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Abstract

This study investigated the effects of anxiety on nonverbal aspects of speech
using data collected in the framework of a large study of social phobia
treatment. The speech of social phobics (N =71) was recorded during an
anxiogenic public speaking task both before and after treatment. The speech
samples were analyzed with respect to various acoustic parameters related to
pitch, loudness, voice quality, and temporal aspects of speech. The samples
were further content-masked by low-pass filtering (which obscures the linguistic
content of the speech but preserves nonverbal affective cues) and subjected to

listening tests. Results 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 voice pitch, 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. The results complement earlier studies on
vocal affect expression which have been conducted on posed, rather than

authentic, emotional speech.
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Introduction

Emotional communication is of major importance for social competence and the
regulation of social behavior. For example, it is possible for us to communicate
vital information to others by expressing emotions and we can infer others’
probable behaviors by recognizing their expressions. Emotion expressions may
also regulate social behavior by inducing affective responses in the perceiver
(e.g., Darwin 1872/1998; Ekman 2003; Russell et al. 2003). Among the
nonverbal cues that people use for inferring others’ emotional states, voice
characteristics are frequently reported (Planalp et al. 1996; Scherer and Ceschi
2000). Thus, it is not surprising that nonverbal communication of affect through
the voice (i.e., vocal expression) has been reported to have an impact on many
social phenomena ranging from the quality of close relationships (Koerner and
Fitzpatrick 2002) to patients’ satisfaction with medical care (Haskard et al. 2008)

and communication effectiveness (Biersack and Kempe 2005).

Interest in vocal expression has increased considerably in recent years (see
Cowie et al. 2001), and recent reviews have shown that vocal emotion
expressions of specific emotions (e.g., anger, fear, happiness, sadness) are
generally recognized with accuracy above chance, also cross-culturally, and are
associated with relatively distinct acoustic characteristics (Juslin and Laukka
2003; Laukka 2008). However, one problem with previous research on vocal

expressions, and emotion expression in general, is that it has mostly been



conducted on posed expressions. In a typical study, actors are asked to portray
expressions and listeners are then asked to identify the portrayed expressions
in recognition tests. This line of research has produced important findings,
indeed most of what we know about vocal expressions is obtained with posed
expressions, but the use of posed expressions also has certain limitations. For
example, it has been noted that although posed expressions must be relatively
similar to ‘real’ expressions so that communication can be successful (Davitz
1964), they may also be exaggerated and more intense than authentic everyday
expressions (Scherer 1986). There is also a possibility that some aspects of the
voice which convey affective information are not under voluntary control
(Bachorowski and Owren 1995). It has further been noted that the prototypical
expressions of basic emotions, which have been the focus of a majority of
studies of posed expressions, are rarely encountered in spontaneous everyday
conversations (e.g., Cowie and Cornelius 2003; Devillers et al. 2005). The
investigation of authentic expressions of affective states other than basic
emotions is thus an important endeavor in order to increase the ecological

validity of research on vocal expression.

Studying Authentic Vocal Expressions

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 and Owren 1995; Barrett and Paus 2002; 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
and Price 1958; Greasley et al. 2000; Forsell et al. 2007; Lee and Narayanan
2005; Litman and 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.



Another complication is that authentic emotion expressions are shaped to a
certain degree by both push and pull effects (Scherer 1989; see also Ekman
and Friesen 1969). Push effects involve various internal processes of the
organism that are influenced by the emotional response (e.g., activation of the
autonomic nervous system). Pull effects, on the other hand, involve external
conditions such as social norms and cultural display rules. Pull effects may lead
to strategically posed expressions (i.e., an emotional expression without a
corresponding subjective emotional feeling), and also to the opposite
phenomenon, namely masked expressions, where a subjective emotional
feeling is present but the expression is hidden. Thus, even authentic
expressions may often be partly posed. Ideally, one would like to control for the
presence of both push and pull effects in studies of emotion expression, and
thus be able to disentangle how the resultant nonverbal behavior is influenced
by physiological emotional reactions on the one hand and consciously applied

expression strategies on the other.

Contribution of the Current Study

What is evident from the above brief review is that no one method of studying
vocal expressions is a panacea. The present study fills a gap in the literature by
presenting an experimental study on vocal expression where relatively intense
affect was induced in a laboratory setting. In short, the speech of patients with
social phobia was recorded in an anxiety provoking situation (i.e., giving a
public speech) both before and after pharmacological treatment, using data
originally collected in the framework of a large ongoing project on treatment for
social phobia (e.g., Furmark et al. 2005). The speech samples were also
analyzed regarding a number of acoustic parameters known from previous
research to be involved in the communication of affect (see Juslin and Laukka
2003; Scherer 1986, for reviews), and all speech samples were evaluated by
listeners regarding perceived anxiety. Some patients (responders) responded to
the treatment and reported significantly decreased anxiety during the public
speaking task from pre- to post-treatment, whereas other patients (non-
responders) did not report any decrease in anxiety and served as a control

group. This design allowed us to investigate the effects of the anxiety



manipulation on both the nonverbal aspects of speech (as indexed by the
various acoustic parameters) and the listeners’ perception of affect in the
speech samples. In other words, the design allowed us to closely investigate

the associations between experienced, expressed, and perceived affect.

