Schwa deletion
iIn German read and spontaneous speech

Klaus J. Kohler
Jonathan Rodgers

December 9th 2000

1 Introduction

1.1 Schwa deletion as a Connected Speech phenomenon

Connected speech phenomena have traditionally been ast objevestigation at
Kiel (Kohler 1996), so much so that the first research praéet the I.P.D.S. was
founded in 1971 addressed the phonetic patterning of comehepeech above the
word level (Kohler 1973). In the same tradition, the moreesr@qathering and
publication of a segmentally and prosodically labelledocsrof read and spon-
taneous speech (IPDS 1994, 1995, 1996, 1997a) makes ibf@&sre-examine
issues addressed by Kohler et al. (1973) and Gnutzman (9% light of more
natural speech data than were previously available.

Vowel reduction and deletion, and in particular deletiorsdfiwa, play a piv-
otal role in other reduction phenomena. Kohler (1990) oot that in a se-
ries of processes that derive reduced realizations frororgeal forms, it is ei-
ther a precondition or intermediate stage, and he providg®fative Phonology-
type rewrite-rules (Chomsky and Halle 1968) to specify peses such as /r/-
vocalization, weak forms, elisions and assimilations.

Our study of schwa deletion in spontaneous and read speeaghl@ments the
examination of vowel deletions in spontaneous speech bgddeh and Kohler
(1996), which largely excluded schwa. They focused on vew#ier than schwa
for quantitative and qualitative reasons: schwa is delfstethore frequently than
other vowels, but at the same time the reductions in whictvadeletion is a part
rarely retain the residual articulations (captured byNAdabel) that characterize
many other vowel deletions (Helgason and Kohler 1996:1Zhg overview of-
fered in that study is brought up to date and expanded todedlead speech and
a greater body of spontaneous speech data.
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1.2 Previous studies of schwa deletion

The present study aims to address deficiencies of previaasiats of schwa dele-
tion, specifically those offered iBiebqde Boor et al. 1969:58-63), in tl@&rolRes
Worterbuch der deutschen Ausspra¢hereafteWdA Krech et al. 1982:35-36),
and inDuden(Mangold et al. 1990:32—-34). Only one of these, dA is based
on the phonetic investigation of a corpus, and all three ypmoration dictionar-
ies limit themselves to realizations before sonorantss $hudy aims to ascertain
the accuracy of the dictionaries’ observations, and to edple understanding of
realization of schwa to other phonetic contexts.
The accounts offered by the dictionaries are summarizedliteTl.

Table 1: Comparison of schwa realizations prescribed bgetlpronunciation dictionaries+
means the schwa is presentthat schwa is absent, n/a means that no advice is offered.
In the final category of assimilation of place, realizatideaturing schwa deletion and
place assimilation are approved)or condemned-).

Environment WdA Siebs Duden
preceding a stressed syllable+ n/a n/a
word-finally + + n/a

in 1st syllable ofenen n/a — n/a

in 2nd syllable ofenen + + +

after plosives —
after fricatives
after affricates

—in /on al/, +in fom/

after nasals + + +in /om on/, —in /ol/
after approximants + + +
after vowels + + +
assimilation of place + — +

1.2.1 (GrolRes) Vidrterbuch der deutschen Aussprache

The prescriptions in th&/dAare based on research reported in Meinhold (1962).
The investigation is also the basis for Meinhold (1973) arelrifiold and Stock
(1980), which offer less phonetic and methodological diebait even the more
phonetically relevant examination from 1962 has its litnitas. Meinhold’s re-
search is carried out in the prescriptivist framework of Krech group, a col-
lective collaborating on th&orterbuch der deutschen Aussprad@ech et al.
1964, 1969) revised as tli@roRes Vdrterbuch der deutschen Ausspragieech

et al. 1982), with the primary aim being didactic, aimed airhers of German
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Hochlautung(standard pronunciatioh) Although he is not one of the editors of
the WdA Meinhold is cited as having worked on the issue of final scleadiza-
tion, called here “die Endsilbe’, or “schwachtonige® [9]", and which is one
of a dozen aspects of pronunciation, such as glottal stopwelonsets, vowel
nasalization and plosive aspiration, that have been single for examination.
The form of the rules in Krech et al. (1969) and Krech et al. 8)9s almost
identical, apart from certain examples, and that occa#liotiee later version sug-
gests that formsare realized as described, whereas the earlier says thatthgy
be Meinhold’s prescriptions for schwa realization are sumpea under three
headings:

e environments where schwa must be pronounced;
e realization of schwa in the endingn
e realization of schwa in the endingl.

1.2.2 Siebs

The norms advocated by de Boor et al. (1969) in the authmetSiebsare if any-
thing even more severe than those inWéA Siebshas two levels of correctness,
pure (“rein”) and moderate (“gemafigt”), and in the pureriamf pronunciation
all schwas are pronounced, whereas in the moderate fofrmay be dropped
except in cases which are then exhaustively listed.

