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1 Introduction

Objective of formal models Theoretical approaches to morphology should
strive to capture phenomena such as umlaut cleanly, i.e. with minimal stip-
ulative operations and structural assumptions

Empirical focus German umlaut is an ideal test case for investigating the rela-
tionships between phonological and (morpho)syntactic representations.
It is non-concatenate and its distribution is phonologically unpredictable, but
its outputs are phonologically reqular

Goal To ensure umlaut is accounted for as phonologically regular, even if it
requires more complex theoretical mechanisms in the syntax/morphology
to do so

Our talk We evaluate current realizational approaches to mor-
pho(phono)logy in their treatment of German umlaut. We use the
criteria presented in §2 in our evaluation.

Spoiler alert! Based on our analysis of approaches to contextual allomorphy
considering the criteria laid out in §2, an architecture that embraces mor-
phological complexity and phonological uniformity (such as most ver-
sions of DM) are optimal

Data overview — nouns and adjectives

Singular Plural Adjective in -ig/-lich  Glosses

Harz Harz-e  harz-ig ‘resin-resins-resinous’
Tag Tag-e tag-lich ‘day-days-days.long’
Amt Amt-er  amt-lich ‘office-offices-official’
Saft Sift-e saft-ig ‘juice-juices-juicy”

Macht Maicht-e  micht-ig ‘power-powers-powerful’

Outline
Evaluation criteria We introduce and review three principle evaluation
criteria
e Exceptional rules
e Phonological regularity
e Computation vs. storage
Umlaut in German We present overarching patterns with a set of gener-
alizations concerning the distribution of plural suffixes, that do and
do not induce umlaut
e We focus primarily on plural formation in German; however,
e We also make a slight detour into subjunctive verbal morphol-

ogy

Analysis of approaches to contextual allomorphy We survey how an
analysis of German umlaut works in DM, Spanning, and Nanosyn-
tax

Discussion & conclusion Based on our review, we maintain that

1 A “piece meal’, cyclic approach to German umlaut comes with the
least amount of baggage, and

2 This approach best captures the ‘morphologically mess’, yet
‘phonologically regular’ nature of this phenomenon
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2 Evaluation Criteria

2.1 Criterion 1: Exceptional rules

This criterion considers whether exceptional rules are required in the mor-
phological derivation of umlauted forms.

Exceptional rules can include:

e post-syntactic (readjustment) rules that affect the form (of the root) prior
to phonology

e diacritics or other objects that are applied in the syntax in order to affect
the phonology

An example of the latter:

Embick and Shwayder (2018) see umlaut as a unified phenomenon with one
vowel-fronting rule R that applies throughout the grammar.

(1) Morphophonological interactions
(Embick and Shwayder, 2018, p. 234):

a. Triggering morphemes are set to R (ON): Hand~Hiinde ‘hand(s)’

b. Under concatenation, Roots may turn the (ON) setting of certain
triggers to (OFF): Tag~Tage ‘day(s)’

Ideally: (Morpho)syntactic representations will be fairly austere, thereby re-
ducing the number and/or types of exceptional rules it requires, but this is a
complication we will allow if it is required to model the phonological regularity
of umlaut.

2.2 Criterion 2: Phonological regularity

This criterion considers the extent to which phonological regularity is main-
tained in a framework.

Umlaut is phonologically regular (see §3), and while it is irregular in its distri-
bution across the grammar, the phonological regularity should be maintained.
If possible, umlaut should be treated as a unified phenomenon in a specific
domain.

Ideally: a framework will represent phonologically regular phenomena as such
rather than idiosyncratic alternations.

2.3 Criterion 3: Computation vs. storage

This criterion considers how a framework fares with respect to the ‘computa-
tion vs. storage’ debate of lexical material and phonological forms.

Nature of the debate

Storage is generally understood as the storage of whole, irregular, nor-
mally undecomposable, lexical units in a place often termed the ‘lex-
icon.” Storage can/should also be considered for items smaller than
a word, and potentially for rules and other parts of a grammar that
must be ‘learned’

Computation is the process by which forms are built from pieces; it in-
cludes both rules that combine elements and rules that insert ele-
ments (Embick, Creemers, and Goodwin Davies, 2022)

Ideally: Computation should be maximized over storage of (i) lists & (ii) Vo-
cabulary Items in order to reduce redundancy.

