irawness'
'child/ childisch'

'act/active'
'polar/polarity'
'lazy /lazyness'
'money Imoneyless'

constraints is as in Tableau 14: ONSET dominates ALIGN-R and forces

syllables to have onsets.

n' tiLt I i

/tiit-i~/'act-ive' I ONSET

Ui t I .iQ" I .. !

Tableau 14

The same constraint ranking is responsible for the syllabic inflection of the
preceding section in which syllabification across a morpheme boundary is
involved, too; compare the following tableau:

scho.n 1r;t

ONSETIsch6n-~/ 'beautiful-infl'

schon I.r;t

When two vowels come together, as in (69a), each one is the nucleus of a
different syllable (compare these words with Fleisch Ifla,if] 'meat' and keusch
[k::)yJ) 'chaste', in which the same sequences of segments constitute

diphthongs).24 As in Axininca Campa, diphthongization of two heteromor-
phemic vowels is not a possible option. In German, as in other languages,
there is a violable constraint ALiGN-R (Prince & Smolensky 1993, McCarthy
& Prince 1993a) which says that the right edge of a stem, a morphological
constituent, must coincide with the right edge of a syllable, a prosodic
constituent.

Tableau 15

"!

When the inflectional suffix consists of consonants only, ONSET has no effect,
and ALiGN-R is violated anyway. The only conceivable candidate that does
not violate ALIGN-R is one involving a violation of PARSE. But this constraint
dominates ONSET, as shown in Tableau 16, and its violation is always fatal.

(70) ALIGN-R
Align (Stem, Right, Syllable, Right)
The right edge of every stem coincides with the right edge of some
syllable.

Ischon-st/ 'beautiful-infl' PARSE

.schon I .<st> "!
Jr .schon Ist.

The effect of this constraint is visible in the words under (69a), like ruhig
[RU:.I,]and biiig [b.:.I,], in which the two vowels belong to different syllables.

In V + C (69b) and C + C (69d), syllabification also satisfies ALIGN-R
The morpheme boundary is at the same time a syllable boundary.

In the C + V cases (69c), however, morpheme boundary and syllable
boundary do not coincide: 'resyllabification' applies. This is easily captured
by the constraints ALIGN-R and ONSET if the dominance relation of these two

Tableau 16

In all other cases of suffixation, ONSET has no effect: either there is no
segment which can serve as an onset to the second syllable (69a), or there is

already one in the suffix (69b,d).
As far as syllabification is concerned, suffixation in German has the

same prop~rties as it has in Axininca Campa. ALiGN-R is only violated in
case the suffix begins with a vowel and the stem has a final C; otherwise,
syllabification across morpheme boundary is avoided. In some cases, as in

24We owe these examples to Hubert Truckenbrodt.
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the much described constrast between Handlung 'act' and handliel!
'handy'(Rubach 1989, Giegerich 1992, Yu 1992), the effect of ALiGN-R= be
made audible in clear speech. In this case [d) in handlieh will be more readily
devoiced than in Handlung, since the stem boundary in the former is before
the [I], whereas it is after the [1] in the latter word. However, it is
questionable whether the distinction is ever made in connected speech.

In sum, syllabification across morphemes applies if either the suffix
consists of consonants only (nonsyllabic inflection) or the stem ends in a
consonant and the suffix begins with a vowel or a syllabic sonorant
(derivation or syllabic inflection). In all other cases, no syllabification across
morphemes applies.

b. V+C:

c.C+V:

d.C+C:

ver--oden

be-t~i1igen
ge-tanzt
ver-tOgen
11n-echt
w~g-erkUiren
An-<>rdnung
dn-treu
tn-tolerant
~in-treten

[fe.'.:.dI)J 'to become deserted'

'to take part'
'danced'
'to devour'
'unreal'
'to explain away'
'order'

'unfaithful'
'intolerant'
'to go in'

[un.'~tJ
[VEk. 'E11.kIe:.Rl)J
['an.',~dnuDJ

2.2.2 Prefixation

It remains to be explained why the foot is involved in ALiGN-L, and not the
stem or the the Prosodic Word. Prosodic Words have crisp edges, as
illustrated by the examples from McCarthy & Prince (1993b:47) in (73).

Prefixation always introduces a 'crisp' syllable boundary behveen the right
edge of the prefix and the left edge of the stern. No syllabification across
morpheme boundaries is possible in this context. A constraint, ALlGN-L,
controls the syllabification of prefixation. It forces the left edge of a foot to
coincide with the left edge of a syllable boundary.

(73) bergab
aufessen
verirren
Zollamt

'downhill'
'to eat up'
'to lose one's way'
'customs office'

[(.bhk.)FtJrw [('ap.)Ftlpw
[(.'a"µ.)FiJpw [('€~I).)FiJpW
[(.!e·)FtJpw [(7"!I).)FJPW
[(.ts51.)FtJpw [('~mt.)FtJpw

In these examples, a glottal stop is inserted before the second morpheme'S
initial vowel, indicating at least the left edge of a new Prosodic Word word-
internally. But, as shown in (74), not only the left Prosodic Word boundary

triggers Glottal Stop Insertion, but also the left foot boundary, since the
words in (74) are rnonomorphemic and consist of one Prosodic Word. Chaot
'anarchist' 'and Ruin 'ruin' have a glottal stop before their stressed vowel,
whereas the 'hiatus in Fluor 'fluorine' and Museum 'museum' takes place
inside a foot and is not released by a glottal stop.

(74) a. Ruin 'ruin' [(RU:·)Ft('f:nff.tJpw
Chaot 'anarchist' [(ko:. )Ft ('6:t)FJpW
Theater 'theater' rete:. )Ft (7ci:.te)FtJpw

b. Fluor 'fluorine' [(flU:.OR)F1Jpw
Museum 'museum' [(mu:. )Ft (z~:.um)FtJpw

(71) AUGN-L
Align (Foot, Left, Syllable, Left)

The left edge of every foot coincides with the left edge of some syllable.

This constraint is stronger than the one that aligns the right edge of a stem
with a syllable boundary. It is undominated, in particular by ONSET, so that
even in a sequence consisting of a prefix's final C and a stem's initial V, there
is a syllable boundary between the hvo morphemes. A 'crisp' syllable edge
before a vowel is signalized by a glottal stop (Moulton 1962:142 describes it
as an allophonic variant of a vowel before an open juncture). Thus, the word
beantworten 'to answer' is realized as in (72a). Possible configurations are
listed and illustrated in (72).

(72) a. V + V: be-antworten
ge-angelt

[ba.7ant.v::>l1.tQ.J
[g".anltJ

'to answer'
'fished',
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(58) Adler
Ordner
Kadmium

'eagle'
'file'
'cadmium'

[(a:.dle)FJrw or [(a:t/d.le)Ft]pw
[(S~.dne>F.]pw or [(S~t/d.nelFJpw
[(k~.dm.ium)FJpw or

[(k~t/ d.m.ium)F.]pw
[(m~.gma)FJpw or [(m~k/ g.ma)Ft]pw
[(va:.gne)F.]pw or [(va:k/g.ne)Ft]pw
[(h~n.dluDlF.]pw or [(hant/d.luDlF.]rw

stems define at least different feet, prefixation in German always involves a

syllable boundary between the prefix and stem.
Some prefixed forms have two possible pronunciations, one

corresponding to the description given above, the other involving
resyllabification across prefix and stem. An example is given in (75).
However, this behavior is limited to highly lexicalized words.

The clear syllable, foot and Prosodic Word boundaries of (73) and (74a)
contrast with blurred syllable edges within a foot, as in (74b) and (58),

repeated here for convenience.

(75) un. ?abhangig/u.nabhangig 'independent'

Magma 'magma'
Leibniz, Wagner
Handlung 'action'

In the second pronunciation of unabhiingig, the prefix forms a foot with the
first syllable of the stem. Thus, it is not a true exception to (69) because
German speakers do not always interpret this word as complex.

Native speakers do not agree on the syllabification of these words: according
to some phonologists (Vennemann 1992:404, for example), the medial
syllable boundary is located before the consonant cluster, in which case the
onset of the seco~d syllable is exceptional, because it does not correspond to
a permitted PW-initial onset; for other authors (e.g., Kloecke 1982, Giegerich
1992, Yu 1992), the syllable boundary is located either before or in the middle
of the consonant cluster, in the latter case the voicing of the stop would be an
exception to Final Devoicing, which, according to most German phonologists
(following Vennemann 1972), takes place before a syllable boundary.25 As a
matter of fact, Final Devoicing applies in the speech of some, but not all,
speakers, and is subject to variation even in the speech of one and the same
speaker. Aspiration of the stop, which optionally goes with Final Devoicing,

never takes place foot-internally.
Thus, syllable boundaries at the foot boundary are always well

defined and crisp, but inside a foot the syllabification varies. Crisp syllable
boundaries are the domain of Glottal Stop Insertion and Final Devoicing,

whereas at blurred syllable boundaries Glottal Stop Insertion is blocked and

Final Devoicing applies only optionally.
For these reasons, it must be the foot edge, not the Prosodic Word or

the stem, which is responsible for the crisp syllable edge. Since prefixes and

2.2.3 Compounding

Compounds require crisp syllable boundaries, too. Each member of a
compound forms its own feet and Prosodic Word, which are domains for
syllabification. No syllabification across morpheme boundaries is possible
here, even in highly lexicalized words. Some examples of compounds are

given in (76).

(76) a. V +V: Roh-iil [R6:.01] 'crude oil'

Nah-ost [n6:.,stl 'Middle East'

b. V +C: Stroh-marm [ltR6:.man] 'front man'

c.C+V: Leer-element [lE;:~.element] 'empty element'

d.C+C: Blick-feld [br.k.fdt] 'field of vision'

Ozon-Ioch [0.ts6:n.bx] 'hole in the ozone layer'

The unviolable constraint ALIGN·L (71) accounts for the syllabification of

compounds~ too.
We have thus seen that, as far as syllabification is concerned,

prefixation and compounding behave in the same way: both introduce crisp
syllable boundaries. Suffixation, on the other hand, sometimes implies
resyllabification and sometimes not. Inflection always does, whereas

25Giegerich (1992) distinguishes between Colloquial Gennan, in which the syllable boundary lies
in the middle of the consonant cluster (A{t].l!r, WdltJ.rur), and Standard German, with the
consonant cluster as the onset of the second syllable (A.{d)l!r Wei.{d]n!r).
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derivation involves resyllabification only when the stem ends with a
consonant and the suffix begins with a vowel.

specifically, we have introduced several constraints that playa role in the
syllabification of German words. They are listed in (77).

2.3 Conclusion

(77) a. Undominated constraints
FILL, PARSE,NUC, VOCNUC, TRIMAX, N:lMCSCH, AUGN-L,

NOMOINFL
b. Dominated constraints
ONSET, NOCODA, BIMO", SON, !iNUC, AUGN-R, MORAICITYIn this chapter, the foundations for the following chapters have been laid.

The syllable structure has been examined from different points of view: the
sonority hierarchy, the number of moras and syllabification. The most
important aspect of syllable theory for the rest of this work is the number of
moras, since it determines syllable weight. German syllables can be non-, bi-
or trimoraic. Syllables with a schwa or a syllabic sonorant as nucleus are
nonmoraic; their nonmoraicity makes them unstressable. Open syllables and
those consisting of a lax vowel plus a consonant are bimoraic; they make up
the default case, the unmarked syllable. However, as will be shown in the
next chapter, they differ as far as their weight is concerned: true closed
syllables are heavier than open syllables or those closed by an ambisyllabic
consonant. Finally, syllables consisting of a tense vowel followed by a
consonant, or of a lax vowel followed by two consonants are trimoraic; these
syllable~ are heavy since they attract stress and they are generally, although
not exclusively, found in word-final position. Moreover, word-final coronals,
called appendices, can be added to all kinds of syllables; they are
extrametrical and do not play any role in the syllable's weight.

Another aspect of syllable theory which is of relevance for the later
chapters is syllabification across morpheme boundaries. 'Resyllabification' is
restricted to some well-defined cases: inflectional and vowel-initial
derivational suffixation. In all other cases (prefixation, consonant-initial
derivational suffixation and compounding) separate syllabification domains
are defined for each morpheme.

The OT framework accounts for all the aspects of syllable structure
just mentioned in an elegant way. For instance, the bimoraicity
generalization expressed by the violable UIMORis a powerful constraint in
German. Maximal trimoraicity is rendered by an unviolable constraint
TR1MAX.Ambisyllabicity is a natural consequence of the interaction of three
independently needed constraints, BIMOR,NOCODA and ONSET. More

Four different components have been examined, which require their own
ranking. First the sonority properties. The undominated constraints require
that each syllable has a syllabic nucleus (NUC), and that each vowel is the
nucleus of some syllable (VOCNuC). It has been shown that HNUC, a
constraint to the effect that the most sonorous segment is the syllabic
nucleus, is violable in German: it is crucially violated by a word like Polen,
whose second nucleus /n/ is less sonorous than its onset. Finally, SONis also
violable, although the details of the sonority hierarchy violations have not
been examined.

(78) Sonority
NUC, VOCNUC » ONSET» !iNUC, SON

Second, the number of moras in each syllable. We have found that German
syllables are maximally trimoraic (TRIMAX),though the unmarked number
of moras found in a syllable is two (BIMOR).Schwallables are nonmoraic
(NOMOSCH). Ambisyllabicity is forced in syllables whose rhyme would
otherwise consist of an unchecked lax voweL This is ensured by the ranking
of ONSETand B1MORabove NOCODA.

(79)Moraic composition
TRIMAX,NJMOSCH »ONSET, BIMOR» NOCODA

Third, the moraicity or nonmoraicity of individual segments. Each segment is
phonetically realized: there is no deletion of segments. This is guaranteed by
undominated PARSE.There is no epenthesis, neither: FILLis undominated,
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too.26 However, the trimoraic maximum (TRIMAX) can force appendical
segments to be nonmoraic. This is caused by the domination of TRlMAX over
MORAICITY, the constraint requiring that the stem's codaic segments are
moraic. Moreover, NOMOlNFL .. the constraint forcing the nonmoraicity of

inflectional segments, is undominated.

The next chapter is devoted to stress assignment in monomorphemic words.
The results of this chapter are largely confirmed by the stress pattern.

(80) Moraicity of the segments
FILL, PARSE,NOMOINFL, TRIMAX» MORAICITY

Fourth, the syllabification across morpheme boundaries. This is expressed by
only two Align constraints. Affixation is always peripheral in German. The
left edge of a stem always coincides with the left edge of a syllable, which
means that there is no resyllabification between prefixes and stems or
between two members of a compound (undominated ALlGN~L). Suffixation,
on the oth~r hand, can trigger resyllabification between a stern and a suffix if
the stem ends with a consonant and the suffix begins with a vowel (ONSET
»ALiGN-R).

(81) Syllabification across morphemes
ALiGN-L» ONSET» ALiGN-R

The following partial ranking is thus active in German.

(82)
NOMOSCH FILL

Nuc VOCNUC ALiGN-L TRIMAX NOMOINFL PARSE

~// \~\/
ONSET BIMOR MORAICITY

/I~ I
ALIGN-R HNUC SON NOCODA

26The status of the foot-initial nonphonemic glottal stop in German is unclear. We do not
consider it as a true epenthetic segment, but it deserves more study. See Q\apler 4 for a
context of its emergence.
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Chapter 3
Foot formation and stress pattern in

monomorphemes

being constructed by an iteration of directional foot formation rules.
Furthermore, in the Optimality Theory framework, there is no need for
repair devices, like defooting, refooting, stress deletion and the like, which
tend to make traditional metrical analyses less attractive. However the main
advantages of the OT approach over former ones is that no distinction
between native and non-native vocabulary is needed for the German stress
pattern, and that monomorphemes and complex words are accounted for by

the same constraints.

This chapter gives a survey of the stress patterns in monomorphemic words.
After a short rule-based analysis of German lexical stress in the first section
(3.1), the rest of the chapter is devoted partly to an overview of the stress
pattern of German monomorphemes and partly to the development of a

constraint-based analysis of these data.
The thesis that German is a quantity-sensitive language is largely

confirmed (sections 3.2.1, 3.3.1, 3.4.1), and so are Vennemann's (1992)
German stress rules, if we slightly modify his Penult Rule (section 3.3.2.1). It
was demonstrated in Chapter 2 that syllables with a full vowel are either
bimoraic or trimoraic. All kinds of bimoraic syllables are expected to have
the same weight. However, as far as stress is concerned, bimoraic syllables
with their own closing consonant (i.e., true CVCs) are heavier than open
syllables or syllables that are closed by an ambisyllabic consonant. Trisyllabic
words with a true cve penult are stressed on the penult (or on the final
syllable if it is trimoraic), whereas words with an open or ambisyllabic penult
can have stress on the first syllable. The same difference exists in Dutch,
various accounts of which have been offered in the literature (f.i. by LaNri &
Koreman 1988 and Kager 1989). In section 3.3.2.1 a new solution is proposed
for German that retains the bimoraicity generalization: moraic segments can
'lose' a mora, as long as this does not imply a segmental loss. Thus, moraic
segments that still have a moraic or syllabic affiliation can lose a mora in an
unstressed syllable. A vowel, bimoraic from the point of view of syllable
structure, is then monomoraic for stress, and an ambisyllabic consonant,
moraic from the syllabic point of view, becomes nonmoraic. This approach
combines proposals of Lahiri & Koreman, Kager and Hayes (1995).

For the most part, the optimality-theoretic account of German stress to
be developed in sections 3.2.2, 3.3.2.2 and 3.4.2 uses well-known constraints
like FOOT-BINARITY, FOOT-FORM (TROCHAIC), ALIGN-HEAD, etc. The
advantage of Optimality Theory over a rule-based analysis of lexical stress
lies in the fact that the foot structure is derived at once, in one step, and its
well-formed ness is evaluated by a series of universal constraints, instead of

3.1 A rule-based analysis of Gennan word stress

In terms of traditional metrical theory and a combination of proposals by
Liberman & Prince (1977), Kiparsky (1979), Selkirk (1980, 1984), Hayes (1980,
1982, 1995), Prince (1983), Halle & Vergnaud (1987), Trommelen & Zonne-
veld (1993) and others, German metrical structure has the following

properties:

(1) a. Each syllable projects an asterisk on line O.
b. Final syllables are extrametrical (lexically marked).
c. Some syllables have lexical stress. They project an asterisk on line 2.
d. A trimoraic syllable projects an asterisk on line 1 (quantity-

sensitivity).
e. Une 0 parameter setting: bound left-headed feet, right-to-Ieft. Heads

are located on line l.
f. Une 1 parameter setting: unbound, right-headed, and heads are

Ioca ted on line 2.

Each content word has a metrical structure with one prominent syllable
(culminativity) and rule (1a) posits that each syllable participates in the
metrical structure. German is a quantity-sensitive language; this is expressed
by (1d). But only trimoraic syllables are intrinsically heavy and get a mark on
line 1 (stress-by-weight). Otherwise, stress is determined by rules. First, (Ie)
says that feet are constructed on the syllable string: a trochaic foot is erected
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on two consecutive syllables (stress·by-position).l This property of forming
trochees is crucial for German (and for English, Dutch, etc.; see, e.g., Dresher
& Lahiri 1991, Hayes 1995, and Vennemann 1992). Second, if two or more
syllables in a word have a stress by (!d) or (Ie), the rightmost one gets an
additional beat, and thus the main word stress: this is the so-called Right-End
Rule (Prince 1983) expressed in (If).

The following examples illustrate these rules.

(2) " " " (3) " "
a. Albino a. Kfubis

b. - b.
c. - c.
d. _ d.

" " "
(") (U) (" ")

e. Al bino e. Kiirbis

Line 0

" " Line 1

" " " " " LineD
d.Tarif d. Elefant

" " Line 1
(") (") (U)(" ) LineD

e. Ta df e. Ele fant

" " Line 2
(" ") (" ") Line 1

("W) (UW) Line 0

f. Ta rif f. Ele fant

In Tarij 'charge' and Elejant 'elephant' the last syllable is trimoraic and,
following (ld), this syllable projects an asterisk on line 1 before the foot
formation rules apply, which must then respect this asterisk.

Line 1
lineD (6) LineD

a. Firlefanz

( ")
( " ")

f. Kiirbis

Line 2
Line 1
Line 0

Line 0

(" " )
(")( U)

f. Al bino

b. Firlefanz

c.
d.

Albino 'albino' and Kiirbis 'pumpkin' have no extrametricality and no lexical
stress. They consist of bimoraic syllables only. Regular rules of foot
formation (Ie and f) and head location determine their stress patterns.

" Line!
LineD(oj. oj.) < oj.>

e. Firle fanz
(4) " " (5) " " " Line D

a. Tarif a. Elefant " Line 2

Line 1
LineD

(" )
b. b. (.. It) <oj.>

f. Firle fanz

c. c.
The last syllable of Firlefanz 'frippery' is trimoraic and should project a grid
position on line 1. But it does not. This is explained by lexically driven last

1 But two nonmoraic syllables cannot form a trochee.
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, ,

(8) , , Line 0
a. Partei

b.

, line 2
Line 1
line 0

c. Partei

d.

, Line 2
Line 1

(') (') Line a
e. Par tei

Line 2
(' ') Line 1
(') (') Line 0

f. Par tei

penultimate syllable. Schwa syllables nearly always form a syllabic trochee
with the preceding syllable, and, since this is the last foot, it automatically
gets the main stress (see also Vennemann 1986, 1992 an? Jessen 1994).

The foot formation rule (Ie) creates a secondary stress on the first
syllable. This is a welcome consequence, because the secondary stress is
phonetically realized.

The goal of this chapter is twofold. First of all, the predictions made
by (1) must be verified. For this purpose, a large database of German words
called CELEX was searched. CELEX was developed at the Max-Plank-
Institute for Psycholinguistics in Nijrnegen. The September 1993 version of
CELEX, which is used here, contains about 52,000 monomorphemic, derived
and composed words. The information used consists of the orthographic list,
the phonetic transcription and the accent pattern. In taking CELEX as the
source of our investigation we do not aim at exhaustivity; but we do have a
large coverage.

The list was purged of proper names (the stress pattern of which is
often deviant from other words: see Moller 1986), derivations, compounds,
occasional mistakes and redundancies. Whenever there was doubt as to
whether a given word was really monomorphemic or a German word at all,
it was rejected - except in finally-stressed words containing three or more
syllables, because in these cases the uncertainty of their status as
monomorphemic or complex words is systematic. Some examples are
AlIergfe 'allergy', Dokument 'document', Friknssee 'fricassee', Gouverneur
'governor', KompromifJ 'compromise', Manifest 'manifesto', etc., the last
syllable of which can be analyzed as a suffix, although the stem is not a free
morpheme (Marchand 1969, Selkirk 1982, Inkelas 1989, Fleischer & Barz
1992). The final1ist may still contain too many words of French origin, as
well as obsolete or very rare words; but although the correction of the initial
list took a long time, it was rewarding since the resulting list is relatively
reliable. Of course, all exact numbers given here are to be taken with a grain

of salt, though we are confident that the proportions conform to reality (if
such a thing exists).

It must also be pointed out that common nouns are over-represented
in the final list. Verbs usually come with one or more inflectional affixes and
have thus had to be discarded. As for adjectives, they are simply less
numerous than nouns. Furthermore they are often monosyllabic or disyllabic

syllable extrametricality, as formulated in (lb). If the last syllable is
extrametrical, it is ignored by the stress rules (Hayes 1982:227). The first hvo
syllables form a left-headed foot, as required by (le) and (1f).

(7) , , ,
a. Ameise

b.

,

c. Arneise

d.

,
( .. ..) ..

e. Ameise

( ,)
( .. ..) ..

f. Ameise

Some stresses are unpredictable and must be lexically prespecified ('top-to-
bottom stress': Hayes 1995), as in Ameise 'ant' and Partei 'party'. Since

schwallables are nonmoraic (Chapter 2), they are too light to be the head of a
foot. In Ameise (7) the last syllable is not metrified. Words with final stress on
a bimoraic syllable, like Partei in (8), are exceptional. According to a proposal
first made by Hayes (1982:239) for English, such words have a lexically
driven foot structure.

A further property of German monomorphemic stress has not been
listed in (1) because it can be derived from other properties: apart from a
handful of exceptions, the stress in words with a final schwa goes to the
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with a final schwa syllable. These words have a predictable stress and have
thus not been taken into consideration. Prepositions, determiners,
conjunctions and the like are usually monosyllabic, or occasionally disyllabic
with a final schwa syllable, and the same remark applies to them.

The second task undertaken in this chapter is to replace the rules in (1)

with an optimality-theoretic account of the German lexical stress pattern.
The following sections investigate di-, tri- and quadrisyUabic words in

turn. Each section first gives an overview of the data and then an OT account

of the stress pattern.

3.2.1.1 Stress pattern 6cr (stress on the first syllable)

In this section, we will take a look at the 577 words with initial stress and a

full vowel in the second syllable.
Let us fir.st consider the first syllables. In what follows, onsets are

always represented as C, which should actually be Co (which means that

there can be zero or more consonants), because the onset may be empty or
contain more than one consonant. However, since it does not count for the
syllable weight, we hope that this notation is not too misleading.

In CELEX the list of disyllabic German words consists of 11,900 items: 10,260
have their main stress on the first syllable and 1,640 have it on the second
syllable. Having eliminated all compounds, proper names, derived words
(most of which have an unstressed suffix), and some redundancies (like
words listed with two orthographies), there remain around 2,500
monomorphemic disyllabic words with main stress on the first syllable and
918 with main stress on the second syllable. Of the former 2,500 words, there
are approximately 1,930 monomorphemic words with a schwa in their
second syllable, which are not considered here, since their stress pattern is
predictable. The remaining 577 words stressed on the first syllable and 918
words with stress on the second syllable are the objects of this section. (9)
gives an overview of how disyllabic words are divided into initially- and

finally-stressed.