1.2.3 Duden

Duden like theWdAandSiebs describes only schwa before /m n | 1/, but is less
conservative: it states that the vowel is pronounced onsyaw and clear speech,
and its detailed description of environments is more sdighiged and realistic
than either other work. In particulddudenoffers different rules according to the
following, as well as the preceding consonant.

From Table 1 it is clear that the prescriptions of the thregtioiharies are
largely similar, with the following differences:

1. Only theWdAaddresses schwa preceding a stressed syllable.

1The normative view inherent in th&dAis made concrete in the two later papers: Meinhold
(1973) retains little phonetic detail, while the aim of Mlegid and Stock (1980) is not phonetic;
they seek to elaborate a Trubetzkoyan phonological syste@dérman which is very much based
on theStandardspracheAs a phonological rather than phonetic investigationy tire vague about
the data forming the basis for their statements, indeed #eetionDas Untersuchungsmaterial
does not address what a phonetician might consider mateatiall.
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2. Dudendoes not address word-final schwa.
3. Dudenhas a more exhaustive set of rules after nasals.
4. Siebscondemns forms featuring assimilation of place.

It is worth recalling that of the three dictionaries, tédAis the only one
explicitly to adduce detailed phonetic research, that ointdeld. However, even
that research addresses only schwas preceding sonorantfds not have the
detail ofDuden which offers different rules according to the followingsmnant.

As the only phonetically grounded account, Meinhold (196 2)e main point
of reference for our study. The methodology of his study islenaearer in Krech
et al. (1969) than in Meinhold (1962) itself: the same materere used for
the examination of specific phenomena seen as problemadtieWdA Auditory
phonetic analysis is made of studio quality tape recordifigee emphasis is on
professional speakers from the stage $ieb¥as well as radio, and the materials
are exclusively read speech with a preponderance of ctddsixts (detailed in
Krech 1968 and Meinhold 1973). The nature of the materialkesna possible
for Meinhold to separate his findings into prose (“ungebuedeede”) and verse
(“gebundene Rede”): in all cases, Meinhold found schwa tdddeted more fre-
quently in prose than in verse. In the comparison of our figsliwith Meinhold’s,
we present only his results for prose, as being closest tcat@gory of read
speech. Furthermore, the emphasis in our study is on de)etral in Meinhold
on preservation of schwa, so in the presentation of residtirdings have been
transformed for ease of comparison with ours.

1.3 Advantages of the present study

As well as having a technological advantage over Meinhold+addition to au-
ditory phonetics, labellers have the waveform and specdragnformation inher-
ent inxassp(IPDS 1997b) — the current study is greater in size and scdpe.
CD-ROMs of the Kiel Corpora allow an unprecedentedly lang@ant of data to
be examined — over 92,000 words of running speech, both neddiascripted.
Read speech is arguably untypical of genuine speaker bmirawhereas un-
scripted speech offers more realistic data. The disadgardban unscripted cor-
pus is the lack of control over the material recorded, algjiotihe elicitation of
the Verbmobildatabase by the appointment-making task is relativelycstrad
by comparison with th®aily Soap ScenarigBenno Peters, personal communi-
cation), in which pairs of speakers discuss an excerpt franpopular soap opera
LindenstralR3eof which they have seen slightly different versions. Theaadage
of corpus research is that generalizations made about tterialaare legitimate
generalizations about spoken language, precisely becdnssgvations are based
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on heterogenous material. The database therefore promdesial varying in
speech style, but for both styles the “full” form from whiclfraduced” form is
derived descriptively is made available, as canonicaksgmtation, together with,
and incorporated into, the variant record.

The existence of a canonical and variant transcription doesmply the es-
pousal of any particular model of speech production: the @litne labelling is
to capture a broad range of factors that may be at play in ngngpeech. For
pragmatic convenience in this paper it is assumed (i) theth @aord can be de-
scribed as a sequence of time-slots, being a phoneme-siaadtec segment as it
appears in the citation form, e.gelleichthas six such slot§ 1 I ar ¢ t], ich has
two [1 ¢; (ii) that these segments have features that can be dissdciais clear
that there are also non-linear aspects of speech produtizrsuch a labelling
cannot entirely capture, and such labelg d&sr glottalization, andvA for residual
articulations point to this property of speech.

2 Method

2.1 Materials

KielDat databases (Patzold 1997) were generated contpaii data made avail-
able so far on CD-ROM (IPDS 1994, 1995, 1996, 1997a) andlddtai Table 8
(p.22). The signal files remain constant as published, belliag of the corpora is
ongoing, as errors are removed and conventions updatedjtamdtely released
as updates. For consistency a “snapshot” is taken — in teis €®-ROMs were
burned on 3rd March 2000 — which represents a version of theldavhich is
superseded immediately the labels are next edited. Ceateors have been sub-
sequently discovered, and are corrected in the findingstegphbere. The items
affected are detailed in Appendix B (p.23).