2.4 Targets & Triggers

Dependent on how different models solve the problem of phonological regu-
larity and morphological irregularity.

We label each approach according to the typology in (2) that specifies the gram-
matical domain of the targets and triggers of form alternations.

(2) Typology of interactions (Embick and Shwayder, 2018, p. 197):

| P-Targets M-Targets
P-Triggers | Phonological Morphophonological
M-Triggers | Morphophonological Suppletion

3 German umlaut (and ablaut)

Umlaut in German is a vowel alternation characterized by the fronting and rais-
ing of the stem vowel.

— /ai/ and /a/ raise respectively to [e:] and [e] when umlauted; the other

back vowels retain their vertical positions.

Historically, j and unstressed i in various suffixes induced anticipatory raising
and fronting of a fronting later spread to all back vowels.
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We focus here on synchronic number morphology in (Standard) German, but
umlaut has a much wider grammatical function across the language.

(3) Non-exhaustive list of the morphosyntactic environments of German
umlaut (Embick and Halle, 2005, p. 44):

a. Verb forms: fahr-en ‘drive’ Inf, fihr-t 3sG.PREs.

b. Noun plurals: Huhn~Hiihn-er "hen(s)’

c. Diminutives: Vater~Viiter-chen ‘father(-pmm)’

d. Adjective formation: Europa~europi-isch ‘Europe(an)’
e. Comparatives: lang~ling-er ‘long(er)’

Underspecified vowels can’t be the (whole) story (Embick and Shwayder, 2018,
p. 218)

Singular Plural Adjective in -ig/-lich  Glosses

Harz Harz-e harz-ig ‘resin-resins-resinous’
Tag Tag-e tag-lich ‘day-days-days.long’
Amt Amt-er  amt-lich ‘office-offices-official’
Saft Sift-e saft-ig ‘juice-juices-juicy’

Macht Micht-e micht-ig ‘power-powers-powerful’

Why these data are relevant
Locality/Adjacency Locality play some role here

Listedness Some degree of listedness appears to be necessary

3.1 Intermezzo: Subjunctive II in German

Aside: While we focus on German umlaut, and specifically, number morphol-
ogy, we also acknowledge the pattern(s) of ablaut and point out that um-
laut processes may also need to interact with ablaut sometimes. Note the
1sG.pst.sBjv-forms that are umlauted forms of an ablauted form of the verb
stem.

What’s at stake here:

1. The 1sG.pst.sBjv-forms (3rd column) are often the combination of (i)
ablaut + (ii) umlaut

2. This casts significant doubt that (all) instances of ablaut and umlaut can
be subsumed under the same analysis

1sc.prRs  1sg.psT 1sc.pst.spjv  prcP Il Gloss (INF)

hore horte  horte gehort ‘to hear’
bade badete badete gebadet ‘to bathe’
wasche wusch wiische gewaschen ‘to wash’

komme kam kime
bleibe  blieb bliebe
gehe ging ginge
singe sang singe
helfe half

gekommen ‘to come’
geblieben  ‘to stay’
gegangen  ‘to go’
gesungen ‘to sing’
hiilfe/hilfe geholfen ‘to help’

3. These data are convincing evidence in favor of a complex (multi-stem)
mapping between morphosyntax and phonology

4. They also imply a need for multiple cycles, or stages of a sort, to achieve
an ‘umlauted ablauted’ stem vowel.
3.2 Number morphology in German

(Standard) German has five concatenative suffix options for plural: -¢, -er,-(e)n,
0, and -s, as well as umlaut.

e -(¢)n and -s never combines with umlaut
e -er always combines with umlaut
e -¢ and () can occur with and without umlaut

This pattern is not fully phonologically predictable (see Trommer, 2021; Miiller,
2025)

No umlaut Umlaut
Singular | Suffix | Plural Gloss Singular | Suffix | Plural | Gloss
Tag -e Tage ‘days’ Hand -e Hinde | ‘hands’
Gabel -(e)n | Gabeln ‘forks’ Buch -er Biicher | ‘books’
Anker 0 Anker | ‘anchors’ Vogel 0 Vigel | ‘birds’

Generalizations about (Standard) German plurals:
1. All plurals are (at least) disyllabic, most commonly trochaic (Wiese, 1996)

2. The e suffix is most common with feminine nouns, and a subset of mas-
culine nouns; it can never occur with neuter nouns

3. The -er suffix is most common for neuter nouns; occurs with a few mascu-
line nouns, but feminine nouns cannot take it
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4. The -e suffix typically combines with masculine nouns, and some neuter
nouns; it does not occur with feminine nouns

5. Masculine and neuter nouns can have null () plurals; masculine and fem-
inine nouns can have plurals with just umlaut

6. The-(e)n suffix is the plural exponent for a class of weak nouns, comprised
of all genders

7. The -s suffix! applies to nouns that end with a vowel other than /s/, loan
words, and abbreviations or acronyms — a group comprised of all genders.

