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ABSTRACT

Voluntary modulations in the mode of
phonation constitute an important re-
source speakers use for the paralinguistic
signalling of attitude and emotion. As a
first step towards providing profiles of a
range of phonatory qualities, this paper
presents brief illustrative sketches of
some acoustics characteristics associated
with modal, tense, breathy/lax, whispery,
and creaky voice, as described in [1].
The principal analytic technique on which
these illustrations are based was inter-
active inverse filtering. Source charac-
teristics were measured on the basis of a
parametric model of the voice source
(the LF model, [2]) fitted to the output
of the inverse filter, and from spectral
analyses.

INTRODUCTION

Individuals differ in terms of the ha-
bitual phonation quality they use, in a
way that reflects not only the physical
characteristics of their vocal apparatus,
but also the linguistic and social group
they belong to. As is outlined in the pre-
sentation by Laver (this session), speak-
ers also make voluntary short term chan-
ges to their mode of phonation as a way
of signalling their attitude, mood or
emotion. The paralinguistic significance
of some phonatory qualities may tend to
be universal (e.g., whispery voice tends
to give the impression of confidentiality),
whereas in other cases, it may be culture
or language specific (e.g., creaky voice is
associated with bored resignation for
some speakers of English).

Our understanding of this aspect of
vocal communication is still quite limited.
The relative paucity of systematic,
qQuantitative work in this field does not

reflect its importance but rather the lack
of analytic tools and the many methodo-
logical difficulties presented by this kind
of research. As a starting point, one
needs to be able to make detailed and
reliable analyses of the acoustic and
physiological correlates of different voice
qualities, laryngeal and supralaryngeal,
Then there is the difficulty of eliciting
appropriate samples of speech. On the
one hand, emotionally coloured sponta-
neous speech would be highly desirable,
but on the other hand, reliable analytic
comparisons may depend on the speech
material being very controlled (more on
this in the Conclusions).

This paper presents illustrative
sketches of a number of phonatory quali-
ties, based on exploratory work carried
out by the authors in recent years [3, 4].
The illustrations are of course tentative,
being based on a detailed analysis of just
a few utterances spoken with a few of the
phonatory qualities that speakers are
known to exploit for paralinguistic sig-
nalling. The qualities chosen were from
the set described by Laver [1], whose
descriptions serve as a starting point for
our analyses.

DESCRIBING THE SOURCE

The main analysis technique involved
inverse filtering of the speech pressure
waveform. In order to obtain quantifi-
able results, a parametric model of differ-
entiated glottal flow (the LF-model, 21
was matched to the output of the inverse
filter. Both the inverse fillering and the
matching procedure were carried out for
each glottal cycle, using specially de-
signed interactive software allowing
optimisation in both the time and fre-
quency domains [5]. From the matched
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model a number of parameters were sub-
sequently measured. The ones we fo-
cused on particularly were EE, RA, RK,
RG, OQ and UP. These are explained
briefly here, but for a more detailed
description, see [7].

EE is the excitation strength and is
measured as the negative amplitude of
the differentiated flow at the moment of
maximum discontinuity. It corresponds
to the overall intensity of the signal, so
that an increase in EE amplifies all
frequency components.

RA is a measure of the return phase
(dynamic leakage), which is the residual
flow from excitation to complete closure.
The acoustic consequence of the return
phase is a steeper spectral slope. A large
RA corresponds to greater attenuation of
the higher frequencies.

RK is a measure of the skew of the
glottal pulse: a larger value means a more
symmetrical pulse shape. RG is a mea-
sure that relates to the duration of the
opening branch of the gloutal pulse. RK
and RG together determine the open
quotient, OQ, and they mainly affect the
levels of the lower harmonics in the
source spectrum. Note that in our defi-
nition of OQ, the open phase does not
include the interval of the return phase.

UP is the peak glottal airflow, meas-
ured only for the oscillatory component
of the glottal wave. In our data, UP was
calculated indirectly from the other para-
meters, using a formula suggested by [6].

Aspiration noise is an important
source parameter, particularly in breathy
and whispery voice. We do not include it
in our descriptions, simply because we
had no reliable way of measuring it.

Spectral measurements from narrow
band spectral sections were also carried
out, both on the speech output signal
(e.g., Figure 6) and on the source signal,
output of the inverse filter (c.g., Fig-
ures 2, 3 and 4). Fuller details on these
are provided below.
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Figure 1. Three laryngeal parameters of
muscular tension, after [1].