2.2 Procedure

As for the investigation of phonatory correlates of junetiRodgers 1999), the
intermediate device of a lexicon is used, to allow for sitiigadi searches according
to the question under investigation. A structured lisawfk (Aho, Kernighan,
and Weinberger 1988) search-scripts generates a lexicdainmg only items of
interest, with one field containing information relevanthygpotheses about the
item, which can then be processed with further scripts amdliorers to generate
descriptive statistics and focus on certain label comimnat

For investigation of the phenomenon of schwa deletion, dfieving scripts
are used.
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lexiconprosbreaki
makeContext
findSchwa
markSchwa
addWordClass
addAccent
addPhrasePosition
addWordPosition
addSegmentalContext

© © N O g~ wDNRE

=
o

. mergeLines
11. addLeftSegmentalContext

lexiconprosbreaki creates lexica containing in four tab-separated fields
the orthographical form, the canonical form, the variambfoncluding prosodic
labels, and the path- and filename. This script retains &timres. The remaining
scripts, which can be applied in sequence by calling themm feoshell script,
generate a line for each schwa, with a field that indicatesgmee or absence of
schwa, word class, position relative to stress, accenttiposn the phrase and
word, and segmental context.

3 Findings

3.1 Overview

A total of 69231 words is examined, 31378 in read speech, 3#85pontaneous
(of which 25488 in prosodically labelled, 12365 in unlabdlspeech).

The first statistic offered is an update of the overview gibgrHelgason and
Kohler (1996:120) of vowel deletion in the Kiel corpus oJerdhe 69231 words
contain 50894 vowels in read speech, and 60057 in spontané&ehwa is the
most common vowel in both speech styles, representing 2 D%48@/50894) of
vowels in read speech, and 17% (10250/60057) in spontankagialso the most
frequently deleted: in read speech 44% (4627/10483) of astawe deleted, as
opposed to only 0.6% (236/40411) of all other vowels; forrdpoeous speech
64% (6581/10250) of schwas, and 2.7% (1339/49807) of akrotlowels are
deleted. Deletion of schwa represents the overwhelmingnitygjof all vowel
deletions: for read speech 95% (4627/4863), and for spentanspeech 83%
(6581/7920) of all vowels deleted are schwa. Not only is schvere frequently
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Table 2: Overview of deletion of schwa and other vowels irdraad spontaneous speech. Vowels
are in descending order of their relative frequency of dehet

Vowel deleted present total deleted as % of total
Read

2 4627 5856 10483 44.1
1 125 5136 5261 2.4
U 33 2367 2400 1.4
el 17 1776 1793 0.9
ol 7 940 947 0.7
e 18 2669 2687 0.7
) 8 1497 1505 0.5
€ 11 2076 2087 0.5
iz 11 2365 2376 0.5
ire 2 532 534 0.4
oe 1 540 541 0.2
yi 1 619 620 0.2
ar 1 2987 2988 0.0
a 1 4241 4242 0.0
other 0 12430 12430 0.0
Total of non-schwa 236 40175 40411 0.6
Total of all vowels 4863 46031 50894 9.6
Spontaneous

9 6581 3669 10250 64.2
U 283 2210 2493 114
€ 202 2896 3098 6.5
1 371 6204 6575 5.6
u 45 1039 1084 4.2
ar 148 3864 4012 3.7
Y 20 557 577 3.5
e 72 2654 2726 2.6
o 45 1682 1727 2.6
yre 5 198 203 2.5
e 43 2200 2243 1.9
iz 35 2838 2873 1.2
ire 18 1721 1739 1.0
are 3 402 405 0.7
) 1 196 197 0.5
y: 1 219 220 0.5
EN 2 463 465 0.4
a 24 6806 6830 0.4
) 7 2220 2227 0.3
ax 12 4920 4932 0.2
eve 1 577 578 0.2
au 1 1132 1133 0.1
other 0 3470 3470 0.0
Total of non-schwa 1339 48468 49807 2.7

Total of all vowels 7920 52137 60057 13.2
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deleted in spontaneous than read speech, but deletioriotfiat vowels are also
more numerous.

The patterns of deletion in vowels other than schwa bearideration, and
are presented in Table 2. We see that high and open-mid vanestaore likely to
be deleted, although there may be some lexical effects hemgted by Helgason
and Kohler (1996): the high incidence af1 u/ is an artefact of the high incidence
of eg vielleicht ich, in, and ordinals includingnd

Of the 31378 words in read speech, and 37853 in spontanesciswa occurs
in 10012 and 9735 words respectively. Yet there are 10488a&xin read speech,
and 10250 in spontaneous speech, indicating that in somésvemhwa occurs
more than once. The prosodic and rhythmic context of thedseas may be quite
different however: of the three schwas in the woggbetend/gob'e:tonos/), the
first, preceding a stressed syllable, is likely to be presenis the schwa occurring
word-finally, whereas the medial schwa may be deleted. Sashscare examined
in detail in Section 3.3 (p 10). The first comparison, howggewith the figures by
Meinhold (1962), which will show whether the picture of s@hdeletion offered
there, and by extension, in the other two pronunciationahetries, is accurate.

Table 3: Overview of size of corpus, and frequency of schweoiling to position relative to
stressed syllable, and whether schwa is a singleton orewjém other schwas.

