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Abstract 
This paper describes listening tests investigating the perceptual 
role of voice source parameters (other than F0) in signaling 
focal prominence. Synthesized stimuli were constructed on the 
basis of an inverse filtered utterance ‘We were away a year 
ago’. Voice source parameters were manipulated in the two 
potentially accentable syllables WAY and YEAR (in terms of 
the absolute magnitude and alignment of peaks) and to provide 
source deaccentuation of post-focal material. Participants in 
the first listening test were asked to decide whether the sylla-
ble WAY, YEAR or neither was deemed the most prominent: 
judgments on the degree of prominence and naturalness were 
also indicated on a continuous visual analogue scale. In the 
second test listeners indicated the degree of prominence for 
every syllable in the phrase. For WAY, voice source ma-
nipulations can cue focal accentuation, and both the magnitude 
of the source manipulation of the syllable and the presence of 
source deaccentuation contribute to the effect. However, for 
YEAR, listeners’ perception of focal accentuation tended to 
show relatively minor increases in perceived prominence re-
gardless of the source manipulations involved. It therefore ap-
pears that the source expression of focus is sensitive to the lo-
cation of focus in the intonational phrase. 

 
Index Terms: voice source, RD, focus, prominence, accentua-
tion, perception 

1. Introduction 
Past production studies have looked at the role of the voice 
source as part of sentence prosody, and have shown that voice 
source parameters are involved in the realization of accentua-
tion [1], focus [2] and declination [3]. The picture emerging is 
that prosody entails the modulation of the entire voice source 
(including F0) and that the different parameters appear to work 
synergistically in contributing to the realization of promi-
nence, deaccentuation, etc. In the study on accentuation [1] it 
was clear that even in the absence of F0 salience, other voice 
source parameters appear to be responsible for the signaling of 
prominence. It can be noted that, although F0 and source pa-
rameters often covary, they can also be controlled inde-
pendently of each other. 

In this paper, we set out to elucidate the perceptual im-
portance that may attach to the kinds of voice source adjust-
ments which we have observed in sentences with variable lo-
cation of focal accent. We further explore whether such voice 
source adjustments on their own might be capable of shifting 
the perception of the location of focal accent within the sen-
tence.  

There have been many experimental studies demonstrating 
the role of F0 peaks [4], [5], [6], [7], [8], [9] in the realization 

of prominence, accentuation and focus but there is little on the 
perceptual role of voice source adjustments other than F0. 

In this study a recording of the sentence ‘We were away a 
year ago’, produced with broad focus, was analyzed and sub-
sequently manipulated so that the two accentable syllables 
WAY and YEAR were (subjectively) deemed to have the 
same degree of prominence. This served as the baseline stimu-
lus. Voice source characteristics were then further manipulated 
in ways that should in principle enhance the prominence of 
one or other of these syllables. Stimuli were constructed in 
which the voice source was manipulated in the potentially ac-
centable syllables WAY and YEAR as well as in the following 
part of the utterance. The questions we set out to answer were: 
(1) Can such source manipulation induce the perception of fo-
cal accent on one or other syllable? (2)Which of the source 
manipulations (or which combinations of source manipula-
tions) were most effective in cueing focal accentuation? 

In these experiments, F0 did not vary across the stimulus 
set. This is not to suggest that F0 does not play a major role in 
cueing focus, but rather represents an attempt to explore how 
voice factors other than F0 might be contributing, and to see 
whether source variations alone (without F0 variation) can al-
ter the perception of where the focal accent lies in a phrase. 
Note that the extent of source variation used in these stimuli 
falls well within the ranges observed in production studies. 