Previous Studies on the Effects of Anxiety on Speech

Anxiety occurs when a person experiences a situation as personally
threatening, either physically or psychologically, which triggers physiological
responses and various coping strategies. It is not usually considered as a basic
emotion, but rather a combination of one or more negative affects, including
fear, uncertainty, distress, apprehension, and worry (e.g., Lang 1985). Because
anxiety most often involves fear, it is considered to belong to the fear family of
emotions. However, anxiety typically occurs more frequently and for longer
periods of time in everyday life than fear itself. Also, fear stimulates avoidance
and escape, while anxiety appears when the threat is unavoidable (Lazarus
1991). A further distinction is often made between state and trait anxiety, where
state anxiety is considered an emotional response to a personally threatening
situation and trait anxiety reflects the existence of stable individual differences
in the tendency to respond with state anxiety in the anticipation of threatening
situations (e.g., Spielberger et al. 1983). It should be noted that in the present
study we focus on the effects of state anxiety, rather than trait anxiety, on vocal

expression.

A couple of previous studies have examined the effects of induced state anxiety
on the nonverbal aspects of speech (see Siegman 1987, for a review). A
majority of these studies have focused on temporal aspects of speech, and the
most frequent finding has been that anxiety is associated with dysfluencies of
speech (e.g., increased pausing; Eldred and Price 1958; Hofmann et al. 1997;
Kasl and Mahl 1965; Lewin et al. 1996; Mahl 1956; Pope et al. 1970). A few
studies have also looked at effects of induced anxiety on a wider range of vocal
measures, but evidence is in general scarce and conflicting results are common
for measures other than dysfluency. For example, Hagenaars and van Minnen
(2005) found that anxiety was associated with lowered pitch variability, whereas

Fuller et al. (1992) found anxiety to be associated with increased jitter (i.e., pitch



perturbations), but no other pitch measures (see also Smith 1977). The
induction methods used in the above studies (e.g., manipulation of interview
topic, autobiographical memories, or anticipation of exams) allow only induction
of relatively mild anxiety that in many cases may not be separable from general
arousal or stress (but see Lewin et al. 1996, for an example of stronger induced
anxiety). In contrast, the present study investigated the effects of relatively
strong anxiety and also considered acoustic parameters (i.e., voice cues)
related to each of the four main dimensions of vocal expression: pitch,
loudness, voice quality, and temporal aspects of speech (see Table 1).

Table 1 Description of the voice cues included in the current study, and

hypothesized directions of effects of anxiety and fear based on previous

research
Effect
Effect of
Voice cue Description Subjective experience ) of
anxiety® b
fear
Pitch cues
Mean fundamental
FOM Pitch na +
frequency
Fundamental
FO SD frequency variability Pitch variability na -
(standard deviation)
Maximum
FO max fundamental Pitch na +
frequency
Intensity cues
Intensity
M Mean voice intensity Loudness of speech na t
Voice quality cues
Relative proportion of Voice quality (much
HF 500 spectral energy high-frequency energy na *

above, versus below, corresponds to a sharp



Effect

Effect of
Voice cue Description Subjective experience ) of
anxiety® b
fear
500 Hz voice quality)
Temporal cues
Number of syllables
Speech = _
t divided by the total Velocity of speech na +
rate
duration of the speech
Ratio of silent parts
% and the total duration .
_ _ _ Dysfluencies of speech + na
Silence of speech (incl. silent

parts)

Note. ®Based on results from Siegman (1987). °*Based on results from Juslin
and Laukka (2003)

(+) indicates an increase of respective voice cues; (-) indicates a decrease of
respective voice cues; (z) indicates predictions in opposing directions; (na = not
applicable) indicates that no predictions can be made based on previous

research

As noted previously, anxiety is in many ways similar to fear, and it may be
difficult to draw exact boundaries between the two affects. Therefore, we show
a summary of relevant results from studies of expression of both fear and
anxiety in Table 1. While the only reliable prediction that could be made from
studies of induced anxiety (as reviewed in Siegman 1987) was that an increase
in anxiety should be associated with an increase in dysfluency, fear has been
reliably associated with a wider range of voice cues. The results for fear in
Table 1 are taken from a review of 104 studies of vocal expression (Juslin and
Laukka 2003), and are thus based on a much larger material than the
comparable results for anxiety. The majority of studies on the vocal expression
of fear have been conducted on posed expressions, though a couple of studies
on authentic fear expressions do exist (e.g., Devillers et al. 2005; Kuroda et al.
1976; Williams and Stevens 1969). However, Williams and Stevens (1972)

compared posed and authentic fear expressions and reported that the most



marked difference was that larger effects were found for the portrayals. For the
above reasons we will compare the present results also with the literature on

(mainly posed) vocal expression of fear.

A recent meta-analysis of the literature on recognition of anxiety (Harrigan et al.
2004) reported that state anxiety was better communicated through the voice
than through other nonverbal channels. However, the studies included in the
meta-analysis did not separate the effects of the verbal (what is said) and
nonverbal (how it is said) aspects of vocal communication. To address this
issue, in the present study we investigated the recognition of state anxiety
through strictly nonverbal aspects of the voice. This was achieved by content-
masking the speech stimuli through low-pass filtering (which obscures the
linguistic content of the speech but preserves nonverbal affective cues) before
using them in listening tests (see Scherer et al. 1972). Previous reports have
shown that anxiety can be perceived from content-masked speech (e.g.,
McNally et al. 2001), but no previous study has attempted to relate listeners
perceptions of anxiety from content-filtered speech with acoustic measurements

of the voice.

Research Questions and Hypotheses

The following specific research questions were addressed in the present study:

(1) Does state anxiety have an effect on the nonverbal aspects of speech,

as measured by a variety of acoustic parameters?

(2) Can experienced state anxiety be perceived from the nonverbal

aspects of speech?

(3) What are the associations between experienced, expressed, and

perceived state anxiety?



