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Abstract 
We present two studies on authentic vocal affect expressions. In Study 1, the speech of social phobics was recorded in an anxiogenic 
public speaking task both before and after treatment. In Study 2, the speech material was collected from real life human-computer 
interactions. All speech samples were acoustically analyzed and subjected to listening tests. Results from Study 1 showed that a 
decrease in experienced state anxiety after treatment was accompanied by corresponding decreases in a) several acoustic parameters 
(i.e., mean and maximum F0, proportion of high-frequency components in the energy spectrum, and proportion of silent pauses), and b) 
listeners’ perceived level of nervousness. Both speakers’ self-ratings of state anxiety and listeners’ ratings of perceived nervousness 
were further correlated with similar acoustic parameters. Results from Study 2 revealed that mean and maximum F0, mean voice 
intensity and H1-H2 was higher for speech perceived as irritated than for speech perceived as neutral. Also, speech perceived as 
resigned had lower mean and maximum F0, and mean voice intensity than neutral speech. Listeners’ ratings of irritation, resignation 
and emotion intensity were further correlated with several acoustic parameters. The results complement earlier studies on vocal affect 
expression which have been conducted on posed, rather than authentic, emotional speech. 

 

1. Background 
Recent reviews of studies of vocal expression have shown 
that discrete emotions like anger, fear, joy, and sadness 
can be accurately communicated, also cross-culturally, 
and that each emotion is associated with relatively distinct 
acoustic characteristics (e.g., Juslin & Laukka, 2003; 
Laukka, 2008). However, the majority of previous 
research is subject to two major limitations – a) they have 
mainly been conducted on posed expressions and b) have 
limited their choice of emotion categories to full-blown 
basic emotions. It can reasonably be argued that posed 
expressions must be relatively similar to naturally 
occurring expressions in order for communication to be 
successful (Davitz, 1964), but posed expressions may also 
be exaggerated and more intense than authentic, everyday 
expressions (Scherer, 1986). Also, studies on spontaneous 
affect expression in everyday speech have reported that 
clear expressions of basic emotions are rarely found in 
normal day-to-day conversations, whereas expressions of 
milder and more subtle affective states occur more 
frequently (e.g., Campbell, 2005; Cowie & Cornelius, 
2003; Devillers et al., 2005).  
  
Researchers have attempted to study authentic vocal 
expressions in a number of ways. For instance, various 
affect induction methods have been applied in order to 
study the effects of the manipulation on the voice (e.g., 
Aubergé et al., 2006; Bachorowski & Owren, 1995; 
Bonner, 1943; Johnstone et al., 2005). Another line of 
research has investigated spontaneous emotional speech 
from real-life conversations (e.g., Devillers et al., 2005; 
Eldred & Price, 1958; Greasley et al., 2000; Lee & 
Narayanan, 2005; Litman & Forbes-Riley, 2006). These 
kinds of investigations are valuable, but also have 
limitations. For one thing, it is difficult to induce strong 

and well-differentiated emotional reactions in laboratory 
settings, which makes the study of intense emotional 
states difficult. Further, the study of real-life 
conversations is made complicated by the fact that one 
rarely has any control over what emotions, if any, the 
speakers actually were experiencing.  

2. Aims 
We present two studies on authentic vocal expressions 
which complement earlier research. More specifically, we 
explored the expression of non-basic emotions (anxiety, 
irritation, and resignation) using two different methods of 
collecting affective speech. In Study 1, the speech of 
social phobics was recorded during an anxiogenic public 
speaking task both before and after treatment. In Study 2, 
the speech material was collected from real life 
human-computer interactions.  

