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General Abstract
Every event in our daily lives triggers an emotional response. We listen to a beautiful
piece of music, we are stuck in a traffic jam or win a tennis match. One way of expressing
emotions is via the acoustic channel. Darwin described the voice as an “iconic affect
signaling device” (Darwin 1998/1872). The influence of affect on vocal parameters has been
well investigated in speech portrayed by actors, but little is known about affect expression in
more natural or authentic speech behavior. This is partly due to the difficulty of generating
speech samples that represent authentic expression of speaker affect.
The present work investigates the influence of speaker affect on the vocal
fundamental frequency (F0) in comparatively authentic speech samples. Three welldocumented psychophysiological research methods were applied for the induction of
affective states in German native speakers in order to obtain speech samples with authentic
affect expression: the Cold Pressor Test (CPT), the Stroop Color-Word Test (SCWT) and the
presentation of slides from the International Affective Pictures System (IAPS).
The first chapter of this work describes the basic psychophysiological influences on F0
level. It discusses current challenges in the research of vocal affect expression and provides a
conceptual background for the presented studies. The end of this chapter gives a short
summary of findings and concluding remarks.
In the next three chapters (II – IV), three studies are presented in the form of
publication-oriented manuscripts. The references for all chapters are listed at the end of this
thesis. In the study presented in chapter II, we found that Cold Pressor stress moderately
increased F0 levels in read speech. In chapter III, a study on speech produced in a SCWT is
reported where elevated F0 levels in color-word/-ink color incongruent stimuli were found.
Chapter IV provides a study that compares spontaneous and standardized speech samples
obtained during the presentation of emotional slides from the “International Affective
Pictures System” (IAPS). The results of this study show that affect modulated F0 levels in
both, standardized and spontaneous speech samples.
The overall aim of this thesis is to meet the challenge of obtaining speech samples
that represent authentic expression of speaker affect in F0 by using established
psychophysiological methods of affect induction. The results here reported also indicate that
this approach may be useful for future research and further to gain a deeper understanding
of authentic vocal affect expression. Moreover, F0 may constitute an additional nonV
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invasive, easy to obtain measure for the established psychophysiological research
methodology.
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Chapter I − General Rationale

Chapter I − General Rationale
Why investigate the voice? The answer is simple: because the sound characteristics
of the voice have a fundamental influence on our daily social interactions. Our voices are
signal

carriers

for

diverse

information,

such

as

linguistic,

anatomical

and

psychophysiological. On the one hand, when hearing a voice, the speech receiver
immediately forms impressions e.g. of the sex, age, language and emotional state of the
speaker (Eckert & Laver, 1994). On the other hand, the speaker may express a real or feigned
emotional state, or a mixture of both.
Amongst the acoustic features of the voice, the voice pitch is probably one of the
most salient cues not only for linguistic information, but also for paralinguistic information,
such as emotion (Eckert & Laver, 1994; Laver, 1994; Ohala, 1984, 1994). The vocal
fundamental frequency (F0) is the quantifiable acoustic counterpart and major correlate of
perceived voice pitch. It is also one of the most frequently investigated vocal parameters in
studies on vocal expression of emotion, in both animal and human studies (Ohala, 1984;
Scherer, 2013).
1.1 Basic determinants of F0 level
F0 is the acoustic correlate of vocal fold vibration rate and commonly measured in Hz
(Laver, 1994; Ohala, 1984). F0 variation is related to the perceived speech melody, e.g. low
F0 variation is usually perceived as monotone voice (Barrett & Paus, 2002; Titze, 1994). From
a physiological point of view, F0 level depends on several parameters. One is the length of
the vocal folds which can be intentionally modulated to a certain extent. It also depends on
the muscular tension of the vocal folds (cricothyroid and thyroarytaenoid laryngeal muscles)
and on the subglottal air pressure (thoracic and abdominal muscles involved in respiration)
(Anders et al., 1988; Atkinson, 1978; Hoh, 2005; Laver, 1994). A shortening of the vocal folds
results in increased F0. Similarly, increased tension of the thyroarytaenoid as well as
increased subglottal air pressure lead to F0 increase.
1.2 Affective modulation of F0
F0 has been shown to play a key role in affect signalling within and across species
(Ohala, 1984). Its function as an affect expressing signal was enhanced over the course of
human evolution into a signal carrier for language. Thus, F0 is influenced by high-level
1
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cognitive and low-level primitive functions (Jürgens, 2009). Concerning affective F0
modulation, it is widely assumed that F0 is primarily influenced by the state of arousal rather
than by affective valence (Cowie & Cornelius, 2003; Russell, Bachorowski, & Fernandez-Dols,
2003). Autonomic arousal is hypothesized to increase F0 by increasing subglottal air pressure
(Briefer, 2012; Harrigan, Rosenthal & Scherer, 2005) and is known to increase, in general,
tension of the skeletal muscles (Contrada, 2009). Hence, increased tension of the larynx
muscles during arousal might also contribute to elevated F0 levels.
To resume, F0 is an important carrier of linguistic and paralinguistic information
(Briefer, 2012; Eckert & Laver, 1994) shaped by emotional and socio-situational factors
which interact in a complex manner (Barrett, Pike & Paus, 2004; Eckert & Laver, 1994;
Ekman, 1992; Grandjean, Bänziger, & Scherer, 2006). Scherer conceptualizes this complex
interaction of various factors as F0 standing at the crossroads between “push and pull
effects”(Scherer, 1986, 2003): push effects comprise the physiological component involved
in F0 production; e.g. an activation of the autonomous nervous system is assumed to
increase muscle tension in the larynx resulting in an elevated F0 level. Pull effects refer to
social display rules and cultural norms which may lead to a strategic F0 manipulation of the
speaker in order to evoke a certain impression in the perceiver. For example, although a
speaker might feel scared during a job interview, he would try to speak in a confident
sounding voice. As such, pull effects can also involve a masking of emotional processes by
hiding the actual emotion and displaying another. Consequently, research addressing the
vocal expression of affect should also take into account the push and pull effects working on
F0 (Grandjean, Bänziger, & Scherer, 2006).

