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Abstract
High vowels sound longer than low vowels when acoustic du-
rations are equal. Also, the perceived vowel duration of diph-
thongs is longer than that of phonetically similar vowel-glide
combinations. These experimental findings lie at the basis of
two vowel splits that took place in tonal dialects in the Nether-
lands and Belgium in which duration is used as enhancement of
a tone contrast.

1. Introduction
A number of dialects in the Dutch and Belgian provinces of
Limburg have developed vowel quality distinctions by way of
enhancement or by way of a reinterpretations of a tone contrast.
In the more conservative tonal dialects, a distinction between
‘Accent 1’ and ‘Accent 2’ exists, which occurs on segmentally
identical rhymes of stressed syllables and which can be illus-
trated with the minimal pairs in (1) for the dialect of Maastricht
[1]. In isolation, Accent 1 is a fall from high to low in this di-
alect, while Accent 2 is either a mid level or a weak rise to mid,
in both cases followed by a late fall.

(1) ta:k1 ‘task’ ta:k2 ‘roof’

bAl1 ‘ball, dance’ bAl2 ‘ball, toy’

peeöt1 ’horse-PL’ peeöt2 ‘horse-SG’

There are two ways in which the tone contrast has given rise
to vowel quality differences.

• Diphthongal vowels split into a more diphthongal vowel,
which in its extreme form is a vowel-glide combination,
in syllables with Accent 1 and a less diphthongal vowel
in syllables with Accent 2.

• Mid monophthongs split into a lower vowel in syllables
with Accent 1 and a higher vowel in syllables with Ac-
cent 2.

For instance, the dialect of Weert has split the diphthongs
/Ei, ÷y, Ou/ into /Ei, ÷y, Ou/ and /æj, ÷j, AB

�
/, where

the vowel-plus-glide combinations represent a more extensive
tongue glide and correspond etymologically with Accent 1 [2].
In (2) some examples are given.

(2) stæjn ‘stone-PL’ stEin ‘stone-SG’
b÷jm ’tree-PL’ b÷ym ‘tree-SG’
AB
�
x ‘eye’ 2ux ‘also’

The ‘diphthongal’ connection between tone and quality
arose not just through a reinterpretation of the tone contrast,
but also through differential sound changes involving diphthon-
gization of long vowels. For instance, in the dialects spoken

in a string of villages in the Haspengouw area of the Belgian
province of Limburg, long high vowels are undergoing a pro-
cess of diphthongization which is generally more advanced in
syllables with Accent 1 than in syllables with Accent 2 [3].
Likewise, in the tonal dialect of Sittard in the Netherlands, a
similar change was completed in syllables with Accent 1, while
syllables with Accent 2 still have the original monophthong [4].
This is shown in (3).

(3) kEin1 ‘chink’ kee2n@ ‘to bud’

SmEi1 ‘smith-PL Smeet2 ‘smith-SG

blOut1 ‘blood’ noot2 ’nut’

hOun1 ‘hen’ zoon2 ‘son’

b÷y1k@ö ‘book-PL’ køø2k@ ‘kitchen’

v÷y1l@ ‘to feel’ vøø2l@ ‘foal, filly’

The second connection is rarer. Verstegen presents data for
his native dialect of Mechelen-aan-de-Maas [5]. A number of
tonally distinguished word forms with mid vowels have split
into an opener and closer type, as illustrated in (4).

(4) GEEl1 ‘yellow-ATTR’ Geel2 ‘yellow-PRED’

wEEx1 ‘road-PL’ weex2 ‘road-SG’

GOOn1 ‘go-1SG,PRES’ Goon2 ‘go-1PL,PRES’

nOOl1 ‘needle-SG’ noo2l@ ‘needle-PL’

In other cases, the tone contrast was given up after the split.
Cajot [6] shows that Belgian dialects that have lost the tonal
contrast tend to have larger numbers of tone-induced vowel
splits than dialects in which the tone contrast still exists.