Read Spontaneous
Words in corpus 31378 37853
Schwa in corpus 10483 10250
of whichn precede a stressed syllable 723 642
of whichn follow a stressed syllabfe 9760 9608
Words containing schwa 10012 9735
of whichn have one schwa following a stressed syll&ble9935 9681
(corresponding ta schwa) (10327) (10130)
of whichn have>1 schwa following a stressed syllable 77 54
(corresponding ta schwa) (156) (120)

3.2 Influence of preceding consonant on schwas preceding a
sonorant

Meinhold limits his observations to schwas precediing n 1/, but only offers
figures for schwa precedintn/, separating his findings according to the preced-

'see Table 6, p.12
2see Section 3.5, p.13 ff.
3see Table 5, p.11
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ing context. Table 4 shows that in this subset (which thegmateation in Sec-
tion 3.5 (p.13) establishes as that most likely to show scti&kation) preceding
context plays an important role, although it does not prewid exhaustive account
of deletions. The same data are represented graphicaligime=1 (p.10).

Table 4: Summary of findings reported for prose (“ungebuerd®de”) in Meinhold (1962), com-
pared with read and speech in Kiel corpora presented inrfulbble 10 (p.24) and Fig-
ure 4 (p.25). Figures are for schwa preceding /n/. Figurbésankets are difference from
Meinhold’s findings.

% schwa deleted
Precededby Meinhold Kielread AMeinhold Kiel spontaneous AMeinhold

Fricative 94,9 82,6 -12,3 81 -13,9
Fortis plosive 89,7 94,1 +44 98,4 +8,7
Lenis plosive 81,9 95,4 +13,5 98,4 +16,5
Nasal 24,3 61,8 +37,5 95,6 +71,3
Liquid 31,7 66,7 +35 90,8 +59,1
Vowel n/a 52,5 n/a 76,3 n/a

In the Kiel data a pattern is clear in both speech stylespafih deletion
is higher in spontaneous than read speech overall. The stighte of deletion
is following plosives whether fortis or lenis; deletiongeaffricatives represent
just above 80% in both styles. Frequency effects explainptécularly high
incidence of deletion in plosives in spontaneous speedhinals ending insten
(fortis plosives) are common, as are the venbbenandsagen(lenis plosives).
Similarly in spontaneous speech, schwa deletion is edpectemmon after nasals
due to high incidence dhnen kdnnen einenandnehmenand of liquids due to
high incidence ofvollen sollenandvielen These words certainly occur in read
speech as well, but less frequently. In both speech stykedetlist conducive
preceding context for schwa deletion is a vowel: in bggherandsteherfeature
by far the highest number of deletions.

Comparing the Kiel findings with Meinhold’s figures, theraislear discrep-
ancy. Meinhold finds greater rates of deletion in fricatitlesn we find in either
speech style, but for every other category, we find greates raf deletion than
he, the difference being most dramatic in nasals and ligwdiere within the
Kiel data there are furthermore great differences betwgentaneous and read
speech. Meinhold does not include vowels in his surveypalgh theWdA like
DudenandSiebs claims deletion cannot occur after vowels. The Kiel datansh
that this is not the case.
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Figure 1: Graphical representation of data in Table 4 (ps@mmarizing findings reported for
prose (“ungebundene Rede”) in Meinhold (1962), comparet vdad and speech in
Kiel corpora.

3.3 Adjacent schwas

Some words contain more than one schwa, and of special shemeethose where
the vowels are in adjacent syllables, as in words$iggestenssiebentenin read
speech there are 77 such cases, in spontaneous speech 54.

3.3.1 Word-final final schwa

Let us turn first to the 15 (out of 77) cases in read speech, ar(dut of 54) in
spontaneous, where the final schwa is word final, asnikommendegeebnete
hervorragendeindverschiedene

In these cases, the final schwa is never deleted. Furthermak four cases
in read speech where the first schwa is followed by a nonsabhfs@rds likear-
beitete geebnetg that schwa is also present; this is also the case for twheof t
three comparable cases in spontaneous speech. Only ineméesdhe first schwa
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Table 5: Overview of frequency of adjacent schwas

Read Spontaneous

Words with adjacent schwa 77 54
in n of which 2nd schwa is word-final 62 41
in n of which 2nd schwa is word-internal 15 13

deleted but the second present, in the waltdrneuesteln this case, the deletion

of the schwa can be regarded as an artefact of the labellegsahwa following
the diphthong/o1/ is derived by rule, but in such forniBuden Rechtschreibung
(Drosdowski et al. 1991) haseu[e]ste meaning the schwa is optional; tBel-

den Aussprachedvterbuch(Mangold et al. 1990) features a schwa where there is
schwa in the orthography, but clearly not where it is abdéttte alternative tran-
scription without schwa had been chosen, there would be moato be marked

as deleted or present.