2. Material: synthetic stimuli 
The stimuli were constructed on the basis of an all-voiced ut-
terance ‘We were away a year ago’ produced by a male speak-
er of Irish English. The utterance was elicited with broad fo-
cus, and was recorded as part of another study, where further 
versions of the sentence with a focal accent on the syllables 
WAY and YEAR were also obtained and source characteris-
tics analyzed [10]. The utterance was manually inverse filtered 
using interactive inverse filtering software [11], [12]. Voice 
source parameterization was subsequently conducted using the 
Liljencrants-Fant (LF) model [13]. In the construction of the 
synthesized stimuli only one parameter was directly manipu-
lated: the global waveshape parameter RD [14], [15]. 

The RD parameter is derived from F0, EE and UP as fol-
lows: (1/0.11)×(F0·UP/EE), where EE is the excitation 
strength (measured as the negative amplitude of the differenti-
ated glottal flow at the time point of maximum waveform dis-
continuity) and UP is the peak flow of the glottal pulse. Note 
that UP/EE is equivalent to the glottal pulse declination time 
during the closing phase of the glottal cycle. The scale factor 
(0.11-1) makes the numerical value of RD equal to the declina-
tion time in milliseconds when F0 is 110 Hz [14]. 

Variation in RD tends to reflect voice source variation 
along the tense-lax continuum; the values typically range be-
tween 0.5 (tense voice) to 2.5 (breathy voice). As our earlier 
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analyses of the speaker used here suggest shifts towards tenser 
phonation in focally accented syllables [2], [16] and towards 
laxer phonation in the post-focal material, the adjustments 
made to mimic these effects in our stimuli involved lowering 
the values of RD in the potentially accented syllables and rais-
ing it in the post-focal part of the utterance. Note that in-
creased phonatory tension tends to correspond to a drop in RD, 
but that for the purpose of this paper and the illustration in 
Figure 1, we refer to such RD drops as peaks, as it seems intui-
tively easier for a reader to associate increased phonatory ten-
sion with positive values. 

In the synthesis manipulations, F0 and UP were kept con-
stant, which means that changes in RD were reflected by 
changes in EE. By changing RD, other parameters of the glot-
tal source such as RA and RK also vary, and these changes can 
be predicted from RD. (For a description of the various glottal 
parameters, see [17]). To synthesize the LF model glottal 
waveform, data for the full set of LF model parameters are 
required and were obtained from RD using the parameter cor-
relations presented in [14] (see also [18]). 

In the ‘baseline’ stimulus, the values of F0, RD and EE 
were first set to the global average values across the utterance 
(F0 = 120 Hz, RD = 0.86, EE = 69.8 dB). As the overall im-
pression of this stimulus was that it sounded rather tense, the 
values of F0 and RD were adjusted to make it more lax and 
improve the naturalness: F0 was increased by 5 percent to 127 
Hz and RD was increased by 50 percent to 1.3. These changes 
also resulted in a lowering of EE to 67.2 dB.  

This version of the utterance served as the baseline for fur-
ther manipulations involving the magnitude and alignment of 
peaks (located at the midpoint of the vowels in the syllables 
WAY and YEAR) as well as deaccentuation in the post-focal 
material. These manipulations are described in the following 
sections (see also schematic in Figure 1). The ranges of values 
used in the manipulations were based on the voice analysis of 
the speaker in earlier production studies mentioned above [2] 
[19] [16]. Note that F0 values were not manipulated and were 
kept constant in all the syllables of the stimuli. 
Peak height (magnitude) in focal syllables: Three levels of 
peak magnitude were used: no peak, low peak and high peak.  
The RD values were set as follows: no peak, RD = 1.3; low 
peak, RD = 1.1; high peak, RD = 0.9. These changes in RD 
resulted in following EE values: no peak, EE = 67.2 dB; low 
peak, EE = 68.6 dB; high peak, EE = 70.3 dB. 
Peak alignment: Versions of the stimuli were also generated, 
where peak alignment was changed relative to the vowel mid-
points in the syllables WAY and YEAR. Two peak alignment 
settings were used, early peak and late peak; the values were 
shifted by 20% relative to the duration of the vowel. Early 
peak corresponds to faster increase to the peak value and 
slower decrease of parameter values within the syllable; later 
peak corresponds to a slower rate of change of parameter val-
ues to the peak and a faster decrease of the values after the 
peak (Figure 1). These manipulations were added, as earlier 
studies of focal accentuation [20], [2], [19] have suggested that 
source dynamics are heightened at the edge of the focally ac-
cented syllable. 
Source deaccentuation in postfocal material: Three levels of 
deaccentuation in the postfocal material were used: no deac-
centuation, shallow deaccentuation and steep deaccentuation. 
Note that for the WAY-manipulated sentences, deaccentuation 
pertains to the entire sequence ‘a year ago’, whereas for the 