1.1. Towards an explanation

There has been an attempt at a psycho-acoustic explanation of
the fact that in contrast to Accent 2 Accent 1 is characterized
by a (greater) vowel quality glide and a greater pitch glide. [7]
hypothesized that tone and resonance glides are processed dif-
ferently depending on their duration. The results of their ex-
periment were negative. There was however an important el-
ement in Peeters-Schouten attempt to understand the correla-
tion between diphthongization and Accent 1. They assumed
that it might be mediated by the phonetic duration difference
that exists between the two words tones. That is, the correla-
tions between tone and vowel quality may be indirect. Indirect
correlations between tone and vowel quality are known to arise
through voice quality differences. Breathy voice is associated
with lower F0 as well as with ATR in Mon-Khmer languages,
while for tense voice the opposite relations hold [8]. Since
[+ATR] may lead to closer vowels than [-ATR], a correlation
between close vowels and low tone may arise. A correlation of



this type is presented by Khmer and Vietnamese, where Khmer
reinterpreted a voice quality contrast as a vowel height contrast,
but Vietnamese as a tone contrast.

Since there are no typologically convincing correlations be-
tween level tone (Accent 2) and monophthongization or be-
tween level tone (Accent 2) and vowel raising, an opportune
question is whether there might be a third, mediating factor in
the relation between tone and vowel quality in the Limburg di-
alects, just as voice quality is a mediating factor in Mon-Khmer
languages.

The connection between tone and duration in Limburg tone
has been widely reported, and goes back to the tonogenesis,
according to [9]. It holds that, around 1300, speakers of the
Cologne dialect were caught between the sociolinguistic pres-
sure to lengthen the vowels of monosyllabic singular stems and
the need to keep the resulting lengthened vowels distinct from
the phonologically long vowels in otherwise identical plural
forms. The need to preserve the morphological distinction led
to a drawled pronunciation in the singular, which was distinct
from the fall used for the plural, assuming citation pronunci-
ations. The resulting analysis as HHL for the singular versus
HL for the plural led to the introduction of a lexical H-tone in
singular forms, i.e. Accent 2 (where HL was regarded as the
intonational pitch accent). It is against this background of sim-
ulating long vowels that we need to understand the correlations
between vowel quality and tone:

• Phonetic and phonological features involved in the real-
ization of the contrast between Accent 1 and 2 are due to
enhancement of a duration contrast.

1.2. The hypotheses

A series of hypotheses and perception experiments conducted
with Dutch listeners which tested these hypotheses eventually
led to the formulation of two hypotheses which we believe cor-
rectly explain the two correlations between Accent 1 on the one
hand and vowel lowering and diphthongization on the other.

1.2.1. The relation between diphthongization and duration

By changing a diphthong into a vowel-glide combination, the
perceived vowel duration is dramatically shortened as a result
of the fact that the second element of the diphthong is no longer
included in the vowel percept, since it now represents a coda
consonant. That is, in their desire to create shorter vowel du-
rations for diphthongs in syllables with Accent 1, these diph-
thongs were restructured to vowel-glide combinations. This
change is responsible for the widespread occurrence in these
dialects of contrasts between diphthongs and vowel-glide com-
binations that are phonetically similar, as in Weert. This is a
typologically highly exceptional type of contrast.

Thus, originally, in order to make diphthongs sound short,
speakers transformed them into short monophthongs, and gave
the second element of the diphthong a consonantal status, i.e.
[Ei] → [Ej]. The monophthongization of diphthongs with Ac-
cent 2 is then to be explained as a way of enhancing the contrast
with Accent 1. Later, the correlation became an arbitrary ele-
ment in the complex of features that realize the tone contrast.

1.2.2. The relation between vowel height and duration

The hypothesis that captures the correlation between vowel
height and duration is very different, and based on the assump-
tion that listeners compensate for phonetic parameters which

are naturally activated by specific articulatory actions. For in-
stance, raised tongue height leads to an upward pull at the lar-
ynx, causing stiffer vocal folds and higher F0. Listeners have
been shown to ignore the effects of this intrinsic F0 of vow-
els by [10]. We explain this phenomenon of ‘compensatory
listening’ as the listener’s subtraction from an unavoidably ob-
tained boost of a phonetic parameter, F0 in Silverman’s exam-
ple, caused by an articulatory action, in this case the production
of a high vowel. Similarly, the declination effect first demon-
strated for English by [11] can be explained as the subtraction
of a boosted F0 at the beginning of a breath group, when sub-
glottal pressure and F0 are higher than average. As a result of
the subtraction, earlier peaks have lower pitch than later peaks.
Figure 1 shows this line of thinking in a graphic form.
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Figure 1: Compensatory listening as the listener’s subtraction
of an increase of an acoustic parameter obtained by the speaker
as an unintended by-effect of some articulatory action. The un-
intentional boost of the acoustic parameter in sound A therefore
leads to a reduced value in the perception of the corresponding
auditory correlate as compared to sound B, which has an iden-
tical value for the acoustic parameter concerned.

