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Abstract
This paper is concerned with the role of phonatory quality in
signalling affect. An overview of perception experiments is
presented, which used synthetic stimuli with different phonatory qualities and f 0 contours in order to explore the mapping
of voice quality to affect as well as the way in which voice
quality combines with f 0. Results highlight the need for these
phonetic parameters to be considered together. To identify the
phonatory correlates of affect, we also need to understand the
substrate of voice source variation, due to the linguistic content of utterances (prosodic and segmental) as well as to
speaker specific characteristics. Illustrations of the former type
of variation are presented, based on source parameterisation of
inverse filtered data. A holistic analytic approach is advocated,
which incorporates the main phonetic dimensions (voice
quality, f 0 and temporal parameters) and which integrates the
affective dimension with the more linguistic dimension of
prosody.

1. Introduction
This paper focuses on the role of voice quality in affect communication. Although always acknowledged as being of crucial importance, there is little quantitative information available in comparison to other phonetic aspects, such as f 0 and
amplitude dynamics, or temporal features, all of which have
been extensively studied, e.g., [1].
There are two issues of fundamental importance in the
modelling of the affective role of voice quality. Firstly, phonatory quality carries different kinds of information. In a single utterance, it serves not only to communicate affect, but
also tells us about speaker characteristics and imparts crucial
linguistic information. Section 3 focuses on the latter, illustrating how vital it may be to take account of it in attempting
to capture the affective dimension. Secondly, voice quality
and pitch are two dimensions of the voice source, which act
together in conveying affective (as well as linguistic) information. To gain a true understanding of affect communication, we need to appreciate how these two phonetic dimensions interact. Section 2 presents an overview of perception
experiments relevant to this question.

2. Voice quality and f 0 in affect perception
The experiments reviewed here explore the mapping of phonatory quality to affect, as well as the question of how phonatory quality and f 0 combine. The perception tests involved
synthetic stimuli varying in voice quality, and the elicitation
of listeners’ ratings on whether and to what degree different
affects were perceived. The synthesis was enabled by prior
analyses of voice qualities, e.g., [2], following Laver’s [3]
descriptive classification. Inverse filtering was used to obtain
the differentiated glottal flow, and the LF glottal flow model

[4] was fitted to our data to obtain measures of source parameters. To produce stimuli with differing voice qualities, the
LF implementation of the KLSYN88a synthesiser was used.
For fuller details, see [5].
A first experiment described in [5] provides an initial
exploration of whether phonatory quality shifts can alter the
affective colouring of an utterance and whether such shifts
coincide with traditional claims by phoneticians (e.g., creaky
voice signalling boredom for speakers of English). The
Swedish utterance “ja adjö” [¥j#Ö a¥jøÖ] was synthesised with
seven voice qualities: modal, breathy, whispery, tense, harsh,
creaky and lax-creaky voice. While the first six of these conform to the Laver descriptions, lax-creaky voice is an extension to the system. Source manipulations within the utterance
included dynamic variations aimed at capturing linguistic
(prosodic and segmental) effects discussed in Section 3 below.
In this, as in the subsequent experiments discussed here,
listeners rated the stimuli in a series of tests for pairs of opposite affective attributes, e.g., bored/interested. A seven-point
scale was used: the midpoint was taken to indicate “no
affect”, and the three steps either side showed the degree to
which the speaker was deemed to sound bored or interested.
Fig. 1 presents the ratings obtained for each attribute pair.
Results show that these kinds of phonatory changes do alter
the affective colouring. By and large, findings were compatible with the traditional observations about voice quality, but
suggest some refinements. For example, creaky voice yielded
lower ratings for boredom than the lax-creaky quality. And
although in the past a one-to-one mapping of voice quality to
affect has been implied, these results suggest rather that a
particular quality is associated with a number of (often related) affective attributes, e.g., lax-creaky voice is highly
rated for the attributes relaxed, content, bored and intimate.
The tense-lax dimension of voice quality emerged as an
important dimension. Tense voice yielded high ratings for
states involving high activation, while lax qualities (particularly the lax-creaky) were associated with low activation.
With the exception of angry, strong emotions (happy, sad,
afraid) yielded relatively low ratings compared to the milder
states of being (confident, bored, intimate, etc.).
Given that voice quality varies in a continuous fashion,
these results beg the question as to whether the affective
attribute(s) associated with an individual phonatory quality
varies in a gradient way: e.g., does the rating for anger increase with increasing phonatory tenseness? Conceivably, the
relationship between strength of phonatory quality and degree
of affect is not continuous. For example, the detection of
anger could depend on a certain threshold of tenseness being
passed. It is also possible that, in a tense-lax continuum, discreetly different affects might emerge, with say, a moderate
degree of tenseness signalling happiness while more extreme
tenseness might signal anger.