3. Method 

3.1 Study 1  
The speech of patients with social phobia (N = 71, 45 
women, 26 men, mean age = 35 years) was recorded in an 
anxiety provoking situation (i.e., giving a public speech) 
before and after pharmacological treatment, using data 
from a large ongoing project on treatment for social 
phobia conducted at Uppsala University. The patients 
were divided into responders and non-responders based 
on the effects of the treatment. Responders showed 
significantly less anxiety at post-treatment than at 
pre-treatment when compared to non-responders who 
served as a control group. Changes in self-reported state 
anxiety from pre- to post-treatment were evaluated using 
the Spielberger State-Trait Anxiety Inventory 
(Spielberger et al., 1970). The speech samples were 



further analyzed regarding a number of acoustic 
parameters, and subjected to listening tests.  
 
The recordings were made while the patients took part in a 
PET assessment and lay in the scanner. The patients were 
instructed to give a 2-minute speech about a vacation or 
travel experience, which was performed in the presence of 
a silently observing audience and the patients were 
instructed to observe the audience in order to increase 
observational anxiety. The first 10 seconds of speech from 
each subject at both recording occasions was subjected to 
acoustic analyses conducted with Praat (Boersma & 
Weenink, 2007).  
 
The speech samples were further subjected to listening 
tests to test whether listeners could accurately perceive 
the speakers’ level of anxiety. Sixteen listeners (8 men, 8 
women, mean age = 24 years) judged the nervousness of 
all speech stimuli on a scale from 0 (not nervous at all) to 
10 (very nervous). Before being entered into the listening 
test, the speech stimuli were content-masked by low-pass 
filtering. This procedure eliminates phonetic information 
and renders the speech unintelligible and sounding 
muffled. Nevertheless, affective information transmitted 
by F0, voice intensity and temporal aspects of speech is 
largely preserved. For a fuller description of the speech 
corpus used in Study 1, the reader is referred to Laukka et 
al. (in press). 

3.2 Study 2  
The speech material used was recorded from real life 
voice controlled telephone services by the Swedish 
company Voice Provider. The original database consisted 
of 61,078 utterances; mainly brief commands such as 
“yes” and “no”, but also short sentences. All utterances 
were classified as neutral, emphasized or negative by a 
senior voice researcher. The majority of utterances were 
neutral, but the negative utterances included both irritated 
and resigned speech. Parts of this corpus have been used 
in prior studies on the automatic detection of affect from 
speech (e.g., Neiberg et al., 2006).  
 
For our purposes we made a further selection of 
utterances from the Voice Provider database with the 
constraint that we should have at least one neutral and one 
affective utterance from each included speaker, in order to 
allow for within-subjects analyses. A further constraint 
was that the utterances should be of sufficient recording 
quality for acoustic analysis, and not contain any 
truncations, repetitions or other problems. The selected 
200 utterances came from 64 different speakers and each 
speaker contributed between 2 to 6 utterances. Again, the 
speech samples were acoustically analyzed using Praat. 
Preliminary analyses of the acoustical characteristics of 
this selection of utterances have been reported in Forsell 
et al. (2007). 
 
Twenty listeners (7 women, 13 men, mean age = 29.5 
years) were asked to rate all speech samples on each of the 

following scales: irritation/anger, resignation/sadness, 
neutral, and level of emotion intensity. All scales ranged 
from 0 (not perceived at all) to 7 (very clearly perceived). 

4. Results 
Different sets of acoustic cues were analyzed in the two 
studies. Therefore we limit the presentation to cues which 
were common to both studies (e.g., pitch, voice intensity, 
spectral energy distribution, and temporal aspects of 
speech). For Study 1, we first wanted to examine the 
effect of anxiety on the acoustic measures. Because the 
decrease in self-reported anxiety from pre- to 
post-treatment was significantly larger for responders 
than for non-responders, we conducted planned 
comparisons (t-tests) between responders and 
non-responders for all acoustic cues. The analyses were 
conducted on the change scores from baseline to post-trial. 
To calculate the change scores for the voice cues, we 
subtracted the post-trial value for each cue from the 
baseline value for the same cue for each patient (i.e., we 
utilized a within-persons design). Thus a large change 
score indicated a large decrease from pre- to 
post-treatment. The results from the planned comparisons 
confirmed that the differences were significantly larger 
for responders than for non-responders for mean F0 (t69 = 
2.52, p < .05), maximum F0 (t69 = 2.48, p < .05), and 
percentage of silence (t69 = 4.32, p < .001). In other words, 
a decrease in experienced anxiety was accompanied by 
corresponding decreases for the above acoustic cues. 
Additionally, we found a significant difference in change 
score for proportion of high-frequency energy (measured 
as the proportion of spectral energy above vs. below 1000 
Hz [HF 1000]), indicating that proportion of 
high-frequency energy also decreased from pre- to 
post-treatment for responders, but not for non-responders 
(t45 = 3.45, p < .01). 
 
