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Abstract

This paper reports on an experiment using voice transforms to
alter the perceived affect in synthetic utterances of Irish, with a
view to controlling affect in the spoken output of an Irish AAC
device. The transforms were guided by prior experience and by
voice source analyses of utterances by a male speaker with an
angry, happy, sad, bored, relaxed and neutral voice. The neu-
tral utterance was modified to incorporate stylised voice trans-
forms targeting these affects. Modifications included global
shifts affecting the entire utterance, local shifts affecting only
accented syllables, and a combination of global and local
changes. Stimuli targeting sad and happy included tempo
changes and formant shifts were included for happy. Listeners’
evaluations most positively identified the high activation affects
happy and angry. Stimuli targeting sad were also effective,
while those targeting bored and relaxed were not, although
bored was positively associated with some of the sad-targeting
stimuli. Results for low activations states are confounded by the
fact that the neutral stimulus was to some degree biased
towards bored, sad and relaxed affects. Of the three types of
transforms, global, local and combined, the most effective
appears to vary with the targeted affect.

Index Terms: voice quality, voice source, affect, emotion,
speech synthesis, emotion, Irish

1. Introduction

In this paper, we explore possible affect-targeting voice trans-
forms, i.e., formula-based changes that could potentially be
applied to a neutral utterance to alter its perceived affective col-
ouring. These transforms are envisaged as shifts primarily in the
voice source and fo characteristics of the utterance, and for some
affects include shifts in tempo and formant values.

Many studies of the vocal correlates of affect have focused
on features like fo, intensity and tempo [1-5]. As often pointed
out in these studies, a particular gap has been the coverage of
voice quality features, and this has been suggested as a reason
why perception experiments replicating the production features
mentioned above often yield disappointing results.

Studies that have focused on the mapping of voice quality
to affect have shown that changes in the voice quality of an
utterance can greatly affect its perceived affective colouring
[6-8]. These studies found no one-to-one cueing of voice
quality for affect: rather, a particular voice quality would appear
to be associated with a range of affects. For example, a lax-
creaky voice was found to be associated with sadness, intimacy
and boredom, whereas a tense voice quality was found to be
associated with a range of high-activation states. The present
study examines, therefore, not only how effectively a particular
transform signals an affect, but also how affect-specific the
cueing is.
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Most research on the vocal correlates of affect has emerged
from the field of psychology, and results tend to be presented in
terms of generalised trends, i.e., global, utterance-wide shifts in
the mean and standard deviation (or level and dynamic range)
of measures like fo, intensity and tempo. From a more linguisti-
cally oriented perspective, the question arises as to whether the
observed changes are indeed global, or whether they might also
involve specific utterance-internal changes, linked to the pro-
sodic constituents of the utterance. Of relevance here are the
considerable utterance-internal voice source modulations found
in utterances, particularly in the realisation of accented, focally
accented and unaccented syllables, as well as sentence declina-
tion [9-15]. It seems likely that affective prosody, i.e. the affect-
related changes in voice parameters, involves not just global,
uniform shifts across an utterance, but possibly local changes,
affecting its constituents differently. The transforms explored
in this study consider such possibilities.

The focus here is on practical goals, and on a limited palette
of expressive transforms. The aim is to formulate transforms
that could potentially be implemented in synthetic utterances
generated by our TTS system, so that the output could be mod-
ulated towards different affects. This goal stems from a very
real need. An Irish language AAC system [16], currently being
tested with non-speaking autistic children, uses the ABAIR
project’s Irish synthetic voices [17]. For AAC users, the syn-
thetic voice is their own voice: it would greatly enhance their
ability to express themselves if they could control affect in the
spoken output.

In an earlier study [18], voice source parameters (including
fo) were modified in intuitive ways with the aim of conjuring
anger and sadness. In the present study, the transforms are
guided in large part by detailed voice source analyses of utter-
ances recorded to portray the affects happy, angry, sad, bored,
relaxed as well as a neutral rendition, produced by a male
speaker, whose voice features as one of the Irish synthetic
voices. As in the earlier study, the transforms carried out
involve global, local and a combination of global and local
manipulations to voice source parameters. Tempo and formant
manipulations were included in two of the transforms. To sum-
marise, this experiment addresses three questions:

(i) How effective are these transforms in altering the per-
ceived affect towards the intended affective targets?