1.3 Challenges to research on affective F0 modulation
Research on affective modulation of F0 faces several challenges. Partly due to the
interdisciplinary interest in this phenomenon, there is no unitary methodological framework.
There are ongoing debates on the nomenclature, definitions and concepts of phenomena
under investigation and accordingly a great variety of definitions of the term “emotion” coexist (Cowie & Cornelius, 2003). All approaches towards what might be broadly named
research on emotional expression in F0 share common basic challenges (for an overview see
Cowie & Cornelius, 2003; Scherer, 2013).

2
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One major challenge lies in the controlled obtainment of authentic affective speech
samples. Previous studies have attempted to investigate “naturalistic” speech material, such
as from TV, radio shows or emergency call recording with the disadvantage that the
underlying affect cannot be accurately controlled (Drolet, Schubotz & Fischer, 2014; Gregory
& Webster, 1996; Protopapas & Liebermann, 1997). Partly due to the difficulty of generating
speech samples that represent authentic expression of speaker affect, most research on
affective F0 modulation has focused on actor portrayals of emotional speech. This approach
has proven to be a good solution to some basic questions and is especially fruitful for
research on emotion perception from the voice. Posed emotional speech has provided a lot
of insight in the field of pull influences on the voice, such as e.g. on conventional vocal
patterns.

However, although it can be argued that there is always a certain amount of pull
influences such as acting or posing also in natural authentic speech behavior, it can be
assumed that acted emotional expression by nature is still more extreme than non-acted,
natural expression. Recently, the assumption that vocal measures in general differ between
acted speech and authentic speech samples found empirical support (Drolet, Schubotz &
Fischer, 2014; Scherer, 2013). Weaker differences between emotions were found in
authentic speech samples than in speech portrayed by actors (Laukka et al., 2011). Playacted speech samples are also characterized by more variable F0 contours (Drolet, Schubotz
& Fischer, 2014; Jürgens, Hammerschmidt, & Fischer, 2011). Not surprisingly, it was
demonstrated that emotion portrayals seem to be more stereotypical and over-emphasized
than authentic ones (Laukka, Audibert, & Aubergé, 2007) and that listeners also rate
emotions in speech portrayals as more extreme than in authentic speech samples (Jürgens
et al., 2013).

Few studies have applied mood induction techniques to investigate emotional speech
in random participants (not actors), such as the memorization of idiosyncratic emotional life
events (Barrett, Pike & Paus, 2004), computer games (Bachorowski & Owren, 1995) or the
Velten procedure (Scherer, 2013). However, explicit instructions to enter a particular mood
or emotion are associated with induction effects that are stronger in negative than positive
mood, as shown in a meta-analysis of mood induction procedures by Westermann and
3
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colleagues (Westermann et al., 1996). Furthermore, in many cases, the actual emotional
responses elicited cannot be controlled as accurately as desired.

