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Abstract

Recent studies of spoken Standard Dutch support an ongoing

change in the phonetic quality of the diphthord [1, 2]. How-
ever, there is a need for broader analyses and larger datd-+eee,
we took Dutch vowel variants of 44 speakers from a spokentbutc

[e1/, the pcl-pc2 plane was more meaningful.

These initial results led to further investigations indéhgithe other
Dutch diphthongs, as well as investigations on the dynamics
the Dutch so-called ‘pseudo’ diphthongs, and possible hyna
changes within such long monophthongs from words wiée>,

speech corpus, the CGN [3]. The vowels were measured and com=<00> and <eu>; /e:/, /o:/ and b:/. A larger sample of speakers

pared on the basis of 15.000 vowel segments, consistingdtipr
tions of k1/, laul/, Iayl, lo:/, and £:/, as well as the anchor vowels
/al, lil, Jul. It was our aim to analyze changes in vowel dquale-
pendent on the speakers’ sociological backgrounds and agds
to deal with the variable recording qualities of the corpaisvow-
els were taken from spontaneously uttered sentences aecanwver
alyzed automatically by means of a principal componentyaigl
(PCA) on the vowels’ bark-filtered spectra, as well as by famin
analysis.

Recalculating spectral positions in the principal compaa€pc’s)
plane displayed the spectral interaction of the first forrmamthe
pcl-pc2 plane, and explained the better separability ofohesls
compared to the F1-F2 plane, as well as the high correlation o
the first three formants with pcl and pc2. The first pc’s turoed
to be rather insensitive to sex-differences, but they wensisve
to the signal-to-noise ratio of the speech data. Variabterde
ing qualities manifested themselves in speaker-specitiation
and size of the vowel spaces. Good signal-to-noise ratiaklco
be transformed to poorer signals by increasing the lowestiple
dB values per filter. Having analyzed the influence of noisewun
data, we could normalize the data by taking each speakeirs//
positions and the focal point as references for better-speaker
comparison.

The results clearly show different vowel quality patterrepen-
dent on the speakers’ education and age, and indicate segsogf
quality changes with as parameters the lowering and thesdegjr
diphthongization of the long vowels and diphthongs.

Index Terms. vowel variation, speech quality, social background,
Dutch.

1. Introduction
In our previous study, the acoustic properties of vowelsfiautch

might then reveal the temporal order of change within thelesho
vowel system over the last decades, taking into accountihecss

of age and social background.

In this paper we will concentrate on the Dutch genuine diphgjs
le1/, lau/, and Ay/ of 44 speakers, as well as on the long and slightly
diphthongized monophthongs:/and £:/. Compared to the other
vowels, the third Dutch long and slightly diphthongized roph-
thong b/ is less frequent in the data. Due to the small amount of
data for £/, it will be neglected in this study.

2. Data

The spontaneous speech of 44 adult speakers of different age
groups and with different sociological backgrounds wasemak
from the Spoken Dutch Corptg§CGN). At the time of record-
ing (around 2000), the 22 female and 22 male speakers were be-
tween 20 and 74 years old. All speakers had been acknowledged
speakers of Standard Dutch concerning their first, homewankl
language. Their speech had been recorded during intervigts
erings, discussions and private conversations.

From the spontaneous utterances we selected all stresdlexdhire
tions of the vowels /a/, /il, lulell, laul, Iayl, le:/ and bi/, in a
variety of phonetic contexts. The extraction criterion viased
on lexical stress and a minimum duration of the vowel. Segsen
with overlapping speakers or strong accidental signabdisns
were excluded. Due to possible strong retroflexal or velar-co
ticulatory influences, vowel segments from special envirents
were excluded also, e.g. vowels followed by final /r/ or /I/.

For the segment boundaries and vowel classes we relied aoithe
pus segmentations and annotations that fitted our reseateis

of a broad transcription: the phonemic representationettrpus

is based on the orthographic transcriptions of the corpdsnas
generated fully automatically by TreeTalk [4]. The symbeksre

spontaneous speech of twelve speakers were compared by mearderived from SAMPA in such a way, that the produced sounds

of formants and a principal component analysis (PCA) onrthei
bark-filtered spectra [2]. The latter analysis is more robirge it
needs no hand correction and can be fully automatized. Tblee a
to interpret the individual variation, the speakers’ arrchawvels
lal, lil, and /u/ were used as references on which the PCA alas ¢
culated. The resulting first two components (pcl and pc2hef t
PCA on the bark-filtered spectra of the sound segments werne co

parable to F1 and F2 in bark of the same sound segments. When

it came to find acoustic cues to the perceived diphthong tyaoie

were related to the phonemes of Dutch [5], thus giving theesam
symbol to all variants of a phoneme: "E+" to ali/, "A+" to / au/,
"Y+"to/ ay/, "e" to le:/, and "0" to fo:/. For one million words, the
automatic transcriptions of the corpus had been checkedaligin
[3]. We checked all our data manually and excluded (the reinut
amount of) suspect transcriptions and segmentationsctggg.
The frequency of occurance for words and vowels differedragno