Based on previous research (see Table 1) we made the following specific
predictions for the voice cues under study. A decrease in state anxiety should
be associated with (a) a decrease in mean and maximum pitch and an increase
in pitch variability, and (b) a decrease in speech rate and proportion of pauses.
No specific predictions could be made for the voice quality or voice intensity
cues because previous studies on expression of fear show opposing trends,
perhaps because different studies have investigated fear of different emotion

intensities (e.g., mild fear or panic fear, see Juslin and Laukka 2001, 2003).

Method

Collection of the Emotional Speech Stimuli

Participants

The data were originally collected in the framework of a large ongoing project
concerning treatment for social phobia conducted at Uppsala University (e.g.,
Furmark et al. 2002; Furmark et al. 2005). For the purposes of the present study
we selected 71 patients (from a total of 108 patients) who either clearly
responded, or clearly did not respond, to a pharmacological anxiolytic treatment
for social phobia. Twenty-four patients (12 male, 12 female, mean
age = 32 years) originally participated in the study by Furmark et al. (2005), and
47 patients (14 male, 33 female, mean age = 36 years) were taken from an as

yet unpublished study by the same group of researchers.

All participants met the DSM-IV criteria for social phobia (social anxiety
disorder), as revealed by structured clinical interviews (Structured Clinical
Interview for DSM-IV; First et al. 1998) administered by a clinical psychologist,
and exhibited marked public speaking anxiety. According to the DSM-1V, social
phobia is defined as ‘a marked and persistent fear of one or more social or
performance situations in which the person is exposed to unfamiliar people or
possible scrutiny by others’ (American Psychiatric Association 1994, p. 416).
Participants were recruited through newspaper advertising and a written

consent was obtained from each participant. We refer to Furmark et al. (2005)



for a complete description of the screening procedure and inclusion and

exclusion criteria.
Treatment Procedure

The patients received pharmacological treatment consisting of either SSRI
(selective serotonin reuptake inhibitors) or non-SSRI drugs or a placebo
treatment. They were randomly allocated to treatment or control (placebo)
groups in a double-blind fashion (see Furmark et al. 2005 for details). Study
drugs were ingested orally on a daily basis. The study period was 6 weeks for
the patients from Furmark et al. (2005) and 8 weeks for the unpublished
sample. All patients visited the clinic weekly for assessment of complications
and to receive new supplies of medication. The studies were approved by the
Uppsala University Medical Faculty Ethical Review Board and the Swedish
Medical Products Agency.

Recording of Speech Samples

The speech of the patients was recorded immediately before the first treatment
(baseline) and 2—4 hr after the final treatment (post-trial). The recordings were
made while the patients took part in a PET assessment and lay in the scanner.
The patients were instructed to prepare a speech about a vacation or travel
experience about 20 min before the scanning began. When the scanning
began, the patients were asked to start speaking and to continue for
approximately 2 min until they received instructions to stop. The speech was
performed before an audience of six to eight persons who silently observed the
patient’s performance. One of the observers also had a video camera pointed at
the speaker and recorded the speech (see below), and the patients were further
instructed to watch the audience in order to increase observational anxiety. We
chose a public speaking task as our method of anxiety provocation because
speaking in public is the most prevalent social fear both in individuals with social
phobia and in the community at large (Furmark et al. 1999; Kessler et al. 1998).
Also, we have previously shown that individuals with social phobia experience
relatively high anxiety in this type of public speaking tasks, as indicated by both

self-reports and measurements of cerebral blood flow (e.g., Tillfors et al. 2001).



For the 24 patients from Furmark et al. (2005), the speech was recorded from
close distance with a Sony CCD-F450E portable video camera (Sony Corp.,
Tokyo) using the built-in microphone. For the 47 patients from the unpublished
sample, the speech was recorded with a Panasonic NV-GS50 digital portable
video camera (Matsushita Electric Industrial Co., Ltd, Osaka, Japan) using a
Sony ECM-MS908C stationary external microphone (Sony Corp., Tokyo)

located at a distance of 30 cm from the patient’s mouth.

Assessment of Treatment

Response to treatment was determined by the Clinical Global Impression
improvement item (CGI-I) (Zaider et al. 2003) administered by an experienced
psychiatrist at baseline and post-trial. Patients with a score of 1 or 2 (i.e., very
much or much improved) on the CGI-I at follow-up were classified as
responders, whereas patients with a score of 4 (no change) or higher were
considered as non-responders. Patients with a score of 3 (minimally improved)
were excluded from this study, because we wanted to concentrate on patients
who clearly responded, or clearly did not respond, to the treatment. Forty-one
speakers (24 female, 17 male, mean age = 36 years) were classified as
responders and 30 speakers (21 female, 9 male, mean age = 33 years) as non-
responders. The different treatments were approximately equally distributed
across responders (10 SSRI, 25 non-SSRI, 6 placebo) and non-responders (6
SSRI, 14 non-SSRI, 10 placebo).

Self-reports of State Anxiety

The state scale of the Spielberger State-Trait Anxiety Inventory (STAI-S;
Spielberger et al. 1983) was administered directly after completion of the
speech task at baseline and post-trial to estimate retrospectively how anxious
the patients had felt during the public speaking task. The STAI-S scale consists
of 20 self-descriptive items and measures how the subject feels at a particular
moment (e.g., ‘1 feel nervous’) rated on a scale from 1 to 4 (not at all,
somewhat, moderately so, very much so). The essential qualities evaluated by
the STAI-S scale are feelings of apprehension, tension, nervousness, and

worry. The STAI-S scores can range from 20 to 80 and higher scores indicate



higher levels of state anxiety. A mean STAI-S score of 35 is considered
normative for adults (Spielberger et al. 1983), and the literature suggests
defining high anxiety at 1 standard deviation above the normative mean (i.e.,
STAI-S > 45).