(10) First syllable in disyllabic words with stress on the first syllable

(to be revised)
ev: 266
ev 84
eve 205
evee 15
ev:e 7

3.2 Disyllabic words

3.2.1 Survey of data

Only 84 words seem to have a short vowel in the first stressed syllable, but
then they all have an ambisyllabk consonant closing the first syllable (CVC),
so that (10) is to be corrected to (11). Thus, all first syllables have at least two

moras in their rhyme:

(11) First syllable in disyllabic words with stress on the first syllable
ev: 266 2µ
eve 289 (84 ambisyllabic e, 205 evC) 2 µ

evee 15 3 µ
ev:e 7 3 µ

(12) Morak count of the first syllable (stress pattern 6cr)

(9) Disyllabic monomorphemes

~
3;122"full vowel in 2nd schwa in 2nd syllable

svllable

stress on the 1st syllable (60) 577 approx. 1,930

stress on the 2nd syllable (06) 918 0
The following two tables give the structures of the second syllable in the same

words:
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(13) Second syllable in disyllabic words with stress on the first syllable
CV: 210 2µ
CVC 279 2µ
CVCC 48 3µ
CV:Co (VVCo) 40 3 µ

2µ 2µ 2µ3µ 3µ 2µ 3µ3µ

Ami 'Yank' Anno 'year'

brutto 'gross' Fasching 'carnival'

Gecko 'gecko' Villa 'villa'

Ghetto 'ghetto' Gumrni 'rubber'

groggy 'groggy' Hobby 'hobby'

Komma 'comma' Kaffee 'coffee'

mini 'mini'

(17) Pudding 'blancmange' Phallus 'phallus'

Mammut 'mammoth' Messing 'brass'

Sheriff 'sheriff' Wallach 'gelding'

Schilling 'schilling'

In (18) and (19), the first syllable has a long open vowel as its rhyme. 90
words have a second open syllable, too, as illustrated in (18).

(18) Ara 'parrot Drama 'drama'

Oma 'granny' bravo 'bravo'

Photo 'photo' Judo 'judo'

Kino 'movie' Kanu 'canoe'

(14) Marak count of the second syllable (stress pattern ocr)

~
~

The majority of syllables, both initial and final, are bimoraic. Only 22 of the
577 stressed syllables are really heavy (trimoraic), and the second unstressed
syllable is trimoraic in 88 cases.

The following table shows the distribution of moras across the two
syllables.

(15) Moraic count in disyllabic words with stress on the first syllable

472 83 17 5

We will now go through the data, starting with a sample of the 472 words
with two bimoraic syllables. The first syllables of the words in (16) and (17)
have a rhyme consisting of a short lax vowel and a medial ambisyllabic
consonant. In (16) the second syllable is open, and thus half-long (see
Chapter 2)2; there are 41 words of this sort. The words in (17) have a second
rhyme consisting of a lax vowel closed by a consonant, and thus a second
closed syllable (33 words).

In 134 words the first syllable is a long open vowel and the second one is

dosed.

(19) Graphik 'graphic' Logik 'logk'

Krokus 'crocus' Bison 'bison'

Efeu 'ivy' Datum 'date'

Ethik 'ethics' Ethos 'ethos'

Fazit 'result' Globus 'globe'

(16) Essay
Uni

'essay'
'university'

Echo
Sherry

'echo'
'sherry'

In (20) and (21) the first syllable is a lax vowel closed by only one consonant.
In 106 words the second is an open syllable, as illustrated in (20).

(20) Whisky
Auto
Firma

'whisky'
'car'
'company'

Ultra
blanco

Sauna

'extremist'
'blank'2 In most words of this kind with a final CV: syllable, the final vowel is [a]; [oj and Ii] are

frequent, too, but (uJ or [eJ are rare. Apart from these, no other vowels appear in the last
syllable of such words.

'sauna'
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Konto
zirka

'account'
'approximately'

Mensa
Trauma

'refectory'
'trauma'

Dativ 'dative' Fakir 'fakir'
Tapir 'tapir' Sisal 'sisal'
Platin 'platinum'

Finally, in 68 words the second syllable contains a short lax vowel closed by
a single consonant.

(21) Scharlach 'scarlet fever' Kiirbis 'pwnpkin'
Hektar 'hectar' Spektrum 'spectrum'
Nektar 'nectar' Sultan 'sultan'
Tiirkis 'turquoise' Vampir 'vampire'

38 words with a trimoraic final syllable and a bimoraic first one have a
closed first syllable, as shown in (25) and (26). In (25) the final syllable is
closed with at least two consonants; in (26), the second syllable has a long
tense vowel and is closed by one consonant.

Now for the words with trimoraic syllables. In 88 words, the second syllable
is trimoraic, but only in the following 5 words is the first syllable trimoraic,
too':

(25) Index 'index' Standard
Dolmetsch 'interpreter' Bastard
Mangold 'swiss chard'

(26) Schicksal 'destiny' Scheusal
Hangar 'hangar' Turban
Autor 'author' Tambur
Bistum 'diocese' Beispiel
Heimat 'native COWltry' Balsam
Heirat 'marriage' Lorbeer
Kleinod 'piece of jewelry'

(22) Antlitz
Leutnant
Sandwich

,cOWltenance'
'lieutenant'
'sandwich'

Antwort
Labskaus

'answer'
'lobscouse'

In 83 words the first syllable is bimoraic and the second one trimoraic. (23)
and (24) contain words with an open first syllable (long tense vowel). In (23)
the second syllable is closed by two consonants, and in (24) it has a long
tense vowel and a consonant (32 words).

'standard'
'bastard'

'monster'
'turban'
'drummer'
'example'
'balsam'
'laurel'

In 13 words, some of which are listed in (27), the first syllable has an
ambisyllabic closing consonant and the second syllable is closed by two
consonants or,'as in the case of Safran and passiv, the second syllable has a
long tense vowel and a consonant.(23) Schlehdorn 'blackthorn' Agens 'agent'

Ahorn 'maple' Borax 'borax'
Ph6nix 'phoenix' Phalanx 'phalanx'
Pharynx 'pharynx' Habicht 'hawk'
Predigt 'sermon' Wisent 'aurochs'
Lulatsch 'lanky fellow' Gepard 'cheetah'

(24) Demut 'humility' Bisam 'musk'
Raglan 'raglan sleeve' Zierat 'ornament'

(27) Billard

Bussard
Safran

'billard'
'buzzard'
'saffron'

Borretsch
Napalm
passiv

'borage'
'napalm'
'passive'

The first syllable is trimoraic in 22 words. Apart from the five words in (22),
in which both syllables are trimoraic, there remain 17 words, some of which
are shown in (28).

3 In Chapter 2, words like Wi/SIt, Priester, Daimler, etc. with a first trimoraic syllab!e and a
second schwallable were introduced. These words are not considered in this chapter, since
their initial stress is predictable. However, they raise the number of the existing disyllabic
words with a first trimoraic syllable in a considerable extent.

(28) extra

Output
'extra'
'output'

Arktis
Kaustik
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Muesli
Plankton

'muesli'
'plankton'

Punktum
Service

'final'
'service'

(32) Moraic count of the second syllable (stress pattern 0'6)

3.2.1.2 Stress pattern 06 (stress on the second syllable)
2µ 195

3µ 723

Let us now consider the 918 words with main stress on the second syllable.
329 of them have an open long first syllable (CV:). In293 words, the

first syllable is closed by an ambisyllabic consonant (CVC ambisyllabic) and
in 296 words it is closed by a consonant which is not ambisyllabic: 279 with a
lax vowel and one consonant, 17 with two consonants. (29) and (30)
summarize these data.

Table (33) shows the distribution of moras in both syllables.

(33) Moraie count in disyllabic words with stress on the second syllable

2µ 2µ

195

2µ3µ

706

3µ3µ

17

(29) First syllable in disyllabic words with stress on the second syllable

CV: 329 2µ

CVC 572 (293 ambisyllabic, 279 CVC) 2µ
CVCC 17 3µ

Whereas in the case of initially-stressed words there were more bimoraic
(489) than trimoraic (88) final syllables, this proportion is inverted in finally-
stressed words: there are many more trimoraic (723) than bimoraic (195) final
syllables.

As in the case of the initially-stressed words, we will now give a
systematic presentation of some examples. Words with a bimoraic finally-
stressed syllable, all of which also have a bimoraic first syllable, are listed in
(34) to (36); (37) to (41) contain words with a final trimoraic syllable.

(34) gives a list of words whose final syllable is open. The vowels of
these syllables are [e:] in 29 words, [i:] in 14, [0:] in 13, [6:] in 12, [y:] in 5, [1':]
in 4, [u:] in 4, [a:] in 3, [ii:] in 2 and [ce:] in 1 word. These words have the

pattern (2µ 2µ).

(30) Moraic count of the first syllable (stress pattern "0)

2 µ 901

3 µ 17

Now for the final syllable. Only 195 words have a final bimoraic syllable: 87
words, many of which have a French origin or touch, have an open syllable
(CV: syllable), and in 108 words the final syllable is closed by only one
consonant. In contrast, 723 words have a final trimoraic syllable: in 237
words, it is closed by a lax vowel and two consonants (VCC); and in 486
words it has a long tense vowel closed by one consonant (V:C).
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(34) a. [e:]

Ade 'bye' Allee 'avenue'
Frottee 'terry cloth' Filet 'fillet'
Idee 'idea' Mosehee 'mosque'

b. [i:]
Kopie 'copy' Genie 'genius'
Jury 'jury' Phobie 'phobia'

c. [0:]
Assaut 'assault' Dileo 'office'
Depot 'warehouse' hallo 'hello'

108
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CV: 87 2µ

CVC 108 2µ

CVCC 237 3µ

CV:C 486 3µ



d. [6)
Bonbon 'candy' Bouillon
Ballon 'balloon'

e. [yo)
Menu 'menu' Fondue

I. [u;)

Ragout 'ragout' tabu
g. [a;)

Etat 'budger hurra
h. [0:)

Milieu 'milieu' Adieu

Finally, consider the words with a final trirnoraic syllable, as in (37) to (41).
Among these are 17 with a trimoraic first syllable. All of them have a lax
vowel dosed by two consonants and they also all have a trimoraic final
syllable, as in (37). Orthographically, many of these words end with an x,
which is phonetically bisegmental [ks].

(37) Exkurs ' digression' Export 'export'
extern 'external extrem 'extreme'
Transport ' transport' Dompteur 'tamer'
Mixtur 'mixture' Symptom 'symptom'
Skulptur 'sculpture' Textil 'textile'
transfer 'transfer'

'bouillon'

'fondue'

'taboo'

'hurray'

'farewell'

Although the 67 words with an open final syllable illustrated in (34) have a
first syllable closed by an ambisyllabic consonant, there are 20 more words
whose first syllable is closed by its own consonant, some of which are shown
in (35). In my opinion, the composition of the first syllable does not matter
much because final stress on a bimoraic syllable is analyzed as lexical
(idiosyncratic), regardless of the first syllable.

Some examples of the 706 words with a final trimoraic syllable and an initial
bimoraic one are listed in (38) to (41). In (38) and (39) the first syllable is open
or the medial consonant is ambisyllabic; in (40) and (41) there is a medial
consonant cluster, so that the first syllable is closed by its own consonant. In
(38), the final trimoraic syllable consists of a long tense vowel closed by a
consonant, and in (39) it consists of a lax vowel closed by hvo consonants.

(35) a. [6:) Pardon 'sorry' Lorgnon 'lorgnon'
b. [e:) Gourmet 'gourmet' Armee 'army'
c. [re:) Parium 'perfume'

d. [i:) Partie 'part'

(38) Figur 'figure'
Krakeel 'row'
immun 'immune'
Tarif 'charge'
Musik 'music'
Kanal 'canal'
Kamel 'camel'
Juwel 'jewel'
Papier 'paper'

(39) Student 'student'
Hydrant. 'hydranr
Smaragd 'emerald'
Triumph 'triumph'
Tumult 'tumult'

Now consider the 108 words with a second eve syllable (among them many
with the final syllables -ett or -ell), some of which are listed in (36). Here, too,
stress is lexical and the weight of the first syllable does not matter much.

(36) a. Schalott 'scaffold' Galopp 'gaUop'
Hotel 'hotel' MetaU 'metal'
Spinett 'spinet' Jackett 'jacket'
ahoi 'ahoi' Appell 'appeal'
April 'April'

b. Bordell 'brothel' Quartett 'quartet'
Partei 'party' ExzeB 'excess'

109

Fasan
Kredit
Pilot
Profil
Idol
Problem
Atom
Patron

Alaun
Damast
Lizenz
Alarm
Gigant
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'pheasant
'loan'
'pilot'
'profile'
'idol'
'problem'
'atom'
'patron'

'alum'
'damask'
'license'
'alarm'
'giant'



Klient
Protest

'dienr
'protest'

Talent
Reflex

'talent'
'reflex'

3.2.2 Optimality account

(40) Menthol 'menthol' mondan 'smart'

Kanton 'canton' Organ 'organ'

Phosphat 'phosphate' Merkur 'Mercury'

Reptil 'reptile' Kostiim 'costume'

Oktav 'octave' Archiv 'archive'

Emblem 'emblem' Vulkan 'volcano'

Struktur 'structure' Balkon 'balcony'

Orkan 'hurricane' Altar 'altar'

Person 'person' Scharnier 'hinge'

Kultur 'culture' Soldat 'soldier'

Bandit 'bandit' Karton 'carton'

(41) markant 'striking' Komfort 'comfort'

konvex 'convex' kompakt 'compact'

Diskurs 'discourse' Iniarkt 'infarct'

Konzert 'concert' Instinkt 'instinct'

charmant 'charming' Akzent 'accent'

Diphtong 'diphthong'

The data discussed in the preceding section largely confirm the principles
listed at the beginning of this chapter, in section 3.1: German is a quantity-
sensitive language that forms trochaic feet and it has a Right End Rule.
Furthermore, there are lexical exceptions. In the next section we will see that
these properties are also confirmed by the polysyllabic words.

In the OT framework, constraints first proposed by Prince &
Smolensky (1993) for Hindi and Latin have been successfully applied to
other languages by different authors, for example McCarthy & Prince (1993a,
b), Hung (1993), Buckley (1994), Hammond (1994, 1995), Kager (1994) and
Kenstowicz (1994a, b). Before showing how OT accounts for the German
disyllabic words, we will review the different stress patterns these words can
have. (42) to (44) show the "regular", predictable stress patterns and (45) and
(46) the "irregular", idiosyncratic ones.

In (40), the final trimoraic syllable has a long tense vowel closed by a
consonant, and in (41) a lax vowel is followed by two consonants.

1. Words with two bimoraic syllables and stress on the first syllable
(including the numerous words not considered in the preceding section with
an initial bimoraic syllable and final schwa):

cr cr

x

'color'
(x .)

(42) a. Farbe

Let us sum up the most important results of this section. The default stress
location in disyllabic words is the initial syllable, which is bimoraic in the
overwhelming majority of cases, especially if words with a final schwallable

are taken into consideration. In all words, whether initially or finally
stressed, the first syllable predominantly consists of a ev: or a eve syllable,
in which the second consonant may be ambisyllabic. However, many (918)
words have final stress. In 723 of these words, the final stressed syllable is
trimoraic. The obvious generalization is that trimoraic final syllables are
stressed. There are 811 disyllabic words with a final trimoraic syllable, of
which 723 are finally stressed; only 88 words with a final trimoraic syllable
have stress on the initial syllable.

cr cr

x (,/'f'µµ µµ
I I I I

[m a m.u t] 'mammoth'
( x .)

b.Mammut

2. Finally-stressed words with an initial bimoraic syllable and a final

trimoraic one:
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a a (47) FooT-BINARITY
Feet must be binary under syllabic or rnoraic analysis.

x
~

/\~I\
µµµµµ
I I \f I

[k a 11) ~ lJ 'camel'

(48) FOOT-FORM (TROCHAIC)
(Ft -> as aw)

(x)(x)
(43) Kamel

3. Words with two trimoraic syllables and stress on the final syllable: (49) ALlGN- TROCHEE-RIGHT
Align (Prosodic Word, Right, Trochee, Right)
Every Prosodic Word ends with a trochee.

a a

x
~

/I\ ~ 1\
µµµ µµ µ
I II \f I

[zy mp. t6 mJ

(50) ALlGN- FOOT-LEFT
Align (Prosodic Word, Left, Foot, Left)

Every Prosodic Word begins with a foot.(x) (x)
(44) Symptom 'symptom'

x

a a

~~CII~ J~I
[Ip I I). ttJ 'spinet'

Some authors {Liberman & Prince 1977, Giegerich 1985, Kager 1993, Hayes
1995} take the first one, FOOT-BINARITY, to be universal. FoOT-BINARTIY
disallows unary (,degenerate') feet by requiring that feet are minimally
binary as well as ternary or unbounded feet by requiring that they are
maximally binary: feet are either disyllabic [aa]F or bimoraic [alilih. In
German, bimoraic syllables with full vowels are heavy enough to form their

own foot.
German corresponds to the generalized trochee pattern of Hayes

(1995), since it maximizes feet. Bimoraic feet are formed only if syllabic
trochees are impossible. In OT, this is expressed by FooT·FORM (TROCHAIC)

which posits that a syllabic trochee is formed whenever possible and is
preferred to a bimoraic or iambic foot. 5

4. Words with two birnoraic syllables and stress on the second syllable:

(x)(x)
(45) Spinett

5. Words with two trimoraic syllables and stress on the initial syllable:

a a

~I\ C\x µµµ µµµ
(x) (x) III I I I

(46) Leutnant [15X t. nan tJ 'lieutenant'

The following constraints, introduced by Prince & Srnolensky (1993) and
McCarthy & Prince (1993a,b), are active in German.:

SIn Kager's (1994) account, FOOT-FORM(TROCHAIC) is replaced by TROCH·FT, which
considers both the syllabic and the moraic trochees as equally well formed. Talcing Estonian
as his example, Kager (1994) proposes that, in some languages, the preference for maximal
foot construction is accounted for by ·CLASH, a constraint that avoids stress clash. In
Estonian, a pedification like {pLmes).(tat.tu}.te 'the dazzled, gen.pl.' is better than
-(pl.mes).{tat).(tu.te), though the second form does better both on PARSE·SYl and on ALL·
FEET·lEFT, the mirror image of ALL·fEET·RIGHT (see 3.3.2.2). The second pedification
contains an illicit stress clash. Thus, binary syllabic rhythm in Estonian is due to strict
avoidance of clash. However, in German, there is no need for -CLASH to express that
syllabic trochees are preferred to moraic ones because trimoraic syllables are largely
confined to final position. Thus, the fact that a word like Manifest 'manifesto' is pedified as
(Ma.ni).(fest) and not as -(Ma).(nl).({est) is due to POOT·PORM(TROCHAIC) and ALIGN·
FooT·lEFT, which ensure the formation of a syllabic trochee at the left edge of a Prosodic
Word.4 The following discussion presupposes that stress is generated by Gen.
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German has no iterative foot formation and thus no exhaustive
footing. It has a final main stress and an initial secondary stress. Syllables in-
between are unstressed. This is expressed by AllGN-TROCHEE-RlGHT, which
posits that a trochee is formed at the end of a Prosodic Word, and by AUGN·
FOOT-LEFT, which guarantees the presence of a foot word initially. The
trochee allowed by ALIGN-TROCHEE-RIGHTis either di- or monosyllabic. If it
is monosyllabic, it is trimoraic. In fact, the final trochee is defined by the grid
positions which are projected by syllables, or, in case of trimoraic syllables,
by moras (see constraint (51) and the discussion on p. 108). PARSE-SYLLABLE,
a constraint that forces all syllables to enter the pedification, counting each
unparsed syllable as a violation, is not active in German. The asymmetry
between the requirements of a syllabic trochee word finally and just a foot
word initially is motivated by the data, not only by the monomorphemes,
but also by the complex words, especially by those prefixed by a schwa
prefix (see Chapter 4). Examples of words violating AUGN-TROCHEE-RIGHT
are those with a final stressed bimoraic syllable, like Spinett and Karusell.

Let us now see how the constraints just introduced account for the
disyllabic words. We will first consider words with a final schwa; these
words form a single syllabic trochee. As before, round parentheses indicate

feet.

moraically nor syllabically binary and thus does not fulfill the bimoraidty
requirement of FOOT-BINARITY. Candidate b. also violates FOOT-FORM
(TROCHAIC), since no syllabic trochee is formed in this candidate. Candidate
c. violates FOOT-FORM(TROCHAIC), too, by forming an iambic foot, but it
fulfills the other three constraints: the foot is binary and there is a foot that is
both initial and final. Finally, candidate d. violates AllGN-TROCHEE-RIGHT
and FOOT-FORJvf(TROCHAIC). FOOT-BINARITY is satisfied since the first
syllable is bimoraic. Of course, violation of a constraint is not a problem per
se, but since there is a candidate that fulfills all constraints, candidates
violating one or more constraints are suboptimal.

All tableaux in this chapter adopt a bracketed grid as proposed by
Halle & Vergnaud (1987). Line 1 is always shown, line 2 only if necessary,

and line 0 is ignored.
The inputs of all tableaux in this chapter are unsyllabified stems since

there is no reason to assume that syllabification and stress assigrunent take
place on different levels. Thus, the constraints responsible for syllabification,
introduced in Chapter 2, and the metrical constraints of this chapter apply
Simultaneously. In section 3.3.2.2, some interactions between the two sets of
constraints are discussed. The correct syllabifications are shown in (42) to

(46).

(Farbe) 'color' (Fenster) 'window'

(Robe) 'dress' (Segel) 'sail'

(ZeUe) 'cell' (Atem) 'breath'

(Seide) 'silk'

The most relevant candidates for the word Farbe are shown in Tableau 1. The
optimal candidate a. consists of one trochaic foot and fulfills all four
constraints: the first because the foot is binary, the second because there is a
syllabic trochee at the right edge of the foot, the third because there is an
initial foot and the fourth because the foot is trochaic. Candidate b. shows
that the two feet option is eliminated by IOOT-BINARfIY, since the nonmoraic

schwa syllable cannot form a foot on its own.6 Such a candidate is neither

µ
I

favb,

FooT-

BINARITY

FOOT-FORM

(TROCHAIC)

a. (x .)
r:i'" Farbe

AUGN-

FOOT-LEFT

ALIGN-

TROCHEE-

RIGHT

'!b. (x) (x )
Far be

c. (. x)
Farbe

d. (x)

Far be

6 Since there are no German monomorphemes whose first syllable is a schwallable, no
independent constraint requiring that schwall abies are unstressed (as proposed for
Indonesian by Cohn &. McCarthy 1994) is necessary. A schwallable is always the weak
member of a trochee.

ll5

Tableau 1
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Tableau 2 gives an example of a disyllabic word with stress on the first
syllable and a full vowel in the last one (Komma, Judo, Mammut, Efeu, etc.).
Such words have two bimoraic syllables. Syllabic binarity and trochaicity are
ensured by ALIGN-TROCHEE -RIGHT, which is fulfilled only by candidate a.
The tableau resembles Tableau 1, except for the fact that the last syllable of
Mammut contains a full moraic vowel, which implies that it can form a foot
on its own since it fulfills FOOT-BlNARITY.This is relevant only for the second
foot of candidate b. This candidate violates FOOT-FORM(TROCHAIC) because
it does not form a trochee. Candidates c. and d. are like in Tableau 1 and the
same comments as above apply to them.

* µ µ
I I

/mamu t/

a. (x . )
d" Mammut

b. ( x) (x)
Mammut

c. ( . x)
Mammut

d. ( x )
Mammut

Tableau 3
µ µ
I I

/mamu t/

FOOT-FORM

(TROCHAIC) In order to account for the words with a final trimoraic syllable, for example
Kamel and Symptom in (43) and (44), two additional constraints are needed.

ALIGN-

FOOT-LEFT

FooT-

BINARITY
ALIGN-

TROCHEE-

RIGHT

a. (x .)
0" Mammut

b. ( x) (x) I I '!
Mammut

c. ( . x) i I 'J
Mammut

d. ( x ) I I 'J
Mammut

Tableau 2

(51) THREEMORAS =TWoGRIDPOSI1l0NS
Trimoraic syllables project two grid positions. (Or: A grid position is

projected from maximally two moras.)

(52) ALIGN-HEAD

Align (PrWd, Right, Head(prWd), Right)
The right edge of every PrWd coincides with its head.

ALIGN-

Foar-LEFT

ALIGN-

TROCHEE-

RIGHT

Foar -BINARITYFOOT-FORM

(TROCHAIC)

'!

'!

A trimoraic syllable cannot be the weak member of a foot.? Since the foot-
binarity requirement is absolute (FOOT-BINARITY is an undominated
constraint), trimoraic syllables are too heavy to form their own feet. We are
confronted with a paradoxical situation: trimoraic syllables have too many
moras to form their own feet, but as syllables they are allowed to be only
part of a foot, albeit the strong one. To avoid this situation, we adopt Prince's
(1983:62) analysis of Estonian, which has also been used by Hayes (1995) and
Kager (1994). In their respective treatments of Estonian, all three authors
consider overlong syllables (as exemplified by the first syllables of

A different ranking of the constraints like, for example, the one illustrated in
Tableau 3, would eliminate the same candidates as in Tableaux 1 and 2,
because the optimal candidate is the only one which fulfills all the
constraints. However, the ranking chosen for Tableaux 1 and 2 will be
supported by later examples.

7 Prince &: Smolensky (1993:53) formulate a constraint wrs (Weight-to-Stress) which
prohibits heavy syllables in weak positions. This is equivalent to Hayes's (1980) and others'
constraint 'w-nodes do not branch.'
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(Ialu:).(ke.ie) 'far away', and (tnlu:).(tu.se).(/eki) no gloss) as projecting two grid
positions. Prince and Hayes analyze overlong syllables as trimoraic and
alternatively mono- and disyllabic. Kager, on the other hand, does not take
any position on the nature of the overlength ('an extra element of length'),
Prince's original proposal accounts for the fact that, in Estonian, a syllable
adjacent to an overlong one can be stressed, so that there is a clash between
an overlong syllable and a following syllable. But if an overlong syllable
projects two grid positions, there is no clash on the grid. In German,
trimoraic syllables are generally final, so that it cannot be verified whether
trimoraic syllables can be followed by stressed syllables. Only the few
disyllabic words with initial trimoraic syllables in (22) and (28) can be used
as a test, but they do not deliver clear results. The trisyllabic words have
nearly no nonfinal trimoraic syllables and are of no help either. In SWTI, the
assumption that trimoraic syllables in German project two grid positions is
simply a formal ad hoc device that is not corroborated by the data. However,
it does no harm and allows us to keep FOOT-BINARITY in its original
formulation. Formally, a grid position is projected from maximally two
moras. Trimoraic syllables are decomposed into two plus one moras: the first
two moras project one grid position, and the third projects another one.