Lhttp://lands.let.kun.nl/cgn/ehome.htm



speakers, also depending on topics. Most frequent witlgridihg
vowels were segments af/, /e1/, and b:/, less frequent werem/
and Ay/. The longest mean vowel durations were found for /
(118ms) and Ay/ (116ms). The shortest, and together with /
(112ms) also the most homogenous durations were founda:for /

than 60 dB. Figure 2 shows an example of two cases with differe
recording qualities. Results display that different lomas of the
speakers’ vowel spaces in the pcl-pc2 plane can at leabt part
led back to the signal-to-noise ratio. In this regard, wehfeiron
normalized the spectral data by setting the speakersi/{aitfo-

(102ms). All measurements were done using the Praat programcal points to 0, and therewith abated most noise differences

[6].
3. Method

All vowel segments were bandfiltered and formant tracked-aut
matically at the same points in time. For the anchor monapigh
/al, lil, lul, the analysis was performed at the middle ofviweel.

The diphthongs and the other long vowels were analyzed at one

tenth and nine tenth of their duration. For temporal analytee
long vowels were also barkfiltered at every ten milliseconfdie
total vowel duration. We used 20 barkfilters up to 21 bark, and
took the mean of the first two filters to bar variance in theserl
caused by the speakers’ varying FO (see [2]). For the asaly=
barkfiltered segments were level normalized to 80 dB. Weuealc
lated a PCA on the mean barkfilter values of each speakers’ /a/
lil, ul, altogether 132 means from 7575 vowel segments.1kig
and used the resulting dimensions for further analysis|afoabel

segments. A PCA on the 572 means of all measured begin and endo0 dB

values of the long vowels and diphthongs of the 44 speakérs, p
the anchor vowel means, resulted in barely different eigetors
and fractional variances, and so we continued using the RGAD
on merely the anchor vowels.

Figure 1:Eigenvectors 1 to 3 of the
PCA on all mean barkfiltered /a/,
[il, lul of the 44 speakers. The first
three dimensions explained 93% of
the variance: pcl explained 65%,

s 10 15 19

pc2 23%, and pc3 4%. 1
Element number
|| Flba'rk | sza'rk | F3ba7‘k |
pcl +0.837 | +0.129 -0.187
pc2 -0.204 | +0.885 | +0.312
pc3 -0.129 | +0.313 | -0.350

Table 1:Correlations of the first three pc’s with the first three for-
mants (bark), based on 572 means (/a/, /i/, /ul, as well asothg
vowel on- and offsets) of the 44 speakers.

4. Recording quality

Various recording qualities are a characteristic of thentgeeous
speech part of the CGN, and so we investigated the implicatio
of this variability on our vowel analyses. We compared thesimo
extreme speakers in as far as their vowel space size aniblogat
the pcl-pc2 plane was concerned. The one extreme recorddhg h
also been perceived as being of rather low quality, a radiorce

ing with music in the background. The influence of background
noise on the vowel space size was furthermore tested by dlegra
ing speech of good quality. Every filtered value that waswelo
20/30/40/60 dB was set equal to 20/30/40/60 dB, all other val
ues were kept as they were. The increase of the minimum dB in
the filters resulted ultimately in a mere point in the plot foore
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Figure 2:Speaker A (rather poor recording quality) and speaker B
(good recording quality) before (top) and after (bottomjrieasing
filter minimum values. Increasing the minimal filter valuesults

in decreasing sizes and shifting positions of the vowel sp@ne
sigma ellipses represent /a/,/i/,/ul. The points indicEdens steps

in time of the mean vowel movement faf,//e:/, /i, [ayl and lau/.

5. Theinteraction of formants

As can be seen in Table 1, the first formant (in bark) highly cor
relates with pcl, and the second formant with pc2. F3 seemed t
steadily correlate higher with pc2 and pc3, the more spsaker
put in the PCA, and the more diverse the recording qualitfes o
the data respectively. Considering that F2 and the higherdots
merge and split, a representation by merely F1 and F2 hasrearl
been reported as being inadequate for the multi-dimenkitara
ture of vowel qualities [7].

