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ABSTRACT

Vowel reduction has been studied for years. It is a
universal phenomenon that reduces the distinction of
vowels in informal speech and unstressed syllables. How
consonants behave in situations where vowels are
reduced is not known. In this paper we compare global
durational and spectral data for both intervocalic
consonants and vowels uttered in read speech with
otherwise identical segments from spontaneous speech.
On this global level, it shows that consonants behave like
vowels when the speaking style is changed. However, all
differences are less pronounced for consonants than for
vowels.

1. INTRODUCTION

Vowel reduction is a well established phenomenon that
has found its place in phonetics textbooks (e.g., [1], [2]).
Briefly summarized, vowels are pronounced more
“sloppily” and with less distinction when speaking style
is informal, or when the vowels are part of unstressed

syllables. Essentially, vowels become more centralized -

and/or more like the phonemes that surround them. This
is called vowel reduction and is a universal phenomenon
of speech (cf. [3]).

Given such a universal phenomenon, it is quite natural to
ask how consonants behave in situations where vowels
become reduced. In other words, does something like
“consonant reduction” really exist, and if it does, how
can it be described? It must be stressed that there are
reasons to expect that consonants do not behave exactly
like vowels. Because of their lower acoustic energy and
their often intricate structure, consonants are much more
difficult to perceive and identify than vowels. Therefore,
the penalty for reduction, in terms of reduced
intelligibility, could be much higher for consonants than
for vowels. There have been studies that investigated
consonant reduction in relation to vowel reduction, but
these generally were limited to only a few classes of
consonants, with only limited speech material (some
recent papers are, e.g., [4], [5], [6]). From these studies it
is difficult to discern the general effects of consonant
reduction in “normal” speech situations.

To study whether and how consonants reduce, we
decided to contrast speech from reading aloud with that
of “spontaneous” story telling. It is known that vowels,
in otherwise identical utterances, are severely reduced
with respect to “read speech” when spoken informally or
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spontaneously. When there is something that can be
called consonant reduction, this should show itself in the
latter condition.

Consonant reduction can happen in several ways. At the
broadest level, it would manifest itself as a loss of
distinction in the manner of articulation and in the place
of articulation. The former would result in blurring the
borders between, for example, vowel-like consonants
and vowels, or fricatives and plosives. The latter could
result in, for example, palatalization of fricatives and
plosives [4], or a lack of distinction between alveolar and
labio-dental consonants due .to incomplete or
inappropriate closure. As the perception of place and
manner of articulation for consonants also depends on
the transition between vowels and consonants, these
might be perceived differently due to changes in the
vowel segments alone.

2. MATERIAL AND METHODS

For this study an experienced newscaster first told some
stories and anecdotes to an interviewer (who he knew
quite well). This speech was transliterated and after
some time he was asked to read the transcription. This
way, we obtained 2 times 20 minutes of speech. The
whole orthographic script was transcribed to phonetic
symbols by the Grapheme-to-Phoneme conversion
module of an experimental speech synthesizer developed
at the University of Nijmegen. One of us marked words
for sentence accent by listening. From the phonetic
transcription, all Vowel-Consonant-Vowel (VCV)
segments were located in the speech recordings (also
those crossing word boundaries), labelled and isolated

Table 1: Number of identical VCV pairs from
corresponding positions in the utterances, split on place
(columns) and manner (rows) of articulation. Back: /h x
g k r y/, Palatal: /j [/, Alveolar: /s z t d | n/, Labio-
Dental.: /f v p b w m/, Plosive: /k g t d p b/, Fricative: /h
x J's zfv/,Nasal: /g n v/, Vowel-like: /r T w j/.

Back  Palat. Alve. LabD.| Total
Plosive 3 35 38
Fricative 47 3 3 4 57
Nasal 14 72 3 39
Vow-like 44 44
Total 64 3 154 7 228
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Table 2: Results for the difference between Read and
Spontaneous spoken consonants. Tabulated are the
number of pairs in which the Read realization has the
higher value versus the number of pairs in which the
Spontaneous realization has the higher value (i.e.,
#[Read>Spontaneous] / #[Read<Spontaneous]).
Duration: absolute consonant duration, %: relative
duration of consonant as a fraction of the total VCV
duration, Energy +-+: difference in total energy (dB)
between the mean of the maximum energy within each
vowel segment, and the minimum energy of the
consonantal segment, N: total number of pairs. Boldface
numbers are significant (p<0.001, two-tailed Sign-test).