ALIGN-HEAD (McCarthy & Prince 1993b:17) replaces the Right-End
Rule of Prince (1983) for determining foot prominence. It is active whenever
more than one foot is involved and says that the rightmost foot is the most
prominent one, the head of the Prosodic Word.

Tableau 4 illustrates the effect the constraints introduced so far have
on the word Kamel. Disyllabic words with an initial bimoraic and a second
trimoraic syllable/have an iambic stress pattern: the first syllable is weak, the
second is strong. Candidate a. illustrates the optimal case, in which two feet,
a bimoraic one and a second trimoraic, trochaic one, are formed. The foot on
the second syllable is required by THREEMORAS=TWoGRlDPOSITIONS,which
is undominated and prohibits a trimoraic syllable as the weak member of a
trochee, forcing it to form a foot. This candidate satisfies all constraints,
except for one violation of FOOT-FORM(TROCHAIC). Candidate a. consists of
two feet and, in such a case, ALIGN-HEAD guarantees that the final foot has
main stress. Candidate b. violates ALiGN-FOOT-LEFT and is therefore
eliminated. Candidate c. is like candidate a., except for the location of the
main stress, which is on the first syllable: ALIGN-HEAD is thus violated.

Candidate d. is eliminated by one of the highest constraints, THREEMORAS
=TWoGRlDPOSITIONS, since a trimoraic syllable does not project two grid
positions. Candidate e., the final one, has a ternary foot, thus violating FOOT-
BINARITY.

µµ µ 3µ= FT- ALlGN- ALlGN- I ALIGN-I FooT-
I \/ 2" BIN TROCH- FOOT- HEAD FORM

/kamel/ Kamel RIGHT LEFT
Ii , ,

a. x
(x) (x.)

r:l" Kamel

b. x
(x .) ~ I I I '!

Ka mel

c. x
(x) (x.)
Kamel

d. x
(x . ) II '!
Kamel

e. x
(. x.) II I '!
Kamel

Tableau 4

Some of the constraint rankings are justified in Tableau 4. First,
THREEMORAS=TwoGRlDPOSlTIONS must dominate RlOT-FORM (TROCHAIC)
to prevent the formation of a single trochee in words like Kamel. If the
dominance relation between these constraints were reversed (FOOT-f'ORM
(TROCHAIC) »THREEMORAS =TWoGRlDPOSITIONS), the formation of
trochees would prevail over the prohibition of trimoraic syllables in the
weak position of a trochee, and the stress pattern KJimei would be optimal.

FOOT-B!NARITY and THREEMORAS =TWoGRIDPOSITIONS are not
ranked: they are both undominated. A violation of either of these constraints
is always fatal.
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ALIGN·TROCHEE-RIGHT and AUGN·FOOT·UfT must be ranked above
FooT·FORM (TROCHAIC) to allow the formation of feet other than syllabic
trochees at the beginning of the word. This will be demonstrated in section
3.3.2.2 with words like Pyjamfl, which have a syllabic trochee on the right
edge of the word rather than on the left edge.

ALIGN- TROCHEE ·RIGHT is ranked before ALIGN·FOOT-LEfT. ALIGN-
FOOT-LEfT is always fulfilled in mono morphemes. And yet, it is not
undominated to account for the fact that prefixes consisting of a schwa
syllable can appear at the beginning of the word. In this case, the norunoraic
prefix is not footed, and ALiGN-FOOT·LEfT is violated.

In Tableau 4, ALIGN-HEAD is ranked on a par with ALIGN-FOOT-LEfT.
It will be shown below that prespecified stresses can override the effect of
ALIGN-HEAD, and that the formation of final feet is not blocked by AUGN-
HEAD (see Tableau 7).

Now for the last regular pattern, illustrated by Sympt6m, with two
trimoraic syllables and final stress. This word consists of two feet, one on the
first and one on the second syllable, as shown in the winning candidate a. of
Tableau 5. This form fulfills all constraints, including FOOT-FORM
(TROCHAIC), because the last syllable is heavy and trochaic. ALIGN-HEAD
ensures that the rightmost foot's head is also the head of the Prosodic Word.
Candidate a. wins against candidate b., which violates ALIGN-HEAD.
Candidate c. is also eliminated. Since the first syllable is trimoraic, it is too
heavy to be the weak member of a foot and this option is eliminated by
THREEMORAS=TwoGRlDPOS!TIONS. The same candidate also violates FOOT-
BINARITY and FooT·FORM (TROCHAIC). The last candidate also violates
THREEMORAS =TWoGRlDPOSlTlONS.

µ µ µ 113µ=
I \/ 2'"

/zymptom/Symplom

FT-

BIN

ALlGN-
FOOT-

LEFT

ALlGN-
nOCH-
RIGHT

ALIGN-I FOOT-
HEAD FORM

(TROCH)
a. x

(x. )(x. )
n- SvmD tom

'!

b. x
(x. )(x.)

Svrno tom

c. x
(. x.) II I '!
Symptom

x
(x . ) n '!
Symotom

d.

Tableau 5

The last series of disyllabic words that must be accounted for are the two
irregular stress patterns: words with a lexical stress on the last syllable and
those with a lexical stress on the first syllable. The former are illustrated by
Spinett or Menii, with two bimoraic syllables but stress on the last syllable.
The latter have a final unstressed trimoraic syllable. Some of them also have
a trimoraic first syllable, like Leutnant, and some others, like Heimat or Autor ,
have an initial bimoraic syllable.

Let us first consider the words with final stress. According to the
constraints discussed so far, a trochaic foot should be erected on them, and
initial stress should be the consequence. However, this is not the case. On the

contrary, these words have an exceptional stress pattern. In general, there are
two ways of accounting for this exceptionality: either different metrical
grammars are assumed to coexist in a given language and words are
classified according to the grammar they belong to, or there is only one
system and some words are exceptions; in this case, exceptional stress
location is prespecified. If cogrammars can coexist, then there must be a
different grammar for each deviant stress pattern. On the other hand, if only
one gramm~r is used, then exceptional stress patterns are more or less
deviant. A proposal made by Giegerich (1985: 24-25), and also defended by
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Ramers (1992:265), illustrates what would be a cogrammar for words like
Spinett or Hotel. Giegerich assumes that the final consonants in the words in
(36) like Sella!6tt, Gal6pp, Hotel, Mettill, Spinet!, Bordill and ExujJ are abstract
long consonants and thus attract stress by being heavy, in the same way as
words like Magazin or Konzert. In his review of Giegerich (1985), Hayes
(1986:233) pinpoints the problem with this approach in the following terms:

(54) FAITH (Feature Faithfulness)

PARSEFEAT: All input features are parsed
FILLFEAT: All features are part of the input
PARSELINK: All input association relations are kept
FILLLINK: All association relations are part of the input

A number of difficulties are apparent here. First, in order to get a
stress-attracting heavy syllable in words like Met[alll, Pro [tlfl,
Giegerich must assume abstract geminates in the underlying
representation. These contrast underlyingly with the single
consonant in K6nsul, Atlas, but surface identically. This is just the
kind of abstract representation that Kiparsky (1973) has provided
compelling arguments against: it isn't supported elsewhere in the
phonology, but merely encodes exceptions to a single rule.

The following constraint which takes care of prespecified stress can be added
to the list.

(55) FAITH (Grid position Faithfulness)
PARSEASTERISK:All input asterisks are kept.

The solution Hayes advocates, and with which we agree, is that those words
have lexically listed stress. The same holds for the words in (34) and (35)
with an open syllable, as well as for the words in (36) with a final diphthong
(Partei, ahoi): they, too, have idiosyncratic stress.s

Stress on a final bimoraic syllable is prespecified in the following way:
the last syllable has an asterisk on line 2.

Having FAITH rank high prevents a prespecified asterisk from being
removed from the candidates. Tableau 6 illustrates the metrical structure of
the word Spinett, which has a prespecified asterisk on line 2 (and on line 1,
because of the Continuous Column Constraint (Prince 1983, Halle &
Vergnaud 1987, Hayes 1995), which says that an asterisk on a line n implies
asterisks on all lines below n). Candidate a. forms an iambic foot, and
candidate b. forms hvo feet. The constraints choose candidate a. as optimal,
since candidate b. violates FOOT-FORM (TROCHAIC) hvice. Candidate a. is
better than all others, even those involving only a syllabic trochee like
candidate c., which violates the undominated constraint FAITH. Candidate d.
violates AUGN-FOOT-LEFT.

(53) x

x
Spinett

Following Prince & Smolensky (1993), McCarthy & Prince (1993), and ItO,
Mester and Padgett (1994), a family of faithfulness constraints guarantees
that prespecification is preserved. We will follow the formulation of Ito,
Mester and Padgett (1994):

8 See also Inkelas, Orgun and ZoII (1994) who argue against the principled existence of
cophonologies for lexical exceptions and nonproductive regularities.
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µ µ x FAITH FT- AUGN-

I I x BIN 'mOCH-

lip' nEtl Spinett RIGHT

o. x
x)

Jr Spinett

b. x
(x ) (x )

Spi nett
c. x

( x .) II '!
5Dinett

d. x
(x )

Spinett

Tableau 6

ALlGN-

FOOT-LEFT

FOOT-FORM

('mOCH)
syllable. FAITH cannot block this promotion. It only ensures that prespecified
asterisks are preserved in the surface form.

x x x
(x) (x)

(57) a. 'Leutnant
(x) (x)

b. Leutnant

We propose a new constraint, ONEHEAD, formulated in (58), in order to
prevent the formation of two asterisks on line 2 in monornorphemes. This
constraint mllst be ranked before AUGN-HEAD in order to annihilate its
effect. In fact, it is undominated.

(58) ONEHEAD

A constituent has at most one head.

Let us now examine the last tableau of this section, Tableau 7, which displays
the constraints responsible for the stress pattern of Leutnant. Since FooT-
BINARITY is fulfilled by all the candidates of Tableau 7, it has had to make
room for the other, more important constraints. Candidate a. fulfills all
constraints, with the exception of AUGN-HEAD. Candidate b. violates
ONEHEAD, candidate c. violates THREEMORAS ='flNoGRIDPOSITIONS and
candidate d. violates FAITH. Candidate e. shows that the formation of two
feet is better than only one. Even if the last candidate does not violate AUGN-
HEAD, it does violate AUGN-TROCHEE-RIGHT and is therefore eliminated.
This form motivates the ranking of ALIGN-HEAD below ALlGN·TROCHEE-
RIGHT. On the other hand, nothing motivates a ranking between ALlGN-
HEAD and ALlGN·FOOT-LEFTor FOOT-FORM(TROCHAIC). For this reason, we
have ranked ALIGN-HEADon a par with ALlGN-FOOT-LEFT.

Finally, let us see how the constraints and principles seen so far account for
the last irregular stress pattern, the initial stress on Leutnant. Remember that
there are only five words of this kind, with two trimoraic syllables and initial
stress. Two of them have a foreign origin: Leutnant and Sandwich, and three
are lexicalized derivations or compolU1ds: Antwort, Antlitz and Labskaus. The
exceptionality of this stress is different from the Spinett kind because in this
case two feet are erected, and the first syllable is the more prominent. In
Leutnant, ALIGN-HEAD does not hold any longer. The exceptional stress can
be captured by a lexical grid mark on line 2, as in the case of Spinett.

x
x

(56) Leut.nant

In a sense, this pattern impresses one as being more exceptional than the
preceding one, and the fact that there are only five words with this pattern
can be interpreted as a confirmation of this analysis.

The second syllable is trimoraic and thus consists of its own trochaic
foot. Now, as illustrated in (57a), AUGN-liEAD should promote the second
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µµ µ :2~' I AITH ONE ALIGN- ALIGN-I ALIGN-I FOOT-FORM

II I HEAD TROCH- FooT- . HEAD (TROCHAIC)

~ant
- I

RlGHT LEFT I
a. x

( x . )(x .)
or Leut nant

b. x x
(x. )(x.) II I I '!

Leut nant

c. x
( x .) II '!
Leutnant

d. x
( x.) (x.) II ! '!

Leut nant

e. x
( x. ) II I I I '!

Leut nant

Tableau 7

6) a6a: main stress on the second, secondary stress on the last syllable: 7

iterns.9
7) 60"a: main stress on the first, secondary stress on the last syllable: 5

items.lo
8) 0"00":main stress on the first, secondary stress on the second syllable: 880

items.

The last five patterns contain only compounds and are irrelevant for this
section. But the remaining three patterns contain monomorphernes with only
one main stress; they are the subject of our investigation. Unlike in the case
of disyllabic words, trisyllabic words containing schwas have to be taken
into consideration now, since the presence of a schwa in one syllable does
not necessarily imply stress on another syllable, as is the case in disyllabic
words. However, we will see that the following generalization holds for a
large majority of the cases: schwa is final and attracts main stress on the
penult. Of course, this generalization has to be accounted for.

Having eliminated all complex words, proper names, etc., there
remain 1,312 trisyllabic monomorphemes, the stress pattern of which are
distributed as indicated in (59).

This tableau concludes the optimality-theoretic approach to the disyllabic
stress patterns. The following section is devoted to the trisyllabic words.

(59) Trisyllabic monomorphemes

stress on the first syllable (600) 255 (38 with final schwa, 217 others)

stress on the second syllable (croa) 664 (528 with final schwa, 136 others)
stress on the third syllable (006) 393

3.3 Trisyllabic words
In the following subsections, each stress pattern will be examined in turn.

3.3.1 Survey of data

There are 19,227 trisyllabic words listed in CELEX which can be divided into

the following eight metrical classes:
1) oaa: main stress on the first syllable, no secondary stress: 11,440 items.
2) aoa: main stress on the second syllable, no secondary stress: 4,927 items.
3) O"ao: main stress on the final syllable, no secondary stress: 1823 items.
4) oao: main stress on the first and on the last syllable: 125 items.
5) 000: main stress on the first and on the second syllable: 20 items.

9 All of these are verbs with a detachable particle: dabdsein 'to be present', genug/un '10
satisfy', h(rauss(in 'to be out', h(rtJorllln 'to distinguish oneself', hinallssein 'to be out',
WfJorlun 'to do first', wrllcklun 'to put back'.
to These, too, are verbs with detachable particles: inn(sein 'to be aware of something',
heimlich/un 'to behave secretively', wieder/un 'to do again', tlbellun 'to do something wicked',
tiber/un 'to exaggerate'.
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3.3.1.1 Stress pattern GcrO"(stress on the first syllable) (61) Stadion 'stadium' Studium
Barium 'barium' Gremium
'committee'
Kaviar 'caviar' Morphium
Orient 'Middle EasY Thymian
Spezies 'species'

(62) Sch1endrian 'slackness' Atrium
Baldrian 'valerian' Ganglion
Requiem 'requiem' Embryo

The vast majority of the 11,440 CELEX-listed words with their main stress on
the first syllable are compounds and derived words with a stressless
derivational suffix. Only 255 monomorphemic words remain, of which 38
have a final schwa. At first sight, this seems to contradict the already
mentioned fact that nearly all the trisyllabic words with final schwa are
stressed on the penult. However, 20pf these 38 words with a final schwa and
initial stress contain a hiatus between the second and the third syllables, as
shown in (60). The unstressed [iJ is usually pronounced as a glide, which
makes the word disyllabic.

'studies'

'morphine'
'thyme'

'atrium'
'ganglion'
'embryo'

(60) Orgie 'orgy' Arie 'aria'
Pramie 'bonus' Bestie 'beasY
Bronchie 'bronchial tube' Aktie 'share'
Dahlie 'dahlia' Folie 'foil'
Hostie 'host' Linie 'line'
Mumie 'mummy'

Before we return to the stress properties of trisyllabic words with stress on
the first syllable, let us finish this digression on hiatus. Sixteen more initially
stressed words have a hiatus involving a vowel other than [iJ in the second
syllable (the first member of the hiatus). Of these, oniy lu] can become a
glide, as in the words in (63) - although it cannot as easily in those under
(64):

(63) Jaguar 'jaguar' Linguist 'linguist'
Pinguin 'penguin' Temus 'tenuis'

(64) Januar 'January' Februar 'February'
Vakuum 'vacuum'

In (61) and (62) more initially-stressed words with a hiatus betvveen the
second and third syllables are listed. In these words, as in (60), the second
syllable's nucleus is an unstressed [i], but the third syllable has a full vowel
(plus a consonant in nearly all cases). Though the words in (61) behave
similarly to those in (60) as far as syllabification is concerned (they are often
pronounced as disyllabic words as a consequence of the i-glide formation),
those under (62) are clearly trisyllabic.ll The onset consonants are important
for the realization of the second syllable as a full syllable. If the onset of the
second syllable has two consonants, the [i] is realized as a full syllable. In
contrast, all [i] syllables in (60) and (61) have an onset consisting of a single
consonant.12

In (63), lu] behaves like Ii] in (60) and (61). There is only one consonant in the
onset of the second syllable and the words are usually pr~nounced as
disyllabics. The words in (64) are truly trisyllabic: [ul cannot be realized as a
glide so easily, and this is surprising. Of the three words, only Februar has
two consonants in the relevant onset. We assume that the word Janltar
behaves in analogy to Februar. The last item, Vakuum, has a hiatus consisting
of two identical vowels. According to Barkey (1994), who follows Hall
(1992:137), this kind of hiatus is always broken up by a glottal stop."

II Two more words, Triangel 'triangle' and Biathlon 'biathlon', h.we a stressed [iJ in the first
syllable instead of an unstressed one in the second syllable.
12Notice that the word Spnies has an affricate in the onset of the relevant syllable. Still [i] is
realized as a glide. This can be used as an additional argument for the monosegmentai status
of {ts] in German (see the literature on affricates Wurzeil98Oa, Kioeke 1982, Dogil & Jessen
1989, Ramen &. Vater 1992, among others).

13Hal! analyzes words like Kontinuum 'continuum' and Alliierten 'allies' as complex words
in which the morpheme boundary coincides with the hiatus joint. According to him,
"adjacent, identical feature matrices can occur on the surface [only CF] when these
sequences are heteromorphemic." However, there are (admittedly rare) counterexamples,
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Other initially-stressed words with a hiatus involve non-high vowels
and are always realized as trisyllabic words. The list in (65a) contains words
with a hiatus between the second and third syllables, and (65b) is a word
with a hiatus between its first and second syllables.!.

word taken oyer with its original stress pattern (the same is true for Teenager
and Manager). Eini:ide,Brosame and Hebamme, as well as Maflholder, Urkunde
and maybe even Herberge and Eidechse can be interpreted as comp~unds.
Alkoven, Almosen, Systole and Elritze have an alternative stress pattern in
which the second syllable gets main stress. Mobile is often pronounced with a
final lei.

Now compare the weight of the first syllable in the remaining words.
Not surprisingly, this syllable is mostly bimoraic. It is trimoraie in only one
word, Rosman'" 'rosemary', and this word has a strong flavor of
compounding.

The following tables give an overview of the syllabic and moraie
composition of the three syllables.

(65) a.5tatue 'statue' Stereo 'stereo'
Aloe 'aloe' Pharao 'Pharaoh'
Nukleus 'nucleus' Ozean 'ocean'
Pankreas 'pancreas' Boreas 'north wind'

b.Koitus 'coitus'

Now consider the remaining words with final schwa and stress on the first
syllable. Interestingly, the number of words with initial stress, final schwa
and no hiatus is rather small: all in all 18 words, which are listed in (66). 15

This number is particularly small if compared to the 528 trisyllabic words
with stress on the penult and schwa in the last syllable to be discussed in the
next section.

(67) First syllable in trisyllabic words with stress on the first syllable
ev: 128
eve 126 (32ambisyllabic, 94 evC)
ev:e 1

(66) Berserker 'berserker' Roboter 'robot'
Manager 'manager' Araber 'Arab'

Presbyter 'presbyter' Teenager 'teenager'
Management 'management' Bulldozer 'bulldozer'
Eidechse 'lizard' Hebamme 'midwife'

Einooe 'barren waste' Herberge 'inn'
Brosame 'crumb' Alkoven 'alcove'
Almosen 'alms' Mobile 'mobile'
Systole 'systole' Ameise 'ant'

Seven of the words in (66) have -er in their final syllable, which may be
interpreted as a suffix, or at least in analogy to a suffix. Management is a loan

(68) Moraie count of the first syllable (stress pattern 600)

~
~

(69) Moraie count of the second syllable (stress pattern 6(0)

oµ 16

2µ 237

3µ 2

(70) Moraie count of the third syllable (stress pattern 600)

oµ 38
2µ 173

3µ 44

like Vakuum, Kontinuum (which, in our opinion, should be analyzed as monomorphemic),
and proper n.1mes like Schiit (cited by Hall), ](Jl/UUln, Coop, etc.
14 All vowels forming a hiatus with the following syllable are tense and fulfill the
bimoraicity minimum for syllables.
t5 Giegerich (1985) and Jessen (1994) cite three more words of this kind which are not listed
in CELEX: EJdtu 'minnow', Milj1holder 'maple' and Urkunde 'certificate'.
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As one can see from the tables, the first and the second syllables are nearly
always bimoraic. Only the third syllable can be trimoraic, which happens in
44 words.

Examples of words with a bimoraic first syllable are given in (71) to
(73). (71) lists words with three bimoraic syllables (open or closed with one
C). In the overwhelming majority of such words, and there are 161 words of
this pattern, the second syllable is either open or else closed by an
ambisyllabic consonant (see also the words in (60) to (64) with a hiatus, and
(87) to (94) in the next section which point to the same generalization). In

only one word is the second syllable closed by its own consonant16: Elektron
'electron'. This word has an alternative stress pattern with main stress on the
second syllable. This is an amazing regularity which has never been
accounted for successfully, though some attempts have been made (see
section 3.3.2.1).

(71a) contains words with a final closed syllable, and (71b) words with
a final open syllable.

which are linguistic terms. In only two words, Konjunktiv and Subjunktiv, is
the second syllable also trimoraic. In all other cases it is bimoraic.

(72) Indolenz 'indolence' Korridor 'corridor'
Harlekin 'harlequin' Bariton 'baritone'
Pelikan 'pelican' Telefon 'telephone'
transitiv 'transitive' Substantiv 'noun'
Singular 'singular' Ablativ 'ablative'
Firlefanz 'frippery' EUenbein 'ivory'

Finally, in (73) the medial syllable is a schwallable (16 words). The first and
third syllables are generally bimoraic, though in two cases, Firlefanz and
Eljenbein, the last syllable is trimoraic. (EIfenbein is a lexicalized compound.)

(7l) a. Brautigam 'bridegroom' Exodus 'exodus'
Spekulum 'speculum' Spezimen 'specimen'
Ypsilon 'y' Albatros 'albatros'
Festival 'festival' Estragon 'tarragon'
Lexikon 'encyclopedia' Kumulus 'cumulus'
Minimum 'minimum' Publikum 'audience'
Tetanus 'tetanus' Ananas 'pineapple'

b. Gigolo 'gigolo' Amphora 'amphora'
Indigo 'indigo' Cholera 'cholera'
KoHbri 'humming bird' Kanapee 'sofa'
Marabu 'marabou' Mobile 'mobile'
Cembalo 'harpsichord' Paprika 'pepper'

(73) Bumerang 'boomerang' Schmetterling 'butterfly'
Kabeljau 'cod' Limerick 'limerick'
Pfifferling ,chanterelle' Sellerie 'celery'
Kakerlak 'cockroach' Firlefanz 'frippery'
Elfenbein 'ivory'

In sum, all trisyllabic words with stress on the first syllable fall into one of
three classes. First, a certain number of words have a hiatus between the
second and third syllables whose first member is often a high vowel; some of
these words have a tendency to be pronounced as disyllabies. Second, many
words have three bimoraic syllables; in nearly aU these words, the second
syllable is open or closed by an ambisyllabic consonant. Third, there are
some exceptional stress patterns: some words have final schwa syllables, and
some have a trimoraic final syllable.

3.3.1.2 Stress pattern cracr (stress on the second syllable)

In (72) the last syllable is trimoraic (tense vowel plus a consonant, or lax
vowel plus 2 consonants). There are 42 words with a final trimoraic syllable,
ten of which have a hiatus between the second and third syllables and ten of

Of the 4,927 trisyllabic CELEX words with main stress on the penult, most
have an unstressed suffix. Only 664 monomorphemic trisyllabic words of
this stress pattern can be isolated; they fall into two distinct groups:
- 528 words have a schwa in their final syllable.
- 136 words have a final full vowel in this position.

16There are, however, 15 more words with a dosed second syllable, but this syllable either
is in a word with a final trimoraic syllable (Gabardin, Adjektiv) or it is a schwa syllable
(](nbe/jllll, $chmelferling).
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(78) Eskorte 'escort' Oktober 'October'

Schimpanse 'dumpanzee' Strapaze 'strain'

Antenne 'antelUla' Banane 'banana'
Forel1e 'trout' Kaliber 'calibre'

Charakter 'character' Kaninchen 'rabbit'
Lavendel 'lavender

Next consider the 136 words with a final full vowel. All of them have a final
bimoralc syllable. 74 words have a final open syllable and 62 have a closed
syllable in this position. The final syllables are as follows (this is an
exhaustive list): there are 34 words with a final [0:1 (79),34 words with a final
[a;] (80) and 6 words with a final Ii;] (81). As for the final dosed syllables,
they are divided as follows: 11 words have final [us] (82),8 words have final
[urn] (83), 20 have final [>0] (84), 11 words have final [Ik] (85) and 12 have
final [IS](86). In the words under (a.) the second syllable is dosed by its own

consonant, and in (b.) it is always open. This classification will be relevant in
section 3.3.2.1, where Vennemann's rules are reviewed.