(ii) Which of the three transform types is the most effective?
We hypothesise that global and local effects are additive
and that the combined transforms are the most effective.

(iii) How uniquely are individual affects signalled, i.e., differ-
entiated among low-activation (or high-activation) affects?

While the present focus is on affective prosody, and on a very
specific application, the methods adopted here should also ena-
ble a wider exploration of both linguistic and affective prosody
and of how these two aspects interact.
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2. Methodology

Recordings were made of a male native speaker of Kerry
(Dingle) Irish producing a number of semantically neutral Irish
sentences. Each sentence was read to portray the affects angry,
happy, sad, bored, and relaxed as well as neutral, with multiple
repetitions of each affective rendering. The recordings were
carried out in a semi-anechoic studio using high-quality equip-
ment (a Briel & Kjeer 4191 microphone with 2669-C pre-
amplifier and Nexus 2690 conditioning amplifier) to ensure
phase linearity, as required for the voice source analysis. The
sampling frequency was 44.1 kHz, but the data selected for
analysis were downsampled to 10 kHz.

Based on an informal listening test, the sentence set which
best conveyed the target affects overall was chosen and, among
the repetitions, one that was deemed the most successful in
conveying the targeted affect was chosen for detailed voice
source analysis. The sentence was:

‘Geobhaimid bad ar an la sin’
‘Get-future tense-we boat on the day that’ (morpheme gloss)
‘We will get the boat on that day’ (translation)

The accented syllables are ‘bdd’ and ‘Ia’. In the chosen sen-
tences, the intonation contour was consistent with the past
description of high falling H*+L tones for this dialect [19, 20],
which was also found to be the dominant contour across the
recorded sentences.

2.1. Analysis Methods

The selected sentences were analysed through a manual inter-
active inverse filtering system described in [21, 22]. While
time-consuming, the manual approach was used due to its
superior accuracy compared to automatic analysis methods.
The estimated voice source signal was then parameterised using
the Liljencrants-Fant (LF) model [23]. The LF model is a math-
ematical model of differentiated glottal flow, allowing for
extraction and manipulation of voice source parameters. The
parameters explored here are fo (fundamental frequency), Ee
(excitation strength) and Rq, a global waveshape parameter pro-
posed by Fant [24]. Ee is defined as the negative amplitude of
the differentiated glottal flow at the main excitation, which
occurs at the instant of glottal closure. This amplitude is a major
determinant of the overall intensity of the source signal. Rq is
defined as 0.1171 fo Up/ Ee, where Up is the amplitude of the glot-
tal flow pulse. Up/Ee is the so-called declination time of the
glottal pulse, Ta. Hence, Rq is Ta normalised to the fundamental
period and scaled by the factor 0.11°! so that the numerical
value of Rq corresponds to Ta in milliseconds for an fo of 110 Hz
[24]. Ra is a global parameter in the sense that it captures some
of the natural covariation in the LF model parameters. It has
been shown to relate to vocal fold tension: a low Rq value
generally corresponds to a tense voice, while a high value
corresponds to a lax voice [24, 25].

PRAAT [26] was used to segment the sentences, and the
segment durations of the non-neutral utterances were then nor-
malised to the segment durations of the neutral utterance using
a PRAAT script [27]. Visualisations of parameter tracks helped
guide decisions regarding the stylisation of the parameter con-
tours and points at which scaling factors were calculated.

2.2. Parameter Modification and Resynthesis Methods

Parameter modifications and resynthesis were done using the
Voice Source Generator (VSG) [28, 29], a system developed

300

for the generation of realistic voice source signals using the
MATLAB App Designer [30]. The system takes the LF model
parameter data of the analysed neutral (baseline) utterance as
the input and, given specified scaling factors of the parameter
transforms, generates a new source signal using the aliasing-
free version of the LF model [31].