In words where the second schwa is word-final (and neveratdldiut the first
schwa is followed by a sonorant, asfalgendeandankommendehe first schwa
is deleted in all cases (10/10) in spontaneous speech, asev@n out of eleven
cases in read speech. In the remaining four cases in readnspeth schwas are
present: the words aerschienendtwice) andentwickelte andankommenddn
other realizations of which the first schwa is deleted.

These figures suggest that phonetic factors alone do nottmndresence or
absence of the schwa: morphological factors as well as giegand following
consonant are important. In items likebeiteteit is important for the word to
retain its quadrisyllabicity — i.e. that the two final schw#este should be per-
ceived as two syllables — to distinguish it froanbeite the present tense form:
in a realization like[a:bart"sto], the frication and aspiration elicit a percept of
disyllabicity. This is further addressed in the Discus<joi6).

3.3.2 Both schwas are word-internal

There are 62 (out of 77) cases in read speech, and 41 (out af Sppntaneous,
where both schwas are word-internal.

Where the second schwa is followed by a nonsonorant it isrrtteted. Such
a constellation accounts for two of the 41 cases in spontengeeech, the words
folgendesand Spannendesvhere the first schwa is followed by a sonorant and
deleted. In read speech there are twelve such cases, adl wmdtdtrockenesin
nine cases the first schwa is deleted, in the other three bbthes are present. In
this case, by contrast with the exampleadbeiteteabove, the first schwa syllable
can be reduced or even deleted without compromising igtbility.
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This leaves cases where the final schwa is followed by a sohofde first
schwa is also followed by a sonorant in 20 words out 50 in r@agsh, and in 33
out of 39 in spontaneous.

In the 20 cases in read speech, the second schwa is deleyetvarg, in the
word rochelndenwhere the first schwa is present in both cases. In the rengaini
18 where the second schwa is present, the first schwa is predeur realizations
of wartenden and deleted in 14 cases, twelve times alsotenden and twice
entsprechenden

In spontaneous speech, the 33 cases are evenly split betigkstion of both
schwas (16/33) and deletion of the first schwa with the secetained (17/33).
Most cases where both schwas are deleted are realizatigisbeinter(12/16),
which is a special case of an ordinal with the schwa delet@mocerurring with
other reduction phenomena, and three realizatiorsedéutendstemwhich is an
[n]-cluster-[n] sequence. Where the first schwa is deletedte second present,
the constellation is typicalljpndan] in folgenderor [onon] in offenen

Where the first schwa is followed by a nonsonorant, there iear pattern:
in read speech 28 words out of 30, and in spontaneous speecttsf six have
the first schwa present and the second deleted. The cotistelig|o]-fricative-
plosive{on] in mindestensfriihestensandspatestens The two remaining cases
in read speech show both schwa present once, and both scleteddence, each
time in realizations of the worgpatestens

3.4 Schwa preceding stressed syllables

The majority of schwas follows the stressed syllable in adybut a sizable mi-
nority remains to be examined. These number 723 items ingpaech, and 642
in spontaneous. Deletion of schwas in either speech stylegBgible, however,
occurring twice in 723 cases, gewinntandgelbrt. In spontaneous speech, there
are 22 cases, out of 642; these are in the wgethde which alternates with
the formgrade in which the syncopated form has been lexicalized, andrbefo
sonorants, or obstruents, when schwa is often realized asel@ss vowel, as in
Figure 2 (p.13).

Table 6: Overview of frequency of schwas preceding a stcesgable

Read Spontaneous
Schwas preceding a stressed syllable 723 642
of whichn are deleted 2 22
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Figure 2: Schwa deletion manifested as a voiceless voweMarbereitung]sgespléch] in
g124a007 .

3.5 Schwa following stressed syllables

A small subset of schwas following stressed syllables haady been examined
in the investigation of adjacent schwas above. There resrthabulk of singleton
(i.e. non-adjacent) schwas following stressed syllaliebe examined, i.e. 9606
in read speech and 9499 in spontaneous, which is in fact 9@@ding the first
schwa in the wor@usammerdngenden

Let us turn first to word-final schwas. In read speech ther@a2¢ items, of
which 96 are deleted, that is 2.6%. The rate of deletion ikdrign spontaneous
speech at 23%, with 726 of 3140 schwas deleted. The deletad ih both speech
styles are typically in verbs, especially function wordse tlozen most frequent
items in spontaneous speech, and those in double figureBabe€168), wirde
(116), ware (115), sehe(30), konnte (25), hatte (24), glaube (23), denke(23),
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Table 7: Overview of frequency of singleton schwas follogvanstressed syllable

Read Spontaneous

Singleton schwas following a stressed syllable 9606 9500
in n of which schwa is word-final 3727 3140
of whichn are deleted 96 726
in n of which schwa is word-internal before a nonsonorant 342 173

of whichn are deleted 5 8
in n of which schwa is word-internal before a sonorant 5537 6187
of whichn are deleted 4426 5757

komme(16), finde (13), wollte (12) andschlage(12), which together make up
three-quarters (76%) of all deletions. In many cases tHevimhg word begins
with a vowel, canonically marked witQ— 62 words out of 96 in read speech and
491 out of 726 in spontaneous — which is realizedlasn almost all cases: 61
out of 62 in read speech, and 483 out of 491 in spontaneowswiirnith noting that
for many of these items an orthographically lexicalizedrfaro-exists in which
apocope has taken place, engb’, war’, seh’, hatt’, find'.