Compare the following tables. There is only one word with a trimoraie
stressed syllable (Apartment), all other words have a bimoraic stressed

penult.

(74) Second syllable in trisyllabic words with stress on the second syllable
ev; 390 2µ

eve 273 (131 ambisyllabic, 142evC) 2µ
evee 1 3µ

(75) Moraie count of the second syllable (stress pattern a60")

~
~

The unstressed syllables are bimoraic .. too. There is only one word with an
initial schwallable: Re1lOnce 'renounce (in playing cards)'. The only initial
trimoraic'syllable is found in the word Abszisse 'abscissa'.

(76) Moraie count of the first syllable (stress pattern a6a)
(79) a. Inferno 'inferno'

Fiasko 'fiasco'

Kommando 'command'
b.Albino 'albino'

Guano 'guano'
Kasino 'casino'
Lumbago 'lumbago'
Neutrino 'neutrino'

Risotto 'risotto'

(80) a. Aorta 'aorta'

Miasma 'miasma'
b.Angina 'angina'

Dilemma 'dilemma'

Guerilla 'guerilla'

Lametta 'Iametta'

Pyjama 'pyjamas'

oµ 1

2µ 662

3µ 1

The last syllable is either schwa or bimoraic.

(77) Moraic count of the third syllable (stress pattern 0(0)

o µ I 528

2µ I 136

Some examples of words with a final schwa are given in (78). Since these
words have a regular stress pattern, we have not attempted to divide them
according to their first and second syllables.

135

Memento
Flamingo

Bajazzo
Moskito
Kimono
Libido
Piano

Mazurka
Veranda
Arena
Fortuna
Gorilla
Piranha
Alpaka

136

'memento'

'flamingo'

'clown'
'mosquito'
'kimono'
'libido'
'piano'

'mazurka'
'veranda'
'arena'
'fortune'
'gorilla'
'piranha'
'alpaca'



(81) a. Dementi 'denial' syllable (88), 4 words with final Ii,] (89),36 words with final [urn] (90),25
b.Alkali 'alkali' Bikini 'bikini' words with [us] (91),4 words with [,.] (92),7 words with [IS] (93) and one

Konfetti 'confetti' Salami 'salami' word with [Ik] (94), thus corroborating the hypothesis that these syllables are
Safari 'safari' lexically unstressed (some authors analyze them as suffixes). As already

pointed out all second syllables of initially-stressed vowels are open or
(82) a. Orgasmus 'orgasm' Akanthus 'acanthus' closed by an ambisyllabic consonant.

Alumnus 'alumnus' Hibiskus 'hibiscus'
Marasmus 'marasmus' Meniskus 'meniscus' (87) Embryo 'embryo' lndigo 'indigo'

b. Bazillus 'bacillus' Hiatus 'hiatus' Stereo 'stereo' Studio 'studio'
Papyrus 'papyrus' Trochaus 'trochee' Ultimo 'ultimo' Gigolo 'gigolo'

(83) a. Addendum 'addendum' (88) Algebra 'algebra' Gloria 'gloria'
b.Adjutum 'grant' Faktotum 'factotum' Kabbala 'cabbala' Karnera 'camera'

Futurum 'future' Museum 'museum' Cholera 'cholera' Mafia 'Mafia'
Media 'media' Paprika 'pepper'

(84) a.Inspektor 'inspector' lnstruktor 'instructor'
Projektor 'projector' Redaktor 'editor' (89) Kolibri 'humming bird' Alibi 'alibi'
Transistor 'transistor' Potpourri 'potpourri' Sellerie 'celery'

b. Konditor 'confectioner' Senator 'senator'
Kurator 'curator' Professor 'professor' (90) Optimum 'optimum' Stadium 'stage'

Atrium 'atrium' Barium 'barium'
(85) a. Scholastik 'scholasticism' Elektrik 'electricity' Unikum 'unique thing' Helium 'helium'

Semantik 'semantics' Gremium 'committee' Kalzium 'calcium'
b. Kosmetik 'beauty culture' Bionik 'bionics' Klinikum 'clinical training' Morphium 'morphine'

Botanik 'botany' Keramik 'ceramics' Publikum 'audience' Praktikum 'training'
Kinetik 'kinetics' Poetik 'poetics' Physikum 'name of the preclinical examination'
Polemik 'polemics'

(91) Impetus 'impetus' Omnibus 'omnibus'
(86) a. Galaxis 'galaxy' Abakus 'abacus' Sozius 'partner'

b. Arthritis 'arthritis' Anschovis 'anchovy' Koitus 'coitus' Kosinus 'cosine'
Bronchitis 'bronchitis' Rachitis 'rickets' Kumulus 'cumulus' Nuntius 'nuncio'

Nukleus 'nucleus' Radius 'radius'
Some of the final syllables seem to have an intrinsic (lexical) tendency to be Terminus 'term' Tetanus 'tetanus'
unstressed. Compare the lists (79) - (86) with the following ones, which have Celsius 'centigrade'
the same endings in words with initial stress: There are 17 words with a final
[0:] and main stress on the first syllable (87), 21 words with [a:] in their final
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(92) Editor 'editor' Junior 'junior'
Korridor 'corridor' Monitor 'monitor'

(93) Genesis 'genesis' Klematis 'clematis'
Klitoris 'clitoris' Mimesis 'mimesis'

Tenuis 'tenuis' Syphilis 'syphilis'

Synesis 'synesis'

(94) Limerick 'limerick'

(96) Vowels in final open syllables

Total a 0 i e u y 0 nasal
vowels

stressed 3 14 44 39 4 8 2 30

unstressed 158 101 54 8 9 0 0 1

Additional support for the hypothesis that these syllables are lexically
unstressed comes from the observation that there are no trisyllabic words
with final stress that end in [0:] or [a:] (as compared to 30 words ending in
[i:] and 18 in [e:L 12 with a nasal vowel, 3 in [y:] and 2 in [a:]), and no words
ending in [urn] and [us]. The only counterexamples are Republik17 and
Mosaik, ending in -[i:k], Meteor, ending in [O:R], and Paradies, ending in [i:s].

The final vowel in these words is stressed and long.
There is a clear trend for final [a] and [0] to be unstressed and for [eJ,
umlauted and nasal vowels to be stressed, though the number of words
ending in such vowels is too small to allow true generalizations. [i] occurs in
both stressed and unstressed positions. Compare the following tables, which
count all appearing vowels in the final syllables of di- and trisyllabic words,
both in stressed and in unstressed syllables.

Summing up the results of this subsection, we may say that words with a
final schwa syllable are usually stressed on the penult. In medially stressed
words with a final full vowel, all three syllables are bimoraic. They have a
final open or closed syllable. However, the final syllables which occur seem
to be restricted to a small group which has been exhaustively listed above.

3.3.1.3 Stress pattern acrcr (stress on the last syllable)

Of the 1,823 items with main stress on the last syllable in CELEX, there
remain 393 words after the elimination of complex words" proper names, etc.
Many finally-stressed words do not allow an unambiguous classification as
monomorphemic or polymorphemic, because many endings look like
derivational suffixes, although there is no free morpheme which can serve as
a basis. It may be the case that the cut made here is too radical, and the
number of 393 is too small; but the reverse may equally well be true. Some

ambiguous cases are listed in (97).

(95) Vowels in final open syllables (detail) (97) Polizei 'police' Allergie 'allergy'
Allianz 'alliance' Audienz 'audience'
Dokument 'document' arbitrar 'arbitrary'
feminin 'feminine' Amateur 'amateur'
Kapital 'capital' Katholik 'Catholic'
Majestat 'Majesty' Manifest 'manifesto'
redundant 'redundant' Sektion 'section'
KompromiB 'compromise' Version 'version'
Antiguar 'antiquarian bookseller'

a 0 i e u y 0 nasal
vowels

disyllabic stressed 3 14 14 29 4 5 0 19

unstressed 103 50 44 6 7 0 0 1

trisyllabic stressed 0 0 30 10 0 3 2 11

unstressed 55 51 10 2 2 0 0 0

17Also rcalized as [Il.cpubhkj.

It has been observed in the preceding section that some final syllables, like -
us, -um, -ik, -is, -or, -a, or -0, have a tendency to be unstressed. But the
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The final two consonants are usually coronals, or at least one of them is. In
finally-stressed words, too, there are no words with a medial trimoraic

syllable.
Thus, in trisyllabic words with final stress, the final syllable is often ..

indeed in three quarters of the cases, trimorak. However, it looks as if the
final stressed syllables are somehow lexicalized. The preceding syllables are
bimoraic.

opposite seems to be true, too: some final syllables have a tendency to be
stressed. Most of these syllables are trimoraic and have a long vowel and one
consonant ([a:r], [e:tL [i:lL [i:rL [i:nL [o:mL [o:nL [o:pJ) or a short vowel and
two (or more) consonants ([ant), [ants}, [EntJ, [Ents]), but some are bimoraic
and have only a short vowel and a consonant or a glide ([Et], raj]). Recall the

discussion of these syllables in section 3.2.2.
Compare the following tables, which review the syllabic and moraic

composition of the third syllable.

(101) Apparat 'apparatus'

Domizil 'domicile'

Kormoran 'cormorant'

Meteor 'meteor'

Paradies 'paradise'
Syndikat 'syndicate'

(102) Artelakt 'artefact'
Katafalk 'catafalque'
Fundament 'foundations'
Manuskript 'manuscript'
Redundanz 'redundancy'

(98) Last syllable in trisyllabic words with stress on the last syllable

ey: 66

eye 28 (aU true eyC)

eY:e 225
eyee 74

2µ

2µ

3µ

3µ

(99) Morak count of the third syllable (stress pattern 0'0'6)

1
2µ 1~94
3µ .299

As in disyllabic words, a final stress occurs predominantly on trimoraic
syllables, which suggests quantity-sensitivity.

The first two syllables are generally bimoraic, though there are some
exceptions in the first syllable. It is trimoraic in a few rare words like
Transvestit 'transvestite'. The second syllable is always bimoraic.

Examples of words with a final bimoraic syllable are given in (100).
They are followed by words with a final trimoraic syllable, first with a long
tense vowel and one consonant in (101), and then with a short lax vowel and
two consonants in (102).

3.3.1.4 Summary

Appetit
Heroin
Katalog
Perspektiv
Vitamin

Architekt
Diamant
Testament
Obelisk
Yagabund

'appetite'
'heroin'
'catalogue'
'telescope'
'vitamin'

'archi tect'
'diamond'
'will'
'obelisk'
'vagabond'

The weights of stressed syllables in trisyllabic words are compared in the
following tables:

(103) Weight of stressed syllables in trisyllabic words

eYC(amb) eye ey: eY:e eyee

Stress on 1st syllable 32 94 128 1 a
Stress on 2nd syllable 131 142 390 0 1

Stress on 3rd syllable 0 28 66 225 74

Total 163 264 584 226 75

(100) Omelett 'omelette Avenue 'avenue'

Jalousie 'venetian blind' Assemblee 'assembly'

KompromiB 'compromise' Etikett 'label'
Karusell 'merry-go-round' Kotelett 'chop'
Kabarett 'cabaret' Neglige 'neglige'
Rhapsodie 'rhapsody' Theorie 'theory'
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(104) Moraic count of stressed syllables in trisyllabic words (105) Vennemann's (1986) first German Word Stress Rule
If the pen ultima of a monomorpheme is unreduced and closed,
antepenultimate accent is impossible.182µ 3µ

Stress on 1st syllable 254 1
Stress on 2nd syllable 663 1

Stress on 3rd syllable 94 299

Total 1011 301

(106) Vennemann's (1986) second German Word Stress Rule
If the penultimate of a monomorpheme is unreduced and the ultima is
reduced, [ante CF]penultimate accent is impossible.19

The following generalizations about the stress patterns of trisyllabic words
arise from this overview:
1) The stressed syllable is bimoraic when nonfinal, and mostly trimoraic
whe'n final.
2) Trimoraic syllables are fOWld almost exclusively in final position.
3) When the last syllable is a schwallable, stress is on the penult.
4) If the penult is closed by its own consonant, stress is on the penult or on
the final syllable, not on the antepenult.
S) In words with penultimate stress, the final syllable is often lexically
unstressed.
6) In words with final stress, the final syllable is often lexically stressed.

In Venne mann (1992: 406) there appear four word stress rules,2o two of
which, the 'Reduced Syllable Rule' formulated in (107) and the 'Penult Rule'
in (108), replace his first and second German Word Stress Rules.

(107) Vennemann's (1992) PENULT RULE
The accent does not retract beyond a heavy penult.

(108) Vennemann's (1992) REDUCED SYLLABLE RULE
A covered reduced ultima arrests the accent on the last full syllable.

3.3.2 Theoretical account

Let us first examine the significance of the second rule, expressed in (106)
and (108). Both in its 1986 and in its 1992 formulation, the rule says
something about words with a final schwa syllable and a penult with a full
vowel. It claims that in such words, the penult is stressed and
antepenultimate stress is impossible. The 1992 formulation adds 'covered',
which means that the rule does not concern words with a naked final

syllable and a hiatus like Bestie and Requiem. As already extensively shown,
this rule has considerable predictive power. The 18 words listed in (66) and
repeated here are the only trisyllabic exceptions. On the other hand, 528
words conform to the rule in having penultimate stress and a final
schwallable.

3.3.2.1 Vennemann's (1986, 1992) rules

Before an optimality-theoretic account of trisyllabic words is given in section
3.3.2.2, this section will review Vennemann's (1986, 1992) approach to word
stress. His generalizations about German stress rules are entirely confirmed
by the data. However, we propose a slight reformulation of the Penult Rule
which reflects the data more adequately than Vennemann's original
formulation. Vennemann (1986:30) formulates two German word stress
rules, both of which are relevant for trisyllabics with initial main stress.

ISThe German original reads: '1st die Panultima eines Simplex unrcduziert und geschlossen,
so ist Prapanultimaakzent unm6glich.'
19In the original: '1st die Pan ultima eines Simplex unreduziert und die Ultima reduziert, so
ist P.'\nultirnaakzent unm6g1ich: There is an obvious typo in this formulation. It should
read: '1st die Panultima eines Simplex unreduziert und die Ultima reduziert, so is!
~fulultimaakzent unm()glich.'
20The two other rules are the Full Syllable Rule ('Only full syllables can be accented.'),
which does not require much comment, and the lbree Syllable Rule, discussed in section
3.4.

143 144



(66) Berserker 'berserker' Roboter 'robot'

Manager 'manager' Araber 'Arab'

Presbyter 'presbyter' Teenager 'teenager'

Management 'management' Bulldozer 'bulldozer'

Eidechse 'lizard' Hebamme 'midwife'

EinOde 'barren waste' Herberge 'inn'

Brosame 'crumb' Alkoven 'alcove'

Almosen 'allns' Mobile 'mobile'

Systole 'systole' Ameise 'ant'

Now for the Penult Rule, formulated in (105) and (107). This rule
predicts that an initial stress in trisyllabic monomorphemes (or more
generally antepenultimate stress in polysyllabic words) is not possible if the
medial or penultimate syllable is heavy (or closed in Vennernann's 1986
analysis). In this case, the main stress is on the final syllable, if heavy, or
otherwise on the penultimate. So it should not be possible to find words with

a closed penult and antepenultimate stress.
There are two kinds of counterexamples to the Penult Rule. First, in

(110), the second syllable is closed by its own consonant and should
therefore attract stress. But in fact. the stress is on the first syllable.

The following nvelve quadrisyllabic words are counterexamples, too. But 209
quadrisyllabic words conform to the Reduced Syllable Rule.

(l09)a. Kuddelmuddel
Abenteuer
Knickerbocker
Pampelmuse
Pumpernickel
Tingeltangel
Konterbande
hanebuchen

b. Apokope
Apostrophe
Kantabile

simpliciter

'muddle'
'adventure'
'knickerbockers'
'grapefruit'
'pumpernickel'
'night-club'
'contraband'
'outrageous'

(llO) Magholder 'maple'

Ameise 'ant'

Elritze 'minnow'
Gabardin 'gabardine'

Attentat 'assassination'

Management 'management'

K6nterbande 'contraband'

Paradoxon 'paradox'

Subjunktiv 'subjunctive'

K6njunktiv 'subjunctive'
'apocope'
'apostrophe'
'cantabile'

'absolutely'

Elektron 'electron'

Berserker 'berserker'
Herberge 'inn'

Triangel 'triangle'

Kabeljau 'cod'

Adjektiv 'adjective'

The words listed in (110) are irreducible and would probably count as
exceptional in every analysis, because the penultimate syllable is closed by
its own consonant, and such syllables almost always attract stress. The last
three examples are taken from a paradigm: grammatical words have stress
on the first syllable (Vennemann 1992 and Jessen 1994 among others). Six
words have a final schwa syllable, and are thus also exceptions to the
Reduced Syllable Rule just discussed. Konterbande is quadrisyUabic and is
explained away as a compound by some authors.

The need for a reformulation of the rule becomes apparent with the
second kind of exception. Vennemann considers lax vowels ('abruptly cut' in
his terminology, see Chapter 2) to be the nuclei of heavy syllables, because at
the phonetic level such syllables are automatically closed by a consonant
(and a closed syllable is always heavy). On the other hand, tense vowels

The examples in (66) and (109) show that penultimate stress in these words is
not impossible (Vennemann (1992:406) says: 'I know of no exceptions'), but
just exceptionaL Since the exceptions are so few, it can be concluded that the
Reduced Syllable Rule makes the right predictions for German. 21

21 Kager (1989), who observes the same generalization in Dutch, proposes a derivative
account for syllabification. In a first step, the syllable preceding schwa is systematically
heavy in having the onset of the schwallabIe as part of its coda. At this stage, schwa is not
syllabified. In a second step, after stress assignment has taken place, resyllabification
applies: schwa is syllabified and the segment(s) preceding it form the onset of this last
syllable.
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project open and thus light syllables. This implies that, according to the
Penult Rule, words with a penultimate tense vowel can be stressed on the
antepenultimate syllable, but words with a penultimate lax vowel can not be.
However, in unstressed positions, it is extremely dificult to determine if a
vowel is lax or tense. In our list of 255 trisyllabic monomorphemes with
initial stress, 136 words have a short medial vowel and the other 96 words
have a light penult (with a medial schwa, as in Kamera, Selferie, FfrIe!anz, in 14
words) or an open second syllable, partly glided, as in Februar, Piflguin and
Media (in 82 words). Compare the following words.

(Ill) 6kzident 'Occident' 6mnibus 'omnibus'
Optimum 'optimum' Spekulum 'speculum'
Stimulus 'stimulus' Ypsilon 'y'
Gigolo 'gigolo' Ablativ 'ablative'
Ananas 'pineapple' Abakus 'abacus'
Festival 'festival' Handicap 'handicap'
Positron 'positron' Roboter 'robot'
Champignon 'mushroom'
Brautigam 'bridegroom'
Nachtigall 'nightingale'
Pumpernickel 'pumpernickel'

This reformulation accounts for the fact that open syllables and syllables
consisting of a lax vowel and an ambisyllabic consonant behave in the same
way. They do not arrest stress. In contrast, syllables closed by their own
consonant do arrest stress (except for the exceptions listed in (110)).

In Dutch, the same ~symmetry between open and closed penults has
been observed (Kager 1989, Lahiri & Koreman 1988, Nouveau 1994,
Trommelen & Zonneveld 1994, Van der Hulst 1983 among others).22 Kager's
first major generalization about Dutch primary stress23 says: "Primary stress
cannot be on the antepenult, if the penult is closed and contains a full vowel,
or if the penult contains a diphthong." Moreover, if the penult is open, two
cases must be distinguished, for which Kager (1989: 227) formulates two
minor generalizations:

. Words with final closed short vowel syllables have antepenultimate
stress.

• Words with open final syllables have penultimate primary stress.
These generalizations predict the patterns in (113) and (114) respectively:

(113) C1 C1

ev: eve

(114) C1 a
ev:

C1
In Duden (Drosdowski 1981) most of these words are transcribed with a
tense vowel and are thus no exceptions to the Penult Rule. Nachtigalt
Briiutigam and Pumpernickel are transcribed with a lax vowel (also Paradoxofl,
which has been classified with the words with a closed penult), and should
be considered as exceptions.

In the terminology introduced in this study, open syllables and
syllables closed with an ambisyllabic consonant have the same weight. We
propose replacing the notion of heaviness in the original formulation of the
Penult Rule by the notion of 'closed by its own consonant' or true CVCs.
True cve penults arrest the accent. The Penult Rule is replaced with the
following rule:

ev:

In sum, two asymmetries are claimed to exist in Dutch: first, the contrast
between open and closed syllables in penultimate position: closed syllables
arrest stress, whereas open syllables allow stress to retract to the initial
syllable. This contrast exists in German, too. Second, the asymmetry shown

(112) Closed Penult Rule

Stress does not retract beyond a true CVC penult.

22 Trommelen &. Zonneveld (1994:2-3) write: 'The principal generalization indicative of
quantity·sensitivity is that main stress is allowed to reach the antepenultimate syllable only
if the prefinal syllable is open, not if it is closed. Compi'lre d/.C!lJJol and CdlJ1Uin with
rododflJltron and tSperillJ.to (never ·rod6daJ.dron or ·tspt!illl1o).'" If we try to apply this
distinction to German, the predictions made by this characterization tum out to be exactly
the same as those made by Vennemann, since Trommelen &. Zonneveld consider syllables
with a final ambisyllabic consonant as dosed; as a consequence, the same exceptions as
before are exceptions to this generalization.
2J The two others are: 1. Primary stress is within a three-syllable window at the righthand
word edge. 2. Primary stress is dire<:t1ybefore a schwal!able - if the schwa is preceded by a
consonant.
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in (113) and (114); antepenultimate stress is possible only if the final syllable
is closed and the penult is open, but if both final syllables are open, the stress
tends to be on the penult. This contrast is also found in German, but to a
considerably smaller extent. The words in (111) conform to pattern (113) and
those in (79b), (80b) and (81b) (Albino, Angina, Alkali) to pattern (ll4).
However, in many cases the closedness vs. openness of the last syllable does
not play any role in the stress placement in trisyllabic words. Two types of
counterexamples illustrate trus. First, (82b) to (86b), reproduced here, list
words with final closed syllables, penult open, but stress on the penult,
wruch are hence counterexamples to (113).24Second, (71b) lists words with
open last and penultimate syllables, but stress on the initial syllable, which
are thus counterexamples to (114). This list is also reproduced here. In
German, there is only a tendency for words of the syllabic pattern of (113) to
be stressed on the initial syllable; we do not think that this is in need of an
explanation.

(82) b. BazOlus
Papyrus

(83) b. Adjutum
Futurum

(84) b. Kondftor
Kurator

(85) b. Kosmetik
Botanik
Kinetik
Polemik

(86) b. Arthrftis
Bronchitis

'bacillus'
'papyrus'

'grant'
'future'

'confectioner'
'curator'

'beauty culture'
'botany'
'kinetics'
'polemics'

'arthritis'
'bronchitis'

Hiatus
Trochaus

Fakt6tum

Senator
Professor

Bi6nik
Keramik
Poetik

Ansch6vis
Rachitis

(71) b. Gfgolo 'gigolo' Amphora 'amphora'
Indigo 'indigo' Ch61era 'cholera'
Kolibri 'humming bird' Kanapee 'sofa'
Marabu 'marabou' Mobile 'mobile'
Cembalo 'harpsichord' Paprika 'pepper'

'hiatus'
'trochee'

The asymmetry between closed and open penults expressed by the Penult
Rule is more intriguing and remains to be explained. It has been proposed
that Dutch VC-syllables are heavy, whereas V:-syllables are light, as in
Venne mann's proposal for German. The problem is how to express this
difference. Laruri & Koreman (1988) argue that the moraic distinction does
not extend to open syllables, since vowels are never short in this
environment, and they propose that vowel length contrast is made by
skeletal positions, not by mora count. Thus vocalic length and vocalic weight
are properties of two different levels (or 'tiers'): length is represented by the
skeleton, and weight by the moras. A long vowel is monomoraic, but it is
associated with two skeletal positions. On the other hand, closed syllables
are bimoraic and are also associated with two skeletal positions.

'factotum' (llS) i. cr ii. cr
I / \
µ µ µ

/ \ I I
V V V C
\ / I I
a a t

'senator'
'professor'

'bionics'
'ceramics'
'poetics'

However, contrary to the predictions made by the analysis, the contrast
between V:C and VC does lead to weight differences in final positions. For
trus reason, Kager (1989) rejects Lahiri & Koreman's proposal and instead
proposes anchoring the distinction between open and closed syllables'
weights in the melodic complexity of the syllable. (116i) is light since both
moras are linked to the same root node, and (116ii) is heavy because the two
moras are associated with different segments. Diphthongs are predicted to
be heavy, because they are melodically complex (Kager analyzes them as a
sequence of two vowels). Thus, according to Kager's proposal, it is no longer
moras that define the syllable's weight, but rather skeletal positiOns.

'anchovy'
'rickets'

24 If the final syltable of these words are analyzed as suffixes (like for instance by
Vennem..lnn 1992), they do do not count as counterexamples, since (113) only holds for
monomorphemes. However we do not an..llyze these syllables as suffixes.
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(ll6) i. a ii. a
1\ 1\

µ µ µ µ
\ I I I
V i~;~jl

Brautigam has a medial lax [IJ, which is monomoraic and cannot stand in an

open syllable. The ambisyllabic consonant closing this syllable is attached to
the syllable node, but not to the grid position, as in Paprika.