If we follow the same reasoning in the case of vowel height
and duration, higher vowels must sound longer than lower vow-
els. Since lower vowels are intrinsically longer due to the larger
distance the tongue body needs to cover from the consonantal
position to the articulatory vowel target, the listener will deduct
some of the extra travelling time from the acoustic measure be-
fore perceiving the phonetic duration. Speakers of the tonal di-
alects must have exploited this fact in their attempts to make
vowels with Accent 2 sound longer, by making them higher than
vowels with Accent 1.

These explanations lead to two hypotheses:

1. The perceived duration of diphthongs is greater than that
of vowel-glide combinations if acoustic durations are
identical.

2. The perceived duration of high vowels is greater than that
of mid vowels if acoustic durations are identical.

2. An experiment
In order to test these hypotheses, we needed to collect perceived
vowel duration judgements for stimuli that varied along the rel-
evant dimensions (a) diphthong vs vowel-glide, and (b) tongue
height. Because we expected vowel-glide stimuli to be inter-
preted as vowel-plus-coda structures, we also included stimuli
that consisted of a vowel and an unambiguous consonant, by
way of baseline. These stimuli should have identical acoustic
durations, F0 contours and comparable intensity levels, so that
only the spectral information varied.



2.1. Method

A female speaker of the dialect of Weert recorded three repeti-
tions of the syllable rhymes in Table (1) using a Sony DAT Deck
(DTC-ZA5ES; stereo aifc-files, sampling frequency 48kHz).
The speaker, who was a first-year language student, was pro-
vided with keywords in the dialect’s orthography representing
the syllable rhymes as well as with their phonetic transcrip-
tions. By exploiting the three-way backness/rounding contrast
in the Weert vowel system, we were able to test our hypotheses
three times in the same experiment. In addition, we included
the vowel [a], which put the total number of rhymes at 16.

Table 1: Front unrounded, front rounded and back rounded
syllable rhymes consisting of (a) high vowels, (b) low vowels,
(c) closing diphthongs, (d) vowel-glide combinations and (e)
vowel-nasal combinations.

V-hi V-lo VV VG VC

i E Ei Ej Em
y ÷ ÷y ÷j ÷m
u O Au AB

�
Am

The motivation for having the speaker record each syllable
rhyme three times rather than obtaining three copies of the same
recording was that we wanted to minimize the risk of including
artifacts in the pronunciation or the subsequent manipulation
of the speech files. Since our hypotheses concern potentially
subtle effects, such care seemed to us to be called for.

2.2. Stimulus preparation

The (3× 16) 48 speech files were down-sampled to 16kHz,
monaural files to increase processing speed and save memory
space. Using the editing program embedded in Praat [12], each
of these files was pared down by cutting off the edges at zero-
crossings so as to obtain representative sections of the original
speech files that were the nearest to 180 ms in length. In no case
did we need to lengthen the speech file. Moreover, in the case of
the vowel-glide and vowel-nasal combinations, we took care to
obtain approximately equal halves of the 180 ms section for the
vowel and the glide or nasal. We manipulated the F0 of all 48
speech files, choosing 160 Hz at 0 ms, 220 Hz from 40 to 80 ms,
and 110 Hz at 180 ms, which resulted in a neutral (falling) in-
tonation pattern. We subsequently manipulated the duration of
these signals with the help of the same menu option ‘Manipula-
tion’, so as to produce 48 versions of 160 ms, 200 ms and 240
ms each. By ordering the F0 and duration manipulations in this
way, we compressed and stretched the F0 contour along with the
waveform, thus avoiding decisions as to how the F0 contour was
to be kept constant across stimuli of different durations. While
we were aware that the JND for vowel duration will lie around
20 ms, the choice of a 20 ms step size was motivated by the
expectation that the effect we are looking for may be small and
that high accuracy in the establishment of perceived duration
was essential. A PSOLA resynthesis of these manipulated files
thus yielded 4 (durations)× 3 (repetitions)× 16 (vowels), or
192 stimuli.