These questions were explored in a second experiment
where ratings for similar groups of affective attributes were
obtained for five stimuli ranging from tense to lax. Details of
the experiment and of the construction of the stimuli are provided in [6].
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Fig. 2 illustrates results for two of the affect pairs tested.
For the pair angry/content (upper panel) the strength of the
rating varies in a continuous fashion across the five stimuli.
This was the pattern that emerged for all the other affect-pairs
tested, with the exception of the happy/sad pair (lower panel),
which yielded no consistent differentiation for these stimuli.

Figure 2: Mean ratings (vertical lines show one SD) of
perceived affective strength for different degrees of
tenseness/laxness.
Further experiments have explored how phonatory quality
and f 0 combine to signal affect. It was felt that the generally
low ratings obtained for strong emotions in the first experiment was likely to reflect the fact that these stimuli lacked the
large f 0 excursions, described in the literature for these emotions, e.g., [1,7].
To examine this, in a third experiment, two sets of stimuli
were constructed, one including voice quality differences and
large f 0 excursions (the ‘f 0 + VQ’ stimuli), and a second set
which differed similarly in terms of f 0 variation, but retained
the phonatory settings for modal voice (the ‘f 0 only’ stimuli).
The f 0 values were adapted from data presented by Mozzi-
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Figure 1: Mean ratings of perceived affective strength
of pairs of attributes for seven voice qualities. 0 = no
affective content +/-3 = maximally perceived.
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Figure 3: Maximum mean ratings and estimated standard error of the mean: ‘ƒ0 only’ (grey); ‘ƒ0 + VQ’
(black). Affect ratings: 0 = none, 3 = max.
Results do show relatively higher ratings for ‘strong’
emotions when the large pitch variations are incorporated. In
Fig. 3 is shown the maximum mean rating obtained for each
affect across the stimuli of either set. Overall, it is striking
that the ‘f 0 only’ stimuli (grey) yield rather low ratings and
are considerably less effective than the ‘f 0 + VQ’ stimuli
(white) in signalling these affects.
The highest ratings were not always found for the expected stimulus and a closer inspection can be instructive.
The highest rating for sad was obtained for the stimulus with
the ƒ0 contour for boredom + lax-creaky voice, rather than by
the stimulus with the ƒ0 contour for sadness + breathy voice.
In the case of happy it is interesting to note that the highest
rating was for a stimulus with ƒ0 for indignation + harsh
voice, the same stimulus as gave the highest rating for angry.
This experimental approach provides a tool that can be
exploited to look at cross-language differences in the paralinguistic coding of affect. The above experiments all involved subjects who were speakers of Irish English. A similar perception experiment involving Greek subjects has been
carried out by Cherouvis [9], and will be extended to other
language groups. This latter experiment evolved from the last
one described, and includes three groups of stimuli: ‘f 0 only’,
‘VQ only’ and ‘f 0 + VQ’. Although results cannot be directly
compared with those of the third experiment above, we can
tentatively point to some likely differences between the two
language groups, as well as similarities. As for the Irish English subjects, the tense-lax dimension was of major importance. The most striking difference concerns the lax-creaky
voice quality. Whereas the addition of creakiness to breathy
voice (as in the lax-creaky stimuli) appears to be a potent
indicator of boredom for the Irish English subjects, this is not
the case for the Greek subjects.
Results broadly confirm the findings of the third experiment in that the highest ratings across the board were
obtained for the ‘f 0 + VQ’ stimuli. The ‘VQ only’ stimuli

yielded considerably higher ratings generally than the ‘f 0
only’, which typically obtained low ratings.