Three different kinds of manipulations were carried out to
create the affect-targeted stimuli: global, local, and combined
(a combination of global and local changes) and are schemati-
cally illustrated in Figure 1. Additionally, all versions of the sad
and happy stimuli included tempo shifts: a 10% increase in
duration of the sad stimuli, and a 10% decrease in the duration
of the happy stimuli — prompted by the literature (see review in
[2]). Furthermore, the happy stimuli included a moderate
increase in the formant frequencies of 4% across the utterance,
prompted by [32]. These modifications were carried out using
the PSOLA algorithm [33] in PRAAT.

Global

. Local

Parameter (fo, Ee, Rd)

Time

—— Neutral Transformation 1, I, lll - Anchor Points

Figure 1: Schematic representation of the voice transforms.
Anchor points I, Il and I11 for the local stimuli were used
for the time-normalisation of the global shifts.
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Figure 2: Example of the different regression lines
illustrated for Ee.

Global transforms: Linear regression analysis was con-
ducted to capture the global characteristics of the source param-
eter data, as illustrated in Figure 2 for the E. parameter. Ini-
tially, an overall, utterance-level regression line was obtained
for each parameter. Similar to the approach used in [34], a sec-
ondary linear regression analysis was then conducted using
only the data points either below (for fo and Ee) or above (for



Ra) the overall regression line, as this analysis would be less
affected by the local contours associated with the accented syl-
lables, and therefore potentially provide better representations
of the global voice source characteristics.

For fo and Ee the data points below the overall regression
line were used, as one would expect values to increase during
the accented syllables. The opposite is the case for R4 one
would expect a lower Rq value during the accented syllables, as
Rq tends to be negatively correlated with vocal tension. Thus,
for Ry, the data points above the overall regression line were
used for the secondary regression analysis.

For the global transformations, the VSG calculates the scal-
ing factors by dividing the values derived from the secondary
regression lines for the targeted affect by the corresponding val-
ues of the secondary regression lines of the neutral utterance.
These scaling factors are then applied to the neutral utterance to
yield the global transform. Because the neutral and target utter-
ances have different durations, anchor timepoints are taken at
the start and end of the utterance to ensure time-alignment of
the regression lines.

Local transforms: For the local shifts, an anchor-point sys-
tem was used to extract measurements and implement modifi-
cations. Based on phonetic-level segmentations, these anchor
points were: (i) the first and last voiced pulses of the vowel in
the accented syllables (‘bad’ and ‘18%); (ii) pulses located 20%
into the vowel from the anchor points in (i); and (iii) the middle
point of each accented vowel, i.e., the pulse at the midpoint
between the anchor points of (i). Local contours were stylised
by linear interpolation of the parameter values between the
anchor points (see Figure 1).

The local scaling factors were calculated for each parameter
by dividing the interpolated parameter values by the corre-
sponding values of the secondary regression line. The local
transforms were then achieved by multiplying the scaling fac-
tors by the corresponding value from the secondary regression
line of the neutral utterance.

Combined transforms: The combined stimuli bring to-
gether the global and local shifts, with the scaling factors of the
local changes applied directly to the secondary regression line
of the target affect after the global shift is applied.

Table 1: For each affect, the mean change in the
parameters for the voice transforms.

Affect f, diff (semitones) E. diff (dB) R diff (%)
global | local : combined| global | local | combined| global | local icombined
angry 2.4 14 3.8 6.0 15 74 -14%; -5% -18%
happy 41 46 87 41 26 6.7 -1% 4% 3%
bored -20 0.0 -19] -34 -27 61 0% 19% 20%
sad -1.0 0.2 -0.8] -1.3{ -13 -2.5 8%; 13% 21%
relaxed 1.0 0.1 1.1 0.4 -0.3 0.1 16%; 13% 30%

Table 1 shows the change in the mean values of the voice
source parameters for the accented syllable bad for local, global
and combined manipulations.