A further insight into word-final schwa deletion is offereg taking word
class into account. A higher proportion of the deletionsanlespeech style is in
function words than in content words: in read speech 609®@8in spontaneous
68% (490/726). Furthermore, of the remaining deletions titgur in content
words, only a few are not in verbs: in read speech 95% (224/8B66in first
person singular verb forms, 88% in spontaneous (207/236).

Word-internally, the behaviour of schwas can be separatedrding to the
consonant that follows. Deletion before a nonsonorantres, r@presenting only
five out of 342 cases in read speech, and seven out of 172 itesmgmus. There is
no particular pattern to these few deletions, althoughfih&)(schwa in the word
meinetwegers deleted in both speech styles. By contrast, deletionlofvas be-
fore a sonorantis common in both speech styles. In read sp@&to (4462/5537)
of schwas are deleted, in spontaneous speech 93% (5757 &&3atfected.

Position in the word and phrase seems to play some role. Beggvosition
in the word, medial syllables tend to be more frequently eel€88% (217/246)
deleted in read speech, as many as 96% (157/163) in spongrnéan schwas
that are in a final syllable (80% (4245/5291) in read spee2® 6600/6024) in
spontaneous). As for position in the phrase, the patterte@ger in spontaneous
speech than in read. Schwas that are in the final syllablesiwtrd but preceding
a phrase boundary are less frequently deleted (79% (1393)17 read speech,
91% (1816/1989) in spontaneous) than those where no phoaselary follows
(80% (2681/3347) in read speech, 96% (3623/3794) in spent).
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Figure 3: Overview of distribution of deleted and undeledetdleton schwa following a stressed
syllable, as in Table 7 (p.14). For read speetis, 9606, for spontaneousis 9500.

4 Discussion

This paper has examined schwa deletion in an unprecedgiiéegé database of
read and spontaneous speech, and sought to explain thenpaifedeletion and
preservation of schwa by recourse to a handful of factoratissital support is
found for certain givens previously based on intuition, ivluther insights need
to be altered in the light of what has been found.

It is almost a truism to say that schwa is the most frequerdtyiring vowel,
and the most frequently deleted. Summarizing the data iteTaljp.7) we can
confirm that this is the case: schwas make up almost one fiftil @owels in
the database, and are deleted in 44% and 64% of cases in @ap@maneous
speech respectively. Other vowels taken as a whole areeddalepnly 0.6% and
2.7% of cases, and even the most frequently deleted nonasetmel ¢ andu in
turn) represents only 2.6% of deletions in read speech &% B spontaneous.
We may further note that vowel deletion as a whole, and nobjuschwa, is more
frequent in spontaneous than read speech.
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The comparison with the findings of Meinhold (1962) adoptgdhe WdA
and similar to those ddiebsandDuden shows that the standard account of schwa
realization needs major revision. Schwa is deleted aftsalsaliquids, and vow-
els, contrary to Meinhold’s findings. Further contrary ts findings, but in the
other direction, we find a lower rate of deletion after fricas than he. It must also
be borne in mind that Meinhold’s study is limited, addregsamly the influence
of a subset of preceding contexts, and offering statistiodings only preceding
In/, although he claims to address schwa before /m I/ as well.

The data on schwas in adjacent syllables (p.10) suggesthatowel will
be preserved or deleted as a function of following segmesaatext, and not
merely as a function of preceding context, as the pronuoaaictionaries sug-
gest. Word-final schwa is never deleted, regardless of pstgte. Similarly, a
schwa is preserved in both speech styles when it appearssbefoonsonorant,
regardless of whether it is the first or second of the two sehva exception to
this is the realization adllerneuestewhere the schwa follows a diphthong, but as
discussed, this is an artefact of the labelling.

The case ofllerneuestéighlights the issue of appropriateness of canonical
forms also raised by Wesener (1999). In certain lexical $tettnis inappropri-
ate to suggest that a schwa is present in the canonical fotheaoford, but that
this schwa is not realized. Positing a schwa in the canoifiacat of function
words likehaben, Bnnenarguably inflates the statistics for schwa deletions, as
the schwa is not present in the speaker’s lexical entry fon siems. Lexicalized
written forms ofhab’, war’ exist alongsiddabe, vére, just asallerneuste(with-
out e) exists alongsidalerneuesteit seems that lexicalized spoken formsng,
habalso exist. However, it is not suggested that a lexicalipeohfwithout schwa
exists alongside every single form with schwa; rather, vgri@rthat for certain
common words, especially function words, there exist twackdized forms with
and without schwa, and that in other cases, phonetic, méogital, and syntac-
tic factors condition derivation of schwa-less forms froameonical forms with
schwa.