Duration %  Ener +-+ N
Back 41/23 32/32 34/30 64
Alve 85/69 73/81 61/93 154
Plos 17/21 17/21 19/19 38
Fric 357122 25732 35/22 57
Nasal 61/28 51/38 24/65 89
V-like 17/27 15/29 22/22 44
AllC 130/98 108/120  100/128 228
Vi 155/72 - - 228
V2 144/84, - - 228

without determining the exact boundaries of the
consonant. This way we obtained 1847 VCV realization
pairs from corresponding positions in the utterances with
identical syllable structure, syllable boundary type, and
sentence and word stress. Of these segments, 228 pairs
have been analyzed in detail for this paper (see Table 1)
and will be used here to study consonant reduction in
more detail.

Currently we have measured the durations of the vowel
and consonantal segments (Duration) and the total
energy (Energy). Furthermore, by integrating the energy
over frequencies in an FFT, we determined the
distribution of acoustic energy over the low-frequency
band (LB, 0-750 Hz, corresponding to FO and F1), the
mid-frequency band (MB, 750-3000 Hz, corresponding
to F2 and F3), and the high frequency band (HB, >3000
Hz). The FFT was calculated using a Gaussian time-
window with an effective width of 25 ms and a step size
of 1 ms. In the remaining of this paper we will use the
differences between the three bands in dB (i.e., MB-LB,
HB-LB, and HB-MB). These spectral differences should
be insensitive to the overall level that is quite variable
due to extra-linguistic factors (e.g., position of the
speaker).

Reduction induces shorter durations and a more closed
articulation in vowels, i.e., less energy in the mid-
frequency band and more in the low-frequency band.
Because consonants are articulatory “closed” with
respect to vowels, we can expect that the energy-level in
the mid-frequency band will be relatively low. The
question is whether consonants will become more closed
when reduced, i.e., they behave like vowels when
reduced, or more open. Due to fricative noise from the
constriction, many consonants have a relatively strong
high-frequency band. We would expect that energy in
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Value --> (dB)

Vowel Consonant Vowel

Time -->
Figure 1. Calculating the variation in VCV segments.
In a Maximum-Minimum-Maximum situation (+-+, as
shown), A is calculated as the difference, in dB, -
between the mean of the maximal values for the vowels
and the minimal value for the consonant. This is used
for the total energy and the MB-LB and HB-LB
differences. For the HB-MB difference, the inverted
Minimum-Maximum-Minimum configuration is used

(-+-).

the mid-frequency area would increase when consonants
become more vowel-like, whereas the (relative) energy
in the high-frequency band would decrease when
closures are less perfect. One should realize that all the
measures mentioned so far are “static”, they give values
at a single point in time, or an average value over a
segment. For consonant perception, the dynamics of all
the spectral measures is of great importance. These will
be studied at a later time, using methods developed for
formant track modelling ([7], [8]).

3. RESULTS

In table 2 we present the results of our measurements for
absolute and relative duration (i.e., consonant duration as
a fraction of total VCV duration) and for total energy in
consonants relative to that in vowels (cf. figure 1).
Results are split on place and manner of articulation. The
results are presented as the number of pairs for which the
read realization had a longer absolute or relative
duration versus the number of pairs for which the
spontaneous realization had a longer absolute or relative
duration. For vowels, we would expect shorter durations
for the spontaneous realizations, which is clearly the
case. In most pairs, the spontaneous realization is the
shorter one. For the consonants, the picture is less clear.
Although in most cases the spontaneous realization is
indeed the shorter one, the difference is smaller than for
vowels and only statistically significant for nasals, and
not for the consonants as a group. There seems to be no
change in the relative duration of the consonants (as a
fraction of total VCV duration, %). The spontaneously
uttered nasals have a larger difference in total energy
between consonant and vowels than the read ones (Ener
+-+). This makes them more conspicuous. The other
consonants are mixed in this respect and there seems to
be no clear direction in the differences between both
speaking styles.