1.4 Authentic speech in laboratory context: affective F0 modulation induced by
psychophysiological methods
This work addresses the challenge of controlled obtainment of authentic affective
speech samples. For that purpose, the selection of affect induction methodology is crucial.
The aim of this thesis is to test well-proven affect induction methods of psychophysiology for
their eligibility in generating comparatively authentic affective speech samples. The term
“authentic” is here understood as opposed to acted, posed or explicitly demanded affective
speech behavior as in the case of explicitly or implicitly instructed vocal affect expression.
Along with the challenge of finding appropriate affect induction methodologies goes
a variety of approaches, definitions and ongoing debates on the phenomenon of “emotion”
(Cowie & Cornelius, 2003; Scherer, 2013). It is beyond the scope of this work to attempt a
resolution of these issues. Empirical evidence suggests that speech variables are correlated
with dimensions rather than with discrete emotion categories (Cowie & Cornelius, 2003). In
line with previous research, this thesis is grounded on the hypothesis that speech variables
such as F0 are correlated best with activation-valence dimensions and reflect rather
affective than emotional experience (Bachorowski & Owren, 2003a; Cowie & Cornelius,
2003; Greasley, Sherrard, & Waterman, 2000; Lang et al., 1993; Russell, 2009). Throughout
this work, the modulation of F0 by speaker affect is thus termed “affective F0 modulation”.

Accordingly, each of the selected methods presented in this thesis allows an
investigation of affective valence and/ or arousal dimensions. In each of the following three
studies, 1) no explicit or implicit instruction to express affect was given, 2) one wellestablished psychobiological paradigm for affect induction was applied, and 3) F0
modulation in a state of negative affect was compared to either a neutral or positive affect
state. Additionally, participants were not informed about the real purpose of the respective
study until after their participation. After the experiments, participants were asked what
they assumed to be the real purpose of the study, and were excluded if they successfully
reported it.

4
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The overall aim of all studies was to test established psychophysiological methods for
their eligibility in studying affect expression in authentic speech behavior. The CPT and SCWT
were considered appropriate for the study of affect, because they are well-established
stressors known to evoke negative affective responses (Dahlquist et al., 2007; Deuter et al.,
2012; Dreisbach & Fischer, 2012; Fritz & Dreisbach, 2013; Kleinow & Smith, 2006; Lovallo,
1975; Mc Leod, 2005; Peckerman et al., 1994; Renaud & Blondin, 1997; Schwabe, Haddad, &
Schächinger, 2008; Yamamoto, Iwase, & Mano, 1992) and the IAPS provides well-proven
affective pictures categorized within an activation-valence space (Lang, Bradley, & Cuthbert,
1999).
1.4.1 Study I: Stroop Color-Word Test
In study I (chapter II), the SCWT was applied as a cognitive stressor. Incongruent
stimuli are usually perceived as negative as compared to congruent stimuli, (Dreisbach &
Fischer, 2012; Dreisbach & Fischer, 2012; Fritz & Dreisbach, 2013) and have been found to
be associated with elevated autonomic arousal (Critchley et al., 2005; Kobayashi et al., 2007;
Siegle, Steinhauer, & Thase, 2004). This study found increased F0 levels in incongruent
stimuli.
1.4.2 Study II: International Affective Picture System
In study II, affective slides taken from the IAPS (Lang, Bradley, & Cuthbert, 1999)
were presented and F0 levels in affective speech samples of standardized linguistic content
were compared to spontaneous speech samples. The standard phrase was a predefined,
semantically neutral sentence spoken at the beginning of each slide presentation, whereas
the spontaneous speech sample consisted of spontaneously uttered picture descriptions. F0
levels and F0 variation were lowered in speech during negative slides compared to positive
slides in both types of speech samples.
1.4.3 Study III: Cold Pressor Test
Study III (reported in chapter IV) employs the CPT a classic physiological stressor with
well-documented sympatico-excitatory and neuro-endocrinological effects. It is known that
CPT intervention is generally perceived as negative or aversive, as shown by a large corpus of
empirical evidence (Deuter et al., 2012; Lovallo, 1975; Peckerman et al., 1994). Although we
did not assess subjective ratings from our participants on pleasantness, pain, or stress levels,
it can be safely assumed that our CPT intervention was perceived as aversive by our
5
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participants. F0 obtained from speech during reading aloud a short text was found to be
moderately increased during CPT stress as compared to a baseline reading condition.

1.5 Study II: Summary of findings and concluding remarks
In both studies I and III, negative affect was associated with elevated F0 levels. These
results are in line with some previous findings on elevated F0 levels during stress (Benson,
1995; Briefer, 2012; Giddens et al., 2013; Hollien, 1980; Jessen, 2006; Wittels et al., 2002).
Negative affect induced by IAPS slides as reported in study III was associated with lowered
F0 levels and variation as compared to positive affect. At first glance, this finding may appear
to contradict the findings of study I and III. However, the types of affect and arousal levels
induced by the various methods cannot be compared across studies and moreover, this was
also not the aim of this thesis. Each of the methods applied in the presented studies
determined the specificities of linguistic speech content and type of affect to a certain
extent. In study III, speech samples consisted of a short read sentence and in study I the
speech samples consisted of four color words which were inherently predefined by the
Stroop task itself. Study II compared a standardized read phrase with speech from
spontaneous picture descriptions, which presumably allowed a view on more naturalistic
speech behavior in the spontaneous, free descriptions as compared to read sentences. As
Scherer (2013) points out, even subtle differences in task characteristic can lead to major
differences in F0. Accordingly, those preliminary results must be interpreted with caution.