Acoustic Measures

The speech stimuli used in this study consisted of the first 10 s of speech
recorded at baseline and post-trial for each of the 71 patients. A wide range of
studies has shown that 10s is long enough to allow accurate social and
interpersonal perception from expressive behavior, including nonverbal aspects
of speech (Ambady and Rosenthal 1992). Acoustic voice cues that can be
measured from the speech signal can be broadly divided into those related to
(a) fundamental frequency (F0), (b) voice intensity, (c) voice quality, and (d)
temporal aspects of speech. We measured voice cues related to all of these
aspects of the voice. However, because the recordings were not conducted with
the primary aim of speech analysis, the sound quality was not optimal with a
constant level of background noise (e.g., from the PET scanner). Therefore, it
was not possible to measure voice cues that are susceptible to measurement
error due to background noise (e.g., jitter, shimmer, formant frequencies; see
Perry et al. 2000). All measurements were conducted using the speech analysis
software PRAAT (Boersma and Weenink 2007). Below we detail how 7 voice
cues were measured (FO M, FO max, FO SD, Intensity M, HF500, Speech rate,

and % Silence).

The fundamental frequency (FO) of the voice represents the rate with which the
vocal folds open and close across the glottis during phonation, and is strongly
related to our auditory impression of voice pitch. The mean (FO M), maximum
(FO max), and standard deviation (FO SD) of FO were extracted using an
autocorrelation algorithm. Detection errors (including octave jumps and
detection of periodicity in unvoiced speech segments or background noise)
were manually corrected; but no correction was applied when the algorithm
failed to detect periodicity in voiced segments (e.g., because of irregular

phonation).



Voice intensity reflects the effort required to produce the speech and is
subjectively heard as the loudness of the voice. The mean voice intensity was
measured as the mean level contour in dB (Intensity M). This index does not
have an absolute meaning, but allows for comparisons within the same
speaker. Mean voice intensity was only measured for the patients from the
unpublished sample, where recording level and distance from mouth to

microphone was kept constant across speakers and conditions.

One index of voice quality is provided by the relative proportion of total acoustic
energy above versus below a certain cut-off frequency (Scherer et al. 1991). As
the proportion of high frequency energy in the spectrum increases, the voice
sounds sharper and less soft. We calculated the long-term average spectrum
using a Cooley-Tukey integer algorithm with a frequency band of 0-5 kHz. The
amount of high-frequency energy in the spectrum was measured as the relative
proportion of energy found above versus below a cut-off frequency of 500 Hz
(HF500; see Juslin and Laukka 2001; Laukka et al. 2005). Like voice intensity,
HF500 was only measured for the patients from the unpublished sample and

only for those parts of the samples that included phonation.

Speech rate refers to the velocity of the speech. A measure of speech rate was
obtained by counting the number of syllables from a literal transcription of the
speech, and dividing this number with the total duration of the speech produced
(excluding silent periods and pauses). An additional temporal measure was
obtained by calculating the ratio of silent parts and the total duration of the
speech sample including the silent parts (% Silence). A period was defined as
silent if no speech activity could be observed from either the amplitude

envelope or spectrogram.

Listening Test

Participants

A total of 16 listeners aged between 20 and 33 years took part in the listening

test (mean age = 24 years, 8 women). All participants were Swedish speaking



and they received movie tickets in return for their confidential and voluntary

participation.

Speech Stimuli

Before being entered into the listening test, the speech stimuli were content-
masked by low-pass filtering. All frequencies above 500 Hz were removed using
the Praat software (Hann-shaped filter). This procedure eliminates phonetic
information and renders the speech unintelligible and sounding muffled.
Nevertheless, affective information transmitted by FO, voice intensity and
temporal aspects of speech are largely preserved (e.g., Scherer et al. 1972).
Also some information related to voice quality seems to be spared. It has been
reported that laryngeal voice quality can be perceived from low-pass filtered
speech (van Bezooijen and Boves 1986). The filtering procedure served double
purposes in the present study: first, it helped to preserve the integrity of the
patients because they could not be identified by the listeners, and second, it
forced the listeners to focus on the nonverbal content, as opposed to the

linguistic content, of the speech.

Design and Procedure

All listeners judged the nervousness (‘in your opinion, how nervous does the
speaker sound?’) of all speech stimuli (N = 142) on a scale from 0 (not nervous
at all) to 10 (very nervous). In order to avoid misunderstandings, ‘nervousness’
was carefully explained to the listeners as feelings of apprehension, fear,
nervousness, tension, and worry. These words were chosen because they are
identical to the essential qualities evaluated by the STAI-S scale that was used
to assess the speakers’ level of experienced anxiety (Spielberger et al. 1983).
Listening experiments were conducted individually using custom computer
software in a room with dampened acoustics, and the participants listened to
the stimuli through Beyerdynamic DT 770 Pro headphones (Beyerdynamic
GmbH & Co.KG, Heilbronn, Germany). The presentation order of the stimuli
was randomized for each listener. There were no time constraints and the
listeners were allowed to listen to each stimulus as many times as necessary to

make a judgment.