Gender
Suffix | Masculine | Feminine | Neuter Example
-e v X v Tage, Schiffe
] v X v Anker, Steuer
Zer v X v Miinner, Biicher
‘e v v X Giste, Hinde
- v v X Végel, Miitter
-(e)n v v v Boten, Gabeln, Herzen
-s v v Ve LKWs, Partys, Autos

4 Approaches to contextual allomorphy

Late-insertion approaches differ crucially from one another in certain respects
(Baal et al., 2025):

e Direct interface: No additional operations alter syntactic outputs prior to
identifying exponency

e Indirect interface: Syntactic structures can be manipulated prior to iden-
tifying exponency

e Syntactic targets: Spell-Out targets (i) terminal nodes, (ii) non-terminal
nodes, or (iii) both

e Subset vs Superset: Metric used for determining the Vocabulary
Item/Exponency of a terminal/tree/ span2

We assess these approaches to contextual allomorphy in the empirical domain
of German plurals according to the criteria laid out in §2.

1For reasons of time, we do not address the -s suffix in the remainder of this work. It will, as in
other analyses, result in an additional exponent in the inventory or exception in the grammar.

2It’s also not clear if current musing in Nanosyntax maintain the Superset Principle as a metric
to determine span size (De Clerq et al., 2025).

4.1 Distributed Morphology

e For an overview of DM see Embick and Noyer (2007)

(4) NumP (5) NumP
/\ /\
Num nP Num nP
[+pll [+pll
n  y/HAND n /DAY

41.1 Root suppletion (MM Process)

(6) Vocabulary Items
a. Hind < \/uanp / ___ [+pl]
b. Tag < /DAy
¢ e [+pl] / __{v/oav, iAo}

Does this approach satisfy our criteria?
v" No exceptional rules — No optional morphophonological rules apply

X Phonological regularity — Root suppletion loses generalization that
there is a predictable front~back relationship between umlauted and
unumlauted forms

X Computation over storage — Every root alternation has to be memo-
rized and stored

4.1.2 Plural allomorph competition with readjustment rules (MP Process)

(7) Vocabulary Items (based on Embick and Halle 2005)
a. Hand < \/HAND
b. Tag < /DAY
c. e [+pl] / __{y/bav, \/iianD)
(8) Readjustment Rule
a. Front the stem vowel, triggered by [+pl] and the root
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Does this approach satisfy our criteria?

X No exceptional rules — Readjustment rules are triggered based on en-
vironment

v Phonological regularity — The lack of root supplection means the
front~back alternation of umlauted forms is preserved

v Computation over storage — Storage of forms is minimized as readjust-
ment rules introduce additional computational mechanisms

4.1.3 Extended exponency (MP Process)

The feature(s) responsible for triggering umlaut (x) are also responsible for
selecting the extended exponency (y), e.g., x @ y (Shwayder, 2015).

9) a NumP b. NumP

Num nP Num nP

EINAN T ) A

YHind < n  +/HAND Tag <= n DAY

Ye <

Does this approach satisfy our criteria?

X No exceptional rules — Roots are marked, via diacritic, for their ability
to turn rules oFg; is this too powerful? Does this violate strict modu-
larity?

v Phonological regularity — When the x & y rule applies, it captures the
front~back alternation, however, it does miss generalizations (e.g., -er
always induces umlaut, but both -e and () vary in doing so)

v" Computation over storage — Minimizes storage of forms, especially
compared to suppletion analysis

Additional questions about this approach

Same output = same process Based on assumption that vowel fronting is
a single phenomenon via rule rather than from input representations;
comes at the expense of the grammar turning rules on and off