It is inherent in our approach that generating experimentally controlled affective
speech in samples in laboratories is never a “real real-life situation”, which is a general
problem recently addressed and discussed by several researchers (Jürgens et al., 2011;
Scherer, 2013). It might thus be questioned to what extent our speech samples can be
regarded as representative for authentic “real-life” speech behavior. I argue that the speech
samples contained rather authentic expressions of affect as opposed to comparable
laboratory controlled studies on affective speech modulation, since participants were
students, not actors, and were not explicitly instructed to express affect. Furthermore, the
subtlety of affective F0 modulation is in line with empirical findings on comparisons of
authentic speech and acted speech (Drolet, Schubotz & Fischer, 2012; Jürgens et al., 2011;
6
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Scherer, 2013) and might also be regarded as argument for the authenticity of affect
expression.
The results of this work suggest a number of interesting avenues for future research,
e.g. studies employing established psychophysiological methods of affect induction with
systematic assessment of evaluative affect components, F0 and other psychophysiological
measures. This might give us more detailed knowledge on the complex interplay of push and
pull effects in authentic vocal affect expression. On a side note, investigating F0 in wellestablished paradigms may add an interesting, non-invasive dependent variable to the
commonly investigated ones.
The overall aim of this thesis was to meet the challenge of obtaining speech samples
that represent authentic expressions of speaker affect in F0 by using established
psychophysiological methods of affect induction. The studies reported in the following
chapters show that this approach can be fruitful for future research.

7
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Chapter II- Study I: Stroop conflict increases fundamental frequency of the
voice.

2.0 Abstract
During incongruent trials of “classical” Stroop Color-Word Tests, automatized reading
interferes with controlled ink-naming, resulting in increased speech onset latencies (reaction
times; RT). However, other than latency-related findings, it is not known how speech
characteristics are influenced by Stroop conflict. The fundamental frequency of the voice
(F0) is an important vocal parameter, modulated by various rapidly changing factors, such as
arousal, and emotional state. The present study investigated whether Stroop conflict
influences F0. Nineteen participants (ten female) performed a verbal Stroop Color-Word
Conflict Test. Verbal response onset (RT), duration, and F0 were assessed. Prolongation of RT
was found in incongruent trials relative to congruent trials (p<0.0001), validating a cognitive
conflict situation. F0 significantly increased in incongruent trials (p<0.01). Verbal response
duration remained unchanged, indicating that the increase in F0 cannot be attributed to
faster speaking. This is the first study indicating that cognitive conflict during Stroop ColorWord Testing influences voice frequency characteristics of verbal responses.