2.3. The test

We randomized the 192 stimuli, up-sampled them to 48 kHz,
and transferred them to a Digital Audio Tape, making sure that
there were no adjacent instances of the same syllable rhyme.

Moreover, we copied five randomly chosen stimuli to appear
at the beginning of the test and three to appear after the 100th
stimulus, where a break was inserted in the test, which now
contained 200 stimuli. These were divided into blocks of ten,
and each block was preceded by a specially prepared anchor
stimulus containing the vowel schwa with a duration 190 ms,
the halfway mark between the shortest and longest stimuli.

Each stimulus was presented three times in succession with
700 ms between repetitions. The ISI was 4500 ms. Each block
of anchor stimulus plus ten stimuli was preceded by a 10 sec-
ond silent interval followed by a warning signal and 3000 ms
of silence. Twenty-seven judges took part in the experiment on
the basis of a small fee. They were recruited from the student
population of the University of Nijmegen, 19 females and eight
males, in the age range of 19 to 29 years. In an instruction sheet,
they were asked to rate the duration of the vowel in each stim-
ulus on a 7-point scale ranging from ‘very short’ on the left to
‘very long’ on the right, and to use the anchor stimulus as their
reference point. Each occurrence of the anchor stimulus cor-
responded with a scale on which the fourth point, the halfway
mark, was checked off. They listened to the DAT tape through
headphones in a language laboratory. The experiment was di-
vided into two parts of 15 minutes each, so that judges could
have a break.

3. Results
Scores were averaged per duration step over the three occur-
rences of each syllable rhyme for all syllable rhymes except
[a]. An Analysis of Variance was performed on the data with
DURATIONSTEP (4 levels), RHYMETYPE (5 levels, cf. the
columns in Table 1) with VOWELQUALITY (3 levels) nested
under RHYMETYPE. Table 2 gives F-ratio’s, df’s with Huynh-
Feldt corrected df’s in brackets of effects with 1% significance
levels.

Table 2:F-ratio’s, df ’s and Huynh-Feldt corrected significance
levels for DURATIONSTEP, RHYMETYPE and VOWELQUAL-
ITY

F df p≤ 0.001

DURATIONSTEP 175.94 3 (1.3) .000
RHYMETYPE 36.20 4 (3.30) .000
DUR× RHYME 4.20 12 (11.30) .000
DUR× RHYME × VOW 3.34 24 (24) .000

The significant three-way interaction with VOWELQUAL-
ITY is resolved in Table 3. The interactions appear to be due
to variation in effect size among the various rhyme types across
the three backness/rounding conditions, but there is consider-
able consistency in the data. As shown in Figure 2, in all three
cases, the high vowels have greater perceived duration than the
mid vowels (cf. the open plot characters), and the vowel-glide
combinations have shorter durations than the diphthongs, while
being longer than the vowel-nasal rhymes.

4. Discussion
The results of our experiment are entirely in line with the hy-
potheses we formulated earlier. Higher vowels sound longer
than lower vowels and the vowel duration of diphthongs is
greater than that of vowel-glide combinations. We suggest that
these facts explain the vowel splits that took place in the tonal
dialects of the Belgium and the Netherlands.



Table 3:F-ratio’s, df ’s and Huynh-Feldt corrected significance
levels for DURATIONSTEP and RHYMETYPE, separately for
VOWELQUALITY

Front Unrounded F df p≤ 0.001

DURATIONSTEP 104.32 3 (1.83) .000
RHYMETYPE 26.07 4 (3.93) .000

Front Rounded

DURATIONSTEP 123.51 3 (2.06) .000
RHYMETYPE 29.59 3 (2.06) .000

Back Rounded

DURATIONSTEP 102.13 3 (1.89) .000
RHYMETYPE 25.86 4 (3.34) .000
DUR× RHYME 7.20 12 (12) .000
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Figure 2: Perceived vowel duration as a function of acoustic
duration and rhyme type for front unrounded, front rounded and
back rounded vowels separately.