sentence where YEAR is manipulated, deaccentuation is nec-
essarily limited to the syllables of ‘ago’. 
The RD values were as follows: no deaccentuation, final RD 
value = 1.3; shallow deaccentuation, final RD value = 1.1 
(deaccentuation rate 0.6 units/s); steep deaccentuation, final 
RD value = 0.9 (rate 1.3 units/s). These changes in RD result-
ed in following changes is EE: no deaccentuation, final EE 
value = 67.2 dB; shallow deaccentuation, final EE value = 
65.6 dB (5.1 dB/s); steep, final value = 64.3 dB (9.4 dB/s). 

Peak magnitude, peak alignment and deaccentuation were 
manipulated individually and in combinations. The combina-
tions of parameters are shown in Table 1. Overall, 20 combi-
nations were synthesized for each of the two syllables WAY 
and YEAR. The total number of stimuli used in the listening 
test was 41 (2 syllables x 20 combinations + 1 baseline stim-
ulus). It should be noted that in perceptual terms, differences 
in peak magnitude and peak timing are registered in terms of 
rate of signal change. 

 
Figure 1: Schematic of parameter manipulation in the 
synthesized stimuli: (a) peak height; (b) peak align-

ment (rate of change); (c) post-focal deaccentuation. 

3. Listening tests 
In the listening tests, which were conducted online, the 41 syn-
thesized stimuli were presented to the participants in random 
order. The participants were advised to use high quality head-
phones during the test. The listeners were informed that they 
were going to hear a number of utterances in which the sylla-
bles WAY or YEAR may or may not be realized as prominent. 
The participants were asked to listen to each stimulus as many 
times as they wish and to complete a number of tasks. Two 
listening tests were carried out. In the first, the participants’ 
tasks were as follows:  
1) Select the prominent syllable (WAY, YEAR, Neither); 
2) For the prominent syllable, indicate the magnitude of prom-
inence, using a slider on a continuous analogue visual scale; 
3) Indicate how confident you are (on a continuous visual ana-
logue scale, ‘not at all confident – very confident’); 
4) Indicate how natural the utterance sounds (on a continuous 
visual analogue scale, ‘not at all natural – very natural’).  
In the second listening test, the participants were asked to 
mark the relative prominence of all the syllables in the utter-
ance by adjusting sliders on a continuous analogue visual 
scale. They were also asked to rate the naturalness of the stim-
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uli and to indicate how confident they were in their judgment 
on a continuous analogue visual scale. 

The first experiment was completed by 29 participants; the 
second experiment was done by 18 participants. 

4. Results 
Listening Test 1. Our expectation was that the syllables WAY 
and YEAR in the sentences where the voice source for those 
syllables and for the following material was systematically 
manipulated would tend to be identified as more prominent, 
and that the degree of prominence perceived on the targeted 
syllable would correlate with the magnitude of the source ma-
nipulation carried out. The results show a clear difference in 
how the two syllables were rated. The overall confusion ma-
trix is given in Table 3. In the majority of cases, the WAY-
manipulated sentences (those in which the WAY syllable and 
following material were manipulated) were identified as hav-
ing prominence on WAY (64%). For the YEAR sentences 
(those where the YEAR syllable and subsequent material were 
similarly manipulated), listeners were as likely to hear promi-
nence on WAY as on YEAR – in other words, these sentences 
were heard to be much the same as the baseline stimulus. 