Keywords: Stroop, Fundamental frequency F0, cognitive conflict
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2.1 Introduction
The Stroop Paradigm has become a gold standard for the investigation of cognitive
conflict (MacLeod, 1991). In the classic Stroop Color-Word Test, participants are shown
written color-words in their mother tongue printed in various ink colors and are asked to
name (speak aloud) the ink colors, while ignoring the color-word content (Stroop, 1935). In
the congruent condition, word and ink color match, whereas in the incongruent condition
they mismatch. The semantic incompatibility within incongruent trials, challenged selective
attention, and inhibition of automatic reading process in favor of color-naming are factors
contributing to cognitive conflict.
Cognitive conflict during incongruent trials induces effects most apparent on the
temporal level of the verbal response, resulting in increased verbal reaction time (RT).
Timing is a crucial factor in processes related to both cognition and action, and temporal
measures such as RT are established, well-proven windows to assess these processes (Liotti
et al. 2000). Kawamoto et al. (2008) describe RT in terms of ”acoustic latency” as a popular
index of processing effects occurring prior to response execution. Traditionally, most
research on verbal Stroop conflict focuses on the measurement of RTs, since RT difference is
an established measure for increased cognitive conflict in color naming with incongruent
words (MacLeod, 1991).
Speech can be described as audible movement, because the complex movements of
muscles involved in speech production result in the generation of acoustic energy
(Kawamoto et al, 2008). Speech production is influenced by low-level primitive and highlevel cognitive functions (Jürgens, 2009). It conveys both linguistic and paralinguistic
information (Briefer, 2012; Titze, 1994). Speech, such as a verbal response, unfolds over time
and hence is measurable on a temporal level. Additionally, there is a qualitative level of
acoustic speech properties. In recent decades, acoustic speech analysis methods have
advanced allowing a quantification of acoustic speech properties such as voice pitch,
intensity and spectral signal properties.
One important aspect of qualitative speech properties is the sound of the voice. As a
major acoustic correlate of perceived voice pitch (Titze, 1994), the vocal fundamental
frequency (F0) is one of the most prominent acoustic voice parameters. F0 is the acoustic
correlate of the vocal fold vibrations (Laver, 1994; Titze, 1994) and an object of interest in
various fields of research and applications. F0 analysis has been optimized in recent years
9
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and it is a comparably robust measure which is relatively insensitive to low recording quality
as compared to other vocal parameters (e.g. slight changes in microphone-to-mouth
distance may complicate vocal intensity analyses, but not F0 analyses).
According to Scherer (1986, 2003), bodily expression, including the voice, is driven by
the nature of cognitive appraisal. He suggests that F0, as an acoustic parameter of vocal
expression, stands at the crossroads of “push and pull effects” (Scherer, 1986, 2003). "Push
effects" refer to physiological processes involved in producing speech and shaping the voice
signal, such as for example muscle tension and respiration, which are “naturally” influenced
by emotions. In contrast, "pull effects" include social norms and display rules, reflecting the
fact that vocal expression is often closely monitored and regulated by cognitive processes.
This is the case, for example, when speakers intentionally express a feigned emotional state.
Thus, social processes, such as self-representation (for example, by trying to create a certain
impression on the listener for strategic purposes), and “conventionalization”, which refers to
stereotyping in order to enhance clarity in shared meanings of signals, may function as pull
factors on F0.
In line with Scherer´s theory, it has been shown that F0 is modulated by push factors,
such as age, sex, emotional state and physical health, as well as by pull factors, such as sociocultural influences, gender or intentional paralinguistic display strategies (Bachorowski &
Owren, 1995, 2003a; Bezooijen, 1995; Gregory & Webster, 1996). A study on paralinguistic
use of F0 found that Japanese women increase F0 in order to achieve a socially desired
stereotype of displaying submissive behavior (Bezooijen, 1995), whereas Japanese men tend
to speak in a lowered F0 associated with dominance behavior (Bezooijen, 1995; Ohala,
1984). It is also known that speech directed to infants is generally realized in a higher F0
than adult directed speech (Uther et al., 2007). Infants have an impact on the emotional
state and arousal level of caregivers. Thus, it likely that these factors contribute to the higher
F0 of speech directed to infants. Cognitive conflict in Stroop Color-Word Conflict Tests is
known to increase arousal; indeed, such tests were used as stress tests (MacLeod, 1991;
Rothkranz et al. 2004; Tulen, 1989). Thus, it is possible that F0 is also affected by cognitive
conflict during a Stroop Color-Word Test.

In contrast to latency effects on the onset of the verbal response, acoustic speech
characteristics of the verbal response itself, such as F0, have received little attention in
10
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studies applying Stroop paradigms. Kleinow et al (2006) found an increased articulation rate
in the context of a Color-Word Stroop task (Kleinow & Smith, 2006). However, not the verbal
response itself but standardized sentences preceded by single Stroop trials were analyzed.
They concluded that Stroop conflict is associated with increased arousal levels and can
influence speech motor control in children and adults. Kello et al. (2000) found that “naming
durations” are not modulated within a standard Stroop task, but found prolonged verbal
response durations when there was increased pressure for speedy responses. They interpret
their findings as evidence for the flexibility of speech production mechanisms in adaptation
to task demands. Damian, however, found no effect of conflict or increased conflict level on
response duration. He concludes that central processes have no impact on articulatory
execution after its initiation even under increased task demand (Damian, 2000). In an
exploratory study, Rothkranz and colleagues (2004) applied the Stroop task as a cognitive
stressor in order to investigate effects of increasing workload on F0. They report an increase
of mean F0 and variable response duration patterns with increasing Stroop task demands.
However, their study focuses on F0 in verbal responses to incongruent trials during stepwise
decrease of inter-stimulus-interval. No congruent trials were assessed. Thus, until the
present study it had not been shown, whether Stroop conflict per se leads to an increase of
F0 as compared to the absence of conflict.
To our knowledge, no previous study has compared F0 of verbal responses in Stroop
Test congruent and incongruent trials. In the present study, we investigated whether Stroop
conflict modulates the voice pitch (F0) in a group of males and females. In line with other
researchers (Melara & Algom, 2003; Sabri, 2001) we used a Stroop Color-Word Paradigm
comparing congruent to incongruent stimuli. We hypothesized that cognitive conflict would
increase the F0 level in conflict trials. We were also interested in possible effects of cognitive
conflict on verbal response latency and duration.