We also wanted to relate the acoustic measurements with 
the listeners’ perceptions of nervousness, because the 
correlations between listeners’ ratings and voice cues give 
clues about what cues listeners use when making 
inferences about speakers’ affective states. To that end we 
computed the correlations (Pearson r) between changes 
(pre- to post-treatment) in voice cues and listeners’ mean 
ratings of nervousness, see Table 1. Changes in several 
voice cues were significantly correlated with changes in 
perceived nervousness. For example, decreases in 
maximum F0 (r = .24) and percentage of silence (r = .29) 
were associated with a decrease in perceived nervousness. 
Also, an increase in mean voice intensity was negatively 
correlated with an increase in perceived nervousness (r = 
-.35, all p’s < .05). 
 
For Study 2, we also first wanted to investigate acoustic 
differences between affective and neutral utterances. 
Therefore we first calculated the mean values for each 
acoustic measure (across all speech samples that were 
rated as neutral, irritated, or resigned by the 20 listeners) 
for each speaker. Then we investigated whether the mean 



differences between neutral and irritated/resigned 
utterances were significant using within-groups t-tests. 
The tests revealed that mean F0 (t25 = 4.88, p < .0001) and 
the 5th quantile of F0 (F0 Q5; t25 = 3.22, p < .01) were 
significantly higher for irritated compared to neutral 
speech. The opposite results were obtained for resigned 
speech: both mean F0 (t16 = -2.24, p < .05), and F0 Q5 (t16 
= -2.31, p < .05), were significantly lower than for neutral 
speech. Irritated speech further had higher mean voice 
intensity than neutral speech (t25 = 3.29, p < .01), whereas 
resigned speech had lower mean voice intensity than 
neutral speech (t16 = -2.57, p < .05). Also, irritated speech 
had higher H1-H2 (a spectral correlate of open quotient) 
than had neutral speech (t25 = 2.12, p < .05). Resigned 
speech additionally had longer mean syllable duration (i.e. 
slower speech rate) than neutral speech (t16 = 2.51, p 
< .05). 

 
Voice cue N STAI-S Nervousness 
F0 M 71 .25 * .16 ns 
F0 SD 71 -.14 ns -.06 ns 
F0 max 71 .26 * .24 * 
Voice inten- 
sity M 

47 -.21 ns -.35 * 

High frequency 
energy 
[HF 1000] 

47 .35 * .27 ns 

Speech rate 
[syllables/s] 

71 .18 ns .02 ns 

% Silence 71 .37 *** .29 * 
        Note. * p < .05, *** p < .001 

 
Table 1: Correlations (Pearson r) between changes (from 

baseline to post-trial) in voice cues and changes in a) 
speakers’ self reports of anxiety (STAI-S) and b) listeners’ 

ratings of nervousness from Study 1. 
 
Finally we wanted to investigate the associations between 
acoustic cues and the listeners’ perception of irritation and 
resignation. For this purpose we calculated the 
correlations between acoustic cues and the listeners’ mean 
ratings of irritation and resignation, see Table 2. We found 
significant positive correlations between irritation ratings 
and mean F0 (r = .19), mean voice intensity (r = .44), and 
mean syllable duration (r = .20; p’s < .01). Conversely, 
resignation ratings were negatively correlated with F0 
standard deviation (r = -.40), F0 Q5 (r = -.25), and mean 
voice intensity (r = -.46). As also shown in Table 2, 
listeners’ ratings of neutral and emotion intensity were 
significantly correlated with several voice cues. 

