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ABSTRACT

This paper looks at voice source correlates of decli-
nation. This follows a line of research that proposes
that prosody is primarily signalled by the temporal
modulation of the voice source, and not just FO. In-
verse filtering and source parameterisation was car-
ried out on twelve 3-accent sentences of Connemara
Irish (Declaratives, WH questions and Yes/No ques-
tions). All have a falling intonation and a H* H*
H*+L pattern. The measured voice source para-
meters indicate a declination of other aspects of the
voice: a decline in the strength of the source excita-
tion (EE), an increasingly lax phonation over the
course of the sentence, as indicated by the decline in
the closed quotient (CQ) and the normalised glottal
frequency (RG). These indicators of ‘source decli-
nation’ were found across sentence modes.
However, there appear to be source differences
between the declaratives and the question sentences
in terms of the overall levels of EE, CQ, RG and FO.
The interaction with the accentuation pattern of the
sentence is discussed.
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1. INTRODUCTION

We are investigating the ‘prosody of the voice’, pur-
suing the proposition that prosody is primarily car-
ried by the dynamic, temporal variation of the voice
source, encompassing not only melodic characteris-
tics (FO dynamics) but also other dimensions, that
would be regarded as relating to the quality and
loudness of the source signal. At one end prosody
carries the paralinguistic signalling, and shifts in
voice quality are associated with the signalling of
one’s mood, attitude and interpersonal stance [6],
[9], [21]. Paralinguistic prosody can involve rather
major obvious shifts in voice quality — in layman
terms, tone of voice. Rather less obvious is the fact
that even for the most affectively neutral utterance,
there is extensive modulation of the voice,
modulation that is in our view an expression of the
essentially linguistic prosody. Some earlier studies
[4], [8], [13-16], [19], [20] examined the voice
source correlates of linguistic prosody, looking at
source parameters that may be associated with

phenomena such as accentuation, focus, deaccentua-
tion, etc., typically thought of and defined in terms
of their FO correlates, but, we suggest, depend on the
properties of the entire voice source. Including voice
source parameters additional to FO in the prosodic
description should provide new insights into the
nature of linguistic prosody, and should furthermore
establish the underlying prosodic scaffolding on
which paralinguistic expression sits. Ultimately, the
aim is a more holistic account of prosody, not only
in terms of its production and acoustic specification,
but also in treating linguistic and paralinguistic
aspects within a single framework.

In this paper, we explore the voice source cor-
relates of declination. Declination in intonation
analysis is defined as the downward trend of FO over
the course of an utterance [12], [17], [18]. It is
observed in many languages mainly in declaratives
(where the pitch is most typically falling) and may
be suspended in utterances realised with a rising
pitch, e.g., questions in many languages. The present
study looks specifically at voice source correlates of
declination, building on an earlier analysis of the
correlates of accentuation [16]. We return to this
earlier study in our discussion section below.

2. MATERIALS AND METHOD
2.1. Utterances analysed

The utterances analysed were elicited from a female
speaker of Connemara Irish. The sentences were of
three sentence modes: Declaratives, WH questions
and Yes/No questions. There were four utterances
for each sentence mode, i.e. 12 sentences in total,
and these were elicited within scripted mini-dia-
logues. The recordings were conducted in a quiet
room using a high quality head-mounted micro-
phone. The sentences and their word-for-word
translation are shown below, with the accented syl-
lables in caps.

DEC  Bhi CIAN ag CAINT leo sa MArgadh.
[vii: cionY o kanti I'a: so marvogo]
‘was Cian at speaking with them in the market’

WH-Q (Is) CE bheas 4 MBAIliti 6n MArgadh?
[(18) ce: vies a: maku on mar¥ogo]



‘and who will be at their collecting from the
market’
YN-Q Raibh CIAN ag CAINT Iéi sa MArgadh.
[t¥o cion o kant lio: so mar¥ogo]
‘was Cian at speaking with them in the market’

All these utterances were realised with three accents,
they have an overall falling pitch, and would in
virtually all cases have been transcribed as
H* H* H*+ L.