2.2 Materials and Methods
2.2.1 Participants
Nineteen healthy students (ten female; mean age 23 years; German native speakers)
participated in the experiment. Participants received either course credit or monetary
compensation. To increase motivation, they were told that an extra monetary reward would
11
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be given to the three best performers of their group. Physical health status was assessed by
a health questionnaire. Exclusion criteria were color-blindness, confirmed somatic or
psychiatric diseases within the last twelve months and medication other than occasional
pain killers and oral contraceptives. All participants provided written informed consent and
were made aware of their right to discontinue participation at any time.
2.2.2 Stimuli and Design
The instructions to participants and the stimulus presentation were controlled by the
computer program E-Prime (PST, Sharpsburg, USA). Participants were seated in front of a
computer screen and were instructed to perform a verbal Stroop Color-Word Test (Mc Leod,
2005). The set of 160 stimuli was based on combinations of the four color words "grün",
"blau", "rot" and "gelb" (German words for green, blue, red and yellow, respectively) and
the four different colors (four color words × four colors × ten). It contained 40 congruent
trials (10x 4 colors) and 120 incongruent trials. Each stimulus was preceded by a black
fixation cross in the middle of the screen for 500 ms. The duration of the stimulus
presentation was 1500 ms. The order of stimulus presentation was pseudo-randomized
separately for each participant. Participants were instructed to quickly name the ink color of
the word as soon as it was presented (e.g. for "GREEN" written in red, they had to say "red").
To minimize the influence of social pull effects, instructions were presented via computer
screen and participants were alone in the room during speech recordings.

2.2.3 Speech Analysis
For the speech recordings, a t-bone diaphragm studio microphone (SC450 large) was
placed 10 cm from the participant's mouth. The speech signal from the microphone was
amplified with an external USB audio interface (Edirol UA-25) and recorded in 24 bit/96 kHz
quality using Adobe Audition.
All measurements of reaction times, F0, offsets and durations were conducted using
the speech analysis software Praat (Boersma & Weenink, 2007). All speech samples were
segmented semi-automatically into separate sound files. From each sound file, RT, response
duration and mean F0 were detected semi-automatically and corrected manually. Detection
errors (including octave jumps and detection of periodicity in unvoiced speech segments)

12

Chapter II – Study I: Stroop conflict increases fundamental frequency of the voice
were manually corrected. Wrong responses and other speech artifacts such as hesitation
sounds were excluded from analysis. All analyses were carried out single blind.
With regard to the analysis of F0, phonetic studies have shown that especially for
short speech samples, utterances standardized for linguistic speech content should be used
in order to avoid influences on the fundamental frequency (F0) other than paralinguistic, e.g.
due to intrinsic pitch differences in vowels (Ladd & Silverman, 1984). Our speech samples
consisted of four one-syllable words ("rot", "grün", "blau", gelb") and thus were
standardized for linguistic content. Mean F0 and duration for each of the 160 stimuli words
was separately measured in order to compare congruent with incongruent trials for each
color separately (e.g. ink color green combined with the word "red", "blue" or "yellow"
versus ink color green with the word "green").

2.2.4 Statistical Analysis
All statistical analyses were performed with SPSS 20.0. Testing was two-tailed and pvalues smaller than 0.05 were considered to indicate statistical significance. Mean ± SD data
are reported in text. Figures indicate mean ± SEM. Analysis was restricted to trials in which
the ink color was named correctly. Other trials were discarded. Individual median values for
verbal RT (ms), duration of the verbal response (ms), and F0 (Hz) were determined per
person, ink color, and Stroop conflict level.
The dependent variables verbal RT, duration of the verbal response, and F0 were
then statistically analyzed by univariate, three-factorial, mixed design ANOVAs with sex as a
two-level between factor (female vs. male), and ink color as a four-level within factor (yellow
vs. green vs. blue vs. red), as well as Stroop conflict as a two-level within factor (word/ink
conflict vs. no conflict). Greenhouse-Geisser corrected p-values are reported for factors with
more than two levels.
Furthermore, verbal RT and F0 values of conflict trials were z-scored per person and
subject to be analyzed in a bivariate Pearson product-moment correlation. Individual
Pearson correlation coefficients (r) were calculated and then tested in a two-sided, two
groups, non-parametric Wilcoxon rank sum procedure for differences between females and
males.
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2.3 Results
2.3.1 Fundamental Frequency (F0)
As expected, there was a strong main effect of sex on F0 (F1:17=117.6, p<0.0001),
with higher F0 in females (223 ± 17 Hz) than males (127 ± 21 Hz). Similarly, and not
surprisingly, a main effect of ink color on F0 was found (F3:51=28.4, p<0.0001), indicating
that F0 of the color name “grün” (green) was highest, followed by “blau” (blue), “gelb”
(yellow), and “rot” (red). A main effect of Stroop conflict on F0 (F1:17=8.5, p<0.009) was
present (+1,8 Hz in conflict trials). There was no significant two-way interaction between ink
color × sex (F3:51=1.2), nor Stroop conflict × sex (F1:17=1.1), nor Stroop conflict x ink color
(F3:51=0.1). Similarly, the triple interaction between sex × Stroop conflict × ink color was not
significant (F3:51=0.5).
2.3.2 Verbal reaction time (RT) responses
No statistically significant main effect of sex (F1:17=0.1), nor ink color (F3:51=1.7)
was detectable on verbal RT. As expected, a strong main effect of Stroop conflict on verbal
RT was found (F1:17=36.7, p<0.0001), with overall longer verbal RT in conflict (737 ± 77 ms)
than no-conflict (664 ± 96 ms) trials. There was no significant two-way interaction of ink
color × sex (F3:51=0.4), nor Stroop conflict × sex (F1:17=0.02), nor Stroop conflict × ink color
(F3:51=0.4). There was also no significant triple interaction of sex × Stroop conflict × ink color
(F3:51=0.2).
2.3.3 Duration of the verbal response
No statistically significant main effect of sex on verbal response duration (F1:17=0.2)
was detectable. A main effect of ink color on verbal response duration was found
(F3:51=47.6, p<0.0001), indicating that speech duration of the color-word “blau” (blue: 321 ±
53 ms) was longest, followed by “grün” (green: 301 ± 52 ms), “gelb” (yellow: 252 ± 54 ms),
and “rot” (red: 235 ± 66 ms). There was no main effect of Stroop conflict (F1:17=0.0), and
neither a significant two-way interaction between ink color × sex (F3:51=1.2), nor Stroop
conflict × sex (F1:17=1.0), nor Stroop conflict × ink color (F3:51=1.2); nor was there any
siginficant triple interaction between sex × Stroop conflict × ink color (F3:51=1.7).
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2.3.4 Correlation analysis of RT and F0 values
Individual Pearson product moment correlations (each based on all conflict trials of
one person) of F0 with verbal RT ranged between r=-0.18 and r=0.43, indicating that on an
individual level F0 and verbal RT share only a limited amount of common variance. However,
the non-parametric Wilcoxon procedure indicates that correlation coefficients (r) are
significantly higher in males than females (Z=2.16, p=0.03).