Results
Validation of the Anxiety Manipulation

To begin with, we wanted to ascertain that the treatment had an effect on
patients’ self-reports of anxiety in our sample. Therefore we conducted a mixed
model analysis of variance (ANOVA) on the patients’ STAI-S scores, with group
(two levels: responder and non-responder) as a between subjects factor and
treatment (two levels: baseline and post-trial) as a within-subjects factor. The
analyses revealed that significant main effects of both group (F 1 e9 = 6.84,
partial n®>=0.09, p <0.05) and treatment (F 1 g = 104.86, partial n?=0.60,
p < 0.001) were qualified by a significant interaction effect (F 1, 69 = 34.15, partial
n?=0.33, p <0.001). The patients’ STAI-S scores as a function of group and
treatment are shown in Fig. 1. As can be seen, the interaction effect indicated
that STAI-S scores decreased significantly more from baseline to post-trial for
responders than for non-responders. Post hoc multiple comparisons (Fisher's
LSD) further revealed that the group difference between responders and non-
responders was significant at post-trial but not at baseline (p <0.001), though
the decrease from baseline to post-trial was significant for both responders
(p < 0.0001) and non-responders (p < 0.01). The patients’ self-reports of anxiety
thus confirmed that the responder group did experience significantly less
anxiety after, but not before, treatment than did the non-responder group.
STAI-S

70
| W Before [0 After |

o 60
=]
&
» B0 —
=
b 40+ —

30 T T |

Hesponder Mon-Responder

Fig. 1 Experienced anxiety (STAI-S) as a function of treatment for both

responders and non-responders. Error bars represent the standard error



The STAI-S scores also confirmed that the anxiety manipulation resulted in
relatively intense anxiety. As shown in Fig. 1, the mean STAI-S scores were
above the suggested threshold for high anxiety (STAI-S > 45; see Spielberger
et al. 1983) for both responders and non-responders at both measurement
occasions. The responders’ mean STAI-S score at post-trial was not
significantly above the threshold for high anxiety as evidenced by the 95%
confidence limits of the mean (STAI-S = 47.17, £3.27), but indicates that also
patients who responded to the treatment reported moderately high anxiety

during the public speaking task.

Effects of Anxiety on Acoustic Measures

Next we investigated if the treatment had an effect on the nonverbal aspects of
the patients’ speech as indexed by the voice cues. Separate ANOVAs (mixed
model) were conducted for each voice cue with group (2 levels: responder and
non-responder) as a between subjects factor and treatment (2 levels: baseline
and post-trial) as a repeated measure. The results of the ANOVAs are shown in
Table 2. Because we wanted to assess if the nonverbal behavior of responders
and non-responders would show different patterns before and after treatment,
we were mainly interested in studying the interaction between group and
treatment. As shown in Table 2, significant interaction effects coupled with at
least one significant main effect were found for FO M, FO max, and % Silence,
whereas for HF500 only the interaction effect was significant. The mean values
of these voice cues, across all patients, are shown in Fig. 2 as a function of
group and treatment. Because men and women differ with regard to voice pitch,
and because the responder and non-responder groups included different
numbers of men and women, the raw values of the pitch cues (FO M, FO SD,
and FO max) were z-transformed separately for men and women, respectively,
before inclusion in the analyses. However, in Fig. 2 we show the raw values in

order to facilitate the interpretation of the data.



Table 2 Summary of results from analyses of variance of voice cues

Group (G) Treatment (T) GxT
Voice cue df

F Partial n’ F Partial n’ F Partial n°
FOM 1,69 0.57 ns 0.01 30.78*** 0.31 7.74* 010
FO SD 1,69 1.03 ns 0.01 0.30 ns 0.00 0.95ns 0.01

FO max 1,69 2.47 ns 0.04 10.02** 0.13 6.34* 0.08
Intensity M 1, 45 2.39 ns 0.05 6.20* 0.12 2.20ns 0.05
HF 500 1,45 0.12 ns 0.00 1.21ns 0.03 6.92* 0.13
Speech rate 1, 69 0.19 ns 0.00 0.40ns 0.01 0.34 ns 0.00
% Silence 1,69 4.28* 0.06 413* 0.06 18.70*** 0.21
Note. * p < 0.05, ** p < 0.01, *** p < 0.001

A) C)
FO M — HF500
180 - : . . % 0.30 -
w 0.385 o
N 170 H— - [
= 160 e @ I
| T 0.375 - I
150+ . “ W pav - 4
Responder  Mon-Responder T Responder  MNon-Responder
B) FO max D) % Silence
270+ 45 |
zzof - ol -
W 250 44— I L
Z 2401 S | ' b =
230 '—. — 30 | — .
220 : . 25 4 : .
Responder  Mon-Responder Responder  Non-Responder

Fig. 2 Acoustic measures that showed changes as a function of group and
treatment. (a) Mean fundamental frequency (FO M), (b) maximum fundamental
frequency (FO max), (c¢) proportion of spectral energy above versus below
500 Hz (HF500), (d) proportion of silent pauses (% Silence); solid

bars = baseline; open bars = post-trial. Error bars represent the standard error

As can be seen in Fig. 2, the interaction effects indicated that responders
decreased significantly more than non-responders from baseline to post-trial for

FO M and FO max, whereas for HF500 and % Silence responders decreased



while non-responders showed a small increase from baseline to post-trial. Post
hoc multiple comparisons (Fisher's LSD) revealed that the changes from
baseline to post-trial were significant for responders, but not for non-
responders, for FO M, FO max, and % Silence (p’s <0.0001), as well as for
HF500 (p <0.01). To summarize, the results indicate that a change in
experienced state anxiety was associated with changes in several nonverbal
aspects of speech for patients who responded to the treatment. The changes
were in the hypothesized direction for FO M, FO max and % Silence, but our
predictions regarding FO SD and Speech rate could not be confirmed by the

data.
Effects of Anxiety on Perception of Nervousness

First we wished to establish if the listeners were able to rate the nervousness of
the speech samples consistently. The internal consistency of ratings among the
judges, as measured by Cronbach’s alpha, was high for the nervousness scale
(alpha = 0.91) indicating that the listeners’ nervousness ratings were internally

consistent.