The solution advanced here is a mixture of Lahiri & KOfeman's, Kager's and
Hayes's (1995) proposals. In accordance with Kager, syllables with full
vowels are always bimoraic with respect to their syllable's structure. But we
think that Lahiri & Koreman are right in expressing the weight difference in
moras: unstressed syllables can be monomoraic. This looks like an
irreducible paradox: open syllables can be both bimoraic and monomoraic.
To resolve this paradox, we propose that the moraic structures for syllable
formation and for stress can be different. In unstressed position, a bimoraic
tense vowel and a syllable closed by an ambisyllabic consonant can 'lose' a
mora as far as the stress pattern is concerned. On the other hand, a syllable
closed by its own consonant is always bimoraic, with respect to both the
syllable structure and the stress pattern. Let us illustrate this proposal.

Paprika is transcribed in Duden with a tense [i], which, according to
the analysis so far, is bimoraic and stands in an open syllable. But one of the
moras is 'lost' for stress. Syllable node and metrical grid are on two different
levels of the representation. However, both are sensitive to the number of
moras associated with the segments. Since syllables consist of at least two
moras, both moras of [i] are associated with the syllable node. A metrical
grid position, on the other hand, can be projected from only one mora, as
long as it is not the strongest of its foot (see below). A medial unstressed

open syllable or one that is closed by an ambisyllabic consonant projects only
one mora to the grid position. (117) and (118) illustrate this. Both moras
associate with the syllable node, but only one projects a metrical grid.

(ll8) • a a

IIf(µ µ µµ
II /I

Brauti g am [,J

In a syllable closed by its own consonant, this option is not possible. Both the
vowel's and the consonant's moras must be associated to the syllabic node.
This is illustrated by the second syllable of Veranda in (119).

(ll9) i. • a .. ii. • a
IV I~
µ µ µµ
I I 1 1

Vera n da Veranda

• a
(ll7) 14

µ µ

\f
Papri ka [iJ

Though the metrical grid is at play here and not the syllable structure, loss or
non·attaclunent of a mora is only possible if the segment it is associated with
is parsed in some other way: the vowel of the medial syllable in Paprika still
has a mora, and the ambisyllabic consonant [g] of Briiutigam is the onset of
the following syllable. In contrast, if [nJ in Veranda loses its mora, no other
affiliation for this segment remains. It must be concluded that the metrical
grid is sensitive to the segmental composition of the syllables it is projected
from, and not only to the number of moras in each syllable. Some facts
mentioned in the literature find a natural explanation in this analysis. The
medial unstressed vowel of words like Gfgo[o,Paprika, Uxikon, AlIallas etc. is
neutralized in its tenseness. It can even become a schwa as in the examples
mentioned by Vennemann (1992:401): MoI[.jkiil, App{.jra/, Asp{.jrin,
Lok{ojmo/ive, Kung{ .jru", ApM .jrese, Di{.jzese, am{.jsieren.

In accounting for these two criteria of weight, as attested by different
languages, like Ancient Greek (Steriade 1990), Tiibatulabal (Crow hurst 1990),
etc., Hayes (1995), proposes that some languages have two layers of moras:
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(120) a. ev: b. eve c. ev

" " "/\ /\ I
µ µ µ I µ
µµ µ µ µ

\f I I I
a tat t a

and closed 'heavy' syllables (compare words like Jalousie, Theorie i on the
one hand, to Orne/ett, Kompromifl on the other).

The confinement of the distinction to medial penults must therefore
derive from the fact that peripheral syllables (both initial and final) have a
certain amount of stress. For example, final open unstressed syllables have
half~long vowels (instead of short ones). Only medial syllables are able to be
completely unstressed in German ..and be metrically monomoraic.

The following section gives an optimality-theoretic account of the
stress pattern of trisyllabics.

The interesting case is (120b), in which eve can be heavy or light. According
to Hayes, some processes refer to the lower layer of moras, in which the
syllable is heavy, whereas some other processes refer to the higher layer,
where the syllable behaves as if it were light. A similar duality is at work in
German. eve (ambisyllabic) and ev: syllables are bimoraic ('heavy') for
syllable structure, as has been demonstrated in Chapter 2. But, in unstressed
position, they are monomoraic. However, whereas Hayes needs two layers
of moras, only one is necessary in our proposal. It is the same moras that
represent both syllable composition and weight.

A question that arises in relation to the stressability of closed vs. open
syllables is why the distinction is confined to medial penultimate syllables. If
closed syllables are heavy and open syllables are light as assumed by many
phonologists, shouldn't we be able to find a difference in the stressability of
these syllables in more than just one context? In particular, a difference of
weight should be felt in disyllabic words, too. However, at least in German,
this is not the case. 266 initially-stressed words have an open first syllable
and 289 have a closed one (22 have a trimoraic syllable). The second syllable
is open in 210 words and closed in 279. In finally stressed words, the first
syllable is open in 329 and closed in 572 cases. And, crucially, the second
syllable is open in 87 words and closed in 108 ones (there are 723 overlong
syllables in this context). Thus, the data do not allow us to assume a weight
difference between open and closed syllables in disyUabics, since the number
of closed vs. open syllables both in stressed and unstressed positions does
not differ significantly. Only the trimoraic (overlong) syllables attract stress
and are thus regarded as heavier. Moreover, neither the initial nor the final
position of trisyllabics allows us to distinguish between open 'light' syllables

3.3.2.2Optimality account

The trisyllabic words confirm the properties of German word stress
presented in sections 1 and 3.2.2 of this chapter. Let us first review the
different stress patterns, starting with the regular ones.

1. Words with initial stress and a hiatus between the second and third
syllables which are usually pronounced as disyUabics,2s

" "
x

~~ ~(x .)
(121) a. Bestie [bE s. t Lal 'beast'

" "
x ~:~~

[ft u.djuml 'studies'
( x .)

b. 5tudium

25These words can also be pronounced as trisyllabks. We assume that both the syllabic and
the nonsyllabic versions of the high vowel can serve as inputs.
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2. Stress on the medial syllable. In this case, stress is always regular: the last
syllable is a schwa (l22a) or a bimoraic syllable (l22b), but never a trimoraic
syllable.

x

(122) a.
(x) (x .)
Sekunde

x

(x)(x .)
b. Pyjama

x
a a a (x .)

Papri<ka>

~
7\ r7\ Aµ µ µµ
\/ 1 1

[z e . k un. d .J

(124) a.

'second'·

a
x
(x . )

b. Amei<se>

x
(x . )(x)

(125) a. Paprika

x
(x )(x .)

b. Ameise

a a

~

1\ ~'/\ ('/\
µµµµµµ
\/ \/ \/

[py.C;a.maJ 'pyjamas'

3. Stress on the last syllable. This stress pattern is regular when the last
syllable is trimoraic and forms its own foot. There is a secondary stress on the
first syllable.

x

(123)
(x .) (x)
Vitamin

Now for the irregular patterns:

a a a

~
7\ ~\ f71\

µµµµµµµ

\/\/\/1
[f i. t a. m i nJ

a a(I\t\~\µµ µµµµ
1 \/ \/

[p a p. R i. k aJ 'pepper'

a a a

/\ ~/\ ~µ µ µ µ
\/ 1 1
[a.m a l .za] 'ant'

5. Final stress on a bimoraic syllable. In this case, stress is lexically
prespecified.

'vitamin'

x

(126)
(x .) (x)
Karusell4. Initial stress in 'real' trisyllabics (without hiatus, or with hiatus when the

first involved vowel is not glided). The second syllable is open or closed by
an ambisyllabic consonant in the vast majority of the cases. Two different
footings are possible. First, the last syllable is extra metrical and a foot is
erected on the first two syllables (124). Second, the initial stress is
prespecified. In this case, the first and second syllables form a foot together,
and the last syllable is footed on its own (12sa). Or, if the last syllable has a
schwa, the second and third syllables are footed together (12Sb). In this case,
the first syllable forms its own foot.

a a a

~

,/\~\~7\
µ µ µ µ µµ

1 1 1 1 1 1
[ka~ u 1 ElJ 'merry-go-round'

The same constraints that were used for Farbe and Mammut (Tableaux 1 and
2 in section 3.2.2) account for the first regular pattern in the disyllabic
realization of Beslie and Sludium. The optimal candidates fulfill all relevant
constraints. The only difference between Tableau 8 and Tableau 9 comes
from the fact that the last syllable's nucleus in Bestie is a schwa, whereas it is
a full vowel in Studiwn. In Tableau 8 candidate b. violates FOOT-I3INARITY
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edge. Compare the candidates in Tableau 10. Candidate b., which has the
syllabic trochee at the left edge of the word, is eliminated by ALIGN-
TROCHEE-RIGHT. Candidate c. has no trochee word finally and is also
eliminated by ALlGN-TROCHEE-R1GHT.Candidate d. violates FooT-BiNARITY

in having a ternary foot.

because the last syllable is nonmoraic, whereas in Tableau 9 it does not. In

both tableaux, candidates b., c. and d. violate AUGN-TROCHEE-RIGHT.

FOOT-

BINARTIY

ALiGN-FOOT-

LEFT
µ
I

/bEStj./ Besti,
a_ (x - )
0.- Bes.tie

b. (x) (x) i '!

Bes tie

c. ( . x)
Bestie

d. (x)
Bes tie

Tableau 8

AUGN-

TROCH-RIGHT

FOOT-FORM

(TROCHAIC)

µ µµ µµ µ II FOOT-
AUGN- ALlGN- I ALlGN- I FOOT-FORM

\I \I \I BIN TROCH- FOOT- HEAD (TROCHAIC)

/py<!;arna/ RIGHT LEFT

Pyjama

a. x
(x)( x .)... Pyjama

b. x
( x.) (x)
Pyjama

c. x
(x)(x) (x)
Pyja rna

d. x
(. x . ) II '!

Pyjama

Tableau 10

FOOT-FORM

(TROCHAIC)
µ µµ
\II

/Itudiurn / Studium

FOOT-

BINARI1Y

ALlGN-

TROCH-

RIGHT

ALiGN-FOOT-

LEFT

a. (x .)
J.F Studium

'!

Consider next Tableau 11 for Sekunde. Candidate a. violates none of the
constraints, except for one violation of FOOT-FORM:(TROCHAIC) and is thus
optimal. Candidate b. has no foot on the first syllable and thus violates
ALiGN-FOOT-LEFT. Candidates c. and d. both violate FOOT-BINARITY and
ALIGN-TROCHEE-RlGHT. Candidate c. also violates ALIGN-HEAD.The option
of forming a syllabic trochee at the beginning of the word, shown in
candidate e., is already eliminated by ALIGN-TROCHEE-RIGHT.

b. (x) ( x )
Stu dium

c. (. x)
Studium

'!

d. (x)
Stu dium

'!

Tableau 9

The second regular pattern, exemplified by the words Sekunde and Pyjama in
(122), is the most regular. It consists of two feet, one disyllabic and one

monosyllabic.
In the case of Pyjama, ALIGN-TROCHEE-RIGHT is active in forcing the

unique syllabic trochee at the right edge of the word rather than at the left
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µ µµ FOOT-BIN ALlGN- ALlGN- ALlGN- FOOT-FORM µµµµµ µ 3 µ =2"1 FT-BIN ALlGN- ALlGN- I ALIGN-I FOOT-FORM\/1 TROCH- FOOT- HEAD (TROCHAIC) \/\/ \/ I TROCH- FooT- . HEAD (TROCHAIC)/zekund;:)/Sekunde RiGfIT LEFT Ifi tamin/

I
RiGfIT LEFT

a. x Vitamin
(x)( x . ) a. x... Se kunde (x .)(x.)

b. x ... Vita min
(x .) b. x

Se kunde (x.) (x) U 'j
c. x Vita min

(x) (x) (x) 'j c. x
Se kun de (. x) (x.)

d. x Vita min
( . x .) 'j d. x
Sekunde (x)(x .) H 'j

e. x Vi tamin
( x . ) e. x
Sekunde (x) (. x.)

Tableau 11 Vi tamin

Tableau 13
We now turn to the third regular pattern: stress on the final trimoraic
syllable. In Vitamin, too, two feet are erected. Since the last syllable is
trimoraic, it forms its own foot by projecting two grid positions.

Tableau 12 illustrates the word Vitamin. Candidate 3. fulfills all
constraints. All other candidates violate one or more constraints.

Consider next the irregular stress patterns. As in the disyllabic words, there
are two irregular patterns: initial stress as illustrated by words like Paprika
and Ameise and Studium and Bestie in their trisyllabic pronunciations, and
final stress on a bimoraic syllable.

We will examine initial stress first. There are two possible accounts for
these words and each is reviewed in turn. First, the final syllable of Paprika
can be analyzed as extrametrical. Extrametricality is hotly debated in or.
Prince & Smolensky (1993:52) propose replacing it with a constraint
NONFINALlTY, which puts the emphasis on the non-stressability of the final
syllable (as in Latin, for example) and not on its prosodic status.

(128) NONFINALIlY

No head of PrWd is final in PrWd.
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Hung (1993) proposes explaining extrametricality (final stresslessness in her
terminology) by the interaction of two constraints, RHYfHM and PARSE.

Tableau 15 illustrates different candidates for the metrical structure of
Paprika. In order to fulfill high-ranking FAITHEX, the optimal candidate
violates ALIGN-TROCHEE-RIGHT. Since there is only one syllabic trochee, and
since it is initial in the Prosodic Word, AUGN-FCXJT-LEFTis fulfilled.(129) RHYTHM

A stressed element must be followed by an unstressed element.

(130) PARSE
A prosodic constituent is dominated by a prosodic constihtent of the
immediately superordinate type.

RHYTHM has basically the same effect as NONFINALITY for explaining
extrametricality. PARSE is strongly parameterized: in the tableau below the
unparsed Foot is not part of the PrWd (the immediately higher constihtent in
the prosodic hierarchy) and therefore cannot have a head (but it is
phonetically realized). U RHYTHM is higher-ranked than PARSE, then
extrametricality (non-parsing) is the result.

µ µµµµ rAITH FT-BIN AUGN- AUGN- AUGN- FOOT-

I \1\1 EX TROCH- FOOT- HEAD FORM

/papRi k Q /Papri<ka> RIGfIT LEFT (TROCH)

a. x
(x .) U I I ,

Q'" Papri<ka>

b. x
(x) (x) ~ I I , I I I .!.
Pa pri<ka>

c. x
(. x) ~ I I , I I I '!

Papri<ka>

d. x
(x) (x .) II '!

Pa Drika >

Tableau 15

PARSE(FOOT)

... (06) # ,
... «00»#

Tableau 14

However, this proposal, as well as that of Prince & Smolensky for Latin,
presupposes that the stress pattern is consistent across all words in the
language under investigation. This is not the case for German. In German,
some words with three bimoraic syllables have stress on the first syllable
(Paprika, Albatro,) while others have penultimate stress (Gorilla, Arthritis) or
final stress (AssembIee, Garantle). In our first explanation, exceptionality of
two of these patterns is assumed, in the form of prespecified 'templates'. A
new parameterization of FAITH, formulated in (131) accounts for the
preservation of prespecified extrametricality, as shown in (124), and it is
called FAITHEX to distinguish it from the former FAITH which preserves
prespecified grid positions (55)..

(131) FAITH (Extrametricality)
PARSEEXTRAMETRICALIlY:All input extrametricality is preserved.

The second explanation for 'irregular' initial stress in the trisyllabics is based
on the observation that it is the medial syllable rather than the last one that
does not count for the metrification. This is particularly evident in words
with a hiahts like Bestie and 5ludium in which the second syllable can entirely
disappear. But also in words like Paprika, Brautigam, Lexikon, etc. it is the
medial syllable that reduces and can be pronounced as a schwa (Kohler 1977,
Vennemann 1992). In the preceding section, it was shown that these syllables
are bimoraic for the syllable structure but monomoraic for metrification. To
account for this fact, we propose that the initial syllable has a prespecified
main stress like the prespecified stress of Leutnant, an asterisk on line two,
and that the final syllable forms its own foot. The medial syllable is the weak
member of the initial foot. The foot struchtre of Paprika is shown in (132): the
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second syllable forms a foot with the first one, and the last syllable forms a
foot alone. This footing is forced both by FOOT-BINARITY and by ALIGN-TROCHEE-

RIGHT, as shown in the following tableau. Though candidate a. violates
ALiGNliEAD, it fulfills FAITH and this is crucial. Candidate b. violates FOOT-
BINARITYand candidate c. ALIGN-TROCHEE-RIGHf; they are thus eliminated.

(132) x
(x .)(x)
Papri ka

µ µ µ x FAlTH ONE FT- ALIGN- ALIGN-

\! I x HEAD BIN TROCH- FooT-

/ ama~TZ~/ Ameise RIGHT LEFT
I I I I lid,,'a. x

.:" µ µµµµ x FAITH ONE FT-BIN ALIGN- ALIGN- ALIGN- FOOT-
I \!\! x HEAD TROCH- FooT- HEAD FORM

/papRi ka / Paprika RlGHT LEIT (TROCH)

a. x
(x .) (x) n I I I '!

Paori ka

b. x

(x .) (x)
Amei se

'!

ALIGN·

HEADHowever, the constraints introduced so far are not sufficient to choose the
footing in (132) as optimal. To see this, consider the following tableau. FAITH
ensures that the prespecified stress is preserved. Candidate b. fulfills ALIGN-
TROCHEE-RlGHT, which is higher ranked than ALIGN- FooT-LEIT, and should

thus be optimal.
(x)( x .)

r7 A meise

c. x

b. x
(x)( x .)

r7 Pa orika

(x .)
Amei se

Tableau 16

Before a new constraint is introduced to account for the metrification of
Paprika, consider a word with lexical stress on the first syllable and final
schwa like Ameise which conforms to the constraints used so far. This is
because the final schwa syllable is not heavy enough to form its own foot and
is grouped together with the second syllable.

It remains to be explained why Paprika does not have the same pedification
as Ameise, i.e. (pa)(prlka). For the reasons mentioned before, the footing in
(132) and in Candidate b. of Tableau 15 is preferable. A constraint must
express the fact that after main stress, the adjacent syllable is less stressed
than the final one. This constraint, which we call MEDIALWEAK, must be
ranked before ALIGN-TROCHEE-RIGHT to prevent the formation of a trochee
on the right edge. This constraint has no effect on words with a regular main
stress on the medial syllable (Pyjama), but only on medial unstressed
syllables.

Tableau 15'

(134) MEDIALWEAK

A medial unstressed syllable is weaker than a peripheral full syllable.

(133) x In the following tableau, the effect of MEDIALWEAK is shown. Only in
candidate a. is the medial syllable weaker than the peripheral one. In
candidate b. the medial syllable is the head of the foot of which the final

(x)( x .)
Ameise
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syllable is the weak member, and in candidate c., the last syllable is not
footed. In this case, too, MEDIALWEAKis violated.

ALIGN-

HEAD
FOOT-
FORM
(TROCH)

x
Karusell

µµµ
I I I

/kaRuse:l/

a. x
(x .) (x)

Q" Karu sell
b. x

(x .) (x)
Karu sell

c. x
(x)(. x)
Ka rusell

µ µ µµ µ x

I \1\1 x
/papRi k a / Paprika

FAITH ALIGN-
HEAD

FOOT-
FORM
(TROCH)

MED
WEAK

a. x
(x .)(x)

n- PaDri ka
b. x

(x) (x .)
Pa Drika

x FAITH IFT-
BIN

•

ALIGN-
FOOT-
LEFT

3.4.1.1 QuadrisyUabic words

3.4 Words with more than three syllables

MED
WEAK

ALIGN-

TROCH-
RIGHT

•

c. x
Tableau 18

(x .)
PaDri ka

Tableau 17

This completes the analysis of the stress patterns of trisyllabic words. The
trisyllabic words are largely accounted for by the same constraints used for
the disyllabic words. Only one additional constraint has been introduced in
this section, MEDIALWEAK,which takes care of the second syllable in
initially-stressed trisyllabic words.

The second explanation for the stress pattern of Paprika is superior to the flrst
one because it accounts for the fact that the second syllable is less stressed
than the final one. In the first explanation, which uses extrametricality, the
last syllable does not count for metrification, contrary to the phonetic facts.

The last stress pattern, with a final bimoraic stressed syllable as in
Karnsell, involves a lexically prespecified stress on a final birnoraic syllable,
similarly to the disyllabic Spinett. The first two syllables build a foot together
in accordance with ALIGN-fOOT-LEFT. In Tableau 18, the winning candidate
a. has two feet, the first of whij:h comprises the first two syllables, and the
second one being the last syllable. This candidate violates ALiGN-TROCHEE-

RIGHT and FOOT-FORM (TROCHAIC) only once. Candidate b. violates FAITH,

ALIGN-TROCHEE-RIGHT, ALIGN-HoAD and FOOT-FORM (TROCHAIC), and
candidate C. violates ALIGN-TROCHEE-RIGHT, and crucially FOOT-FORM

(TROCHAIC) twice.

3.4.1 Survey of dat~

It turns out that the results obtained so far are confirmed by words of four or
more syllables. Let us consider quadrisyllabic words first. CELEX lists about
19,400 of them, only 991 of which are monomorphemes, which can be
divided into the following stress patterns:

- 60'0'0':17words with stress on the first syllable
- 0'00'0':101words with stress on the second syllable
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(l34)a.lmperativ 'imperative' Indikativ 'indicative'

Akkusativ 'accusative' Infinitiv 'infinitive'

Superlativ 'superlative' Nominativ 'nominative'

Komparativ 'comparative' konsekutiv 'consecutive

b. Kuddelmuddel 'muddle' Abenteuer 'adventure'

Knickerbocker 'knickerbockers' Parnpelmuse 'grapefruit'

Pumpernickel 'pumpernickel' Tingeltangel 'night-club'

Konterbande 'contraband' hanebiichen 'outrageous'

In most of the words in [134b] the initial stress pattern can be
explained in a way that does not leave them as true counterexamples
of the three syllable rule. The words in [l34b] are similar in shape to
compounds consisting of two stems, although neither of the putative
stems occurs independently or in other compounds. {... J For most of
the words in [134b] there is independent phonological evidence for a
strong morpheme boundary. In Abenteuer, Konterbande, Pampelmuse,
Pumpernickel, TingeUangel we find a tautosyllabic sequence of schwa
and sonorant [an, ar, al]. or in more colloquial pronunciation a syllabic
sonorant [an, all and vocalic r-coloured schwa for [ar} {... }. This

tautosyllabic sequence is untypical word-medially in monomorphemic
words and instead occurs usually only word-finally in
monomorphemic words. Thus, the presence of this sequence in the
words above indicates morpheme-final position and motivates the
compound analysis Aben#teuer, Konter#bande, Pampel#muse,
Pumper#nickel, Tingel#tangel .

- 0'0'00': 273 words with stress on the penultimate syllable
- 0'0'0'0: around 590 words with stress on the final syllable

Of the 17 quadrisyl1abic monomorphemic words with main stress on the first
syllable, 9 are linguistic terms and the remaining 8 look like compounds.
These latter words already served as counterexamples to Vennemann's
Reduced Syllable Rule in section 3.3.2.1 and are repeated here.

(135) Vennemann's (1992:406) 1HREE SYLLABLE RULE
Only the last three full syllables can be accented.

Two remarks are in order here. First, since these words contain two schwas,
they do not correspond to the structural description of the Three Syllable
Rule. Second, Jessen's argumentation is circular: the words look like
compounds because they have an initial stress and a schwa in their second
syllable. But of course this is not sufficient to make them compounds. The
argument that a schwa followed by a sonorant in the second syllable forces
the presence of a morpheme boundary does not hold. Compare Kabeljau
'cod', Ktlkerlak 'cockroach', and the like, which also have a schwa in their
second syllable, but which are not analyzed as compounds. Thus, we claim
that they are simply monomorphemic quadrisyllabic words with stress on

the first syllable, albeit odd ones.
Let us now turn to the 101 quadrisyllabic monomorphemic words

with main stress on the antepenult (0'00'0'). Out of the 25 of them that have a

final schwa syllable (136), 21 have a penult [i] which is realized as a glide,
and the remaining 4 have three full vowels after the stressed one. At least
Apokope and Apostrophe have an alternative, more common stress realization:
Apostr6phe, Apok6pe. So only two words with antepenultimate stress, are true
exceptions to VerU1.emarU1.'sReduced Syllable Rule: Kilntabile and simpliciter.

The rarity of quadrisyllabic monomorphemes with initial stress confirms the
three-syllable-window rule (Wurzel 1970, Giegerich 1985, Vennemann 1986,
1992, Jessen 1994, Yu 1992, etc.), formulated by Vennemann as in (135). The
fact that the words in (134b) contain two schwa syllables makes them in a
way exceptional, but not in terms of (135), which explicitly excludes words

with schwa syllables from the rule's structural description anyway.

Since schwa syllables do not count, the words in (b) conform to the rule, but
the words in (a) do not; however, these words belong to a dearly delimited
class and can be considered as the exceptions that confirm the rule.

Consider now the words in (l34b). Jessen (1994:24) analyzes them as
potential counterexamples to Vennemann's Three Syllable Rule and

comments:
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(136) a.Arlerle 'artery' Bakterie 'bacterium'
Komoo.ie 'comedy' Geranie 'geranium'

b. Ap6strophe 'apostrophe' Kantabile 'cantabile'
simpliciter 'absolutely' Ap6kope 'apocope'

(Diabetes). Examples of words with final schwa are given in (139); the other
categories are illustrated in (140).

'aquarium'
'prelude'
'grant'

(139) Karavane 'caravan' Brillantine 'brilliantine'
Antilope 'antelope' Synagoge 'synagogue'
Variante 'variation' Schokolade 'chocolate'

(140) -Dr
Informator 'informant' Alligator 'alligator'
raj
Banderilla 'banderilla' Propaganda 'propaganda'
[oj

allegretto 'allegretto'

Of the 76 remaining words with a full vowel in their last syllable, 35 have a
final
-ium syllable, as in (137), and are thus generally pronounced trisyllabicaUy.

(137) Imperium
Ammonium
Symposium

'empire'
'ammonium'

'symposium'

Aquarium
Praludium
Stipendium

There remain 41 words, partly listed in (138), of which 15 have a final open
syllable: 12 with final raj (138a) and 3 with final [oj (138b). 12 words have
final -urn without a preceding glide, as in (138c), 7 have final-on (138d) and 3
have final-is (138e). Finally, there are four words with various other endings,
listed in (138f).