2.3. Perception Tests

Each of the target affects (angry, happy, sad, bored, relaxed)
were presented in three versions: global, local and combined.
The neutral baseline stimulus, resynthesised through the VSG
system, was also included, yielding a total of 16 unique stimuli.
The test involved 23 participants, all speakers of Irish. They
first heard the full set of stimuli, after which 6 tests were carried
out where all 16 stimuli were presented in random order. Lis-
teners were asked to select the expressed emotion from a list
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that included all affects and a ‘no affect’ option. If an affect was
chosen, listeners were then asked to rate how strong the emotion
was deemed to be on a 5-point scale from weak (1) to strong
(5). Instructions were given in Irish, and responses to the first
test set were discarded as it was treated as a practice run to
familiarise listeners with the task.

3. Results and Discussion

Each panel in Figure 3 presents results for the triad of stimuli
(local, global and combined) targeting a given affect. For each
of these, the percentage of responses obtained for the targeted
affect are shown alongside responses for the other possible
affect choices. The black dotted lines show the percentage of
responses to the neutral stimulus for each possible choice of
affect. Regarding the perceived strength of affect judged by the
listeners, results were little differentiated: averages ranged from
1.8 to 2.75 (from a potential range of 1 to 5). Therefore, in the
following, we focus on the identification rate with which spe-
cific affects were chosen for different stimuli.

To address our research questions, one-way repeated
measures ANOVA tests examined: (i) which of the affect-tar-
geting stimuli yielded ratings for that affect that were signifi-
cantly higher than those for the neutral stimulus (significant
cases are marked with an asterisk in Figure 3); (ii) whether rat-
ings for the three stimulus types for a targeted affect are signif-
icantly different from each other, and (iii) how different were
ratings among pairs of high-activation (happy, angry) or low-
activation (sad, bored) affects. The significance level was set to
0.05.
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Figure 3: Identification rates for each triad of affect-
targeting stimuli: global (green), local (orange) and

combined (purple) for both targeted and other affects.

Asterisks mark values significantly higher than values

obtained for the neutral stimulus (black dotted lines).

The high-activation states (happy, angry) were more effec-
tively cued than low-activation states (sad, bored, relaxed). The
happy stimuli yielded the highest ratings: 72% for the local,
67% for the combined, and 54% for the global stimulus. All



ratings were significantly higher than those for the neutral stim-
ulus. The high ratings for the happy stimuli were somewhat sur-
prising, as happiness has been notoriously elusive to cue in per-
ception. As these happy-targeting stimuli involve voice source
features as well as tempo and formant shifts, one cannot draw
inferences concerning which manipulations were the most
effective in conveying happiness to listeners.

The cueing of happy also appears to be rather unambiguous,
as a comparison with angry reveals. Particularly for the most
highly rated local stimulus, ratings for angry, at 10%, are 62
percentage-points lower than for happy. The difference in
happy vs. angry responses is less striking for the combined and
global stimuli, but in all cases these differences are statistically
significant, and we conclude that the signalling of happy is quite
specific to this affect. Of the three stimulus types, the local stim-
ulus is clearly the most effective, both in terms of the frequency
and uniqueness with which happy is identified. As the addition
of global modifications adds nothing to the local, the initial
hypothesis that the combined transforms would be the most
effective is not supported here.

The angry affect appears to be effectively signalled, even if
ratings are much lower than those obtained for happy. The com-
bined stimulus is the most effective, with a rating of 46%, while
the other two angry-targeting stimuli achieve relatively poorer
ratings (24% for local, 15% for global). Nonetheless, ratings for
all three stimuli are significantly higher than for the neutral
stimulus. Here, it does appear that the perceptual effects of local
and global manipulations are additive: while individually rela-
tively ineffective, combining them vyields a relatively strong
effect. The findings for angry replicate the findings of the ear-
lier experiment for angry [18]. Unlike the happy-targeted stim-
uli, the angry-targeted stimuli are not affect-specific: in no case
are angry and happy responses significantly different.