The effect of anxiety on the listeners’ perception of nervousness in the patients’
voices was then investigated by conducting a mixed model ANOVA on the
mean nervousness ratings across all listeners. Group (2 levels: responder and
non-responder) served as a between subjects factor and treatment (2 levels:
baseline and post-trial) as a within subjects factor. The ANOVA revealed a
significant main effect of treatment (F 1 g0 = 5.43, partial n? = 0.07, p < 0.05) and
a significant Group X Treatment interaction (F 1 o =4.17, partial n? = 0.06,
p < 0.05). The listeners’ mean ratings of nervousness are shown in Fig. 3 as a
function of group and treatment. As shown, the listeners rated the responders’
speech to be less nervous after treatment than before treatment, while the
speech of non-responders was judged to be approximately equally nervous at
both baseline and post-trial. Post hoc tests (Fisher's LSD) revealed that the
decrease from baseline to post-trial was significant for responders (p < 0.01),
but not for non-responders. Also, the group difference between responders and
non-responders was significant at post-trial (p < 0.05), but not at baseline.

These results indicate that a change in experienced anxiety was accompanied



by perceptible changes in nonverbal expressive behavior for patients who
responded to the treatment.

Mervousness

H Befora O After

Nervousness
(2]
|

S |
Responder Mon-Responder

Fig. 3 Listeners ratings of nervousness (0 = min, 10 = max) as a function of

treatment for responders and non-responders. Error bars represent the

standard error

Correlations Between Acoustic Measures and Self-reports of Anxiety and

Listeners’ Perception of Nervousness

In the final stage of the analyses, we wanted to relate the acoustic
measurements with the patients’ self-reports of anxiety and the listeners’ ratings
of nervousness. First, we computed the correlations (Pearson r) between voice
cues and patients’ STAI-S scores and listeners’ mean nervousness ratings, see
Table 3. The correlations were computed for the post-trial values only, because
the variance at baseline was deemed too constrained for the analyses to be
valuable. Also, because men’s and women’s voices differ with regard to pitch
level, the raw values of the pitch cues (FOM, FO SD, and FO max) were
separately normalized for men and women using the z-transformation before

inclusion in the analyses.



Table 3 Correlations (Pearson r) between voice cues and (a) speakers’ self-

reports of anxiety (STAI-S) and (b) listeners’ ratings of nervousness at post-trial

Voice cue N STAI-S Nervousness
FOM 71 -0.09 ns 0.33**

FO SD 71 -0.24* -0.12ns

FO max 71 -0.18 ns 0.13 ns
Intensity M 47 -0.20 ns -0.59***

HF 500 47 0.21ns 0.15ns
Speechrate 71 0.08 ns 0.05ns

% Silence 71 0.36**  0.34**

Note. * p < 0.05, ** p <0.01, *** p < 0.001

As shown in Table 3, both STAI-S scores and nervousness ratings were
positively correlated with % Silence. Nervousness ratings were further positively
correlated with FO M and negatively correlated with Intensity M, and STAI-S
scores were negatively correlated with FO SD. These results suggest that
listeners utilized pitch and intensity as well as temporal cues in judging the
nervousness of the speakers. However, though we previously showed that
changes in experienced state anxiety were associated with changes in several
voice cues for responders, these changes were largely not reflected in the
correlations between STAI-S scores and voice cues. One possible explanation
of this finding is that, though we tried to control for individual differences in pitch
due to speaker gender in the analyses, we did not control for effects of possible
individual differences in other variables, like STAIS-S scores or other voice
cues. Therefore the results in Table 3 need to be complemented by analyses
where individual differences with regard to the baseline values of the variables
of interest are controlled for by, for example, conducting within-person

comparisons where each speaker acts as his or her own control.

To that end we computed the correlations (Pearson r) between the changes
(from pre- to post-treatment) in voice cues and the changes (from pre- to post-

treatment) in both patients’ STAI-S scores and listeners’ mean ratings of



nervousness (see Table 4). To calculate the change scores for the voice cues,
STAI-S scores, and mean nervousness ratings, we subtracted the post-trial
value for each variable from the baseline value for the same variable for each
patient. A large positive change score thus indicated a large decrease from
baseline to post-trial. In the following, change scores will be denoted by the
Greek letter delta (A).

Table 4 Correlations (Pearson r) between changes (from baseline to post-trial)
in voice cues and changes (from baseline to post-trial) in (a) speakers’ self-

reports of anxiety (STAI-S) and (b) listeners’ ratings of nervousness

Voicecue N ASTAI-S ANervousness
AFOM 71 0.25* 0.16 ns

AFO SD 71 -0.14 ns —-0.06 ns

AFO0 max 71 0.26* 0.24*
Alntensity M 47 -0.21 ns -0.35*

AHF 500 47 0.29* 0.24 ns
ASpeech rate 71 0.18 ns 0.02 ns

A% Silence 71 0.37*** 0.29*

Note. * p < 0.05, *** p < 0.001

As can be seen from Table 4, changes in several voice cues were significantly
correlated with changes in both experienced anxiety and perceived
nervousness. A decrease in AFO max and A% Silence was associated with
decreases in both ASTAI-S and ANervousness. The positive correlation
between AHF500 and ASTAI-S was also significant, whereas the correlation
between AHF500 and ANervousness did not reach statistical significance
(p =0.09). Further, the positive correlations with AFOM only reached
significance for ASTAI-S but not for ANervousness. Also, the negative
correlation between Alntensity M was only significant for ANervousness but not
for ASTAI-S.