4.2 Nanosyntax

e Varies from DM by way of non-terminal node insertion®

4.2.1 Suppletion (MM Process)

(10) a. Tag ~ Tage PP

TN

Tag <= #P PIP =e

N

# DivP Pl

N

Div ClassP

N

Class RefP

N

Ref NP

JAN

b. Mutter ~ Miitter ‘mother(s)’
Miitter « PIP

N

Pl #P = Mutter

N

# DivP

N

Div FemP

N

Fem  ClassP

N

Class RefP

N

Ref NP

JAN

3For an overview of Nanosyntax see Caha (to appear).
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Does this approach satisfy our criteria?
v No exceptional rules — There are no optional morphophonological
rules

X Phonological regularity — Root suppletion loses generalization that
there is a predictable front~back relationship between umlauted and
unumlauted forms

X Computation over storage — All suppletive forms must be stored in
some manner

Additional architecture concerns:

1. One feature - One head architecture results in a non-austere syntax
2. Q: What is the motivation for (all) these syntactic heads?

3. There is also an additional apparent lack of restrictiveness in determining
spell out domains when compared with an algorithm (like one finds in
DM) that exclusively targets terminal nodes (Paparounas, 2024)

4. Nanosyntactic approaches to umlaut/stem allomorphy that do not rely
exclusively on suppletion postulate features distant/non-local from the
base/root (Natvig, Putnam, and Wilson, 2025)

4.2.2 Declension classes (PP Process)

(11) a. Tag ~ Tage
Tag < [#P[DivP[ClassP[RefP[NP]]]]]
< [PIP]
b. Mutter ~ Miitter ‘mother(s)’
Mutter < [Fem[ClassP[RefP[NP]]]][#P[DivP]]
[front] < [PIP[#P[DivP]]]

Does this approach satisfy our criteria?
v No exceptional rules — There are no optional morphophonological
rules

v Phonological regularity — Using declension classes for umlauting vs.
nonumlauting affixes captures phonological alternations

? Computation over storage — Fares better than suppletion, but increases
storage of exponents

4.3 Spanning

e Distinguished from Nanosyntax by use of Subset Principle over superset
and maintaining roots

(12) Sample analysis as PP process based on Svenonius (to appear); see also
Pomino and Remberger (2025) for a similar perspective

a. Tag ~ Tage
Num
Numpl
\/
Tag: (/,n frontle: (o), F1pr)
b. Hand ~ Hinde
Num
Numpl[ -

HAnd: <\/ [c,¥] FO [cF] [front] e, ( ,F1 PL
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c. Weak nouns: Bote ~ Boten ‘messenger(s)’

Num
/Cl\ Numgp,
n CIFO[C]

PN

%/ nfe)

Bot: <\/) e: (n) n: (FO, Fl[pL]>

Does this approach satisfy our criteria?

v No exceptional rules — There are no optional morphophonological
rules

v Phonological regularity — Feature-driven assimilation captures alter-
nation

? Computation over storage — Better than suppletion; storage depends on
phonological assumptions and the viability of underspecified vowels
to capture generalizations (see Svenonius, to appear, for an analysis
of Icelandic)

4.4 Extended exponents and morphological colors
e Trommer (2021): Fully concatenative process

e Interaction between three exponents and constraints governing the real-
ization of forms

e Harmonious with a DM approach to morphosyntax; but, all of these alter-
nations take place in the phonology

Exponents:
[+pL]: Root node and floating Cor (i.e., [front])
[+pL +rEM]: Floating Nas
[+pL —Mmasc —rEM|: Floating PHAR

Additional mechanisms (via constraint interaction):
Cor induces umlaut only when vowels are underspecified

Cor cannot cross underlying schwa

Cor and Nas coalesce for -n suffix for FEm

Floating Nas in non-feminine stems with n-plurals

PHAR forces association of Cor to stem vowel (i.e., umlaut)
Floating PHAR in masculine stems with “er-plurals

Does this approach satisfy our criteria?

? No exceptional rules — Umlaut fails to apply in certain phonological
environments; some cases are also dependent on the morphological
color of the phonological representation

v Phonological regularity — Fronting from Cor feature in exponent

v/ Computation over storage — Minimal storage of forms; complexity lies
in constraint interactions, capturing a host of phonological general-
izations

Additional questions about this approach

Underspecified vowels These are necessary for the analysis but do not
transfer to umlaut distributions in other grammatical categories (e.g.,
Tage ‘days’, but tdglich ‘days.long’)

Morphological colors To what extent are these morphological diacritics?