ACOUSTIC PROFILES

In this section we attempt to illustrate
some of the acoustic characteristics of
the following phonatory qualities: modal,
tense, breathy/lax, whispery and creaky.
Although the breathy and lax qualities
were separately recorded and analysed,
they are rather similar qualities and are
treated under a single heading below.
Following Laver’s descriptions [1] the
physiological correlates of these phona-
tory qualities are presented in terms of
three hypothesised dimensions of muscu-
lar tension, schematically shown in Fig-
ure I Adductive tension results from
contraction of the interarytenoid muscles
and is the force which draws the ary-
tenoids together so that the cartilaginous
glottis is adducted. Medial compression
results primarily from contraction of the
lateral cricoarytenoid muscle (although
the thyroarytenoid muscle can also con-
tribute). It is defined as the force which
causes approximation of the vocal pro-
cesses of the arytenoids so that the liga-
mental glottis is closed. Longitudinal
tension is the tension in the vocal folds
which results from contraction of the vo-
calis and cricothyroid muscles, whose
primary function is the control of pitch.
(For additional descriptions of voice
quality see [8, 9].)

The illustrations below of acoustic
properties are based on analysis of two
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words spoken with the six qualities men-
tioned above. These words were ex-
tracted from recordings of materials read
by a male phonetician, who was well
practised in the Laver system. The re-
cordings included the Rainbow passage
and a number of nonsense words inserted
into a carrier frame.

Figures 2, 3 and 4 below illustrate
source characteristics in the first vowel of
the nonsense word babber, which oc-
curred in the frame Say ---- again. Fig-
ure 2 shows individual spectral sections
of the voice source for four phonatory
qualities at approximately the midpoint of
the vowel. In Figure 3 are shown for
these same qualities schematic source
spectra, averaged for an interval corre-
sponding approximately to four glottal
cycles in the middle of the vowel. These
were obtained in the following way. First
of all, the spectrum was flattened by
adding 6 dB per octave relative to Ly.
The spectrum up to 4 kHz was then di-
vided into four frequency bands of
1 kHz. Within each band the average
amplitude of the harmonics was calcu-
lated and shown relative to Ly. By doing
this we should get an idca of how the
spectral slope for each of the four quali-
ties deviates from the “ideal” slope of
-6dB per octave in the differentiated
glottal flow (the horizontal zero line). In
Figure 4 are shown for five qualities the
relative levels of the first two harmonics
in the source spectrum, measured at the
approximate midpoint of the vowel. Fig-
ure 5 illustrates the pulse-by-pulse varia-
tion in some of the measured source
parameters for the first six glottal cycles
of the word strikes, taken from the Rain-
bow passage. Finally, Figure 6 illustrates
the relative levels of F1 and H! for
approximately the same interval of this
word.

Modal

Modal voice is the quality “which
phonetic theory assumes takes place in
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ordinary voicing, when no specific fea-
ture is explicily changed or added
(p.95)” [1]. For this quality, adductive
tension, medial compression and longi-
tudinal tension are thought to be moder-
ate, and the ligamental and cartilaginous
glottis are thought to vibrate as a single
unit. The vocal fold vibration is further
described as regularly periodic and effi-
cient, with full glottal closure and thus,
without audible glottal frication noise.
Recent studies suggest, however, that
incomplete glottal closure may be very
common even in what is perceived as
modal voice [10] and particularly in
female speech.

In our analyses, this quality emerged
as a relatively efficient mode of phona-
tion, with a fairly strong excitation (EE)
and fairly limited dynamic leakage (RA).
For an illustration of some source pa-
rameter values in the word strikes, sce
Figure 5. The source spectrum for this
quality in the vowel in babber exhibited a
slope that is slightly greater than the
“ideal” description of -12 dB per octave
(or -6 dB in the differentiated flow: sce
Figure 3).

It is important to bear in mind that
utterances spoken with modal (or indeed
any) quality exhibit considerable dynamic
variation as a function of the prosodic
and scgmental context {7, 11, 12].

Tense

At the laryngeal level, tense voice is
thought to involve increased adductive
tension and medial compression. The
term “pressed phonation” is sometimes
used for this quality. A higher degree of
tension is likely to be found in the entire
production system, and this will have
consequences for the respiratory system
(a raised subglottal pressure) as well as
for the supralaryngeal articulation.

