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Abstract

The current paper reports on a study which fits in a lar-
ger investigation on variability in the pronunciation of Stand-
ard Dutch, as spoken in the Netherlands and the Flemish part of
Belgium. In particular, it deals with the factors that determine
the possible insertion of a schwa in specific consonant clusters
at the end of words. Our study reveals that the absence or oc-
currence of such an extravowel is dependent on regional, social
and phonotactic determinants. We discuss how this finding, in
combination with other results on speech variability, isimport-
ant for speech technological applications, both for synthesis and
recognition.

1. Introduction

Variability in the pronunciation of wordsisamajor issuefor cur-
rent speech technology. |f one wants to build speech applica-
tionsthat need to serve awider language community, one has to
deal with variability both in the generation and interpretation of
speech. For speech synthesis, it is useful to know which altern-
ativeword productions are preferable, which are ssmply allowed
and which are clearly “bad”. Similarly, developers of automatic
speech recognition (ASR) systems face the problem that current
ASR models, being trained on large corpora, are not ableto cor-
rectly recognize particular variantsin pronunication that deviate
from “average” speaking behaviour, which may partly explain
the fact that some speakers whose speech isunderrepresented in
training data are consistently misrecognized by such systems.
The current paper reports on a study on speech variability
which fitsin a larger investigation of the realization of Stand-
ard Dutch as spoken in the Netherlands and in the Flemish part
of Belgium. Here, we will look in more detail at schwa epen-
thesis, defined as the optional insertion of a schwain particular
consonant clusters at the end of words. More specifically, we
focus on the realization of words such as “wolk”, “arm”, which
can either be uttered as they are written so that there is basic-
ally aone-to-onerelation between the graphemes and respective
phonemes, or a schwa can be inserted in between the last two
consonants, leading to a bisyllabic realization of these words.
The explicit goal of this project is to only consider “standard”
Dutch, i.e., the variant which is taught at school and which is
used as a medium in public broadcasting. This standard is em-
bodied by the “Nederlandse Taaluni€”, an intergovernemental
committee which deals with the implementation of a common
Dutch language policy. Although Standard Dutch is different
from local diaects and regiolects, there is a certain amount of
variation within this standard. The goa of the current study is
to provide a detailed description of the amount of variation that
exists in schwa epenthesis and to shed light on factors that can
account for this variation. Rather than looking at idiosyncratic
differences in pronunciation, the aim of this study is to explore

more general determinants of schwainsertion. In particular, we
will concentrate on the possible effect of a speaker’s regional
background, of social factors such as age and gender and of par-
ticular phonotactic constraints.

e Regional factors: We first investigate to what extent
schwa epenthesis is dependent on regiona factors. We
can expect these to be influential, since a closer inspec-
tion of the normative books which prescribe what is a
“good” pronunciation bringsto light that there iscompar-
atively more tolerance for schwa-insertion in the Nether-
landsthan in Flanders. Inaddition, it has been shown em-
pirically that the different dialects spoken within the dif-
ferent regions in Flanders and The Netherlands diverge
considerably in the extent in which they allow schwain-
sertion, which could influence the “standard” pronunci-
ation of Dutch by speakers of these dialects.

e Social factors. As will become clear below, our in-
formants, teachers of Dutch, have a comparable social
status in society, and at the same time can be considered
to be experts regarding issues of language and specific
linguistic norms. The speakers were selected such that
our corpus contains an equal amount of the two genders
(male, female), divided over two age categories (young,
old) in four Flemish regions and four in the Netherlands.
Earlier sociolinguistic studies have reported effects of
age and gender on speech production (see Hudson, 1996;
Foulkes and Docherty, 1999)

e Phonological factors: The literature does not provide
much information on particular phonotactic constraints
that have an effect on schwa-insertion, except that Dutch
only permits schwa insertion in clusters whose prefinal
consonant is a liquid, implying that words having end-
clustersthat start with other consonants (e.g. dentals) do
not allow such an insertion. Yet, it remains possible that
different liquids give different results, so that we have
included the opposition between /r/ and /I/ in our ana-
lyses to explore this (see also Kuijpers and Van Donse-
laar, 1998).

Potentially, there are still other factors which may have an ef-
fect on the insertion of a schwa, but we will ignore those for
the time being. Our data consist of both read-aloud words and
more ‘ spontaneous’ picture descriptions, but we have not found
an effect of stylistic differences, though it has been shown be-
fore that pronunciation (e.g. syllabification patterns) can be in-
fluenced by the visual image of theword (Gillisand De Schuitter,
1996). Wewill pay no attention to psycholinguistic factors, such
as discussed in Van Donselaar et a. (1999), who show that the
presence of a schwa may ease listeners' processing of a word.
Finally, wewill not look at the effect of the larger phonetic con-
text in which words are produced, since we will only concen-
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trateon isolated word productions, though it hasbeen shown that
schwa insertion is dependent on the overall rhythm of an utter-
ance (Kuijpers and Van Donselaar, 1998).

