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ABSTRACT

at the time they occur [1]. Hypotheses concerning
these effects were formed based on the physiological
changes predicted by the CPM for different results
of these SECs and their possible effect on phonation, while also considering phonatory patterns observed in acted emotions, since such portrayals often
build on representations of spontaneous emotional
reactions. Phonatory variation was quantified in two
ways: we determined phonation type manually, after
which acoustic measurements were carried out on the
modal parts of the analysed vowels. The two acoustic measures taken were fundamental frequency (f0)
and the difference between the first two harmonics
(H1-H2). H1-H2 is a measure well-suited to describe
the degree of glottal constriction [12] as it correlates
highly with the Open Quotient (OQ) [28], the proportion of a glottal cycle in which the glottis is open
[9]. Higher values of H1-H2 would suggest a more
breathy phonation, while low values indicate irregular phonation.

This paper1 aims to describe how phonation changes
during emotion-inducing stimuli. 34 Hungarian
speakers (17 female, 17 male) were asked to compete in a simple computerised guessing game, using
voice commands to proceed after faced with the result of their guess. We expected that acoustic measures taken on these voice commands differ based on
two affective components: goal conduciveness (successful or unsuccessful result) and discrepancy from
expectations (unexpected or expected result based on
the uncertainty of the guess).
According to the results, only female subjects show
phonatory variation as a result of varying emotional
states: their fundamental frequency is higher at unexpected game events and their phonation is less
breathy (lower H1-H2) at unexpected, unsuccessful events. Both of these changes can be caused by
higher muscle tension in unexpected, unsuccessful
situations and lower tension when experiencing goal
conducive, expected events.

1.1. The effect of discrepancy from expectations

Events can be appraised as consistent to or discrepant
from the organisms expectations, in other words,
events can be expected or unexpected. Novel, unexpected stimuli can lead to a so called orienting
response (OR) [29], which is characterized by increased muscle tension [17]. When the subject experiences stimuli that is discrepant from their expectations, the occurrence of such ORs could lead
to changes in speech such as increased longitudinal tension of the vocal folds, resulting in higher f0
(as predicted in [11]). This would be in line with
high f0 values in the portrayal of surprise (see [2]
for Hungarian, [23] for an overview). Since both
of the nonmodal phonation types we analysed can
be characterized by low tension in some of the laryngeal muscle groups (for breathy phonation, weak
longitudinal tension, for irregular phonation, weak
medial compression), increased muscle tension when
experiencing discrepant events would mean that these
nonmodal phonation types are unlikely to occur, and

Keywords: emotion, phonation, appraisal, emotion
regulation
1. INTRODUCTION
According to appraisal models of emotion (e.g.
[16, 19, 25]), behavioral and physiological reactions
to affective stimuli are a result of cognitive appraisal
of the stimuli. Appraisal is described by the Component Process Modell (CPM, [25]) as a process consisting of several subsequent Stimulus Evaluation
Checks (SECs). The result of these steps of evaluation determines the emotional state and physiological
reactions of the organism. In this study, two such
SECs, goal conduciveness and discrepancy from expectations were manipulated in a computer game,
with the aim to describe their effect on vocal fold
vibration. Speech was acquired during voice commands controlling the game, resulting in utterances
that could capture the induced emotional effects right
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less nonmodal-like acoustic characteristics would be
expected to be measured.

lead to a less frequent occurrence of nonmodal
phonation types, higher f0, and higher H1-H2
relative to the subjects’ emotionally neutral
speech.
Apart from assessing the effect of goal conduciveness, discrepancy from expectations and gender, the
effect of syllable number was also analysed.

1.2. The effect of goal conduciveness

Organisms also evaluate how events could affect their
chances to attain their current goals or needs. If an expected event is conducive to the goals of the organism,
this could lead to a state of comfort and rest behavior,
characterized by balanced muscle tone and relaxed
respiration [24, 11]. Similar effects seem to appear
when speakers are asked to portray contentment, an
emotional state highly resembling these results of
stimulus evaluation. This emotion is expressed with
low f0 and there is a frequent occurrence of nonmodal phonation types: for females, phonation shifts
towards irregular, while for males, breathy phonation
becomes more frequent [2]. These effects could be
both caused by relaxation of different muscle groups.
For females, relaxation could result in weak longitudinal tension of the vocal folds, while for males,
there could be a decrease in medial compression.
Goal obstructive game events can be further categorized based on how likely the organism is to cope
with the obstructive events’ consequences. In our
case, this was the likelihood of the participant still
getting a good final score in the game, which was
possible, but harder to reach after every unsuccessful
result. Therefore, we treated goal obstructive events
as having moderate coping potential. Such obstructive events could lead to the activation of the sympathetic branch of the nervous system, to increased
muscle tension [30], and thus phonation could be
characterized by higher f0 and intensity (as predicted
by [11] and observed in [10]). As in the case of unexpected stimuli, nonmodal phonation types would not
be likely to occur, and less nonmodal-like acoustic
characteristics would be expected to be measured.