Cases of adjacent schwas also indicate the importance ghuolagical infor-
mation. The first schwa was not deletedairbeiteteor geebnete In the case of
geebneta schwa has already been lost in deriving the verbal from difrexaval
form (eben(adj.) — ebnen(vb.) — geebnetéparticiple), and the syllable cannot
be further reducedc{. trocken(adj.), trocknen(vb.)). Similarly inarbeitete the
schwa must remain to distinguish the tense of the verb (ddg.p.

Of the three pronunciation dictionaries surveyed, WidA is the only one
to raise morphological factors, pointing out that schwancdiibe deleted in un-
stressed German suffixes. The examples of words where sshpvariounced in
the later version (Krech et al. 1982) dedtest, leitet, Atemin the earlier version
(Krech et al. 1969Atemis not listed:-temhere is not a suffix. A realization of
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leitest, leitetin which the schwa is deleted is possible, but frication wiaaffer an
alternative cue to the suffix.

The patterns of schwa deletion are somewhat more complerevihe schwa
precedes a sonorant. When the schwa is the first of two (rlegardf what fol-
lows the second schwa), it is typically deleted, this pattezing more marked
in spontaneous than read speech. Similarly, a schwa pregadionorant is also
typically deleted when it is in second position and the ficivga precedes a non-
sonorant. Where both schwas are followed by a sonorant,eiteng schwa is
almost always preserved in read speech, whereas in spontspeech, roughly
half of these second schwas are also deleted: in such cabeschwvas are in fact
deleted.

The pattern for schwas preceding stressed syllables ts/diauncomplex. In
both speech styles the vowel is rarely deleted, indeed ohspaech almost never
so. Where the deletion occurs in spontaneous speech, it wigaifests itself as
a devoicing,cf. Figure 2 (p.13). Several cases of a deleted schwa ageaitie
which exists as a lexicalized form alongsgierade

The largest category examined is of single schwas followistressed sylla-
ble. When the schwa is word-internal but preceding a nomrsona is typically
preserved. In both speech styles the most likely environfioemeletion is when
the schwa is word-internal preceding a sonorant. The fatigwonsonant is not
the only important factor: position in the word and phrasodiave an effect.
Word-internal schwa preceding a sonorant is more frequenéiserved in a word-
final than word-medial syllable, especially in spontanespeech. And word-final
schwa preceding a phrase-boundary is more frequently mexéhan where no
phrase-boundary follows, especially in spontaneous $peec

Finally, when the schwa is word-final, its deletion or preaépn is strongly
influenced by the following word: verbs, especially funatiords, account for
three-quarters of deletions in this category, and whendhewing word begins
with a vowel, that vowel will typically be realized withoutgottal stop, indicating
that there is a strong connection between the items. A fugthalysis was made
of word class in this subset, and it was clear that functiord&pand first person
singular content word verb inflexions account for the vasjonitg of such dele-
tions. This word-final schwa deletion (apocope) is lexadi in certain common
words, such thawar’ andhab’ exist alongsidevare andhabe

Lexicalization of certain forms clearly plays an importaoie in schwa dele-
tion, as in processes of articulatory reduction generélig inconceivable, how-
ever, that all the variability so fully documented in spar@aus speech is lexical-
ized, and that listeners somehow map a potentially infinitaloer of realizations
onto stored representations. In this light, phonologiealrite-rules of the kind
offered in Kohler (1990), by means of which it is possible &vide a wide variety
of realizations, serve only as a descriptive device, andadoffier an explanation
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of production reality.

This study has found that a schwa preceding a sonorant islikelst to be
deleted; this echoes the focus of Meinhold (1962), who &ohhis study to schwa
before /m n |/ (and effectively to schwa before /n/), and tteiee of the pronun-
ciation dictionaries. Vowel duration is highly variableydain stress-timed lan-
guages unstressed syllables following stressed syllablgge same foot tend to
be compressed in time proportionate to the number of s@ablthe foot (Lehiste
1972; Port 1981). As well as temporal compression, thereéstém be reduction
in gestural magnitude (Browman and Goldstein 1992)/dlin on ol/ syllables,
the entire sonorant is also variable, along a scale thaesafigm a full duration
and opening movement for the schwa, to imperceptible canratith no opening
movement. Realizations featuring assimilation of placarttulation, e.ghaben
as [ha:m], show further reduction resulting in the elimination of aticalatory
movement (the apical closure in /n/).

Alongside the possibility that certain forms are lexicatizparallel to the case
in written German where there Iim, indfor zu dem, in daskKohler (1991) pro-
poses a “reduction coefficient” to account for the varietyealizations found in
real speech. In this scheme, canonical forms exist in thakgps lexicon, and
are the starting point for an utterance, but the form is reduwy different kinds
of reduction processes whose ability to take effect is $igecby the coefficient.
This coefficient therefore triggers general phonetic roliegrticulatory reduction
and speech economy, to generate an output that represeadie ff between ef-
fort for the speaker and intelligibility for the listenen, line with the H&H theory
of Lindblom (1990).