(138) a. raj
Anaphora
b. [oj
inkognito
c. Spezifikum

Curriculum
d. -on
Analogon
e. -is
Metropolis
f. Magnifikat

Asparagus

'anaphora' Malaria

'incognito' Laudatio
'something characteristic'
'curriculum'

'analogy'

'metropolis'
'magnificat'
'asparagus'

Chamaleon

Ingredienz
Superior
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Finally, the words with final stress present the same problems of
classification a~ the trisyllabic ones. The distinction between complex and
simplex words is a delicate matter. Most final syllables are trimoraic, as
shown in (141) and (142). The words in (142) are generally pronounced as
trisyllabics.

'malaria' (141) exorbitant Iexorbitant' Installateur 'plumber'
Adrenalin 'adrenalin' Affinitat 'affinity'
Adoleszenz 'adolescence' Barbiturat 'barbiturate'
Bibliothek 'library'
Aggression 'aggression' Ammoniak 'ammonia'
Assertion 'assertion' Atelier 'studio'
Distraktion 'distraction' mysteries 'mysterious'

Consider next the 273 words with main stress on the penult (0060). 209 have

-,~ a final schwallable. The other 64 words have typically unstressed syllables:
l5 final -Dr, 13 raj, 8 [oj, 8 -urn, 6 -ik, 2 -is, 1 -ur, 1 -it (Affidavit) and 1 -es

'laudatio'

(142)

'chameleon'

Some finally stressed words have a prespecified stress on a bimoraic syllable.
'ingredient'
'superior' (143) Abonnement

Orthographie
'subscription'
'orthography'

Infanterie
spirituell

'infantry'
'spiritual'
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3.4.1.2 Words with more than four syllables
Alternative
Apotheose
Kommilitone
Lokomotive

CELEX lists 4,312 words with five syllables and 1,878 words with more than
five syllables, the vast majority of which are complex words. After
elimination of all nonmonomorphemic words, there remain 384
monomorphemic words with five syllables, which can be divided into the
following stress patterns:

'alternative'
'apotheosis
'fellow student'
'locomotive'

The remaining 12 words have final-or (in 9 cases), -us (one case), final [a] (1
word) and final [0] (1 word).

- 0-00'0'0: 0 words with stress on the first syllable
- 00-0'0'cr: 0 words with stress on the second syllable
- 0'000'0: 41 words with stress on the antepenultimate syllable
- 00'0'00': 42 words with stress on the penultimate syllable
- 0'0'0'0'0: 301 words with stress on the final syllable

(147) Akkumulator
Staphylokokkus
Abrakadabra
Violoncello

'accumulator'
'staphylococcus'
'abracadabra'
'violoncello'

Of the 301 words with final stress, 252 have a final -ion syllable (148); the
others have a final-re, -iit, -iir, and a few more (149).

(148) Exhibition 'exhibition'
Expedition 'expedition'
Intonation 'intonation'
Spekulation 'speculation'
Installation 'installation'
Affektation 'affectation'
Amputation 'amputation'
Distribution 'distribution'
Faszination 'fascination'
Kornbination 'combination'

(149) Enzyklopadie 'encyclopaedia'
Etablissement 'establislunent'
UniversiUit 'university'
interrnediar 'intermediate'
initiativ 'initiative'

The absence of words with initial and postinitial stress confirms the Three
Syllable Rule.

Of the 41 words with antepenultimate stress, 38 have a penultimate
glide (31 -iurn), which makes them quadrisyllabic. The three other words are
listed in (145); all three have final-urn.

(144) Ordinarius 'professor'
Auditorium 'auditorium'
Territorium 'territory'
Krematorium 'crematorium'
Petersilie 'parsley'
Repressalie 'reprisal'

(145) Analeptikum 'analeptic'
Analgetikum 'analgesic'
Individuum 'individual'

Of the 42 words with penultimate stress, 30 have a final schwall able.

(146) Archaologe
Initiale

Apokalypse

'archaeologist'
'initial (letter),
'apocalypse'

Finally, there are 98 Six-syllable monornorphemes. 89 have final stress, the
majority of them ending in -ion, exactly as in the case of the five-syllables.
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(150) Extrapolation
Organisation
Assoziation
Manipulation
Imagination
Ratifikation
Eventualitat

'extrapolation'

'organization'
'association'
'manipulation'
'imagination'
'ratification'
'eventuality'

(J (J (J

/\ ~\ ~\x µµ µµ µ µ
(x) (x . ) I I V I I

b. Imperium [I m . p e . R iu m] 'empire'

2. Real quadrisyUabic words with penultimate stress and a last non- or

bimoraic syllable.
The remaining 9 have antepenultimate stress, but are actually five-syllable

words:

To conclude this short overview of polysyllabic words, it can be observed
that nothing new has been gained from them. All interesting observations
and generalizations about monomorphemes could be gathered from the di-

and trisyllabic words.

(151) Observatorium
Laboratorium
Vokabularium
Repositorium
Initiative

3.4.2 Optimality account

'observatory'
'laboratory'
'vocabulary'
'bookshelves'
'initiative'

x

(153) a.
(x .) (x .)

Anti lope

x

b.
(x .) (x .)
Propa ganda

(J (J (J (J

/\ ~\ ~\ Aµµ µµµµ
I I V V

[an.ti.lo.p ,J 'antelope'

(J (J (J

~

\~\ ~\ ~/\µ µµ µ µ µ µ µ
VV II V

[p.o. p a . g an. d a J 'propaganda'

3. Words with final stress on a last trimoraic syllable.

The regular stress patterns for the quadrisyllabic words are listed in 1 to 3.
Patterns 4 to 6 are irregular.

x
1. Four syllable words realized as trisyllabics with main stress on the

penultimate syllable.

(152) a.
(x) (x.)
Ar terie

(154) a.
(x.) (x.)
exor bi tant

(J (J (J

x

/\ /\
µµ µ µ
I I V

[a R • t e R i~) (x .) (x.)
Adrena lin

'artery'

b.
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(J (J(J (J

/\ ~1\~1\~11\
µµ µµ µ µ µ µ µ
I I I I V I I I

[€kso~.bi.t an tJ 'exorbitant'

(J (J (J(J

x /\ ~1\~\tl\µ µ µ µ µ µ µµ
V V V VI
[a.dRe. no.1 i n] I adrenalin'
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Now for the irregular stress patterns:

4. Words with prespedfied initial stress.

Quadrisyllabic words are analyzed in OT with the same constraints we used
for the trisyllabics. One example of regular stress is illustrated in Tableau 19,
for Anti/ope. The optimal candidate fulfills all constraints.

a
AUGN· I FOOT-FORM
HEAD (TROCHAIC)

a a a

x
/\ ~1\~n~11\
µµ µµ µ µ µµ µ
1 1 \/ \/ \/ 1

[I m. p e. R a. t if] 'imperative'

µµ µµµ
1 \/\/

/ anti I opa / Antilope

(155) a.
(x .) (x.)

Impe ra tiv

FOOT·

BIN

AUGN-

TROCH-

RIGHT

ALlGN~
FooT-

LEFT

a. x
(x .) (x .)

17 Anti lope
b. x

(x .)

Anti lope
c. x

(x)(.x.) II '!
An tilope

Tableau 19

cr cr cr cr

x ~~~f~~
[p u m . p •. n I k .IJ 'pumpernickel'b.

(x .)(x.)
Pumper nickel

5. Words with prespecified stress on the second syllable.

x /\~\ ~\ ~\µµµµµµµµ

\/ \/ \/ \/
[a. na . fa. R aJ 'anaphora'

The irregular stress patterns do not need any new constraint either. Consider
first the word Pumpernickel. It has a prespedfied stress on the first syllable. Its
tableau resembles that of Ameise (Tableau 16), except for the fact that the first
foot is now a syllabic trochee. Imperativ is accounted for by nearly the same

tableau, except that it has a trimoraic final syllable. Thus the final
monosyllabic foot is guaranteed by THREEMORAS= TWoGRIOPOSmONS.

cr cr cr cr

(156)
(x)(x .)(x)
Anaphora

6. Words with prespedfied final stress on a bimoraic syllable.

cr cr cr cr

x ~\r\~\/\
µµµµµµµµ
\/\/\/11

[s pi .• i. t U. E lJ 'spiritual'(157)
(x .) (x)
spiritueU
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FOOT-FORM

(TROCHAIC)µ µ X

[ [ X

/pumpt:?mk,l / Pum

FAITH IONE IFT-
HEAD BIN

µ µµ µµµµµ H FAITH

\/\/\/\/
/a ne f 0 RQ / Anaphora

MEDWEAK IALlGN-
FOOT-

LEfT

ALIGN·

HEAD

a. X

( X .)( X .)
Q" Pumper nickel

b. X

(x .)( X .)
Pumper nickel

c. x
( x) (. x .)
Pum oernickel

a. x
(x) (x .) (x)

Q' A napho fa
b. x

(x)(x)(x .)

'! I Ana phora
c. x

(x) (x .. )
A naphora

Tableau 21

Tableau 20

'!

'!

The five-syllable words have three regular stress patterns and only two
irregular Ones, because stress is never located on the first or second syllable.
1. Five-syllable words which are realized as quadrisyllabic ones and have
their main stress on the medial syllable.

The two other irregular stress patterns are straightfonvard, too. AnJphora has
a prespecified stress on the antepenult and spiritutIl has one on the last
syllable. Anaphora is similar to Paprika, and spirituell to KaruseIL Only
Anaphora is illustrated in the next tableau. Candidate a'I which violates
ALlGN-TROCHEE-RIGfIT but fulfills MEDIALWEAK, is better than candidate b.,
which does the reverse. Thus, according to OUf constraint ranking, a
candidate with a medial trochee and a final monosyllabic foot is superior to
one with a final syllabic trochee.

x

(158) a.
(x .)(x.)
Repres salie

x

b.
(x .) (x . )
Oedi narius

cr craG

'reprisal'

cr 0' (J cr

'professor'

2. Real five~syl1able words with penultimate stress and a non- or birnoraic
last syllable.

(~ If(, :(~ ~\~/II~~~//1\
[Re.p"' s a .lj.]

/\~\ ~\ ~\µµ µ µ µ µ µ µ
[I \/ \/ [[

[:)I~.di.na.Rj us]
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(159) a.

x

(x.) (x .)
Apo the ose

x

b.
(x .) (x. )
Marsu pi lami

5. Words with final stress on a bimoraic syllable.cro-craa

/\~\ r,1\ /\ ~µµµµµµµµ
\/ V V V
Ia.po.t e. o. z()] 'apotheosis'

(162)

(J cr cr cr cr

~
7\ ~\ ~\ ~\ ~\µµ µ µ µ µ µ µ µµ
I I V V V \/

[rna \: . 5 U . pi. I a. m i]

" " " " "
x /\ ~7\ ~\ ~7\ ~ \µµ µµ µµµµ µµ

II V V V V
[En.tsy.kl o.p e. d i] 'encyclopaedia'

(x .) (x)

Enzy kIopii die

Apotheose illustrates the regular stress pattern for real five-syllable words
with a final nonheavy syllable. (Marsupiftjmi has an identical tableau.) Since
there is a syllable between the two peripheral trochees, it can in principle
form a foot on its own. However, candidate a. is better than candidate C.,

because the latter violates FOOT-FORM(TROCHAlC)once, whereas the former
does not violate any constraint at all.

'marsupilami'

3. Words with finaistress on a trimoraic last syllable.

(160)

x
(x .) (x.)

ALIGN- I ALIGN-
FOOT-LEFT HEAD

cr cr cr cr cr

(x .)(x)(x.)
ADO the ose

µµµµµµµ µ

V VV V
lapo te oz<J/

Avotheose
/\~\~1\~7\~1\µµµµ µµ µµµµµ

VV II VVI
[u. n i .v E ~. z i. t e t] 'university'

x

FOOT-

FORM

(TROC)

Urn versi tat

FOOT-

BIN

MED

WEAK

ALIGN-

TROCH-
RIGHT

a. x
(x.) (x .)

a Apo theose

'!Now for the irregular stress patterns:
b. x

(x .)(x.)

A Dothe ose
4. Words with stress on the third syllable. c.

(161)

x
(x .)(x .)(x)
Indi vidu urn

" " " " " Tableau 22/\ (7\ ~\ ~\ /\
µµµµ µµ µµ µµ
I I \/ \I \/ I I

[1 n. d i. vi. d u. urn] 'individual'

'!

In regular Universitiit, two candidates, a. and b., are selected as optimal by
the constraints introduced so far. In this case, the medial foot of candidate a.
is a trochee, too, and does not violate FOOT-FORM(TROCHAIC).
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* µµµµµ µµµ µ 3µ FT-BIN AUGN- ALlGN- AUGN- FOOT-

VV 1V V =2 .... TROCH- FOOT- HEAD FORM

lun i fE~zi t etl RIGHT LEFf (TRO)

Universitiit

a. x
(x .)(x .)(x.)

n-Uni versi Uit
b. x

I(x .) (x.)
0" Uni versi tat

x

AL-
HEAD

FOOT-

FORM
(TRO)

'FTFTAL-Fr-
UFf

µµµµ µ µ µµ µ pµ =2"1 FT-BIN
\IV I \I V
/unifE~zitet/

Universitiit

AL-
TRo-

RIGHT

a.
(x.) (x.)

0" Uni versi tat

b. x
(x .)(x .)(x.)
Uni versi tat

(. x) (x.)
Uni versi tat

'!

c.Tableau 23

The flaw in candidate a. is that the first two feet are predicted to be equally
strong, since they have the same number of grid positions. But, in fact, only
the first syllable systematically has a secondary stress in five- or six-syllable
words. There is thus a preference for the nonparsing of the medial syllables,
and candidate b. must be evaluated as superior to candidate a. We propose
expressing this by a new constraint, ·FTFT, which is due to Kager (1994b) and
avoids foot adjacency.

d. x
(x.) (x)

Uni versi tat

x

e.x
(x .)( x .) (x.)
Uni versi Hit

Tableau 24

(163)'FrFr
Feet must not be adjacent. Enzyklopiidie illustrates the last irregular stress pattern. It has a prespecified

main stress on the last syllable. Two footings are compared, an exhaustive
and a nonexhaustive one, and the nonexhaustive one wins, because the other

one violates "FTFT.

"FTFTmust be ranked below ALlGN-TROCHEE-RIGHTand ALIGN-FOOT-LEFr
to guarantee the presence of peripheral feet in di-, tri- and quadrisyllabic
words. Only in words of five or more syllables is this constraint active. Its

effect is illustrated in Tableau 24.

181 182



ALIGN-10FT

HEAD FT

NO
CODA

a. x

FAITHIMED
WEAK

ALIGN-

TROCH-

RIGHT

ALlGN-

FooT-

LEFT

µ µµµµµµµ µ
I \f \f \1 \f

lEnt syk 10 pe di /

x
x

Enzvklooedie

(x .) (x)
Q" Enzv klooa die

b. x
(x .) (x .) (x)

Enzv k100a die

Tableau 2S

The constraints that are responsible for longer monomorphemes are thus
basically the same ones that playa role in shorter words. Only one
constraint, "FTFr, has been newly introduced in this section.

3.5 Interaction between syllable structure and stress pattern

The constraints responsible for the syllable structure and those responsible
for the stress pattern apply simultaneously, i.e. on the same level. This
section illustrates some interactions between the two sets of constraints. The
main interactions have something to do with the number of moras the
syllables consist of, and the resulting footing.

First, MORAICITYmust be ranked before ALIGN-TROCHEE-RIGHT,
ALlGN- FOOT-LEFT and FOOT-FORM (TROCHAIC) because, according to the

constraints for foot formation alone, a word like Symptom can consist of only
one foot, like candidate b. of Tableau 26. MORAlOTY, however, forces the

coda segments to be morak. As a result, each syllable consists of three moras
and, due to the pressure of undominated THREEMORAS=TWoGRloPOSmONS,
two feet are erected.
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µ µ µ

I \I
/zymptom/

a. <J <J

11\ 11\
µµ µ µ µµ
I I I \II

n-Symp tom
(x . )( x . )

x

b. <J <J

1\ 1\
µ µ µµ
I I \I

Symp tom
( x )

x

Tableau 26

FOOT-

FORM

(TROCH)

O!

TRI
MAx

3µ MORAl

CITY

ALIGN

-TRD-

RT

AL-

FT-

LEFT

FooT-

FORM

(TRO)

Second, NOCODA must be ranked before FOOT-FORM(TROCHAIC). This is
demonstrated by the word Pyjama in Tableau 27. Candidate b., with a first
trimoraic syllable, is crucial. It is blocked by NOCOOA, which is responsible
for the fact that ambisyllabicity is avoided in bimoraic syllables. If NOCODA
were ranked below FOOT-FORM (TROCHAIC), candidate b. would be

preferred to candidate a.
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disappears, the high vowel becoming a glide and thus part of the onset of the
last syllable. Stress is then regularly penultimate.

c. Stress is often antepenultimate when the penult is open and the last
syllable is bimoraic.

d. Some final bimoraic syllables are lexically stressed.
e. Some stresses are lexically prespecified.

µ µµ µµ µ
\I \I \I

IpYdsamal

TRI
MAX

3µ I BI IONS
=2'" MOR Ef

AL-

TRO-

RT

AL-

FT-LT

AL

HD

NO

CO
DA

FOOT-

FORM

a. a a a
1\ 1\ I \
µ µ µ µµ µ
\1\1\1

n-Py j a rna
(x) (x . )

x
b. <1 a <1

II\ 1\ 1\
µµµµ µµ µ
\II \1\1

Py j a rna
(x.) (x .)

x
Tableau 27

It has been shown in this chapter that OT is a good framework to account for
the stress properties of German words. Since the constraints can be violated,
more flexibility is allowed than in earlier generative accounts. The obligatory
application of rules has been replaced by a comparison of different
possibilities.

This chapter has established two important things. First, the existence
of the foot as the domain for stress assignment. The syllabic trochee is
especially important in determining the regular main stress. In the absence of
stress prespecification, a syllabic trochee is formed at the right edge of the
word, and if there are enough syllables left, another one appears at the left
edge of the word. Second, the weight of a syllable, in other words the
number of moras it contains, plays an important role in determining how the
feet are erected and, as a consequence, what the stress pattern of a given
word looks like. A trimoraic syllable attracts stress, especially in the final

position. Bimoraic syllables are not completely equal with respect to the
stress attraction property. True CVC syllables in medial position attract
stress, whereas open syllables in this position do not, at least not
systematically so.

The constraints responsible for the sonority relationships and the ones
relevant for the syllable boundaries do not interact with foot formation.
Similarly, some constraints determining the stress pattern, like ONEliEAD,
ALIGNliEAD, FAITH and MEDIALWEAK, are also completely independent of
the internal make-up of syllables.

3.6 Conclusion

The constraints introduced in this chapter are listed in (165) and (166).

(165) Undominated constraints
FooT-B1NARlTY, THREEMORAS =TwoGRlDPOSITIONS, FAITH, ONEHEAD

German lexical stress has the following general properties:
(166) Dominated constraints
ALlGN-TROCHEE-RlGHT, ALIGN-FOOT-LEFT, MEDIALWEAK, 'FIFI, ALlGN-

HEAD, FOOT-FORM (TROCHAIC)
(164) a. Stress is on a final heavy syllable, or else penultimate.

b. Stress is antepenultimate when there is a hiatus between a
penultimate syllable whose nucleus is a high vowel and a final naked
syllable (without onset). In this case the penultimate syllable generally
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These constraints are divided into two classes: those which determine the
formation and size of feet: FooT-BINARlTY, ALIGN-TROCHEE-RIGHT,ALIGN-
FOOT-LEFT and FOOT-FORM (TROCHAIC), and those responsible for the
prominence relationships between the feet: ONEHEAD, MEDIALWEAK, ""PrFr

and ALIGN-HEAD.
Finally, some interactions between syllable structure constraints and

stress pattern ones have been demonstrated in the last section of this chapter.
The last chapter considers stress pattern in complex words and the

influence of foot formation on some phonologically-conditioned

morphological operations.

187



Chapter 4
Foot fonnation and stress pattern in complex

words

x x

(3)

( x .)
a. trocke n-e 'dry, inflected' 'speak, plural, past'

(x .)

h. red-e ten

As shown in Tableaux 1 and 2, the constraints introduced in the preceding
chapters account for the footing of inflected words in a straightforward way.
Remember that ALIGN-R is violated in inflected words because of the
domination of ONSET. Thus, the inflectional suffixes are syllabified with their
stems.

4.1 Preliminaries

This chapter examines foot formation and prominence relationships in
complex words. The general stress properties of inflection and derivation are
considered in turn. It will be shown that, in complex words, too, the syllabic
trochee plays a role - and this not only in the stress pattern but also in some
morphological processes. The location of the syllabic sonorant in the
infinitive and the presence of umlaut in a word derived with the diminutive
affix both depend on the prosodic domain of the foot.

FT-BIN I NOMOSCHµ µ
\f

J b n 12 schoner

FOOT-

FORM

(TRO)

AUGN-TRO-

R1GfIT

UGN-

FOOT-LEIT

a. ( x.)
Il:i'" schemer

4.2 Inflection
b. ( x )(x)

schb ner
'!

c. ( x)
schb ner

µ ~ FT- I NO I ALlGN- I AUGN- I FOOT-
I BIN MC6CH TRo-R1GfIT FOOT-LEIT FORM

t r J k ~Ia trockene

a. (x .)
Il:i'" trocke ne

b. (x .)(x) II '!
trocke ne

c. ( x ..) II '!
trockene

c. (x)( x .) II '!
tro ckene

Tableau 2
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In section 2.2.1.1 (Chapter 2), it was shown that German inflection can be
syllabic or nonsyllabic and that the inflectional suffixes are always
nonmoraic, because the nucleus of the added syllable is always a

schwallable. Some examples, which are not repeated here, were shown in
Chapter 2. As a consequence of its nonmoraicity, inflection has no effect on
the prominence pattern of the word. However, a final schwallable is footed
with the stem it attaches to whenever possible, as in (2). If more than one
schwallable occurs at the end the word, only the first one is footed, as in (3).
(1) illustrates a nonsyllabic inflection.

Tableau 1

x

(1)
(x .)

Auto-s 'car, gen. sg.'

x x
( x .) (x .)

(2) a. schbn-er 'more beautiful' b. red-est 'speak, 2nd pers. sg. pres.'

189



The adjectival form trockene is obligatorily realized with two schwallables,
since the stem is obligatorily disyllabic, though trockne would be well formed
(compare the forms Tockner 'drier', trocknen 'to dry'). The disyllabicity of the
stem has independent reasons which we do not attempt to explain here (but
see F~ry 1991for more about this).

Even if inflection has no influence on the stress pattern of the word it
attaches to, there are some interesting interactions between the size of the
inflected word and the position and number of schwallables. The formation
of infinitives may serve as an illustration.

In line with the general preference of German for trochees, the
infinitive also forms this constituent whenever possible (Eisenberg 1991,F~ry
1991, Giegerich 1987:459, Wiese 1986:713, Wurzel 1970). In practically all
infinitives, a syllable is added whose nucleus must be a syllabic sonorant;
there are only two lexical exceptions: the monosyllabic verbs tun 'to do' and
sein 'to be'. Consider the infinitives listed in (4) and (5), where two
transcriptions are given for each verb: the first one has a syllabic sonorant as
the nucleus of the last syllable (the commonly realized form) and the second
one has a schwa plus a consonantal sonorant (the marked realization).

default realization in the literature (Wiese 1986,Giegerich 1987,Hall 1992a).
This traditional analysis assumes an epenthetic schwa, which is a marked
process and which in an OT approach would imply a violation of FILL,the
constraint which counts each epenthesis as a violation (see Chapter 1 and 2).
A second problem with the schwa approach is that the sonority hierarchy
cannot explain why (but only describe that) schwa is inserted before the most
sonorous sonorant (see below), since it is always more sonorous than a
sonorant. In contrast, in our approach, excrescent schwa is a phonetic variant
of the syllabic sonora nt, and the choice of the nucleus depends on
independent principles of syllabification.

The verbs under (4) have stems which can be syllabified as such. The
infinitive suffix -n is just added to these stems and it is syllabic in order to
fulfill the requirement of a final trochee (see below). On the other hand, the
verbs in (5) have an unsyUabifiable stern-final sonorant whose sonority is
higher than that of the preceding consonant. Infeuern, -er is vocalized and is
thus more sonorous than a glide (see Chapter 2). These stems form nouns by
making the sonorant syllabic.

(4) lach-lamen [la.xt;I/la.x<:In] 'to laugh'
hol-holen [ho:.h)/ho:.Ian] 'to fetch'
heul-heulen [h)X.I~/h)x.lan] 'to cry'
mah-mahen [mE:.~/m£;.<:In] 'to mow'
bau-bauen [ba\!I)/ba\!an] 'to build'
form-formen [loplU)/lo~.man] 'to form'

(5) segl-segeln [ze:.g,ln/ze:.galnl 'to sail'
liefr-liefern [li:.fun/?Ji:.faunl 'to deliver'
wandr-wandern [van.dl?n/7van.d<:l~n] 'to hike
feur-feuern [lox"nf1loxa~n] 'to fire'
atm-atmen [a:t.ml)/ a:t.m~n] 'to breathe'

(6) segl-Segel
feur-Feuer
atm-Atem

[ze:.gll
[loX"]
[a:tIl)]

'sail'
'fire'
'breath'

As before, the infinitives in (5) are formed with an inflectional -n, but in this
case it is only syllabic when the stem-final sonorant is a nasal, as in atmen or
segnen 'to bless'. In all other cases it is the stem-final sonorant which is
syllabic. This is captured naturally by the sonority hierarchy (see (10) in
Chapter 2). The most sonorous sonorant is the syllable nucleus. If, as in
atmen, the last sonorants are both nasals, other, phonotactic, principles playa
role: a coda cannot be occupied by two nasals.