When comparing recalculated spectra in the pcl-pc2 plahe (c
Figure 3), the interaction with the first two formants, and #ec-
ond and higher formants alternatively, became obvious,elsas
the sensitivity to noise. Only in relation to each speaketfser
(anchor) vowels do the speaker-specific spectra of the phene
classes make sense. To make the speaker-specific data ebiepar
between speakers, we had to put the vowel positions in th@pz1
plane in relation to each other by measuring the relativiadces
within the vowel sets.
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Figure 3: Recalculated spectra
(above) from the corners and from
the center of the pc1-pc2 plane, in-_
dicated by A, B, C, D, E. For all &
pc3 to pcl9 values, the 44 speak-
ers’ /a/-/il-/u/ focal point values of
pc3 to pcl19 were taken.
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6. Comparing speaker vowel sets

To detect certain patterns within the vowel data, we contptre
pcl-pc2 values of the speakers. Aim was to find out if a sp&aker
vowel set would highlight his or her educational or occupadi
level. The level of occupation (high or low) and the level diie
cation (high or low) turned out to be the same for all excem on
speaker, and so we concentrated on only one level, the [éeelo
ucation. All speakers had been acknowledged as speaketarsf S
dard Dutch. However, it has to be mentioned that the dataeof th
elder low educated (male) speakers had to a certain amount pe
ceptible dialectal characteristics, which was less olwifan the
rest of the speakers.

Since the speakers’ vowel spaces had diverse measurest ai pu
vowels into perspective of the location of their anchor viswe/,

/il, and /u/. Comparable to the method of measuring the Heah
distance in van Heuven et al. [1], we started with measutieg t
distance of each diphthong and long vowel onset value tdfas
distance was then related in percentage to the distanceéetia/
and /i/ of the same speaker, with the distance of /a/ andwigys
being normalized to 100%. This relation of onset positiod &,
compared to the distance of /a/-/i/, resulted in two pegafrac-
tions for pcl and pc2, representing the postition of each lanvel
and diphthong onset.

To compare the degree of diphthongization of the long vowdl a
diphthong segments, the distances between on- and offsetrere
lated to, again, the speaker-specific /a/-/i/ distance. t®back
vowels b:/ and ku/, we chose the /a/-/u/ distance as relation. The
pc2 /al-/ul distances related to the other vowel onsetgtuont to

be highly diverse for some speakers. As the low energy lewvibld
higher barkfilters is one main characteristic of /u/, thequality

is the first to be affected by noise. Baring this in mind we had t
be cautious with the pc2 values of the back vowels.

7. Speaker group patterns

For males and females, all correlations of the pc1 onseegadith
each other had been positive, apart fromf for the females, and
thus already indicated, that the onsets of the long vowelsigrh-
thongs interdepend in the first dimension. Ploting all 44a&pes
displayed educational group patterns.

7.1. Degree of diphthongization

A MANOVA on the 44 speakers’ means of their relative on- and
offset distances forol/, /e:/, lel/, Iay/, and hu/, with factors sex
and level of education displayed significant effects foruheels
(F(4,37)=22.88, p=.000), for all vowels and their pc1-p&ahce
values (F(4,37)=4.84, p=.003), and for the vowels, their-pc2
values and the level of education (F(4,37)=2.69, p=.046hceS
pcl is the most important parameter, we did a t-test on thexenea
of the relative pcl-distances between on- and offset jpositfor
the high vs. low educated within the group of males and fesale
The test displayed significant differences within the grofimales
for /et/, /ayl, le:/ (all p<.05), and é:/ (p<.005) (see Fig.4, top):
higher educated males diphthongized to a larger extentltinear
educated males. A t-test on the group mean pcl-differencéd
females concerning the degree of diphthongization shovggifs
icant differences for high vs. low educated speakersApf; /o:/,
and £/ (p<.005), and fordi/ (p<.05).