The data presented here offer some support for the idea diuatien coeffi-
cient. Itis clear that a blanket rule of schwa deletion isbehg applied as a pure
function of low-level phonetic properties of the utteranaed that other factors
also play a role: word class, morphology, speech style aedstnay all be seen
to determine whether a schwa may be deleted or not. Furthrerschwa deletion
IS just one factor in articulatory reduction, and the regtuctoefficient does not
simply specify whether or not the schwa can be deleted. Raiie reduction
coefficient has recourse to two distinct levels: globakatttory structures which
determine whether, for example, a gesture comprises onemmaw or two; and
local rules and their application, such as vowel reducti@salization, assimila-
tion of place of articulation. The coefficient has accessitoeholistic complexes
of articulation which can be expressed as single rules agases, such as assim-
ilation of place of articulation, yet these rules are pur@dscriptive, and their
(degree of) application is conditioned at a higher levellahping whose aim is
economical production without compromising intelligibyl In this sense such a
coefficient affects not simply schwa deletion, or even a ngengeral control area
of vowel reduction, but a range of multidimensional scale®duction and com-
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pression. It becomes clear, through investigating the d¢exitges of real speech
data, that no process of articulatory reduction is a bladkahite issue, and that
the interplay of highly variable scales conditions speedudpction. In thinking
otherwise, pronunciation dictionaries may be the mostalwoffenders, but they
have the excuse of a didactic need; speech researchers nvplifgithe picture
without also clarifying it are more at fault.
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A Materials for database

The spontaneous speech dialogues are listed separaterglimccto whether or
not they have been prosodically labelled. In searches ofddtabase where
prosodic information is relevant, it must be borne in mindetter prosodic la-
belling is available or not. For example, in prosodicallpdded data, phrase
boundaries are marked by the lal€, whereas in unlabelled data they must be
inferred from punctuation and markers indicating breatth pause.
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Table 8: Materials constituting read and spontaneous bspeg@abases. Read speech is segmen-
tally and prosodically labelled, spontaneous speechrdiéiecording to level of labelling
available. State of labelling: 3rd March 2000.

Session Materials Size
PHONDAT90 Berlin sentences 1200 sentences
PHONDAT90 Marburg sentences 1200 sentences
PHONDAT90 Die Buttergeschichte 3 passages
PHONDAT90 Der Nordwind und die Sonne 2 passages
PHONDAT90 Restkorpus 396 sentences
PHONDAT92 Erlangen sentences 500 sentences
PHONDAT92 Siemens sentences 500 sentences
(a) Read

Session  No. of dialogues No. of turns  Prosodically labelled

g07a 7 115 yes
g08a 7 109 yes
g09a 7 159 yes
glda 7 77 yes
gl9a 7 151 yes
g202a 1 12 yes
g2la 7 87 yes
g25a 7 107 yes
g274a 1 13 yes
g287a 1 13 yes
g297a 1 11 yes
g306a 1 25 yes
g3la 7 102 yes
subtotal 61 981

gl0a 7 141 no

glla 7 116 no

gl2a 7 149 no

g36a 7 119 no

g37a 7 140 no

g38a 7 110 no

g4la 7 112 no

g42a 7 116 no

subtotal 56 1003

Total 117 1984

(b) Spontaneous
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B Labelling errors

Table 9 shows errors in the labelling at the date of creatidhedatabases, 3rd
March 2000. These errors have been corrected in the datakassened, and will
be included in updates to the corpora.

Table 9: Labelling errors

Error Orthography Field Filename
Read

No @in variant waren &Ova:r-:n+ k23butt2
No PGin variant . . k09mr002
No @in variant Mantel &2(m’antl k14nord2
No # in variant Augenblicken &2°%*Q’aUg@-:n-Nbl"lk@-:n-N k73nord2
No - in variant gerigend &0gh@ndh’y:gh@nt k79buttl
t in variant Fahrkarten &0f'a:6#kh"a6t-g@-:nt dime063
Spontaneous

Label combination am &0Q-ham+ g086a005
No Qin canonical a=/+ ‘a=/+ g095a007
No p in variant ab &0Qqabh+ g195a005
No @in variant miissen &1(m”Ysn-m+ g255a011

Label combination genutlichen  &1°gh@-mm’y:tIC@n g146a002
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C Data summarized in Table 4 (p.9)

Table 10: Schwa deletion in word-interrjaih] according to preceding segmental context.

Preceding context deleted present total deleted as % of tota

Read

fortis plosive 707 42 749 94.4
lenis plosive 1571 75 1646 95.4
fortis fricative 901 199 1100 81.9
lenis fricative 142 20 162 87.7
liquid 461 230 691 66.7
nasal 442 273 715 61.8
vowel 106 96 202 525
Spontaneous

fortis plosive 2004 32 2036 98.4
lenis plosive 1302 21 1323 98.4
fortis fricative 1030 240 1270 81.1
lenis fricative 26 8 34 76.5
liquid 256 26 282 90.8
nasal 995 46 1041 95.6

vowel 122 38 160 76.3
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Figure 4: Graphical representation of data shown in Tablé1®4), showing schwa deletion in
word-internalan] according to preceding segmental context.