2.4 Discussion
Verbal RT, verbal response duration, and F0 of the spoken color-word were tested in
19 healthy subjects during classical Stroop Color-Word Testing. Incongruent trials induced
delayed verbal RT in comparison to congruent trials, a finding indicating a conflict between
automatized reading and controlled ink-color naming. F0 of verbal speech responses in
incongruent trials was higher as compared to congruent trials. This new result indicates that
the voice pitch increases in situations of cognitive conflict. Only weak correlations between
individual F0 and RT data were found, suggesting that the effects of cognitive conflict on RT
and F0 share only a limited portion of common variance.
Stroop cognitive conflict did not affect verbal response duration. The times used to
pronounce the color-words were similar in congruent and incongruent trials. It is known that
F0 increases when speech becomes faster (Gandour et al, 1999). Thus, this finding rules out
the hypothesis that F0 increased as an artifact of shortened verbal response duration.
F0 is influenced by “push” and “pull” factors and their effects are not easy to
disentangle (Scherer, 1986; 2003; 2013). Pull factors are related to social norms and
interactions. However, participants in this study were alone in the experimental room and
social interactions were reduced to a minimum by displaying all necessary instructions via PC
on a screen. There was no direct social contact or influence of the experimenter or any other
person. Therefore, it is unlikely that “pull effects”, in terms of social display behavior, played
a major role in our results. Furthermore, the conflict effects on F0 reported here appear on
an uncontrolled base and occur rapidly within the short RT of between 650 ms to 750 ms,
which also suggests that F0 is primarily under the influence of rapidly changing push factors.
Our results raise the question of which rapid push factors might possibly contribute
to rapid trial-by-trial F0 changes leading to increased F0 levels in conflict trials. Many
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researchers have adopted a two-dimensional approach to vocal expression of affective
states focusing on valence (pleasant/unpleasant) and arousal (aroused-sleepy) dimensions
(Harrigan, Rosenthal, & Scherer, 2005).
Cognitive conflict is associated with increases in autonomic arousal levels, as has
been shown by studies on trial-by-trial changes in event-related skin conductance responses
(SCR) and pupil diameter (Kobayashi, 2007). Stroop conflict elicits an autonomic pupil
dilatation that is larger in incongruent trials than in congruent trials (Siegle et al., 2004).
Similarly, SCRs have been found to be larger in incongruent trials than in congruent trials
(Kobayashi et al., 2007).