2. METHODS
A simple card game was developed in JavaScript,
following the general experimental design described
in [27], while we also made several methodological
changes to the original game. In the game, participants had to guess whether an upcoming card would
have a higher or lower value than the previous card.
On the monitor in front of them, participants saw
a row of six cards. At the beginning of each row,
every card except the first was upside down, and the
participants were asked to guess whether the next
card’s value will be higher. Guessing was executed
using the voice commands alacsonyabb ‘lower’ and
magasabb ‘higher’ (these voice commands will be
analysed in a separate study). After guessing, the relevant card was turned, and if the participant guessed
right, (s)he could go on to the next card in the row.
Knowing that the numbers ranged from 2 to 10,
and cards that have already appeared in the row can
not appear again, participants could easily estimate
the probability of the upcoming card’s value being
higher or lower than the previous one. For example,
if the first card’s value was 8, the rational choice for
the participant would be “lower”, because the number
of cards containing lower values (2, 3, 4, 5, 6, 7) than
the previous card (8) is higher than the number of
cards with values lower than that (9, 10).
To establish if the result of the guess was discrepant
from the participant’s expectations, we had to evaluate the potential of the participant to cope with a
guess (coping potential, cp). For this purpose cp
was calculated using the equation below. cp takes its
maximum, 1, when the probability of the upcoming
card’s value being higher equals either 1 (the card’s
value will certainly be higher) or 0 (the value will
certainly be lower). Therefore cp = 1 means that the
subject can be absolutely certain while making that
decision. If there is an equal chance of the value
being higher or lower, meaning the participant faces
a totally random decision, cp equals 0.

1.3. Hypotheses

Hypotheses concerning phonation type frequency
were formed with respect to frequency in the first
two vowels of the voice commands, whereas hypotheses concerning acoustic measurements (f0, H1-H2)
were formed with respect to the modal parts of those
vowels.
• Goal conducive game events that are congruent
with the subjects expectations lead to a more frequent occurrence of nonmodal phonation types,
lower f0, lower H1-H2 for females and higher
H1-H2 for males relative to the subjects’ emotionally neutral speech.
• Goal obstructive game events and events discrepant from the subjects’ expectations both

cp = 2 ∗ |phigher − 0.5|
A successful result after a decision with low cp or
an unsuccessful result after a decision with high cp
was considered to be discrepant from expectations

58

Table 1: Determining the discrepancy from expectations variable

low cp (cp<0.5)
high cp (cp≥0.5)

conducive
discrepant
congruent

der, syllable number and their interactions on f0 and
H1-H2, with random intercepts for subject. p-values
were obtained with the lmerTest package [14], which
uses the Satterthwaite’s method of approximation for
degrees of freedom. Since three different dependent
variables (phonation type, f0, H1-H2) were used to
test the same effects, we modified the alpha level to
account for three tests using Bonferroni correction to
α = 0.017, as suggested by [22].

obstructive
congruent
discrepant

and vice versa (see Table 1). If the guess was correct,
the participant then needed to make the same decision
about the value of the next card and so on, until (s)he
got to the end of the row of cards (this is referred to
as one sequence). If the guess at any point was incorrect, the participant had to to move on to the next
sequence. Before the new sequence started, the participant was required to utter haladjunk /h6l6é:uNk/
‘go on’. After the participants completed 5 sequences
for familiarization, 32 sequences per participant were
displayed in a random order, with a break after the
16th sequence. After the game was over, 5 repetitions
of the voice command were read to acquire realizations in an emotionally neutral baseline condition.
Recordings were made in a sound-treated room
using a Laryngograph Ltd. EGG-D200 electroglottograph, capturing acoustic and vocal fold contact
area signals simultaneously. The recordings were automatically segmented using the BAS web services
G2P [21] and MAUS [26], after which the segmentation was manually corrected. Both the segmentation
and labeling of phonation types and acoustic measurements were carried out on the first two vowels of
the target word /h6l6é:uNk/. Phonation type was determined based on audiovisual inspection of oscillographic, spectrographic and EGG signals, according
to the acoustic descriptions and laryngograms in [15].
Mean f0 and H1-H2 were measured on the acoustic signal, on the modal part of the vowels in Praat
[3]. For the estimation of f0, we used gender-specific
f0-ranges suggested by [6] (100-300 Hz for females,
70-250 Hz for males). H1-H2 was calculated as the
difference between peak amplitudes measured within
a ± 10% frequency interval around the estimated
harmonic frequency as in [5].
Altogether 36 Hungarian speakers were recorded.
Two participants were excluded from the analysis
due to possibly pathological phonation (nonmodal
phonation in more than 50% of the duration of the
analysed syllables). Therefore, speech of 34 subjects
(17 female, 17 male, aged 18-35 years, mean age =
23 years) was analysed.
Statistical analyses were carried out in R [20]. The
effect of discrepancy and conduciveness on the frequency of modal vs. nonmodal phonation types was
assessed using Chi-Square tests. Separate linear
mixed effect models were fitted to independently
assess effects of discrepancy, conduciveness, gen-