In our measures of tense voice (sce,
for example, source data in Figure 5) the
glottal pulse exhibited a very low
dynamic leakage (RA), showing a rather
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Figure 2. Spectral sections of the source signal at about the midpoint of [&] in babber,

for four phonatory qualities.

—e— Modal —o— Breathy

—o— Whispery ---x-- Creaky

0 1 2  kHz
Figure 3. Schematic source spectra in
[®] of babber, showing within four 1 kHz
bands the average deviation from an
“ideal” slope (see text).

instantaneous closure of the vocal folds.
The related frequency measure FA was
generally higher than for all the other
qualities measured in these contexts, and
this would imply a flatter spectrum.
Relative to modal phonation, the glottal
pulse was rather skewed (low RK), the
open quotient was lower (low OQ) and
RG was higher. The effects of a high RG
can be seen in the boosting of H2 relative
to H1 for this quality (see illustration for
babber in Figure 4). Overall, the higher
frequencies in the spectrum are relatively
dominant. One can get some impression
of the relative balance of the lower and
higher components of the spectrum from
Figure 6 where, for strikes, the level of
F1 (L) is shown relative to that of Hl
(Lo). Note the very high L, of tense as
compared to modal phonation. It is
worth noting that for this particular ut-
terance, the excitation (EE) was less
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strong for tense than for modal voice
(see Figure 5). Thus, the greater inten-
sity of the former in the speech output
signal is determined in this instance by
these other characteristics of the glottal

pulse discussed above.
== Modal e O— Broathy
—{1— Whispery —&— Tonse
- = % - - Creaky
Ht H2

100 200 Hz

Figure 4. Relative amplitudes of HI and
H2 in source spectra of () in babber,
five qualities. Values shown in absolute
terms (upper panel) and normalised to
L of modal voice (lower panel),

Breathy/Lax

Breathy voice is described as having
minimal adductive tension, low longitu-
dinal tension and weak medial compres-
sion, with the result that the vocal folds
never come fully together and generate
audible frication noise. At the laryngeal
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level, lax voice is described as being
rather similar to breathy voice. It may
differ in the extent to which laryngeal
tensions are reduced: Laver suggests that
lax voice may be slightly closer to modal
than breathy voice. It is further postu-
lated as having a lesser degree of tension
in the entire speech apparatus.

As expected, the glottal pulse for both
breathy and lax voice had rather high dy-
namic leakage (RA): see source values
for lax voice in Figure 5. The related
frequency measure FA is lower than for
modal voice. The glottal pulse also has a
high open quotient (OQ) with a long
opening branch (low RG). These last
characteristics contribute to the relative
boosting of HI, a frequently observed
spectral characteristic. See for example,
the relatively strong H1 for breathy voice
in the upper panel of Figure 4, and the
rather low values for L, relative to Ly for
lax voice in Figure 6.

Whispery

At the laryngeal level whispery voice
is thought to be characterised by low
adductive tension and moderate longitu-
dinal tension. The degree of medial
compression may vary, and with it the
size of the triangular opening of the carti-
laginous glottis.  With weak whisper
medial compression is moderate and the
opening may include part of the ligamen-
tal glottis. Whisper with a higher inten-
sity is thought to have higher medial
compression and a smaller opening of the
cartilaginous glottis. It is suggested that
laryngeal vibration is confined to the por-
tion of the ligamental glottis which is
adducted, and the whispery component
to the opening between the arytenoids.

Whispery and breathy voice may form
an auditory continuum. Although there
may be no clear border line [1}, they may
nevertheless be auditorily distinguished
by the relative dominance of the periodic
and noise components: the noise com-
ponent would be relatively greater for

ICPHhS 95 Stockholm Session 66.3
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-- %--Creaky

Figure 5. Source data for EE, RA, FA
and OQ in the first six glottal cycles of
strikes, for five phonatory qualities.
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—a—Tense
—o— Whispery

0 ' 40 ‘ms
Figure 6. The levels of FI (L}) relative

to H1 (Ly = 0dB) for the first 80 ms in
strikes for five phonatory qualities.

whispery voice, whereas the periodic
component would be dominant in breathy
voice.