5. Discussion 
The presents results complement earlier studies on vocal 
affect expression which have been conducted on posed, 
rather than authentic, emotional speech. The studies have 
several noteworthy features, the implications of which 
will be briefly discussed below. First, we utilized within 
subjects designs, where each speaker acted as his or her 
own control. Thus, we could control for individual 

differences in baselines of the acoustic cues, whereas a lot 
of previous research has failed to include adequate control 
conditions with which to compare affective speech.  
 
Second, we used two different kinds of affective speech 
corpora. Unlike most previous studies on induced 
affective speech, in Study 1 we managed to induce 
relatively strong affect. Nevertheless, the effects of the 
induced anxiety on the acoustics of speech were only 
small to moderate. One possible explanation of this could 
be that the speakers tried to mask their expressions in 
order to keep up a non-nervous appearance. The 
possibility of expression suppression clearly presents a 
challenge for the study of authentic vocal expressions and 
should be directly addressed in future investigations. In 
Study 2 we instead used recordings of spontaneous speech. 
Therefore we did not have any direct control over what 
emotions the speakers were experiencing. However, 
because of the context where the recordings were made 
(i.e., human-computer interactions where the 
communication was not working) we are fairly confident 
that the speakers actually did experience irritation and 
resignation, respectively.  
 
Voice 
cue 

Irritation Resignation Neutral Emotion 
intensity 

F0 M .19 ** -.12 ns -.15 * .21 ** 
F0 SD -.03 ns -.40 *** .22 ** .00 ns 
F0 Q5 .14 ns -.25 *** -.03 ns .16 * 
Voice  
intensity 
M 

.44 *** -.46 *** -.12 ns .47 *** 

H1-H2 .01 ns -.11 ns .00 ns .05 ns 
Mean  
syllable 
duration 

.20 ** .08 ns -.22 ** .15 * 

Mean 
duration 
of 
silence 

.04 ns .00 ns -.03 ns .00 ns 

Note. * p < .05, ** p < .01, *** p < .001 
 
Table 2: Correlations (Pearson r) between acoustic cues 

and listeners’ mean ratings of irritation, resignation, 
neutral, and emotion intensity from Study 2. 

 
Third, the present results can be compared to previous 
results obtained with posed expressions (e.g., Juslin & 
Laukka, 2003). In general, the present results obtained 
with authentic expressions are similar to previous results 
obtained with posed expressions; though the effect sizes 
for non-portrayed affective speech are generally lower 
than for portrayed expressions (see also Williams & 
Stevens, 1972). Further, Study 2 is the first study that we 
know of where ratings of emotion intensity have been 
collected from spontaneous speech. The acoustical 
correlates of emotion intensity from Study 2 (see Table 2) 
are also in accord with previous studies conducted on 
posed expressions (e.g., Laukka et al., 2005).  



Fourth, in the present studies we investigated the 
acoustical correlates of anxiety, irritation, and resignation, 
whereas most previous studies have instead investigated 
the basic emotions fear, anger, and sadness. As it turned 
out, the acoustical correlates of anxiety, irritation, and 
resignation were very similar to those of fear, anger, and 
sadness, respectively, which supports the hypothesis that 
affect in speech may be coded in terms of broad emotion 
categories/families (Laukka, 2005).   
 
Fifth, the results from Study 1 lend support to the often 
hypothesized coupling between experienced emotion and 
expressive behavior, though they also speak against a 
one-to-one relationship between experienced and 
expressed emotion.  
 
To conclude, designing experimental studies of authentic 
affect expression is fraught with difficulties, especially 
concerning how to collect the expressions. However, we 
believe that such studies are necessary to yield a better 
understanding of emotional vocal production, and about 
how and when emotion experience and various aspects of 
vocal expression co-occur. 
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