The difference between the mid-frequency and low-
frequency bands (MB-LB) is related to the degree to
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Table 3: As table 2, but now for the energy differences
(dB) between the three frequency bands (see text). For
MB-LB and HB-LB, the minimum value within the
consonantal segment is used (-). For HB-MB, the
maximal difference is used (+). V1 and V2 are the pre-
and post-consonantal vowels, respectively. For the
vowels the numbers are calculated for the maximal value
of the MB-LB and HB-LB differences (+) and the
minimal values of the HB-MB differences (-).

Table 4: As table 3, but now for the variation within
VCV segments (see text). Band filter energies for the
consonants are calculated relative to the mean values for
the two neighbouring vowels. For the MB-LB and HB-
LB band differences, the minimal value for the
consonant is subtracted from the mean of the maximal
values for the two neighbouring vowels (M-L +-+, and
H-L +-+). For the other value (HB-MB -+-), the mean of
the minimal values of the vowels is subtracted from the
maximal value for the consonant.

MB-LB - HB-MB+ HB-LB-
Back 48/15 35/29 38/26
Alve 122/32 47/107 108/45
Plos 28/10 16/22 24/14
Fric 44/13 35/22 42/15
Nasal 71/17 23/66 64/25
V-like 36/8 11/33 36/8
AllC 179/48 85/143 155/72
V1 219/9 54/174 200/28
Vo 201727 44/184 187/41

MB-LB +-+ HB-MB -+- HB-LB+-+
Back 51/13 44/20 S113
Alve 128/26 97/57 133/21
Plos 371 20/18 37/1
Fric 46/11 41/16 42/15
Nasal 79/10 63/26 81/8
V-like 26/18 24/20 32/12
All C 188/40 148/80 192/36

which the articulation is open and generally reaches a
maximum value inside the vowel segments and a
minimum value inside the consonantal segment. The two
other differences involve the high-frequency band,
which can be expected to be more pronounced in
consonants than in vowels. Due to the articulatory
“closed” nature of consonants, the low-frequency band
should be especially pronounced in consonants.
Combined, these factors lead to the expectation that the
high- to mid-frequency band differences reach a
maximum value inside the consonants and minimum
values inside the vowel segments. In contrast, the high to
low-frequency differences should reach maximal and
minimal values for consonantal and vowel segments,
respectively.

As can be seen in table 3, the spectral distribution of
energy shows a clear difference between speaking styles.
It can be seen that for both vowels and consonants, that
the energy difference between the mid- and the low-
frequency bands is smaller in spontaneous speech. The
other two differences are also significantly changed
(HB-MB and HB-LB). These changes indicate a
redistribution of energy away from the mid-frequency
band, predominantly to the low-frequency band. For
vowels, this indicates a more closed articulation. The
same is seen for the consonants, although the differences
are smaller. This suggests that the same kind of
redistribution of energy over the spectrum is the cause.

Table 4 presents the effect of the speaking style on the
spectral variation inside the VCV segments (see figure
1). The columns are calculated on the difference between
the value reached inside the consonant and the mean of
the values reached in the two neighbouring vowels. For
this table, it is assumed that the energy differences
between the mid- and the low-band frequencies (MB-
LB) and the high- and the low-band frequencies (HB-
LB) both peak in the vowels and the other energy
difference (HB-MB) peaks in the consonant. However,
the results are comparable if the place where maximal
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and minimal values are reached is reversed. In table 4, it
can be seen that the spectral differences between the
consonants and the vowels is affected by speaking style.
The spectral variation within VCV segments, i.e.,
between vowels and consonants, is less in spontaneous
speech than it is in read speech )

4. DISCUSSION AND CONCLUSIONS

The results show that speaking style affects duration and
the spectral distribution of energy of intervocalic
consonants in the same way that it affects the
neighbouring vowels. However, the results are generally
less pronounced for the consonants than for the vowels.
It is also shown that, in a spectral sense, the variation
within the VCV segments, and therefore, differences
between consonants and vowels are reduced in situations
where vowels are reduced.
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