3. RESULTS
Altogether 2610 realizations of the vowel /6/ were
analysed in 1305 voice commands.
3.1. Frequency of phonation types

We found a significant effect of conduciveness (χ²
= 55.88, p < 0.001) and discrepancy (χ² = 51.62, p
< 0.001) on the frequency of phonation types. However, as it can be seen in Fig. 1, this effect can be
mainly attributed to differences between the baseline
condition and the experimental conditions (nonmodal
phonation being generally more frequent during the
experiment), while apparently there is no difference
between the two experimental conditions.
Figure 1: Frequency of modal vs. nonmodal
phonation types as a function of discrepancy from
expectations, goal conduciveness and gender.
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3.2. Fundamental frequency

We found a singificant interaction effect of conduciveness, discrepancy and gender on f0 [F(1, 2082) =
5.88, p < 0.017]: as it can be seen in Fig. 2, while
males showed no systematic variation as a function
of conduciveness or discrepancy, females had higher
f0 when experiencing discrepant, conducive stimuli
than in the baseline condition, and events that were
consistent with their expectations lead to f0-lowering.
This effect was stronger in goal conducive situations
than in goal obstructive ones.
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pectations and goal conduciveness were explored using a computerized card game for emotion induction.
We measured two acoustic parameters characterizing
phonation and the frequency of modal vs. nonmodal
phonation types on the voice commands that were
used to control the game.
Although we found no difference in the frequency
of phonation types between different results of the
manipulated SECs, significant interaction effects of
gender, discrepancy and conduciveness were found
on the acoustic parameters measured on the modal
parts of the voice commands. This could mean that
emotions induced in this highly controlled, laboratory
setting lead to subtle phonatory changes. The interaction effects of the two manipulated SECs and gender
for both acoustic measures indicate that emotional
reactions can only be captured in female speech. This
could be explained by differences in the degree of
emotional reactivity and emotion regulation between
genders. Apart from the lay belief that females tend
to be more emotional [7], several studies using physiological measures of emotional arousal and attention
suggest that females are more reactive to emotional
stimuli than males [4, 7, 13, 18].
We found that for females, f0 is higher when facing
game events that are discrepant from expectations,
while congruent events lead to a decrease in f0. This
effect is likely to be caused by increased muscle tension when facing unexpected, discrepant stimuli and
decreased tension in case of expected events [11].
The effect is stronger in case of relaxation at goal
conducive events.
We also found a lowering of H1-H2 values for discrepant, obstructive and congruent, conducive events
in the phonation of females. H1-H2 lowering indicates a shift from females’ habitually breathy phonation [8] to a more modal one, as a result of the predicted increase in overall muscle tension [11]. In
the case of conducive, congruent events, low H1H2 together with the low f0 measured in this condition could mean that in this case, H1-H2 lowering
does not simply indicate a more modal phonation,
but rather a shift towards a more irregular phonation
caused by relaxation, similarly to the frequent occurrence of irregular phonation when Hungarian females
express contentment [2].

Figure 2: Mean f0 (Hz) with 95% confidence interval as a function of discrepancy from expectations,
goal conduciveness and gender.
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3.3. Difference of the first two harmonics

We found a singificant interaction effect of conduciveness, discrepancy and gender on H1-H2 [F(1, 2085)
= 9.743, p < 0.01]: as it can be seen in Fig. 3, again,
males showed little to no systematic variation, just
a general raise in H1-H2 values in the manipulated
(in-game) conditions relative to the baseline. For females, opposing effects of discrepancy were found
for goal conducive and goal obstructive events: there
was a lowering of H1-H2 values for discrepant, obstructive and congruent, conducive events, whilst in
the other two conditions (discrepant, conducive and
congruent, obstructive) values were similar to the
baseline condition.
Figure 3: Mean H1-H2 (dB) with 95% confidence
interval as a function of discrepancy from expectations, goal conduciveness and gender.
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This paper aimed to describe how different results
of stimulus evaluation could lead to emotional reactions observable in phonation. The effects of two
Stimulus Evaluation Checks, discrepancy from ex-
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