In OT terms, this is expressed by the constraint HNuc introduced in
Chapter 2 and repeated here:

The usual pronunciation of the last syllable of these verbs is a syllabic
sonorant, taken here as the default realization. However, in affected or very
clear pronunciations, this syllabic sonorant is realized as a sequence of a
schwa plus a consonantal sonorant, which is usually considered to be the

(7)HNUC(The Nuclear Harmony Constraint)
A higher sonority nucleus is more harmonic than one of lower sonority.

Apart from HNuc, the following constraints are active:
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(8) ALiGN-SUFF

Align (Suffix, Right, Prosodic Word, Right)
The right edge of every suffix coincides with the right edge of some
Prosodic Word.

ALiGN-SUFF and AUGN·TROCHEE-RIGHT are unviolated and thus
undominated by any constraints relevant for infinitive formation. However,
ALIGN-SUFFis undominated in the whole German phonology whereas this is
not true of ALIGN-TROCHEE-RIGHT. For this reason, in the tableaux of this
section, AUGN-SUFF dominates AUGN-TROCHEE-RIGHT.l

Let us now see how the constraints introduced so far block the
formation of "segelen or "wanderen with two syllabic sonorants.ln Tableau 4,
aU the candidates fulfill ALiGN-SUFF. Only candidates a. and b. satisfy
ALIGN-TROCHEE-RIGHT, since they have a peripheral n and a syllabic
sonorant in their last syllable's nucleus. ALIGN-TROCHEE-RIGHTis violated
by c., which does not end in a syllabic trochee. The final decision between the
remaining candidates a. and b. is made by HNUC. Since candidate a. has the
most sonorous sonorant in its nucleus, it is the optimal candidate.

- AUGN-SUFF, given in (8), expresses that, like all affixes in German, the

infinitive suffix en] is peripheral.
- ALlGN·TROCHEE·RIGHT, which was already introduced in Chapter 3,
guarantees that the last syllable of an infinitive has a syllabic sonorant as its
nucleus, which also implies that this syllable must be weak.

These two constraints cannot be fused into one because, as (6) shows, en]
is not always the syllabic sonorant, though it is always final.

The effect of these two constraints can be illustrated with the verb bauen 'to
build'in Tableau 3. In this verb, the infinitive suffix -n adds a syllable by
being syllabic itself. Notice that a monosyllabic (")bawl is well formed in
German, as one can see from the words Baum 'tree' or braun 'brown'. In fact,
bauen is often pronounced monosyllabically in connected speech, like Jahren
'to drive', gehen 'to gO',sehen 'to see' and other similar verbs [fa:n, ge:n, ze:n].
Moreover, this verb does have monosyllabic forms: du baust 'you build', sie
baut 'she builds'. Only the disyllabic realization of such verbs is taken into
consideration (see also footnote 1).

In the tableaux of this section, syllabicity of a sonorant is indicated by

a preceding schwa, in order to reflect the German orthography.

Ize ALiGN-SUFF HNuC

a .

segelen

ALiGN-TROCHEE-RIGHT

.,.... segeln

b. (x . )

seglen

c. (x .. ) .,
Tableau 4

ALiGN-SUFF

Now consider the verb holen 'to fetch', which has a syllabifiable stem.
According to the constraints so far, "hodn [ho:.,ln], rather than the gramma-
tical holen [ho:l1}],should be the selected candidate since ell is more sonorous

than en]. ONSET selects the optimal candidate in Tableau 5. Syllables without
an onset violate ONSET. This constraint is ranked higher than HNUC, so that a
candidate which fulfills it but violates HNUC, like a. in Tableau 5, is better

/ bay /+/n/ bauen ALiGN-TROCHEE-RIGHT

a. (x . )
or bauen

b. (x .)
baune

I c_ ( x )
baun

Tableau 3

.,
1 Two more arguments can be given in support of the dominance of AUGN·SUFF over
ALIGN·1ROCHEE·RlGHT.First, the former is fulfilled in the two exceptionalverbs lim and
sein, but the latter is not. (However, these two verbs are lexicalexceptionsand probably not
subject to the constraints introduced here anyway.) And second, Tilman Hohle (p.c.) has
suggested that the constraints responsible for the infinitive are so relaxed that both the
disyllabic and the monosyllabic realizations of this verb (and other verbs which can be
realized monosyllabically) are selected as equally good. This would mean that ALIGN·
TROCHEE-RIGHTis dominated. Wedo not develop this idea here.
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syllable. Each segment that is an onset of the last syllable (the one with a
syllabic sonorant) counts as a violation of ALIGN·R.To achieve minimal
violation, these onsets are minimized ..which has the side effect of leaving the
stems intact. Thus, AUGN·R is a gradient constraint. In segeln, it does not
matter if [I] or [n] is syllabic; in both cases [g] is the onset of the last syllable,
and the decision is taken by HNUC,as illustrated in Tableau 4. In contrast, the
effect of this constraint is visible in quirlen as is evident from the following
tableau.

than one violating ONSETbut fuUilling HNUC, like candidate b.2 Some rare
verbs like miihen 'to mow' violate ONSET,since there is no segment that can
be used as an onset of the final syllable. The disyllabicity of such verbs is
nevertheless ensured by ALIGN·TROCHEE·RIGHT.Candidate c. violates
ALIGN·TROCHEE·RIGHTand is thus readily eliminated.

/hol/+/n/ holm IIAUGN-SUFF ALIGN-TROCHEE-RIG

a. (x.)
Q" holen

/kvml/ +/n/
uirlen

ONSET IALIGN-R IHNUCALIGN-SUFF I ALIGN-TROCHEE-

RIGHT

b. (x. )

hoeln
c. (x .. ) II I '!

hoelen
Tableau 5

a. (x . )
or quirlen
b. ( x. )

uireln
c. ( x .. )

uirelen
Tableau 6

The fact that the stem's syllabification can playa role in the choice of one
candidate over another can be seen by comparing segeln toquirlen 'to mix', a
unique member in its category. Up to this point, ·quireln, with a syllabic [1]
and an onset to the second syllable, should be the optimal candidate, but it is
not. The difference between quirlen and segeln lies in the fact that quirlen
belongs to the first category of verbs with a syllabifiable stem in (4), whereas
segeln has an unsyllabifiable sonorant in its stem (5). In other words, the
sequence [rl] in quirlen is of decreasing sonority, whereas the sequence [gl] in
segein is of increasing sonority. The [I] in Segel must trigger a new syllable,
whereas the sequence [rl] is well formed as a coda, as attested by the words
Kerl 'guy', Kip/erl'croissant' and Quirl'mixer'. Notice that quirI- is never
realized as ·quire1-, whereas segl- is often realized as segel-.

We propose that the constraint AUGN-R (Chapter 2), though generally
violated in the infinitives (except in verbs like miihen), is nevertheless active
in the choice of the optimal candidate. Remember that this violable constraint
requires that the right edge of a stem coincide with the right edge of a

'!

Both ·quire1n and quirlen fulfill the high ranking constraints AUGN-SUFF,
ALlGN·TROCHEE·RIGHT,and ONSET,but the form ·quireln has one more
segment in the onset of the last syllable than quirlen, and is thus eliminated.

The last set of data to be discussed are verbs whose stems have at least
two syllables. The final syllabic trochee consists of the stem's last syllable and
the syllabic inflection: AUGN-TROCHEE·RIGHTis always fuUilled. Consider
first the finally stressed stems. Examples of such verbs are listed in (9).

(9) spazier- /spaz(eren
trompet-/trompeten
genug-/ genugen

'to take a walk'
'to play the trumpet'
'to suffice'

2 Raffelsiefen (1994) remarks that verbs like knllueln 'to tangle' and kraue/n 'to fondle' are
generally pronounced knlll/len and krall/en. This evolution is in our opinion due 10ONSET.
The second syllables of knitl/1m and kraulen have their own onset, whereas those of knllue1n
and kralle/n do not.

Our constraints select the optimal candidate in a straightforward way. Only
candidate a. in Tableau 7 fulfills the undominated constraints and ONSET.
The optimal candidate also fulfills ALIGN-HEAD,which is not shown in the
tableau.
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/!patsi./+/n/
svazieren

/vc/+/ajnbac/+/n/ HAUGN-L
vereinbaren

ALIGN-
SUFF

ALIGN-TROCHEE-
RIGHT

a. (x) (x .) a. (x)(x .)
B" vee ein baren

b. (x)(x.)
ver ein haem

c. (x)(x .. )
vet ein baeren

d. (x .) II "
ver einharn

Tableau 8

Q'" spa zieten

b. (x)(x.)
spa zieern

c. (x)(x._) I I "
spa zieeren

Tableau 7

The verbs in (10) have a di- or trisyllabic stem, and they have their main
stress on the penult, i.e. the infinitive's antepenult.

I·AUGN-

SUFP

ONSETAUGN-TROCHEE-
RIGHT

To sum up this section, inflection has no influence on the position of the
main stress in a word. However, the preference of German for syllabic
troc"hees can influence the realization of an inflectional suffix, which can be
syllabic or nonsyllabic. This is a remarkable fact which a traditional
generative framework is totally unable to express in a straightforward way.

x
(x) (x .)

(10) a. ar beit-en

x
(x) (x .)

b. be wlllig-en

x
(x) (x .)

c. vee ~inbaren

'to work'

'to allow, to approve'
4.3 Derivation

'to agree, to arrange'
Derivation differs from inflection in that some derivational affixes always

bear (or govern) the main stress of the word they are part of, and others are
always unstressed. Let us consider suffixation first.

In verbs like (lOa, b), an extra syllable is formed on the suffix because
otherwise -n is unsyllabifiable: it is more sonorous than [t] or [g] and it
cannot be integrated into the preceding syllable. In (lOa), stress is prespe-
dfied. In the verb vereinbaren, on the other hand, -n can be part of the
preceding syllable, because it is less sonorous than [~]. However, candidate
d. in Tableau 8 cannot be optimal because there is a prefix boundary between
ein- and baren which forces separate footings. This is expressed by the
undominated constraint AUGN- R.

4.3.l Suffixation

It is in some cases a delicate matter to decide if a particular ending is a suffix,
or if it is part of the stem (see also Eisenberg 1991:40, 59 for the same
remark). The ending-tion, for instance, is often analyzed as a suffix. But in
many cases it is attached to some phonological material that cannot stand
alone, as in Operation 'operation', Nation 'nation', Ration 'ration' and the like.
For this reason, many words with final -lion were considered as monomor-
phemes in Chapter 3. This ending, and others with similar characteristics,
like -ie, -(er)ei, are listed here again, this time as suffixes, because they appear
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as suffixes to words that can stand alone. The ambiguous classification of
some endings has no consequence for the stress pattern of the words they
appear in.

Examples of suffixes which influence stress are given in (11). Those in
(l1a) to (l1c) attract the main stress themselves and those in (l1d) force a
final trochee: the penult syllable is stressed. Though most of the stress-
bearing suffixes have a trimoraic syllable (l1a), some have a bimoraic one
(lIb). The suffixes in (llc) have a regular penultimate stress.

(x .)(x)
(12) a. Kapi tal

µµµµµµ µ
\/\/\/ I

/kap i t al/+/~t/
Kavitalist

x
(x .) (x)

b. Kapitalist

~UGN- AUGN- AUGN· FooT-

2'" BIN TROCH- FOOT- HEAD FORM

RIGHT LEFT (ThOCH)

x

(11) a. -tion Balkanisati6n 'Balkaniza tion'
-al national 'national'
-os nervos 'nervous'
-ant MusikAnt 'musician'
-ist Kapitalfst 'capitalist'
-j t~it NationalWit 'nationality'

b. -(er)ei Meuter~i 'mutiny'
c. -ismus Kommunfsmus 'communism'

-ieren galoppferen 'to gallop'

d. -isch plat6nisch 'platonic' (from PlAto)
paradiesisch 'heavenly' (from Parodies)

-ig artig 'well-behaved'
-ik Mot6rik 'motor activity' (from M6tor)

Thematik 'thematic' (from Them,,)

a. x
(x.) (x.)

Q" Kapi ta list
Kavitalist
b. x

(x.)(x.)
KaDi tallst

'!

c. x
(. x) (x.)
KaDi ta list

Tableau 9

'!

The suffix -(er)ei has a prespecified stress, and words derived with this suffix
do not differ from monomorphemes with a prespecified final stress like
Spinet! or Karusell. And, finally, words derived with -ismus, -isch and the like

have completely regular stress as well, since they force the formation of a
final trochee. Besides being the preferred and unmarked constituent of
German, the trochee is also, without exception, the Minimal Word of
German.3 A monomorphemic stern is often moraically or syllabically
trochaic. (13a) shows a monosyllabic bimoraic stem, and (13b) a disyllabic

one. The adjunction of a suffix in (13a) leads to the formation of a disyllabic
trochee. In contrast, the word Dane 'Dane' in (13b) is already disyllabic. (l3b)
illustrates a process that is very common in German: in order to be inflected
and derived, the stem drops its final schwa and the result is a monosyllabic
stem dan, as in (13a): the derived stem is a syllabic trochee.

As illustrated by the examples in (12), the words derived with suffixes in (11)
have the same stress patterns as underived words. As Tableau 9 shows,

stress on a final trimoraic syllable as well as stress on the penultimate
syllable in cases where the final syllable is bimoraic is accounted for by the

constraints introduced in Chapter 3. There is no trace in those words of
possible 'earlier' stages of the derivation: the word Kilpitalist, for example,
has its main stress on the last syllable and a secondary stress on the first one;
but there is no trace of the final stress of the word Kapital. This fact speaks
against a cyclic application of word stress rules.

3 Pronouns and other function words can be realized monomoraically, like so [zo:] or [0]
'so·, sit Izi:lor [Z;:lJ 'she' (Kohler 1977:224-225), but they are always underlyingly bimoraic.
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(13) a. Hundl Hund-el Hlind-in
b. Dane/ Dan-in/ diin-isch

'dog-dogs-bitch'
'Dane, masc.-Dane, fem.-Danish'

(16) -ung W(rkung 'effect'

Ilewilligung 'allowance'

-er Arbeiter 'worker'

-in Arbeiterin 'worker, fern.'

-los zw~ifellos 'doubtless'

-haft heldenhaft 'heroic'

The forming of a foot comprising the stem (or the stressed syllable of the
stem) plus the suffix is sometimes a condition on suffixation, as for instance
in -keit and ·ig. This last suffix is attested only in disyllabic words, at least if it
is attached directly to the stern, not if it is part of a longer suffix sequence, as
-losigkeit in Zweifellosigkeit 'undoubtfulness'. This means that it only attaches
to monosyllabic stems, with the exception of kalib(e)rig 'of a caliber' (see
Muthmann 1991), or to stems with a final schwa, in which case the
schwallable can be present or not (as in kug(eJIig 'spherical', j1att(e)rig
'fluttering'). The metrification of schwallables will be addressed in the next

section.

The nonstressability of these suffixes must be guaranteed by some device.
We adopt a prespecified norunoraicity (at least as far as the stress pattern is
concerned), which renders them unstressable. In other words, those suffixes
behave as if they were schwaUables. We assume that they are footed if they
can be part of a foot erected on the stem (17a); otherwise they are unfooted
(17b), and are just part of the Prosodic Word.

(14) artig 'well-behaved' x x

richtig 'right' (x . ) ( x .)

schwind(e)lig 'dizzy' (17) a. Wirkung b. zweifel los

wass(e)rig 'watery'
It is assumed that some suffixes are lexically pre specified as being
nonmoraic. InOT terms, their nonmoraicity is ensured by a parameterization

ofFAIlH.
In sum, the constraints introduced in Chapter 3 are responsible for the

stress pattern of the stem, and an additional constraint ensures the

invisibility of the suffix.

The suffix -ik has an ambiguous behavior. In some cases, as illustrated by
Motorik and Thematik, it is regular; but in other cases, it has a prespecified
final stress, as in (15). In these cases, they can be considered as

monomorphemes.4

(15) -fk Musfk
Mathematik

'music'

'mathematics' (18) FAIlH (Nonmoraicity)
The nonmoraicity of the suffixes -ung, -los, -in, etc. is preserved.

A certain number of derivational suffixes are stress neutral. They are merely
adjoined to the rnetrified stern, and they do not require a syllabic trochee.

(16) is a list of some such suffixes.s

The next tableau illustrates how nonmoraic suffixes are accounted for.

4 'Thanks to Kirsten Brock who drew my attention to this point
5 The two suffixes -heit and -keit are almost in complementary distribution: -heit attaches to
finally stressed stems and stems with final -/'n (Wdhrheit 'truth', Tr6ckenhl'it 'dryness'); -keit
attaches only to stems with penultimate stress (Hhtl'Tkeit 'joy', MUdigkeit 'tiredness'). We do
not consider these suffixes in detail here. It suffices to observe that they are never stressed
and behave, as far as their stress properties are concerned, similarly to the suffixes in (16).
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FAITH

(19), repeated from Chapter 2, gives a complete picture of the German
vowels.
(19) German vowels

i. tense vowels ii. lax vowels iii. diphthongs

µµ
II

/tsv ai f)/+/losl
zweifellos

FT·

BIN

ALlGN-

TROCH-
RIGHT

ALIGN-

FOOT-

LEFT

ALIGN-

HEAD

FOOT-

FORM

(TROCH)
i, Y u I, Y u

a. x
<, eex .)

Q" zweifel los

.! German umlaut is the fronting of back vowels, as illustrated in (20). In the
last three cases (20e-g), tongue raiSing is also involved. The difference
between la/->I <I (20e,f) and /a/ -> 1,1 (20g) must be addressed. lal is
low and back in German.6 Since there is no front low vowel in German,
fronting of /a/ implies a simultaneous tongue raising to /e/, the lowest of
the front vowels. The shift of the diphthong /all/ -> /=>y,/ requires another
explanation. There is agreement in the literature (Wurzel 1970, 1980, 1984,
Kloeke 1982, Wiese 1987) that the rounded glide plays a crucial role: it is
fronted (/'lJ/ -> /y!), and the primary vowel adopts its rounding.

b. x
( x .)(x)
zweifel los

e,~ o

a a

c. x
( x)(x .)
zwei fellos

Tableau 10

Extrametricality cannot explain the complete invisibility of these suffixes,
since there can be several of them (plus inflectional suffixes) in a row, as for
instance in the word Zweifellosigkeiten 'undoubtfulnesses'. All such suffixes
are invisible, whereas extrametricality predicts that only the last one is
invisible and all nonfinal suffixes are visible.

The next subsection examines a very interesting phenomenon in
German derivation: umlaut induced by the suffix -chen. Umlauting is
dependent on the presence of a foot. But the fact that umlaut applies in a

syllabic trochee should not come as a big surprise: -ellen is another example

of an unstressed derivational suffix which preferably adjoins to a stressed
syllable to form this unmarked constituent.

(20) Umlaut
a. [u] -> [y] Mutter/Mutter 'mother/mothers'
b. [u:] -> [y:] Gut/Guter 'possession/goods'
c. [,] -> [eel Horn/Hornchen 'horn/little horn'
d. [0:] -> [~:] Hohn/h6hnisch 'scorn/scornful'
e. [a] -> [e] Mann/Manner 'man/men'
f. [a:] -> [e:/e:] Vater/Vaterchen 'father/little

father'
g. ray] -> [oX] Baum/Baume 'tree/trees'

4.3.2 Umlaut in the syllabic trochee

Though umlaut takes place in the environments listed in (21), the suffixes
that at first sight seem to trigger umlaut do not systematically do so, as can
be seen from (22).

German umlaut is a largely lexicalized process; however, it is productive in
the morphological affixation of some diminutive suffixes (essentially -chen
and -lein). 6 This is evidenced by the choice of the velar fricative /x/ (ach·Laut) after /a/, as after the

back vowels /u, 0/, when a dorsal fricative must be realized; see, e.g., Hall (1989). After all
other vowels. the palatal fricative /r;/ (ich-Laut) is realized.
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(21) Derivation and inflection with umlaut
a. Affixation with diminutive affixes -chen, -lein: Horn/Hornchen 'horn/little

horn'
b. Other derivational affixes:
_ er: tanzen/Tanzer 'to dance/ dancer', saufen/Saufer 'to drink/ drunkard'
_ in: Hund/Hilndin 'dog/bitch', Arzt/ Artzin' doctor/woman doctor'
-lieh: Tag/ tiiglich 'day / daily', zart! ziirtlich 'soft/ tender', rot/ rotlich 'red/

reddish'
_ isch: Europa/europaisch 'Europe/European', Hohn/hohnisch 'scorn/

scornful'
_ ig: Bart/bartig 'beard/bearded', Korn/kornig 'grain/ grainy'
- Ge ... (e): Darm/Gedarm 'intestine/bowels'

c. Plural suffixes:
_ er: Mann/Manner 'man/men', Gut/Gater 'possession/ goods'
- e: Baum/Bawne 'tree/trees', Stuhl/Stiihle 'chair/chairs'
_ Null-suffixation: Vogel/Vogel 'bird/birds', Mutter /Mutter 'mother /

mothers'
d.Comparative-Superlative: hoch/hOher /hochst 'high/higher/highest'
e. Verbal inflection: fahren/fahrst 'to drive/drive, 2nd pers. sg.'
f. Infinitive: genug/ genugen 'sufficient/to suffice'

e. Verbal inflection: lachen/lachst 'to laugh/laugh, 2nd pers. sg:
f. Infinitive: Lob/loben 'praise/to praise'

For nearly all morphological contexts with umlaut in (21) there are
corresponding forms without wnlaut in (22).The only exception is the plural
-er morpheme, which always accompanies an umlauted stem. However, this
plural formation is completely unproductive,7 and the absence of plural -er
forms without umlaut seems accidental.

The usual treatment of umlaut in the literature is that it is always
productively triggered by a suffix (Kiparsky 1968,Vennemann 1968,Wurzel
1970, Bach & King 1970, Janda 1987,Ueber 1987, 1992, Lodge 1989 and Yu
1992) or a stem (Wiese 1987, 1994), either as a phonological or as a
morphological phenomenon. In our opinion, the overwhelming majority of
occurrences of umlaut are lexicalized forms. German speakers must learn the
forms in (21) and (22)by heart. The examples in (23),in which the suffix -ig is
sometimes associated with an umlauted stem and sometimes with a
nonumlauted stem, are a further illustration of the arbitrariness of wnlaut.

(23) a. Bart/biirtig 'beard/bearded', Korn/kornig 'grain/grainy'
b. Affe/affig 'monkey /affected', Rose/rosig 'rose/rosy'

(22)Derivation and inflection without umlaut
a. Affixation with diminutive affixes: -chen: Frau/Frauchen 'woman/mistress

(for a dog)'
b. Other derivational affixes:
_ er: malen/Maler 'to paint/painter', fahren/Fahrer 'to drivel driver'
- in: Kunde/Kunctin 'client/female client', Gatte/Gattin 'husband/wife'
-Hell: rund/rundlich 'round/plump'
- ise!" Symbol/symbolisch 'symbol/symbolic'
- ig: WoUe/wollig 'wool/woolly', Wolke/wolkig cloud/cloudy'
- Ge •.• (e): husten/Gehuste 'to cough/ coughing'

c. Plural suffixes:
- er: no example
- e: Sehuh/5chuhe 'shoe/shoes', Tag/Tage 'day/days'
- Null-suffixation: Araber / Araber 'Arab/ Arabs', Kabel/Kabel 'cable/ cables'

d. Comparative-Superlative: klar/klarer/klarst 'clear/clearer/clearest'

In the same way, a particular stern can be umlauted when derived with a
suffix that occasionally triggers umlaut, and stay nonumlauted with another
one. In cases like (24), too, German learners must memorize the forms. Thus,
Wiese's alternative approach, which analyzes wnlaut as triggered by stems
instead of suffixes, suffers from the same flaw as the traditional approach,
and for the same reason: umlaut is lexical inmost cases, not productive.

(24) a. fahren/fahrt/Fahrer
b. Tag/Tage/tiiglich
c. Kalb/Kiilber/kalben

'to drive/drives/driver'
'day/days/daily'
'calf/calves/to calve'

Very few, indeed only two suffixes seem to trigger umlaut productively,
namely the diminutive suffixes -clien and -fein. In their case only, wnlaut is a

7 Productive plural formations are ·5: Film-s, Bit-s, Chip-s, Yuppie-s; 0-suffix: Computer,
Scanner, Hacker, Manager; -en or -n: Diskette-n, Knssette-n, and maybe a few more.
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morphologically-triggered phonological phenomenon. From now on, we will
concentrate on the suffix -chen. Derivation with -lein has essentially the same
properties as with -chen, except for a few lexical and phonologically
conditioned variations, like the preference of Bach/ein over Biichchen 'little
stream' to avoid an unusual gemination.

As a regular process, productive umlaut needs a syllabic trochee
consisting of the last syllable of the stem, which must be stressed, and the
unstressed suffix -chen, as in (25).

(25) Rad -> Rildchen 'wheel/little wheel'
NUll -> Nilllchen 'nut/little nut'
Ha1l6 -> Ha1l6chen 'hello/little hello'
Skandat -> Skandtilchen 'scandal/little scandal'
Pers6n -> Pers5nchen 'person/little person'

In the remainder of this section, we will first concentrate on the data in
(25), where the main stress is on the stem's last syllable, and show how the
Optimality framework accounts for them. After that, we will return to the
data in (26).

Besides its domain of application, umlaut has a few interesting
phonological properties, which are reviewed in the following paragraphs.
None of these constraints are idiosyncratic to umlaut; on the contrary, all of
them are needed in the phonology of other languages for purposes other
than umlaut.

First, we assume that in productive umlaut a floating feature [front]
comes with the suffix -chen, as illustrated in (27). This is the kind of analysis
proposed by Ueber (1987)and Lodge (1989).

(27) Umlaut as a floating feature
chen

If no syllabic trochee arises by suffixation, two alternatives are possible. First,
the stem is suffixed with -chen but not umlauted, as in (26a).Second, the stern
is not suffixed with -chen at all, as in (26b).Monatchen, Moniitchen, Europachen
and Europachen all sound strange.