Table 2. Parameter combinations in the resynthesis. 

 N Peak magn. Peak align. Deaccent. 
Baseline 0 0 0 0 
Peak 1 low 0 0 

2 high 0 0 
Peak + align. 3 low early 0 

4 low late 0 
5 high early 0 
6 high late 0 

Deaccent. 7 0 0 shallow 
8 0 0 steep 

Peak + deac-
cent. 

9 low 0 shallow 
10 low 0 steep 
11 high 0 shallow 
12 high 0 steep 

Peak + align. 
+ deaccent. 

13 low early shallow 
14 low late shallow 
15 high early shallow 
16 high late shallow 
17 low early steep 
18 low late steep 
19 high early steep 
20 high late steep 

 

Table 3. Overall confusion matrix of perception of the 
stimuli in the listening test. 

  Modified sentences and baseline 

  WAY YEAR BASELINE  

Pe
r-

ce
iv

ed
 WAY 64% 37% 38% 

YEAR 19% 39% 38% 
Neither 17% 23% 24% 

 
The results of Test 1 concerning the identification of the sylla-
bles as prominent for the individual stimuli are shown in Fig-
ure 2, and these are listed in the order given in Table 2. Re-
sponses to the baseline stimulus are also shown as the leftmost 
bar in each panel. Clearly, more stimuli were selected as hav-
ing a prominent WAY syllable in the WAY sentences than 
YEAR in the YEAR sentences. In the former case (WAY sen-

tences), the stimuli for which 70% or more of the listeners 
agreed in prominence identification on WAY included mainly 
those with high peaks and steep postfocal deaccentuation. 
Conversely, the stimuli which entailed deaccentuation alone, 
or manipulations involving a low peak, were identified as 
prominent by fewer participants. For the stimuli containing 
manipulations to the YEAR syllable and following material, 
results were very different: here, there were only relatively 
minor shifts from the baseline stimulus results. 

 
Figure 2: Frequencies (%) with which WAY, YEAR 

and Neither selected as prominent.  

 
Figure 3: Prominence magnitude, confidence and nat-
uralness for cases where WAY deemed prominent by 

70% or more. 

Figure 3 shows the mean ratings and 95% confidence intervals 
of prominence magnitude as well as confidence and natural-
ness ratings for those cases where the syllable WAY was 
deemed prominent by 70% or more of listeners (grey bars). 
The peak height appears to be the main determinant of per-
ceived prominence. There is a significant positive correlation 
between listeners’ judgments on the degree of prominence and 
their confidence in such judgments (r = 0.91, n = 8, p < 0.05) 
and a less consistent negative correlation with naturalness (r = 
-0.59, n = 8, p = 0.06). 

A 3 x 3 (peak height, peak alignment, deaccentuation 
slope) factorial analysis was conducted to establish the contri-
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bution of the type of parameter manipulation to the promi-
nence magnitude rating. Results indicated a significant main 
effect of peak F(2,583) = 15.31, p < 0.01 and deaccentuation 
F(2,583) = 10.35, p < 0.01. There was also a weak but signifi-
cant interaction effect of peak and deaccentuation F(4,583) = 
2.45, p < 0.046. The effect of peak alignment was not signifi-
cant F(2,583) = 1.46, p = 0.23.  

4.1. Listening Test 2 
In this test, participants marked the relative prominence of all 
the syllables in the utterance. Figure 4 illustrates results, in 
terms of the difference in the perceived magnitude of the 
WAY and YEAR syllables within each of the stimulus sen-
tences. (Positive values = WAY perceived as more prominent; 
negative values = YEAR perceived as more prominent. Blue 
and red bars indicate sentences with manipulations that should 
in principle enhance prominence of WAY and YEAR respec-
tively. The cases where the difference in the magnitude of per-
ceived prominence of WAY and YEAR is significant are 
shown by asterisks.) 