In our measurements, the glottal pulse
for whispery voice was found to differ
from that of breathy voice in the consid-
erably weaker excitation (EE), the higher
dynamic leakage (RA), highest of all
measured samples, and in the smaller
open quotient (OQ). Calculated peak
airflow values (UP) were also consid-
erably lower. As a correlate of these last
two factors, one would expect H1 to be
less boosted than for breathy voice, and
this can be scen, for example, in the
upper panel of Figure 4, where the levels
of H1 and H2 are shown in absolute
terms for babber. As can be seen in the
lower panel of this figure, however, the
relative levels of H1 and H2 are very
similar, presumably because of the
steeper spectral slope of whispery voice.
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This last can be seen in Figure 3, and is a
clear consequence of the very high RA
and low FA values.

Creaky

Creaky voice, being a mix of creak
and voicing, is likely to involve the high
adductive tension, high medial compres-
sion and low longitudinal tension, charac-
teristic of creak. In the production of
creak, the folds are thought to be rela-
tively thick and compressed. The ven-
tricular folds may also be somewhat
adducted, so that their inferior surfaces
come in contact with the superior sur-
faces of the true vocal folds, resulting in
a rather thick vibrating structure.
Because of the high adductive tension
only the ligamental glottis is thought to
vibrate. The f, and amplitude of con-
secutive glottal pulses are described to be
irregular and the airflow rate has been
observed to be very low [8].

In our recordings of creaky voice, the
occurrence of creak was intermittent, in
the sense of irregularity in successive
glottal pulses. It did not occur in the
word babber but did in the word strikes.
In the latter, there is a clear alternation of
two very different types of glottal pulse
(see Figure 5). One is efficient, with a
reasonably strong excitation (though not
as strong as for modal), very low dy-
namic leakage (RA) and consequently a
high FA. The other pulse is inefficient,
with a very weak excitation, very high
dynamic leakage (and a low FA). These
two types of pulses should have very
different source spectra. Both pulses
show a relatively high degree of skew
(low RK), a low open quotient and a
high RG. The short open phase and the
low calculated UP which are also found
here are consistent with the low airflow
rate reported for this quality and should
affect the lower end of the spectrum by
reducing its level. Note in Figure 6, that
despite fluctuations, L; dominates L,
Given the long closed phase, there is less
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damping and this could also contribute to
the strong ringing of F1.

In the babber utterance successive
glottal pulses were not irregular and
resembled more the strong efficient type
of pulse described above. Note the
strong H2 and rather weak H1 for this
quality in Figure 4 and the relative domi-
nance of higher frequencies in Figure 3,
In many ways, the spectral characteristics
of this quality resembled those of tense
voice.

CONCLUSIONS

We would emphasise that these illu-
strations are tentative and should not be
taken as definitive accounts but rather as
a first step toward more comprehensive
profiles of different phonatory qualities.
This is not only because they are based
on a very limited number of utterances.
Other factors need to be borme in mind
when it comes to interpreting these kinds
of source data.

First of all, cross-speaker variation
can be quite large. For example, in the
important source parameter RA, we have
ohserved cross-speaker differences as
great or greater than the differences
shown here for a single speaker who has
intentionally varied his voice quality. We
feel therefore, that the relevant measures
of phonatory quality may need to be
expressed in terms of deviations from a
given speaker's baseline values, rather
than in absolute terms. A similar point
has been made by other researchers, e.g.,
[13] as a result of trying to characterise
linguistically distinctive phonatory quali-
ties.

Another factor, alluded to briefly
before, concerns the considerable dy-
namic variation that can occur within a
single voice quality. These variations
appear to be (at least sometimes) condi-
tioned by the prosodic and segmental
context and have been illustrated in ear-
lier work [7, 11, 12, 14]. This consid-
eration seriously constrains the kinds of
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speech materials that can usefully be
compared using these analysis tech-
niques. Furthermore, profiles of individ-
ual phonatory qualities can not be static,
but will need to take account of this
dynamic modulation.

Clearly, there is much work to be
done before one will have available
comprehensive  descriptions of the
acoustic correlates of particular phona-
tory qualities. Yet even partial descrip-
tions may provide useful reference mate-
rial for looking at more spontaneously
occurring speech, where the mode of
phonation has been varied for paralin-
guistic purposes.  Furthermore, such
descriptions should eventually provide a
basis for resynthesis, which should allow
one to explore directly the paralinguistic
colouring associated with individual
voice qualities.
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