Overall, ratings for the low-activation affects were poorer
and more ambiguous than for the high-activation states. The sad
affect achieves relatively strong signalling. Ratings of 48% for
the global stimulus and 41% for the combined stimulus are sig-
nificantly higher than those for the neutral stimulus. Here, we
find no support for the initial hypothesis that the combined
stimuli would be the most effective: the addition of local
changes reduces rather than enhances the perception of sad.
Furthermore, the affect cueing of the sad-targeted stimuli is not
specific to the sad affect. For none of the three sad-targeted
stimuli are responses for sad significantly higher than those for
bored. In fact, bored emerges as a more frequent response to
both the local (49%) and the combined (46%) stimuli.

Ratings for the bored-targeted stimuli are low, and none are
significantly higher than the ratings for the neutral stimulus.
But, as just noted, a bored affect was in fact strongly associated
with the local and combined stimuli targeting sad. And in con-
trast to the case of the sad affect, where the global stimulus was
the most highly rated and the addition of local modifications
reduced the sad effect, the local sad-targeting stimulus appears
to shift perceptions towards bored, and the addition of global
changes reduced rather than enhanced the bored effect. Further-
more, for the local sad-targeting stimulus, the difference in
bored and sad responses is statistically significant, suggesting
this stimulus achieves relatively unambiguous cueing of bored.

The relaxed-targeted stimuli were ineffective. Regardless
of stimulus type, ratings are never significantly different from
ratings for the neutral stimulus.

The results for the low-activation states are confounded by
the fact that the neutral baseline emerges as not affectively neu-
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tral, but rather skewed towards the low-activation states. Thus,
even where, in absolute terms, rather high sad (or bored) ratings
are achieved with sad-targeting stimuli, the relative shift from
neutral is considerably smaller. The present transforms are thus
likely to underestimate what is needed to change a truly affect-
neutral utterance towards a sad or bored rendition.

4. Conclusions

The results of this experiment are somewhat mixed. The trans-
forms for the high activation affects happy and angry are prom-
ising. The cueing of happy is much more effective than angry —
both in terms of the frequency of identification and the relative
uniqueness with which this affect is cued — particularly with the
local stimulus. This is of particular interest, as the happy affect
has traditionally been found difficult to capture. Given that the
happy transforms involve not only voice source parameters but
also formant and tempo shifts, further experiments are needed
to assess the relative contribution of the different factors.

The cueing of the low-activation states was less effective,
even if sad and bored did emerged reasonably strongly, and
even if the cueing of bored was not in response to the intended
transforms. However, for the low-activation affects, our results
are somewhat inconclusive, given that the intended neutral
stimulus, as perceived, was biased towards the low activation
states. A priority for future work will be the establishment of a
neutral baseline. Our plan at this juncture is to take a sentence
produced by the TTS system for this speaker’s voice as the
neutral template, and to carry out preliminary tests to establish
its affect-status. Informal listening tests suggest it will provide
a better starting point for this type of experiment.

A hypothesis that the combined stimuli would be the most
effective, and that the effects of the global and local transforms
would be additive was not borne out, as it was supported only
by the results for the angry transforms. For happy, the local
stimulus was the most effective; for sad, the global stimulus
emerged as the most effective; for bored, the local sad-targeting
stimulus yielded best results. At this point, we can only specu-
late that the most effective type of transform will be affect-
dependent.

The transforms used here were intentionally kept relatively
simple, as they are framed within a goal of allowing practical
affect control to the synthetic voices of an Irish-language AAC
device. Therefore, they did not involve further voice source fea-
tures that could be important, such as voice quality settings for
creaky and whispery voice, found in earlier studies to be rele-
vant in signalling low-activation states [6, 7]. Broadening the
scope of these affect-transforms to include additional source
adjustments would also be worth exploring in future work.

As mentioned in the introduction, it is hoped that the
approach adopted here will not only yield insights into affective
prosody, but also allow exploration of linguistic prosody and
interaction of affective and linguistic prosody — as a step
towards a fuller, more holistic understanding of the role of pros-
ody in speech communication.
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