The results here again show a clear difference in how 
prominence is rated in the two cases. In the case of the WAY 
sentences, most manipulations did enhance the relative promi-
nence of the WAY syllable. The most striking (and statistical-
ly significant) effects are found when there is both a high peak 
on the syllable WAY, alongside deaccentuation of the 
postfocal material. The steepness of the deaccentuation (shal-
low or steep) in these cases does not appear to matter. Where 
the peak on WAY is lower, the effects are less, and only 
achieve significance when the low peak combines with deac-
centuation, steep or shallow. Manipulation to height of the 
WAY peak, on its own, does increase that syllable’s relative 
prominence, but this increase only renders it significantly dif-
ferent in prominence from YEAR when the peak is high and it 
is aligned to be early or late. Manipulating the deaccentuation 
on its own (without adjusting the WAY peak height) is effec-
tive only when a steep deaccentuation slope is used. 

Ratings for the sentences where manipulations should in 
principle lead to enhancing the prominence of YEAR are very 
different (red bars). Although a few stimuli shifted the balance 
somewhat (e.g., some cases where YEAR had a high peak) 
there was not a single case where such a shift was significant. 
In most cases the relative prominence of the two syllables was 
rather similar to the baseline stimulus. 

5. Discussion 
It is clear in these data that the cueing of focal accentuation 
can vary depending on its location in the utterance. In the non-
final position (i.e. WAY), even relatively small changes in the 
source parameter values appear to make a difference, and can 
tip the balance in terms of where focal accent is likely to be 
perceived. It is also clear that there is a synergy between the 
local prominence on the syllable and deaccentuation in the 
postfocal material. 

In the final accentable syllable (YEAR) the findings were 
not symmetrical. A low peak has a negligible effect: a high 
peak can raise the perceived prominence, but the effects are 
not significant. Furthermore, postfocal source deaccentuation 
does not appear to play a role. The lack of a deaccentuation 
effect here may simply reflect the fact that there are only two 
unstressed syllables for deaccentuation to play out, and that 
this is insufficient, and not comparable to the case of WAY. 

It is likely that the differences observed here between the 
final (YEAR) and non-final (WAY) syllables have to do with 
what was not included in these tests, i.e. manipulations to F0. 
The F0 was kept constant in these stimuli as the objective was 
to ascertain the role of other voice source effects. However, F0 
movement co-occurs with the kinds of source effects imple-
mented here and it is very likely that F0 movement is far more 
crucial in final than in non-final syllables. In a production 
study of focus [19] an F0 fall was found in both WAY and 
YEAR syllables when focally accented, but the fall was great-
er and more rapid in YEAR. A further study of source corre-
lates of accentuation [1] indicated that while accented sylla-
bles in non-final position may, but need not, exhibit F0 
movement, a sharp F0 fall always characterized the final ac-
cented syllable. To the extent that this fall is missing in the 
present stimuli, it is likely to militate strongly against the per-
ception of greater prominence on YEAR, regardless of the 
source changes that occur. 

 
Figure 4: The WAY-YEAR difference in magnitude of 
perceived prominence. * = significant difference be-

tween WAY and YEAR in the same utterance.  

6. Conclusions 
These tests indicate that voice source modulations of the type 
observed in production data can cue focal prominence. They 
further suggest that having a source prominence peak on the 
focally accented syllable may work synergistically with a de-
gree of source deaccentuation in the postfocal material. 

It was striking however that the manipulations that in-
duced the perception of focal accentuation in the non-final syl-
lable had much less effect on the final syllable, where on the 
whole, focal accentuation was not well cued. The cueing of 
focal prominence may depend on its location in the utterance, 
and that in the case of the final accented syllable F0 movement 
(not included) is a necessary component. As a next step in 
these studies, we hope to look at the interplay of source pa-
rameters with F0 in final and non- final syllables, and also the 
effects of deaccentuation when the postfocal tail is longer. Fu-
ture work will also control for vowel quality in focally ac-
cented syllables. 
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