2.2. Inverse filtering and source parameterisation

Central to research on the voice source is the
development of analysis tools and algorithms that
will yield robust measures of voice source dynamics
[10], [11]. A flexible analysis system GIOR{ [2] is
currently being developed and an initial version of
this system is used in the present analysis. The voice
source analysis was done using the automatic com-
ponent of the GI6R{ system and the procedure can be
described as follows. Initially, glottal closure in-
stants (GCls) are detected using the SE-VQ algo-
rithm [10]. Inverse filtering is then carried out using
the iterative and adaptive inverse filtering method
(IAIF) developed by P. Alku [1], analysing frames
containing two glottal pulses, centred on the GClIs.
Parameterisation of the glottal source signal ob-
tained from the inverse filtering is done by fitting the
Liljencrants-Fant (LF) glottal source model [5]. For
the model fitting, we use the recently developed
DyProg-LF method, which has been shown to be
more robust than previous methods [11]. The
DyProg-LF method employs a dynamic program-
ming algorithm to determine an optimal path of RD
values through the whole utterance, where RD is a
global shape parameter of the glottal pulse. Finally,
an optimisation procedure to refine the model fit is
carried out.

A full set of parameters were derived from this
procedure including FO, the fundamental frequency;
EE, the excitation strength, which is a measure of
the amplitude of the main glottal excitation, and
which is an indicator of the overall amplitude level
of the source spectrum; UP, the peak flow of the
glottal pulse; RA, which is a measure of the return
phase of the glottal cycle following the main excita-
tion, and which is a major indicator of source spec-
tral tilt affecting the relative levels of the higher fre-
quencies of the source spectrum; RK, glottal skew,
which is a measure of the degree of symmetry of the
glottal pulse; RG, the normalised glottal frequency,
which is the characteristic frequency of the glottal
pulse normalised to FO; OQ, the open quotient,
which is the proportion of the glottal cycle for which
the glottis is open (note that OQ is determined by

RK and RG); CQ, the closed quotient is derived
from OQ as 1 - OQ. Together, RG, RK and OQ are
indicators of the levels of the low frequencies of the
source spectrum. For further discussion of these
parameters, see [7].

2.3. Data representation

In each syllable of each of the 12 utterances, a repre-
sentative data sample was taken approximately in
the middle of the vowel, away from the consonantal
perturbations. These sample points were averaged
across the utterances per sentence mode. The decli-
nation trends for FO and each measured source para-
meters were modelled by fitting regression lines to
these data points for each sentence mode. Figure 1
(right panel) illustrates the time-normalised declina-
tion for the different sentence modes for the follow-
ing individual parameters, FO, UP, EE, RG, and CQ.
Note that RG and CQ are expressed here as percent-
ages. Declaratives are shown with a dotted red line;
WH questions are indicated with a solid black line
and YN questions are shown with a dashed blue line.
The slope and the R* (goodness of fit) values are
shown in Table 1. In the left panel of Figure 1 is
shown the extent of the declination in each sentence
mode, as Hz per second for F0, as dB per second for
UP and EE, percentage points per second for RG
and CQ.

3. RESULTS AND DISCUSSION
3.1. Declination

As is clear from Figure 1, declination is realised not
only in FO but also in parameters of the source.
Mirroring the declination of FO in all three sentence
modes, there is a declination of EE, indicating a
reducing level in the voice source excitation
strength. Along with this, we see a declination in RG
and CQ. Thus, in the course of these utterances,
there is a gradual decrease in the level of the source
excitation and an increase in the relative dominance
of the lower end of the source spectrum, as would be
indicative of an increasingly lax mode of phonation.
UP is largely unchanging, and only in the case of the
Yes/No questions is there any declination trend.

3.2. Declination and sentence mode

Voice source declination (including clear FO
declination) is observed across the different
sentence modes. There are however some striking
differences in the realisation for declaratives and
questions.



Figure 1: Declination trends for selected voice

source parameters.
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Table 1: Declination slopes and R* goodness of fit
values for selected voice source parameters.