In the following sections, we will first describe our general
method, including details on speakers, tasks, test wordsand their
labeling. Then, we give results on the effect of different factors
on schwaepenthesis, and wewill end with adiscussion, describ-
ing how our results are relevant for speech technology and for
current models of word processing.

2. Method
2.1. Speakers

The data were collected from 160 native speakers of Dutch, 80
from the Netherlands and 80 from Flanders. These speakers
were selected on the basis of their regional background, age and
gender. All informantswere teachers of Dutch working at ahigh
school situated in cities in Flanders and the Netherlands which
were comparable in terms of their population density and their
“social” function. The latter was determined on the basis of
the number of servicesthe city provides (such as schools, shops
and hospitals). The cities differed in that they were located in
different regions of the two countries (4 in Flanders, 4 in the
Netherlands), in which different dialects of Dutch are spoken.
In Flanders, the regions were (1) Brabant, (2) Belgian Limburg
and the provinces of (3) Eastflanders and (4) Westflanders; for
the Netherlands, the selected regions were: (1) North (Gronin-
gen, Drenthe), (2) Center (Gelderland, Utrecht), (3) Randstad
and (4) Dutch Limburg. Out of each of these regions, 20 speak-
erswere selected (10 male and 10 female) in two age categories,
labeled as“old” (born before 1955) or “young” (born after 1960
in Flanders, born after 1958 in the Netherlands)

2.2. Tasks

The speech data of interest here were collected in two differ-
ent tasks in which the target items (see below) were recorded
as isolated words. Our informants were instructed to first read
aloud lists of words (in which our target words were mixed with
other words), and were later asked to name a series of visually
presented drawings of the different target words. Both the list
of words and the list of figures were presented to the speakers
on a computer screen. The words were presented with a con-
stant interval of two seconds, whereas the pace of the presenta-
tion of the figures was determined by the experimenter. In case
of a mispronunciation or a hesitation, speakers were asked to
repeat the target words plus the two preceding words to com-
pensate for possible hyperarticul ate realizations of the corrected
words. All datawere first recorded with an AKG C420 headset
with condensor microphone on adat-recorder, and later digitized
in a computer with a 16 kHz sampling frequency. Our original
goa was to investigate effects of speaking style on pronunice-
tion, but we did not find such an effect so that we will ignore
task differences in the remainder of this paper.

2.3. Test words

All target words are graphemically monosyllabic words ending
in a cluster which consists of aliquid (/I/, or /r/) and one of the
following consonants: /m/, /p/, /fl, Ik/ or /x/. An additional cri-
terion for the selection of the words was that they had to refer
to concrete concepts which could easily be €elicited in a picture
naming task. A complete overview of all selected wordsisgiven
intable 1.

Table 1: Test words €licited in two conditions (read aloud and
picture naming); words marked with = only occurred in the read
list
I-clusters -m  palm (palm), helm (helmet)
(10words) -f  wolf (wolf), golf (wave)
-x  wilg (willow tree), galg (gallows)
-k wolk (cloud), kelk (goblet)
-p  tulp (tulip), schelp (shell)
r-clusters -m am(arm)
(7words) -f  scherf* (fragment), Slurf (trunk)
-x  berg (mountain)
-k kerk (church), vork (fork), jurk* (dress)

2.4. Labeling procedure

Given that it is not aways easy to decide whether or not a
schwa has been inserted in a final consonant cluster and given
that it would have been too time-consuming to analyse all indi-
vidual speech data acoustically, we applied the following pro-
cedure to label our data in terms of the occurrence of schwa
epenthesis. Using a specifically developed labeling tool, three
labelers (three of the four authors) independently scored al re-
corded words in terms of the following options: (1) schwa
clearly present, (2) schwaclearly absent and (3) unclear whether
present or absent. Each labeler got a different randomly con-
structed list of words. Using this procedure, it appeared that
the scores of the labelers for all words were identical in 64% of
the cases, with respective Kappa-scores of 0.63, 0.54 and 0.43.
Thefollowing analyses are based on a selection of the words on
which the three labelers compl etely agreed in terms of presence
or absence of a schwa, or which got the same labeling for pres-
ence or absence of aschwa by at least two of the labelers, where
the third labeler gave the “I don't know” score. Thisresulted in
atotal of 3490 itemsfor our analyses (out of the original 5120),
2175 realized without schwa and 1315 with schwa.