4.5 Interim summary

All three late-insertion frameworks reviewed above (DM, Nanosyntax, and
Spanning), as well as a full concatenative analysis (e.g., Trommer, 2021) can
account for German umlaut (in plurals), however, none of them are a perfect fit
and fail to address all of these issues at once:

e Minimizing theoretical machinery and assumptions

e Taking into account the phonological regularities of German umlaut in
plurals,

e Maximizing computation over storage in order to reduce redundancy

Assessment of computation vs. storage issue leads us to revisit assumptions
concerning phonological representations
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5 Assessment and discussion

How the interaction classifications fared

MM DM root suppletion (§4.1.1) and Nanosyntax suppletion (§4.2.1) fail
to satisfy two of our criteria: (i) phonological regularity, (ii) compu-
tation over storage

MP DM with readjustment rules (§4.1.2) and DM-style extended expo-
nency (§4.1.3) fails to satisfy one of our criteria: (i) no exceptional
rules

PP Nanosyntax and Spanning with ‘declension classes’ (§4.2.2,8§4.3), and
extended exponency with morphological colors (§4.4) may satisfy
all of our criteria (with caveats and details involving storage and/or
other uncertainties)

By not maintaining umlaut as a phonologically regular phenomenon, we as-
sert that both suppletion approaches (MM) are suboptimal theoretical ap-
proaches.

Assuming a phonological component — as target and/or trigger (MP or PP) —
reduces the storage of suppletive forms and also captures both the regularity
of the umlaut process and restricted scope of the alternation. PP approaches
may check a lot of boxes, but they result is a complex syntax with operations
that are PF-driven.

Our verdict

Umlaut is best understood as a morphophonological (MP) phenomenon.
While a proper treatment of ‘umlaut’ still requires morphological rules
and at times, some degree of (morphological) listedness, appears to be
necessary.

In the end, all late-insertion models have mechanisms for capturing contextual
allomorphy and declension class patterns; adjudicating between them means
weighing the benefits of:

e Lists vs. tree sizes / non-terminal spellout
e Predictions for subset vs. superset in modeling distributional patterns
e Predictions for defining/determining locality and/or cyclicity

The ‘Storage Issue’

e Assuming a phonological component —either as target or target and trigger
- reduces storage of suppletive forms

- Also captures the regularity of the process and restricted scope of the
alternation

— Honest question: How bad is it actually to store exponents?

e Other grammatical domains need to be examined to assess storage of um-
lauting vs. non-umlauting affixes throughout the grammar

The "‘Machinery Issue’

e Placing umlaut (in German plurals) as a phonologically consistent phe-
nomenon, we avoid the need for morphological operations that turn rules
oN/orF (but we need to be precise about the blocking effects...)

e Non-concatenative patterns are epiphenomenal (Bye and Svenonius,
2012) using the same representations needed for (underspecified) order-
ing of segments (Raimy, 2000; Papillon, 2020; Idsardi, 2022)

e Work remains to explore closer connections to locality and cyclic domains
(Pak, 2008; Embick, 2013; Embick, 2014; Moskal, 2015a; Moskal, 2015b;
Lowenstamm, 2015; Lowenstamm, 2017; Creemers, Don, and Fenger, 2018;
Fenger and Weisser, 2025)

The ‘Competition Issue’

o All late-insertion models have mechanisms for capturing contextual al-
lomorphy and declension class patterns; adjudicating between them will
weigh the benefits of:

— Lists vs. tree sizes
— Predictions re: spanning vs terminal node-insertion
— Predictions re: other “cyclic concerns’

6 Conclusion & remaining challenges

Primary takeaways

e All three late-insertion approaches (e.g., DM, Nanosyntax, and Spanning)
make different assumptions about how to license umlaut

— All of these models license mechanisms that model contextual allo-
morphy, i.e., competition between different exponents of a given fea-
ture (set) (Baal et al., 2025)

e Following Embick and Shwayder (2018), we endorse the view that it’s
possible that these different ‘flavors of umlaut’ can have different triggers
and/or targets
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Remaining challenges

Input-output mismatches: Arriving with similar outputs doesn’t (al-
ways) mean that the same derivational processes were involved

Underlying differences: Different patterning is also evidence for differ-
ent underlying representations (e.g., {e, 0} clusters with masculine
and neuter whereas {“e, -} clusters with masculine and feminine)

Diachrony: Diachronic origins can shed light on exponent storage vs.
computation across time (Calabrese and Grestenberger, to appear)
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