(front]

(26) a. Auto -> AutochenrAutochen
6ma -> 6machen/"6rnachen

b. M6nat -> ·M6natchen/"" M6natchen
Eur6pa -> ·Eur6pachen /"Eur6pachen

'car/little car'
'gran/ granny'
'month/little month'
'Europe/little Europe'

When -chen is suffixed to a stem, the floating feature associates with the last
vowel of the stem whenever possible.8 The constraint PARSEFEAT,one of
several in a group of Faithfulness constraints (Ito, Mester & Padgett 1994: 24-
25, see Chapter 3), forces its association:
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(28) PARSEFEAT
All input features are parsed.

These realizations are highly idiosyncratic. We asked ten native speakers of
German for their judgments on words like (26) with a main stress on a
nonfinal syllable of the stem, and came to the conclusion that speakers are
extremely uncertain. They were generally reluctant to judge these words,
making comments like: 'Idon't know, I have no intuition about these words:
However, they were usually able to rank the words. The same words
suffixed with -clten but without umlaut, like Aufoc1len, Omacllen and
Koboldcllen are usually (though not always) more readily accepted than those
with umlaut.

In our case, association of the floating feature, as shown in (29), satisfies (28),
whereas nonassociation of this feature counts as a violation:

(29) Association of the floating feature
V X]Stem c!ten

--------- (front]

8 It cannot associate with -chen because -chen ([,f)J) has no vowel. Also -lein cannot bear the
floating feature [front) because the result of umlauting the diphthong [aj] would be [[jJ, wich
is not attested in German: [aj] is not umlauted.



In the inventory of German vowels, front vowels have been analyzed as
marked and specified and back vowels as unmarked and unspecified (Rice

1989:68, Lieber 1992:170). Vowels without specification for backness or
frontness are then [back) by default. According to this view, umlaut specifies
an unspecified vowel for the feature [front]. Another view that makes correct
predictions on the umlaut data is that all full vowels are specified for [front]
or [back). which are distinct privative features, the unspecified status being
restricted to schwa. Under the pressure of umlaut, a stressed segment
specified for [back] in the input becomes specified for [front} in the output, as
shown in (30). Why this view is better than the underspecification approach
will become clear below, when NCCROSSING is introduced.

The second property of umlaut is its non-iteration (see also Klein 1994). It is
accounted for by the constraint FILLLINK, another Faithfulness constraint,
formulated in (31). This constraint has also been proposed by Ito, Mester &
Padgett (1994:25) and it has the same claim to universality as the preceding
one. Inserted association lines are a marked option, and in particular, the
spreading of features counts as a violation.

(31) FILLUNK
All association relations are part of the input.

Standard German umlaut does not iterate, though in Old High German it
probably did. Compare the data in (32) from Twaddell (1938), Braune (1961)
and Penzl (1949),(30) a. Input

Lamp chen

I
[back] [front]

b. Optimal Output
Liimpchen

"'-[front]

(32) Umlaut in Old High German
[zahar-zc;eheril 'tear-tears'
[fr",veli] 'bold'
[maegedi] 'girl, girls'
[~geril 'hunter'

(written as zahari or zahiri)
(written as fravali or fravili)
(written as magadi or magedD
(written as jagari or jagirD

Tableau 11 compares the optimal candidate Liimpchen with the suboptimal
one LAmpchen. Liimpchen, with umlaut, respects both AUGN-TROCHEE-RlGHf
and PARSEFEAT,whereas LAmpchen, without umlaut, fulfills ALlGN-TROCHEE-
RIGHT but violates PARSEFEATbecause of the nonassociation of the floating
feature [front). The ranking of ALIGN-TROCHEE-RlGHT above PARSEFEATis
justified in Tableau 13 for Cafechen.

PARSEFEAT and FILLLINK make contradictory claims. PARSEFEATrequires
that a floating feature be linked by an association line and FILLLINKrequires
that no association line be inserted, i.e. that a floating feature remain

unassociated. Obviously, both constraints are needed in the phonology of the
world's languages. In our case, PARSEFEAT is crucially ranked above
FILLLINK, so that the inserted line wins. Compare Tableau 12, which
illustrates the effect of FILLLINK. SknndaIchen is eliminated because it violates
PARSEFEAT.The optimal candidate,Skandiilchen, violates FILLLINK only once,
whereas in SkiindiiIchen it is violated twice, since a spreading of [frontJ has

taken place.

µ
I ALIGN-TROCHEE-RIGHT PARSEFEAT

/lamp/ +/,'1/ Uimpchen
[front]

a. ( x . )... Uimpchen

b. ( x . ) "!
Lampchen

Tableau 11
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PARSEFEAT I FILLLlNK
µ µ µ
1\/

/skandal/ +/~'!/Skandiilcllm
[front]

AUGN-
TROCHEE-
RIGHT

PARSEFEAT FILLLlNK

µµ µ
1\/

/kafe/ +/~'!/Cafecllm
[front]

ALlGN-

NoCROSS ITROCHEE-
RIGHT

a. (x) (x . )

"" Skan dalchen
"

a. (x)(x .)
Q'" Ca fechen

b. (x) (x . )
Skan dalchen

"!

Tableau 13

b. (x)(x .)
Cit fechen

b. (x) (x . )
Skan dalchen

Tableau 12

"!

Words with a final syllabic sonorant syllable as in (35) and (36) do not behave
homogeneously: Briiderchen 'little brother', Viiterchen 'little father', etc. in
(35a) are lexicalized hypocoristics and are umlauted. The words in (35b) are
umlauted, too: maybe the fact that no full consonant intervenes between the
umlauted vowel and -chen plays a role in explaining the difference in
grammaticality between these words and those in (3Se) which avoid umlaut.
However, since only very few words of this sort exist, a generalization is
hazardous. Finally, to complicate things, words with a syllabic [I} are
regularly umlauted, as illustrated in (36):

The third property of umlaut is the obligatory adjacency of -chen and the
umlauted vowel (but see (35)). NoCROSSING (33) (Goldsmith 1976) accounts
for the ungrammaticality of words like Ciifechen (instead of Cafechen 'little
cafe'), in which AUGN-TROCHEE-RIGHTis respected, but where umlaut takes
place across full specified vowels as in (34).

(33) NoCROSSING

Association lines do not cross.

(34) "C it f e che n

~
[front] [front]

(35) a. Bruder/BrUderchenrBruderchen
VAter/V~terchenrVAterchen

b. Bauer /B~uerchenrBauerchen
Mauer /M~uerchenrMauerchen

c. Anker/ A.nkerchen/II-Ankerchen
Taler/Talerchen/"Tiilerchen

D6tter / D6tterchenj?D6tterchen
In Tableau 13, NOCROSSING is unviolated and undominated: its violation is
always fataJ.9

(36) N~del/NildelchenrN~delchen
N~gel/N~gelchen/"N~gelchen
Kugel/Kagelchen/"Kugelchen

'brother/little brother'
'father/little father'
'farmer/little farmer'

'wall/little wall'
'anchor/little anchor'

'Thaler/little Thaler'
'yolk/little yolk'

'needle/little needle'
'nail/little nail'
'ball/little ball'

9 If vowels were unspecified for [back]. as proposed by Ueber and Rice, the floating [front]
coming with -chen would be allowed to cross a back vowel to associate with a preceding
back vowel. Both Skandlt/chen and ·Skitnda/chen would be predicted to be grammatical.

NOCROSSING is respected in all these forms. Since they have a syllabic
sonorant in their stem's last syllable and since, as we assume, syllabic
sonorants have no vocalic features, the floating segment can be associated: in
(37) no line blocks the association.
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l°lhanks to Adili Lahiri who drew my attention to this facl

Now consider the forms in (26), which violate ALiGN-TROCHEE-RIGlIT
by forming dactyls under derivation. When -chen is or should be suffixed,
two variants are allowed, and the choice between them is largely lexical and
idiosyncratic. First, in Auto/Autoellen 'car/little car', suffixation applies but
not umlaut; and second, in M6nat 'month', no suffixation and consequently
no umlaut takes place. The diminutive formation is avoided altogether. A
disjunction of the following form must be accounted for: given a certain
(unmarked) prosodic domain, a morphological operation and its phonolo-
gical consequence are performed, namely suffixation of -ellen and umlaut. In
the absence of the prosodic domain, only the morphological part is

performed, or, alternatively, nothing.
The data in (26) show that if the last syllable of the stem is not stressed,

umlaut does not apply, though suffixation of -chen takes place in some
(probably idiosyncratically determined) words. We assume that the stem
forms its own syllabic trochee (Auto), and -ellen is simply attached to the
stem, whithout being integrated in this foot. Thus, refooting has similarities
with syllabification across morpheme boundaries. In the same way as
resyllabification is allowed only if the syllable structure improves, refooting
is allowed only if the foot structure improves. In Liimpclzen footing of the
stem and the suffix together gives rise to a syllabic trochee. In Autocllen the
stern already forms a trochee. A constraint in the spirit of ALIGN-R, but
requiring correspondence of the right edge of a stem with the right edge of a
foot must be at play here. However, we do not develop this point here.

One of the main advantages of OT over earlier derivational
approaches comes to light. In the constraint-based approach it is possible to
account for the fact that phonological phenomena may depend on other,
more or less independent aspects of the grammar: in our case, umlaut needs
a certain prosodic structure. This variance in the occurrence of phenomena
has already been observed in other works in the OT framework and, as a
matter of fact, it is one of the reasons for the success of the theory. However,
a further property emerges, which is closely related to the first one. In data in
which the competence of the native speakers fluctuates as to which candidate
is the optimal one, candidates fulfilling the higher constraints should be
better than those violating them. This is exactly what happens in the data in
(26), those words already forming a syllabic trochee on their own and
violating ALlGN-TROCHEE-RIGHT under derivation. A candidate like

(37) Ktig ,I ch e n

~
[front]

AUGN-TROCHEE-RIGHTis responsible for the non-homogeneity of the stems
in (35) and (36). On the one hand, all these stems are syllabic trochees.
Accordingly, umlaut should not apply, since the last vowel is not stressed.
Words like Anker and Dotter confirm this prediction. On the other hand,
words like Briiderchen (35a,b) or Kiigelclzen (36) are apparent exceptions to the
generalization that umlaut only takes place when -chen-suffixation results in
a syllabic trochee. A possible solution to this paradox is that the stem's last
syllable does not count as part of the trochaic foot, but rather, that the whole
stem counts as one heavy syllable. If one takes this metrical invisibility
seriously, then Briiderchen forms a trochaic foot, and is not a serious
exception to the generalization that regular umlauted -chen-formation always
takes place in a final trochee. Now the exceptional cases are the ones in (35c).

This proposal leads to the following problem: in one respect at least,
stem-final schwas and stem-final syllabic sonorants do not behave alike.
Whereas schwa always drops in suffixation, as exemplified by the
alternations Matratze /Matriitzclzen and Diine/Diinin, this is not true of the
syllabic sonorants.1o A syllabic sonorant remains syllabic if the suffix begins
with a consonant (as in wunderbar 'wonderful', atemlos 'breathless'), but it
often becomes consonantal if the suffix begins with a vowel (as in
nieder/niedrig 'down/low', Segel/Segler 'sail/sailor', Atem/Atmung 'breath/
breathing'). But, if nieder, Segel, Afem and other similar words really count as
one heavy syllable, there is no reason for the stem-final syllabic sonorant to
become consonantal under derivation. The only explanation why it does is
the tendency of derived words to form syllabic trochees, which would mean
that forms like *niederig, *Segeler and *Atemung do not form syllabic trochees,

but rather dactyls, and thus violate ALlGN-TROCHEE-RlGHT.
To sum up, some of the stems with a syllabic sonorant in their final

syllable behave like disyllabic trochees and are nonumlauted 'normal cases',
whereas other 'exceptional cases' behave as if they were monosyllabic in

being umlauted. This curious dichotomy deserves further research.
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Autoc/ren, which fulfills NOCROSSING, is definitely better than ·Auti:ichen,
which violates this constraint. No derivational approach can account for such
a ranking.

Although fulfilling ALIGN-TROCHEE-RIGHT, words like Frau 'woman'
and Hund 'dog' have two variants when suffixed with -chen, one with umlaut
(FriiucJren 'little woman', Hiindcllen 'little dog', ... ) and one without (Frauchen
'mistress of a dog', HundcJren 'doggie', ... ). The variant with umlaut is regular
and does not require any further attention. The one without umlaut deserves
more discussion. Iverson & Salmons (1992) propose that the forms without
umlaut form two Prosodic Words, as evidenced by the fact that the dorsal
fricative is palatal after a back vowel (see footnote 7). This analysis predicts
the existence of two suffixes -chen, one forming its own Prosodic Word, and

the other included in the Prosodic Word of its host. We do not think that this
doublet is necessary. Instead we propose that these forms are lexicalized
hypocoristics not in need of an explanation in prosodic terms. -chen is
always integrated into the Prosodic Word of its host. It always retains its
segmental properties (it always begins with a palatal fricative), regardless of
the quality of the preceding vowel, and in the hypocoristics, it does not
trigger umlaut.

The influence of the foot in German lexical phonology is also felt in
other phenomena, like the alternation of the dorsal fricative between the
palatal variant [c;] and the velar variant [xl. As observed by Iverson &

Salmons (1992), in words like those in (39) the dorsal fricative is for most

speakers a velar one, but it is pronounced as a palatal in some dialects, which
we think is due to the fact that a foot begins on the syllable having the dorsal
fricative as onset.

(40) Sprache
Di\chau
Ti\chom~ter
R6chus

'language'
place name
'speedometer'
name

Summarizing, this section has shown that morphologically triggered
productive umlaut takes place in the domain of a syllabic trochee. Optimality
Theory is a good framework to account for the umlaut data because it does
not impose an obligatory application of rules, but instead allows variation in
the occurrence of umlaut.

4.3.3 Prefixation

Prefixes can have main stress, no stress or level stress. The first class of

prefixes has main stress; some of these are listed in (41).

It has been proposed in the literature (for instance by Eisenberg 1991) that

these prefixes can be treated as if they were members of compounds. This
implies that they form their own Prosodic Word. Each of the Prosodic Words
obeys the constraints of Chapter 3, but an additional constraint is responsible
for the fact that in a constituent consisting of two Prosodic Words, the first

one gets the main stress of the whole constituent. The resulting stress pattern
is shown in (42).

(41) Ur-
Neben-
Haupt-
Erz-
Un-
un-
aus-
an-
zu-
ein-
auf-

(39) Masochist

MasochIsmus
Eunuchfsmus

'masochist'

'masochism'
'eunuchism'

[(Maso )Ft( chist)Ftl

Inside of a foot and before back vowels, the dorsal fricative is always realized
as a velar one.
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Ureinwohner 'native inhabitant'
N~beneinkommen 'supplementary income'
Hauptstadt 'capital'
Erzengel 'archangel'
Untier 'monster'
Unbeeindruckt 'unimpressed'
ausarbeiten 'to work out'
a.n1ocken 'to attract'
zuschauen
~inschalten
aufdrehen

'to watch'
'to switch on'
'to open'
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x Compound b. Umfahren 'to run over'
x x Prosodic Word unter: a. unterst~Uen 'to assume'

(x)(x) Foot b. unterstellen 'to keep'
(42) [[Haupt)[stadt])

When stressed, these particles again behave as elements of compounds and
form their own Prosodic Words, even more so than the ones in (41), since
they are separable and can stand alone. In contrast .. the inseparable prefixes
do not form their own Prosodic Word. This is evident for the prefixes in (44)
which are schwallables. They do not fulfill the Minimal Word requirements
of bimoraicity or disyllabicity and, consequently, they must be integrated
into the following Prosodic Word. This latter point is also true of the cases
under (45a), which do fulfill the minimality requirement. However, the verbs
consisting of an inseparable prefix and a stem are completely lexicalized and
nonproductive. We assume that they form separate feet, but are part of the
same Prosodic Word. Tableaux 15 illustrates the unstressed prefix.

Tableau 15 does not contain any new constraints. Candidate c. violates
the constraint ONEHEAD introduced in Chapter 2, which says that
constituents have at most one head.

Stressed prefixes have no influence on the stress pattern of the following
word. In particular, they do not cause an application of the Rhythm Rule
(this assertion contradicts Hayes 1995, Kiparsky 1966, Wiese 1988 and many
others). We find accentuations as in (43):

(43) sympathisch/tinsympMhisch
tAuglichl tintAuglich
Berlfner /Urberllner
Frankfurter /Urfrankfurter

(-'tUrfrankftirter)

'likeable/uniikeable'
'suitable/unsuitable'
'Berliner/original Berliner'
'inhabitant of Frankfurt/ original

inhabitant of Frankftut'

The class of prefixes that are never stressed contains the following
schwallables.

(44) be- begreilen 'comprehend'
ge- Geschrei 'shouting'
ver- verkaufen 'to sell'
zer- zerreigen 'to tear'

(45) tiber: a. iibersetzen
b. iibersetzen
a. wruahrenurn:

'to translate'
'to put above'
'to go round'

(x .) (x .)
tiber setzen

µ µ µ
\I I

[!ybe/+luts~/J
iibersetzen

FT-
BIN

ONE

HEAD

ALlGN-

TROCH-

RiGHT

ALlGN-

FOOT-
LEFr

ALlGN-

HEAD

FOOT-
FORM

(TROCH)

a. x
(x .) (x .)

rr tiber set zen

.,

It is to account for these prefixes that ALIGN-fOOT-LEFT is dominated. If it
were undominated, it would be in conflict with NOMc6CH which says that
schwa syllables are nonmoraic. The relatively low-ranking of AUGN-R::X)T-
LEFf allows the first syllable of a word to be unstressed and unfooted.

Some verbal particles can be both stressed (and separable) and
unstressed (and inseparable). Compare the minimal pairs in (45). The left
column (45a) contains the unstressed particles, and the right column (4Sb)
contains their stressed versions.

b. x
(x .)(x .)
tiber setzen

c. x x

Tableau 15
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The third category of prefixes contains intensity prefixes, which, at least for
some speakers, induce a level stress. As in the case of stressed prefixes, it is
unclear if they should be analyzed as elements of compoWlds. In any case,
they behave exceptionally in that they have two heads.

account of the stress pattern of German words. It has also been shown that
the trochee plays an important role both in inflection and in derivation. TItis
was illustrated with tvvo morphological processes, the infinitive formation
and the diminutive derivation.

(46) scheiB- scheiBfreundlich 'really friendly'
tot- totmude 'dead-tired'
stock- stockdunkel 'pitchblack'
sau- saustark 'really good'
super- supergeil 'super'
pott- pottsimpel 'dead easy'

x x Compound
x x Prosodic Word

( x) (x . ) Foot
(47) stock dunkel

We leave it open for the moment how to account for these prefixes, as well as
for compounds. Both cases need constraints other than phonological. since
factors as 'intensifier', 'argument structure' etc. playa role in the stress
pattern of such words (see Benware 1987 for example).

4.4 Conclusion

This last chapter has reviewed the stress pattern of complex words, though

only a small part of the interesting phenomena related to the foot have been
considered here. It has been shown that the constraints introduced in
Chapter 3 play an important role in complex words, too, even though some
new constraints were necessary to account for the morphological facts. No
constraint introduced for the monomorphemes appeared to make false
predictions for complex words, and no new ranking of the existing
constraints was needed. This is an important result, since the analysis
proposed in the present study has the advantage to be an homogeneous
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Conclusion All these phenomena were accounted for in terms of ranked
constraints in the OT framework. The ranking of constraints has the
advantage over previous phonological approaches that their fulfilment is not
obligatory. Thus, a bimoraic syllable is 'better' than.a trirnoraic one, because
it is less marked in the universal inventory of syllables, but if a syllable has a
noncoronal third position, it can be trimoraic. So bimoraicity is not an
absolute requirement. On the other hand, no syllable can be quadrimoraic:
trimoraic rnaximality is absolute and unviolated.

Chapter 3 has been devoted to the footing and prominence of
monomorphemic words. Footing in German is not exhaustive. This means
that medial syllables can be unfooted. In the majority of words, main stress is
final or penultimate; this is accounted for by an obligatory foot at the end of
the word, preferably trochaic (in the default case), but not necessarily so.
Prespecified final stress can be assigned to a bimoraic syllable forming a
bimoraic foot. Since a bimoraic foot can be trochaic or iambic, according to
Hayes's foot typology, we did not specify their status: monosyllabic feet are
just bimoraic. There is also a secondary stress on the first syllable, defined by
a word initial foot. In trisyllabic words, the medial syllable is the weakest of
the word, unless the last syllable is a schwallable. In longer words, the
medial syllables are left unstressed. There can be some rhythmic alternation
in the realization of such words, but no medial stress is obligatory or
systematic. Again, OT turns out to be a very good framework for describing
these facts. Through the ranking of constraints like FooT-BINARITY, AUGN-
TROCHEE-RIGHT,ALlGN-FOOT-LEFr, FOOT-FORM(TROCHAIC), ONEHEAD,
MEDIALWEAK, "FrFr and AUGN-HEAD, the stress pattern of all German
words can be accounted for. The most important constraints in the metrical
structure of German words are FOOT-BINARJTYand ALiGN-TROCHEE·RIGHT.
FOOT-BrNARITY is undorninated, which implies that nonmoraic syllables
cannot form a foot of their own, but can only be integrated in the foot formed
by full syllables. ALiGN-TROCHEE-RlGHTexpresses that the final two syllables
or the final heavy syllable preferably form a trochaic foot. This constraint
plays a role not only in monomorphemes but also in many complex word
formations. ALIGN-FOOT-LEFT and FOOT-FORM (TROCHAIC) are responsible
for the secondary stress defined by the initial foot, and ALIGN-HEAD
guarantees that the default placement of the main stress is on the final foot.

The present study has examined the syllable structure, the footing, and the
stress pattern of German words in the framework of Optimality Theory.
Some new results have been obtained, which are summed up in this final

section.
After an introduction into the general principles of Optimality Theory

in the first chapter, Chapter 2 addressed German syllable structure. It was
proposed that the full vowels of German are not intrinsically short or long,
but rather mono- or bimoraic: bimoraic vowels are always tense, and they are
long when stressed and short or half-long when unstressed; monomoraic
vowels are lax and always short, whether stressed or unstressed. Syllables
with a full vowel as nucleus are minimally bimoraic. This explains the
absence of open syllables with a nucleic lax vowel: such syllables would be
monomoraic, and this is not allowed. Thus, syllables with a lax vowel are
always closed by a consonant. In contrast, syllables with a tense vowel are
generally open. In both cases, the unmarked syllable has a quantity of tvvo
moras. It was also shown that syllables have a maximal number of three
moras, though trimoraic syllables are largely confined to the word-final
position. In a syllable whose nucleus consists of a monomoraic vowel, two
moraic consonants can appear in the coda. On the contrary, after bimoraic
vowels, only one moraic consonant is allowed. Moreover, some appendical
coronal segments can be attached to the last syllable of a word. These
segments are nonmoraic (weightless) and they are usually, but not
necessarily, inflectional suffixes. Syllables with a schwa or a syllabic sonorant
in their nucleus (so-called 'schwall abIes') are also nonmoraic. Their
nonmoraicity accounts for the facts that they are always unstressed and that
they often do not enter the metrical structure of the words they are parts of.
However, as has been shown in Chapter 4, their nonparticipation to the
metrical structure is not absolute.

Complex words can be syllabified like monomorphemes, but only in
case of inflectional or derivational suffixatIon. When the suffix is
derivational, resyllabification applies only if the suffix begins with a vowel.
In prefixation, compounding and derivational suffixation beginning with a
consonant, each morpheme defines its own domain of syllabification.
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MEDIALWEAK and ·FrFT are responsible for the medial syllables, which are

unfooted or unstressed.
Chapter 3 also took a look at some interactions between syllable

structure and metrical structure, i.e. quantity and weight, starting with those
that arise from the moraicity of syllable-final segments and the constraint
THREEMORAS=TWoGRlDPOSITlONS, which forces a trirnoraic syllable to form
its own foot. German has the same kind of weight contrast between open
syllables and closed syllables as Dutch; however, in the case of German, it is
limited to penultimate non-initial syllables: neither final syllables nor initial
ones display this weight contrast. It was shown that a possible explanation
for this contrast lies in how moraic structure relates to individual segments.
A tense bimoraic vowel can be monomoraic for the sake of the metrical
structure, but a closed syllable which projects two moras from two different
segments retains its bimoraicity in all cases. The explanation advocated in
this study is based on a proposal made by Lahiri & Koreman for Dutch.

Finally, in Chapter 4, the role of the trochaic foot for some
morphological processes has been examined. The important role of the
syllabic trochee in German phonology was confirmed. Two different
processes were discussed in turn, the infinitive formation, an inflectional
process, and the affixation of the diminutive suffix -clren, a derivational
process. First, the infinitive suffix -n is always realized on a nonmoraic
syllable. A sequence of two unstressed syllables at the end of the infinitive
is avoided, and forms like segeln or wandern are realized instead of ·segelen
or "wandererl. Monosyllabic stems also have trochaic infinitives, as in bauen ,
which can also be realized as baun in connected speech. Some infinitives like
arbeiten, bewilligen etc. seem to violate the trochaic tendency, but in fact, do
not. The suffix -n cannot be syllabified in the last syllable of the stem

because n is more sonorous than t or g and must thus build its own
syllable. Second, suffixation of -chen causes umlaut of the adjacent syllable if
the latter is stressed (Liimpchen, Skandiilcllen), but not if it is unstressed
(Autochen, Omachen). We have analyzed this as an effect of the trochee
formed by the last stressed syllable of a stem and the following unstressed
suffix. Moreover, -chen suffixation is avoided in many cases in which no
trochee can be formed by the last syllable of the stem and the suffix. A final
schwa in the last syllable is interesting: if the last syllable of the stem is

schwa it is simply dropped in the suffixation. If it is a syllabic sonora nt, it is
ignored in most cases (Viiterchen, Kiige1chen), but not always (Ankerchen).

The analysis exposed in the preceding pages is a homogeneous
account of the lexical stress pattern of both the monomorphemes and the
complex words. It does away with the division of the German in native and
nonnative vocabularies and use the same constraints for all words.
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