3. Reaults

In this section, we will present the results of various analyses on
the effect of different factors on schwa-insertion. We will first
present results on the effect of regional factors, and then present
more complex pictures by entering social and phonotactic vari-
ables as additional factorsin our analyses.

3.1. Regional factors

Table 2 gives afirst, general overview of the relative frequency
of the presence or absence of schwa epenthesis in the Nether-
lands and Flanders. The distributional differences in this table

Table 2: Distribution of presence or absence of schwa in
Flanders and the Netherlands

schwaabsent schwapresent Total

N % N %
Neth. 942 499 947 501 1889
Flanders 1233 770 368  23.0 1601

are highly significant (x*=271.204, p<0.001). From thistable,
it isclear that, generally speaking, schwainsertion is more pop-
ular in the Netherlands than in Flanders. Table 3 gives more
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details on the differences between the different regions in the
two countries. A Pearson y? test reveals that these differences

Table 3: percentage of schwa-insertion (ordered in terms of rel-
ative frequency) for different regionsin Flanders and the Neth-
erlands.

Country  Region % schwa insertion

Neth. Limburg 72.2
Neth. Middle 55.0
Neth. North 44.4
Flanders Brabant 28.9
Neth. Randstad 28.1
Flanders  Limburg 25.6
Flanders  Eastflanders 19.5
Flanders Westflanders 17.2

are highly significant (x?=497.871, p<0.0001). We again see
that the regions in the Netherlands exhibit a larger amount of
schwa insertion than the Flemish ones. The two regions which
are generally considered to represent the language center in the
two countries (Neth: Randstad; Flanders: Brabant), behave sim-
ilarly interms of schwa-insertion. But within the two countries,
we find remarkable regional differencesaswell. It isespecialy
striking to see that the speakers of the same dialect (Limburg)
behave completely opposite, depending on which side of the
border they live.

3.2. Social factors

Next, we entered the socia variables, gender and age, into
our analyses. A 2 (country) X 2 (gender) X 2 (age) analysis
gives significant main effects of country (Wald \*=271.304,
p<0.001), gender (Wald x*>=8.096, p<0.005) and age (Wald
x2=46.219, p<0.0001). In addition, there are significant
interactions between country and gender (Wald y%?=177.292,
p<0.0001), between country and age (Wald »*=4.134,
p<0.05), and there is a significant three-way interaction
between country, age and gender (Wald x*=7.540, p<0.01).

To explain the interaction between country and gender, we
look at table 4. There is an opposite effect of gender in the
two countries: more women than men are schwa-insertors in
Flanders, and thereverseistruefor the Netherlands. |If we com-

Table 4: Distribution of presence or absence of schwa in
Flanders and the Netherlands, as a function of gender (male
(M). female (F))

schwaabsent schwapresent  Total
N % N %

Neth. M 346 386 550 614 896
F 59% 600 397 400 993
Flanders ™M 701  87.7 98 12.3 799
F 532 663 270 337 802

bine the factors gender and age (relevant data in table 5), we
see that young people in both countries produce significantly
fewer schwa' sthan older people, but thisage effect isstronger in
Flandersthan in the Netherlands. But consistent with the picture
that emerges from table 4, it istrue for both age groups that wo-
men in Flanders insert more schwa's than men, and vice versa
for the Netherlands.

Table 5: Distribution of presence or absence of schwa in
Flanders and the Netherlands, as a function of gender(male (M)
or female (F)) and age (young (Y) or old (O))

schwaabsent schwapresent Tota
N % N %
Neth. M Y 175 4005 262 60.0 437
O 171 373 288 628 459
F Y 351 67.6 168 324 519
O 245 517 229 48.3 474
Flanders M Y 406 92.1 35 7.9 441
O 205 824 63 17.6 358
F Y 317 719 124 28.1 441
O 215 596 146 404 361

3.3. Phonotactic factors

Finally, we will consider the effect of phonotactic constraints,
by adding differences between I-clusters and r-clusters into
our analysis. A 2 (country) X 2 (gender) X 2 (age) X 2
(cluster (I or r)) Wald x® test indeed gives a main effect of
cluster (Wald x?=249.705, p< 0.0001). Of al possible in-
teractions, the significant ones are those between country and
cluster (Wald \*=54.94, p< 0.0001), between age and cluster
(Wald x%=28.95, p< 0.0001), between country, age and cluster
(Wald x>=4.74, p< 0.05), between country, gender and cluster
(Wald x%=9.78, p< 0.005), and between country, age, gender
and cluster (Wald x?=5.33, p< 0.05). To focus on the interac-
tion between country and cluster, Table 6 gives an overall pic-
ture of the distributional differencesfor I-clustersand r-clusters,
which revealsthat schwa's are more likely to occur after /r/ than
after /I/. This holds both for Flanders and for the Netherlands,
but the difference is much more extreme for the latter.