A comparison of Tables 3 and 4 reveals that stronger correlations between

STAI-S scores and voice cues were obtained when individual differences were



controlled for (except for FO SD), suggesting that individual differences in
baseline levels may have added variability to the analyses conducted on post-
trial values only. However, the associations between nervousness ratings and
voice cues were instead overall slightly lower for the change-score correlations
than for the post-trial correlations (except for FO max and HF500). Because the
listeners rated the speech samples in random order and were unaware of which
stimuli belonged to which speaker, they had to apply the same judgment
strategy across all speech stimuli regardless of different speakers’ individual
baseline levels for the various voice cues. Therefore, the post-trial correlations

may have better captured the way the listeners made their judgments.

Taken together, the above analyses suggest that experienced, expressed, and
perceived affect were linked to a certain degree. The change-score correlations
between STAI-S and voice cues (see Table 4) largely confirmed the results
from the ANOVAs on voice cues in showing that a change in experienced
anxiety was associated with corresponding changes in voice cues. Further, both
the post-trial and the change-score correlations between nervousness ratings
and the voice cues give clues about what cues listeners use when making
inferences about speakers’ nervousness. Generally, the correlations between
voice cues and both STAI-S and perceived nervousness were in the same
direction, which indicates that senders and perceivers utilized the same cues in

a similar fashion.

Finally, we also calculated the correlation between ASTAI-S and ANervousness
as a measure of strength of association between experienced and perceived
anxiety. This correlation was significant and positive (r = 0.24, p < 0.05), which

again suggests a link between experienced and perceived anxiety in our data.

Discussion

In summary, the results first showed that anxiety had an effect on several of the
measured voice cues. Specifically, a decrease in experienced anxiety was
accompanied by decreases in mean and maximum voice pitch, high-frequency

components in the energy spectrum, and proportion of silent pauses. Thus, we



could show that anxiety had an impact on the nonverbal aspects of speech, and
these effects were in accordance with our hypotheses drawn from previous
research. Second, the results from the listening test showed that listeners were
able to perceive the speakers’ level of anxiety from the nonverbal aspects of
speech alone. Third, we found several statistically significant correlations

between experienced, expressed, and perceived anxiety.
Effects of Anxiety on Nonverbal Aspects of Speech

Emotions are generally thought to cause changes in physiological responding,
in order to increase the likelihood that the organism will successfully resolve
adaptive challenges (e.g., Ekman 1992; Levenson 1994). Vocal emotion
expressions are also generally thought to be partly the result of this
physiological response. Based on his component process theory, Scherer
(1986) made detailed predictions about the patterns of vocal cues associated
with different emotions. The predictions were based on the idea that emotions
involve sequential cognitive appraisals of stimulus features such as novelty,
intrinsic pleasantness, goal significance, coping potential, and norm/self
compatibility. The outcome of each specific cognitive appraisal is assumed to
have an effect on the physiological responding in ways that influence voice
production. For instance, physiological changes associated with anxiety may
increase the tautness of laryngeal and vocal fold muscles which increases the
pitch of the voice. Though the coupling between physiological emotional
responding and resulting changes in the voice is, in theory, well established,
there is yet relatively little direct empirical evidence from studies of authentic

emotional speech to support it (e.g., Johnstone et al. 2007).

The effects of anxiety on pitch cues (FO M and FO max) were in accord with our
hypotheses based on previous research conducted on posed expressions
(Juslin and Laukka 2003), as well as with Scherer's (1986) theoretical
predictions based on somatic alterations associated with emotional responses.
This is consistent with the idea that posed expressions are at least partly based
on spontaneous expressions, which in turn are at least partly based on
physiological emotional responses. However, the largest effects of anxiety were

found for proportion of pauses, with a decrease in anxiety being accompanied



by a decrease in proportion of pauses. This voice cue has rarely been
investigated in studies on posed expressions because these studies have
mainly focused on short phrases (and pauses rarely occur in short utterances).
Pausing, along with other measures of speech dysfluency, has more frequently
been investigated in studies of spontaneous speech and the present results
corroborate earlier findings of increased dysfluency in anxious speech
(Siegman 1987). Pausing in speech is often assumed to reflect cognitive activity
(e.g., Zellner 1994). Thus, the effect of anxiety on pausing indicates that anxiety
may also have an impact on the nonverbal aspects of speech through an

interference of cognitive activities such as word finding and discourse planning.

A longstanding question in research on vocal emotion has been whether the
acoustic changes that result from emotional responses reflect specific emotions
or a single dimension of arousal (e.g., Laukka 2005). Empirical evidence from
research on posed expressions strongly suggests that specific emotions are
associated with characteristic patterns of voice cues (Juslin and Laukka 2003).
Also, Scherer's (1986) appraisal theory based predictions of the physiological
changes associated with emotional responses posits similar differentiated vocal
response patterns for specific emotions. However, evidence for the existence of
specific acoustic characteristics for different emotions, coming from studies of
authentic expressions, remains scarce. Unfortunately the present study is not
ideally suited to address the question of whether vocal emotion response
patterns are best explained by specific-emotions or dimensional accounts.
Among the voice cues that were measured in the present study, the two
different accounts make different predictions for only pitch variability (FO SD).
More specifically, an increase in anxiety/fear has repeatedly been associated
with a decrease in pitch variability, whereas an increase in the activation or
arousal level of emotions instead has been associated with increased pitch
variability (e.g., Juslin and Laukka 2003; Laukka 2008). In our data, we found a
significant negative correlation between speakers’ self-reports of anxiety and FO
SD at post-trial, indicating that high anxiety was associated with low pitch
variability. Thus, our results tentatively support a specific-emotions, rather than

an arousal level, interpretation of the effects of anxiety on vocal expression,



though obviously this finding needs to be replicated before any wider

conclusions are drawn.