3. Non-affective functions of voice quality
These experiments highlight the fact that the two aspects (f 0
and voice quality) of the voice source need to be taken together in trying to get at the affective role of phonation.
Furthermore, there is yet another sense in which an integrated
approach is required. In any act of spoken communication,
phonatory quality carries three different types of information:
speaker specific, linguistic, and affect-related paralinguistic
information, and we would argue that the latter cannot be
treated in isolation.
There are of course potentially large differences in speakers’ long-term average phonatory settings. This to a large
extent reflects differences in underlying physiology, but it can
also be at least partially dependent on the language and social
group the speaker belongs to. It has nothing to do with affect
communication, but it presents a measurement problem,
greatly complicating any quest for invariant voice quality
mappings of affect.
While cross-speaker variations are self-evident, perhaps
less widely appreciated is the fact that there are extensive
modulations of the source that are connected to the linguistic
content of utterances. To exemplify, in Fig. 4 are shown the
dynamic variation of voice source parameters for the Swedish
utterance “Inte i detta århundrade” [+nt+ x d'tÖaoÖrh2ndrad],
taken from [10]. The prosodic modulation of this utterance is
reflected not only in the variation of f 0, but also in the other
source parameters. For example, declination shows up clearly
in the EE parameter. The prominence of accented syllables is
a consequence of different factors, not only their f 0 prominence, but also by source indicators of increased phonatory
tenseness. These are here the level of EE (excitation strength
of the glottal pulse) and, sometimes, FA (showing the relative
strengthening of the higher components of the source spectrum). Phrase boundaries are typically characterised by increasingly breathy voice as can be inferred in this example
form the increasingly symmetrical glottal pulse (rising RK
towards phrase end) and the falling FA. For explanations of
these source parameters, see [5]. Source data are complex: an
episode of creakiness towards the end of the utterance brings
about major perturbations to these parameters, but is also
fairly typically associated with the phrase boundaries of
declarative sentences of Swedish.
The fragment in Fig. 5 illustrates the final two words in
an intonational phrase (from a Swedish utterance). The
nuclear accent is on “sal” [s#Öl]. Note that prominence on the
word “sal”, associated with the low tone in early part of the
vowel and is clearly marked by a tenser phonatory quality.
Again a combination of parameters point to this: the high
excitation strength (EE), the relative strengthening of the
higher source components (high FA) and the change in the
lower end of the source spectrum, indicated by the high
“glottal frequency” (high RG). For a somewhat more
extended discussion of prosody related source variation, see
[11].
Although a large part of (non-affective) voice source
variation is a manifestation of the prosody, some variation is
not, but reflects segmental influences. There are intrinsic
differences among different classes of vowels and consonants,
which are the consequence of the varying supraglottal condi-

tions pertaining to their articulation (see, e.g., [12]). There
are also potentially large effects on the source at the transition
to voiceless consonants, and generally smaller effects at voice
onset. Some such effects can be observed in Fig. 4. The offset effects can be very pervasive, and in certain languages/dialects may influence a large part of a preceding
vowel [13].
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Figure 4: Voice source parameter variation
for an utterance of Swedish.

4. Discussion and conclusions
The results of the experiments reported in Section 2 indicate
that to understand the role of phonatory quality in the expression of affect, it needs to be looked at in conjunction with f 0
variation, as these two aspects of the source work together.
(Temporal aspects, which we have not dealt with here, are of
course also important.) These results also suggest that
attempting to synthesise affective speech by incorporating
appropriate f 0 without the appropriate voice quality is a strategy unlikely to yield the desired results. This may explain the
frequently poor results reported for perception experiments of
affect judgements, based on production measures of f 0 and
timing parameters, but not voice quality.
The fragments of data presented in Section 3 reinforce
this argument. Furthermore, it is clear that in order to understand the phonatory correlates of affect, we will need to take a
broader perspective, which takes account of the speaker specific as well as the linguistic (prosodic and segmental) contributions to the dynamic variation of the source – on two
accounts. At a practical level it is necessary in order to deal

with the “measurement problem” – how to obtain measurements for phonatory correlates of affect that are not confounded by these other factors which govern voice quality.
But more fundamentally, we believe that the broader
approach is required to gain a proper understanding of how
affect is coded in the voice. Our current hypothesis is that
when it comes to the source, different affects are signalled,
not by simple, global transforms affecting entire utterances,
but rather by changes to the utterance-internal prosodic constituents and to the relationships among them.
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tic analysis (focally accented/deaccented syllables, declination, etc.) are transformed for these phonetic dimensions.
Ultimately, we argue for a holistic approach where the paralinguistic signalling of affect is treated as an inherent, fundamental dimension of prosody and reintegrated into prosodic
analysis [11].
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Figure 5: Variation in voice source parameters for the
Swedish utterance fragment [stuÖr s#Öl].
These considerations provide the rationale of a recently
initiated project, Prosody of Irish Dialects. As part of an
account of Irish prosody, this project will attempt to provide
some parallel coverage of phonatory quality (and temporal)
correlates of the linguistic constituents, which are normally
defined only in terms of f 0. Furthermore, the project will
attempt to illustrate how certain aspects of the paralinguistic
code of affect expression influences the realisation of the linguistically defined constituents. So for example, rather than
seek an account of which phonetic parameters are associated
with a specific affect, e.g., indignant, we would aim to illustrate how an indignant utterance can differ from an affectively
neutral rendition, in terms of how the elements of the linguis-
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