DEC WHQ YNQ
FO 424 -67.5 -57.4
(Hz/s)  Rp2_0 80 R2=0.90 R*=0.76
UP -0.92 -0.83 -1.9
(dB/s)  R2-007 R>=0.06 R*=0.26
EE 73 7.8 9.5
(dB/s)  R2-0.49 R?=0.62 R*=0.48
RG 212 27.0 252
(%ls)  R%=0.48 R>=0.41 R*=0.35
CQ -13.5 -12.9 -10.5
(%ls)  R=0.53 R’=0.45 R’=0.27

Although the amount of data for each sentence
mode is limited, it seems worth noting these differ-
ences here. Sentence mode appears to occasion dif-
ferences in the overall level of the source parameters
— including the level of FO. It is striking that in both
types of questions, WH and Yes/No questions, the
level of EE, RG and CQ are raised, suggesting a
subtle differentiation in terms of phonation mode.
This co-occurs with a raised level of FO. It should be
mentioned that in Irish, questions are not differenti-
ated from the declarative forms in terms of the me-
lodic contour: in all cases the basic contour is a
falling one [3]. The present data suggest that the
overall levels of the source parameters may be im-
portant in the differentiation of declaratives and
questions.

3.3. Declination and syllable prominence

An earlier study [16] looked at the source correlates
of accentuation in these same data. In this study the
authors sought support for the Prominence Hypothe-
sis. This hypothesis proposes that prominence arises
from the contribution of different source parameters,
and that the extent to which a particular parameter
contributes can vary. Thus, for example, accentua-
tion of syllables which have no pitch prominence is
signalled by other parameters of the source. The pre-
sent data set was of particular relevance to testing
the hypothesis, as in all of these sentences — heard as
having three accents (and transcribed as sequences
of H¥* H* H*+L, a flat-hat pattern) — it was striking
that the middle H* accent was not associated with
any particular pitch excursion that might lend it
prominence. According to the authors’ hypothesis,
the middle accent should achieve salience through
excursions of voice source parameters other than FO.
The results of that study supported the hypothesis,
and the middle accent in all cases had prominence-
lending excursions to other source parameters.

Figure 2 (left panel) illustrates a portion of the re-
sults of the earlier study. For each of the three ac-
cented syllables (A1, A2 and A3) is shown the size
of the excursion of a particular parameter (FO, UP,
EE, RG and CQ), measured as the distance between
the value of the accented syllable relative to that of
the adjacent unstressed syllables. In each case the
value shown is relative to the overall range of values
in a particular parameter for the whole utterance.
Note that in the dataset shown here neither Al nor
A2 have pitch prominence as such, and the promi-
nence derives from the other source adjustments. For
further elaboration, see [16].



Figure 2: Selected voice source parameters in
signalling prominence and declination.
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The right-hand panel in Figure 2 shows the decli-
nation trend in these same parameters for the same
data. The thing to note is that the source is simulta-
neously contributing to the multiple aspects of the
sentence prosody. The local perturbations that are
part and parcel of the accentuation signalling sit on
top of declination baseline. This declining baseline
is common to the different sentence modes. How-
ever, in the case of these Irish data, sentence mode
differentiation appears to implicate the overall levels
of the parameters, and perhaps sometimes also the
declination slope.

4. CONCLUSIONS

These data support the initial suggestion that decli-
nation is a phenomenon which is manifested, not just
in the pitch contour of the utterance, but in the dif-
ferent dimensions of the voice source. Although the
amount of data for each sentence mode is rather
small, the results would prompt us to suggest that

sentence mode differentiation in this variety of Irish
also exploits the many dimensions of the voice
source, manifested by differing levels of FO and
other source parameters for questions compared to
declaratives.

The present data add to the picture that emerged
in an earlier analysis of voice source variation in
accentuation, where it was also clear that accentua-
tion equally draws on many aspects of the voice
source signal. Prominence-lending perturbations can
be observed in FO, EE, UP, RG and CQ, even
though a particular parameter need not always be
implicated. Importantly, the prominence-lending
modulations of these individual parameters occur
against a declining baseline, and an overall level
setting, which we tentatively suggest reflects sen-
tence-mode.

Taken together, these data support the underlying
proposition of the present work: that prosody is sig-
nalled by the entire voice source, and that an account
of intonation featuring only FO presents but a partial
account that can potentially mislead.

As mentioned, these studies are based on a
limited data set, and a priority for future work will
be to extend the work to more and more varied data.
Perceptual testing of our hypothesis and of the rele-
vance of these findings is another avenue we hope to
explore.
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