Table 6: Percentage of schwa-insertion for |-clusters and r-
clustersin The Netherlands and Flanders

after /I/  after /r/
Neth. 36.1% 83.1%
Flanders 19.0%  32.3%

Table 7 shows that both young and old speakersinsert fewer
schwa'sin|-clustersthaninr-clusters, but thisdifferenceismore
pronounced for data collected in the Netherlands. Similarly,
table 8 reveal sthat both women and men produce fewer schwa's
inl-clusters, but thisdifferenceisagain larger for speakers from
the Netherlands than for those from Flanders. Table 9 allows

Table 7: Percentage of schwa-insertion for |-clusters and r-
clusters in The Netherlands and Flanders, as a function of age
differences (young (Y) and old (O))

after /I/  after /r/

Neth. O 446% 86.9%
Y 282% 79.4%
Flanders 'Y 265%  35.2%
O 124% 30.0%

to focus on particular minimal pairs between |-clusters and r-
clusters. Again, r-clusters exhibit relatively more schwa's than
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Table 8: Percentage of schwa-insertion for |-clusters and r-
clusters in The Netherlands and Flanders, as a function of
gender differences (male (M) or female (F))

after /I after Ir/

Neth. M 51.4% 84.7%
F 22.3% 81.5%
Flanders M 8.7% 20.7%
F 29.4% 43.8%

I-clustersin al cases, and thisis most strongly visible for data
from the Netherlands. The differences for the Flemish data are
smaller, with the exception for the minimal pair Im-rm, which
gives a difference comparable to that of the Dutch data.

Table 9: Absolute and relative frequency of schwa-insertion for
various consonantclusters in The Netherlands and Flanders

Cluster Neth. Flanders

N % Total N % Total
If 83 316 263 26 10.7 243
5% 109 398 274 62 350 177
Ik 105 385 273 43 17.3 248
Im 88 36.2 243 46 224 205
rf 111 86.7 128 32 244 131
ry 100 885 113 31 408 76
rk 209 795 263 53 236 225
rm 49 80.3 61 38 844 45

4. Discussion

In the discussion section, we will try and interpret the differ-
ent factors that have been shown to have an effect on schwa-
insertion. First, it isclear that Flanders and the Netherlands dif-
fer largely in the speakers’ use of schwearinsertion. We have
mentioned differences in norms that exist in the two countries,
which can be held responsible for this variation. If we consider
the social factors, we first have the interesting observation that
younger teachers insert less schwa's compared to older people,
which is true both for the Netherlands and Flanders. Also, we
have found apuzzling result that male and femal e speakers differ
regarding their usage of schwa epenthesis both in Flanders and
the Netherlands, yet thetrends are opposite to each other inthese
two countries, with female speakers producing more schwa's
than male speakers in Flanders, while the reverse is true for the
Netherlands. The Dutch data can be explained if we accept the
traditional ideathat women generally adhere moreto what isfelt
to be alinguistic norm (see examples in Hudson, 1996, Coates
1997), which in our case is not to have aschwain final conson-
ant clusters, but this explanation does not hold for the Flemish
data. Regarding phonotactic factors, we see different results for
I- and r-clusters, with more schwa'sinserted in the r-clusters, for
which we do not have area explanation. The fact that younger
people do not insert schwa’s as often as ol der people (see above)
could mean that the younger generation more closely follows
normative prescriptions, but it may also be due to the specific,
more modern redlizations of /r/ and /I/ which have varied con-
siderably in the last decades (Van De Velde, 1996; Van Reenen
and Jongkind, 2000). These two liquids tend to be vocalized
more nowadays, especialy in the Netherlands, which may ex-

plain why these newer variants are less likely to co-occur with
schwa epenthesis.

These findings, in combination with other results on
variability in pronunciation, have important conseguences for
speech technological applications. First, they show what people
within a language community feel to be the “best” realization
among a set of variants, which is useful for synthesis purposes.
Second, they may explain why ASR models for particular
words tend to come up with wrong recognition results. Our
findings can be seen as an additiona motivation to have
separate ASR models for female and male speech, for instance.
It is also interesting to speculate on how these findings relate
to the outcome of the word processing experiments conducted
by Van Donselaar et al. (1999). They found, in both lexical
decision and word-spotting experiments, that response times to
recognise words were significantly faster when epenthesis was
present than when the word was presented in its canonical form
without epenthesis. The findings of both this study and our own
outcome suggest that there is an interesting mismatch between
what is traditionally considered to be the “best” realization
of aword from a normative point of view, and the ease with
which such a word can be processed. Therefore, it would be
interesting to redo their processing experiments using subjects
differing in gender, regional background and age, given that we
have shown that these factors affect schwa insertion.
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