The Relationship Between Experienced, Expressed, and Perceived

Anxiety

Previous studies on the linkage between experienced and expressed emotion
conducted on facial expressions have concluded that subjective feelings and
facial behavior often are correlated (see Adelman and Zajonc 1989, for a
review), but have also shown that the links are often modest and sometimes
inconsistent (e.g., Fernandez-Dols et al. 1997; Gross et al. 2000). The results
from the current study paint a similar picture of vocal expressive behavior. This
study is the first to show that a reduction in anxiety causes accompanying
changes in nonverbal vocal behavior. Thus, the results lend support to the often
hypothesized coupling between experienced emotion and expressive behavior.
However, the anxiety manipulation had a larger effect on the patients’ self-
reports of anxiety than on the corresponding nonverbal behavior, as indicated
by the sizes of the group and interaction effects from the ANOVAs on STAI-S
scores and voice cues, respectively. This speaks against a one-to-one
relationship between experienced and expressed emotion. There were also
large individual differences among speakers for those voice cues for which
significant effects of anxiety were found, and no effects of anxiety were

observed for certain voice cues.

One possible explanation for the relatively weak evidence often found for the
coupling between experienced emotion and expressive behavior is that possible
‘push’ effects of the emotional response may be obscured by ‘pull’ effects
(Scherer 1989). In other words, expressors often willfully try to conceal, or
mask, their expressive behavior. Suppression of emotion expressions is one of
the most common emotion regulation strategies (e.g., Gross 2002), especially
for people with excessive social anxiety (e.g., Kashdan and Steger 2006; Turk
et al. 2005), and recent studies have shown that suppression can lead to less
anxiety expression during evaluated speaking tasks (e.g., Egloff et al. 2006). In
the present study, we did not instruct the patients to either show or hide their

emotion expressions in the public speaking task, but it is possible that they



utilized various emotion regulation strategies in order to keep up a non-nervous
appearance in front of the audience. It could be speculated that because the
most consistent and largest effects of anxiety were found for proportion of
pauses, the indirect effects of emotion-related cognitive interference on vocal
nonverbal behavior may be harder to mask than the effects of emotion-related
physiological responses (see also Batliner et al. 2003). The possibility of
expression suppression clearly presents a challenge for the study of authentic

vocal expressions and should be directly addressed in future investigations.

This study is further the first to report correlations between voice cues and the
level of nervousness perceived by listeners from the nonverbal aspects of
authentic emotional speech. These correlations suggest that listeners utilized a
wide variety of cues related to pitch, loudness, and temporal aspects for their
nervousness judgments. The correlation between voice quality cues and
nervousness did not reach significance, however, which probably reflects the
fact that spectral information was not available to the listeners because of the
low-pass filtering procedure. While the listeners were able to differentiate
responders from non-responders from the nonverbal aspects of the speech, the
effects of the anxiety manipulation were smaller for perceived nervousness than
for self-reported anxiety. The low-pass filtering, together with the low sound
quality of the speech samples, likely attenuated the effects of anxiety found in
the listening test. However, it is also possible that the small effect of anxiety on
perceived nervousness is the result of the listeners’ attempts at masking their

vocal anxiety expressions.
Limitations of the Current Study

The small to moderate magnitude of the effects of anxiety on voice cues may in
part be due to methodological artifacts of the present study. For example, we
did not control the linguistic content of the speech which probably introduced
additional variability in the voice cue measurements. Also, the low sound quality
of the recordings and the long time lag between the pre- and post-treatment
recordings may have added extra variability in the data. Further, we did not
obtain recordings of the patients in a non-anxious state. Including a baseline of

emotionally neutral speech with which to compare the results from anxious



speech would likely have lead to larger effects on the voice cues. As our study
stands, the comparison was instead between speech in a state of relatively high
anxiety and speech in a state of milder anxiety. Finally, our acoustic analyses
only measured a small part of the acoustic variation in the voice signal that may
be affected by emotional responding. Therefore it remains a possibility that
some voice cues not measured in this study may co-vary with anxiety (e.g.,
jitter, see Smith 1977). Nevertheless, in contrast to most previous studies, here
we utilized a within-subjects design, where each speaker acted as his or her
own control, and induced relatively strong affect in our speakers, which likely

increased the power to detect effects of anxiety.

Another limitation of the present study is that all our speakers were social
phobics. It can be argued that state anxiety experienced by social phobics is
similar to state anxiety experienced by non-phobics, albeit phobics experience
anxiety more often and more intensely. Nevertheless, further studies are
required to confirm the generalizability of the findings to a non-clinical
population. Finally, all speakers received pharmacological treatment (except for
those who received placebo treatment) and there was no untreated control
group. This raises the issue of possible effects of the pharmacological treatment
on the voice. There is no evidence that the anxiolytics used in the present study
have direct effects on laryngeal function, but they may exert an indirect
influence on the vocal tract through their effect on the autonomic nervous
system. For example, because SSRI drugs are weakly anticholinergic they may
cause mild drying of the vocal tract mucosa (e.g., Thompson 1995). However, it
is unlikely that the differential voice effects for responders and non-responders
were caused by the drugs because the different treatments were approximately

equally distributed across responders and non-responders.

Designing an experimental study of authentic affect expressions 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. Future studies should try to

address some of the limitations of the present study and, for example, use more



sensitive acoustic measures together with standardized speech material in
order to minimize variability in voice cues caused by factors other than emotion.
Ideally, studies should also collect authentic expressions of more than one
affective state from each person and try to control the push and pull
components of expression. Concerning future steps in the analysis of the
present data, the data were collected in the framework of a large study of
treatment of social phobia and the recordings were made while the speakers lay
in a PET scanner. Thus an obvious next step will be to correlate measures of
brain activity with aspects of vocal nonverbal behavior in order to study the

neural correlates of emotional speech production.
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