/e1/ /au/ /ay/ /o:/ /e:/
804 ok
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Figure 4:T-tests on the group means of the relative degree of diph-
thongization (top), and relative onset values (bottom):oF fe-
males, M for males; dark bars represent higher educatedt lig
bars lower educated speakers. The stars display signifeeanc

7.2. Long vowel and diphthong onset positions

A MANOVA performed on the means of the relative onset po-
sitions of the long vowels and diphthongs with factors level
of education and sex revealed significant effects for the-vow
els (F(4,37)=713.52, p=.000), the vowels and level of educa
tion (F(4,37)=3.26, p=.022), the vowels and sex (F(4,37)84
p=.003), the vowels and their onset values (F(4,37)=20.39,
p=.000), and for the vowels, their onset values and the lefel
education (F(4,37)=4.79, p=.003). When split into males fm
males, the group of females indicated a significant effe@htef-
play for the vowels, their pc1-pc2 values, and the level afoad
tion, whereas the males indicated a marginal effect for tveels
and the level of education. With pcl as the most importanit ind



cator, a t-test on the pcl means of the higher vs. lower eddcat
group of males showed significant differences far// /o:/ (for
both p<.05), and &/ (p<.005). Higher educated males displayed
lower vowel onsets than lower educated males (Fig.4, bgtteor
the females, a t-test on the means of the onsets for the higher
lower educated group showed significance for the relativeebn
of /au/ and hy/ (both p<.05), and a significant pc1 difference be-
tween the groups and their/and £:/ values (both g:.005) (Fig.4,
bottom).

When comparing the correlations within the higher educgtedp

of males to females, all male onset values (faf significantly)
correlate conversely to the female onsets with the year o bi
(apart from ¢i/) . In other words, the younger the high educated
females are, the lower their vowel onsets appeared to b&argn
to the high educated males. More data to split age groupsregth
resentative speaker numbers will hopefully clarify therettions
and connection between vowel lowering, education and tlae ye
of birth. A clear pattern was found for the larger group of tlie
aged” females, where the contrast between speakers ofetiffe
educational background is rather steady (compare Figuoph,

—40 —40
20 20 : u
0 0
2 2
204 204
401 401
604 604
60 40 20 0 -20 40 60 40 20 0 -20 40
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lower educated female aged 35,
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higher educated male aged 33,
job unspecified

pc2
lower educated male aged 31,
mechanic

Figure 5:Example of 4 speakers of roughly the same age and dif-
ferent backgrounds. Pcl-pc2 planes with one sigma ellip$es
anchor vowels /a/, /i/, /ul and begin values eff //aul, /ayl, /o,

led (E+, A+, Y+, 0, ). All speakers’ focal points were set to 0.
The speakers on the right show lowered diphthongs as oppiosed
those on the left. The arrows in the lower panel display tlse di
tance between mean on- and offset of the long vowels/dipgsho

8. Discussion and conclusion

Whithin a large corpus of spontaneous speech that was etord
under various circumstances, comparing vowel variantsdifia

cult task since the recording quality, as well as speakpeqéent
physical attributes probably confuse measurements. Vee tri
to make the speaker data comparable by using a reliable auto
matic method for analyzing the vowels, which reduced speake
dependent physical attributes in its building process, whith

was based on all speakers’ anchor vowels /a/, /i, /ul. Tedtiag
pcl-pc2 dimensions of our spectral analysis highly coreelavith

the first two formants (in bark), which are used to traditibneep-
resent vowel qualities. The second and third dimensions sthen
correlations with the third formant, and confirmed the rdié¢-8

in vowel variant analysis, that is often neglected. Normia the
speakers’ focal points reduced the artefacts of variatderding
qualities while keeping the vowel variation.

When analyzing the data, each speaker’s unique vowel aragy w
taken into account by refering the long vowels and diphtlsaiog
the anchor vowels, which represent the extreme vowel demlit
and are supposed not take part in quality changes. Comparing
the relative distances within each of the 44 speakers’ vaeel
revealed speaker spanning behaviours within the first twedi
sions. Generally, the strong correlations of the relatowel on-
sets with each other point out, that the vowel locations nfitst

two dimensions differ hinging on each other. The year ofhbirt
seemed to have more impact on high educated (female) sgeaker
when it came to the process of lowering, where females andsmal
showed opposite behaviours, though not significantly.

The results showed, that, although there might be a continofu
diphthong variants, there are definite trends. Speakeeriogithe
genuine diphthong=s¥/, /au/ and Ay/, also loweredd:/ and &:/.
These speakers (Fig.5, plots on the right side) also dipigized
them to a larger extent than speakers who did not lower diptgh
and long vowels (compare Fig.5, plots on the left side). ook
ing at the metadata, the group of speakers who do not lower the
long vowels and diphthongs, differs in education and, fandées,

in age from the group of speakers who do lower the long vowels
and diphthongs. As already mentioned, more data will be eded
to specify the age groups that differ in behaviour, thougrisiy

the same level of education. All in all, the results indicsoeind
changes in progress with as most salient parameters theithgve
and the differing distances between on- and offsets of theige
diphthongs, as well as the ‘pseudo’ diphthongsédnd E:/.
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