Evidence from vocal affect expression in humans and mammals shows that high
arousal emotions are associated with increased F0 (Briefer, 2012; Jürgens, 2009). Autonomic
arousal is known to increase, in general, tension of the skeletal muscles (Contrada, 2009)
and, hence, it stands to reason that conflict-induced arousal increases tension of the larynx
muscles as well. Laryngeal muscles control F0 level by variation of vocal fold tension, mass,
length and thickness (Anders et al., 1988; Atkinson, 1978; Laver, 1994) and subglottal
pressure (Hoh, 2005). It has been suggested that increase of muscle tension induced by
autonomic arousal may influence the breathing pattern and hence F0 by increase of
subglottal pressure (Briefer, 2012; Harrigan et al., 2005). Further, autonomic activation
might increase cricothyroid activity leading to an increase of vocal fold tension resulting in
an increased rate of vocal fold vibration. Thus, autonomic arousal may contribute to F0
increase in response to cognitive conflict.
Conflict trials also differ from non-conflict trials with regard to affective valence. It
has been shown that conflict signals, such as in Stroop tasks, may exert an impact on
emotional processes: incongruent stimuli tend to be perceived as negative, whereas
congruent stimuli are comparatively more positive (Dreisbach & Fischer, 2012a; Dreisbach &
Fischer, 2012; Fritz & Dreisbach, 2013). Previous studies have found increased F0 levels
during aversive emotional states or negative arousing situations such as increased work load
and/or stress (Hammerschmidt & Jürgens, 2007; Hansen & Patil, 2007; Hollien, 1980;
Protopapas & Liebermann, 1997; Rothkranz et al., 2004; Russell et al., 2003; Scherer, 2003).
Such effects may be mediated by the anterior cingulate cortex (ACC), which is a
crucial structure for the regulation of attention, motor control, the detection of aversive
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signals and detection of conflict between competing information streams (Paus, 2001; Ruff
et al, 2001). It is activated in a conjoint manner by cognitive control, pain and negative
affect (Botvinick, 2007; Dreisbach & Fischer, 2012a; Dreisbach & Fischer, 2012b). Moreover,
it is also closely related to the state of arousal, negative affect (Paus, 2001) and F0 control
(Jürgens, 2002). It has been suggested to play an important role in the volitional initiation of
innate processes within vocal behavior such as F0 control during changes in affect and
motivation (Jürgens, 2002, 2009). Barret and colleagues (2004) found that the ACC
modulates paralinguistic features of speech during affective states, and describe it´s function
as an “interface between actions and emotion” (Barrett, Pike & Paus 2004). Thus, it is
possible that conflict-induced aversion triggers autonomic arousal via the ACC. However, in
our study we did not measure trial-by-trial changes in ACC activity, autonomic arousal nor
affective responses. Therefore, we are not able to identify the factors which mediated the
observed F0 changes.
It is reasonable to assume that hard-wired, inborn, physiological factors are of crucial
importance for the findings reported here, since previous studies suggest that increased
arousal and negative emotional states tend to increase F0 even in non-human species
(Briefer, 2012). However, it also has to be acknowledged that social factors may play a role,
too. Possibly, learning experiences and sociocultural norms of how to express certain
emotional states (“pull” factors) may predict the direction of F0 changes. Differences in the
magnitude of emotion-related F0-changes exist between cultures, although apparently a
positive association between arousal and F0 exists in all cultures studied so far (Scherer,
1986, 2003; Scherer et al. 2001; Scherer & Johnstone, 2000). We have tried to minimize the
impact of such “pull” factors and followed an experimental setup which reduced the
likelihood that social circumstances influence the voice pitch.
This study adds a further physiological parameter to the list of potential dependent
variables used in Stroop tasks. We were able to demonstrate for the first time (to the best of
our knowledge) that cognitive conflict, induced by color-word ink incongruency, raises F0.
Importantly, this effect is not redundant to the observed RT changes. Correlation analysis
within subjects showed only weak associations between RT and F0, albeit the associations
were found to be somewhat higher in male than in female subjects. The median Pearson
correlation coefficient in the male subject group was r=0.22, and the maximal r=0.44,
corresponding to about 5 % and 19 % of commonly shared variance in RT and F0 within
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individual data sets. This does not point to a substantial overlap, and the respective values
for females are even smaller.

2.4 Conclusion
This is the first study to show that vocal pitch (F0) is higher in incongruent trials than
in congruent trials of Color-Word Conflict Tests. We conclude that F0 changes may be useful
in future experiments to identify situations during which conflicting cognitive input is being
processed. Acoustic speech analysis is non-invasive and cost-efficient. It may contribute to
future investigations of Stroop conflict involving questions on the coordinated relationship
between cognition and behavior.

18

Chapter III – Study II: F0 modulation during affective picture presentation

Chapter III - Study II: Modulation of vocal fundamental frequency in
spontaneous and standardized speech samples during affective picture
presentation.

3.0 Abstract
The influence of emotion on the vocal fundamental frequency (F0) has been well
investigated in speech portrayed by actors, but little is known about authentic vocal
expression of emotion. This is partly due to the difficulty of generating speech samples that
represent authentic expression of speaker affect. This study investigates the influence of
speaker affect on F0 in comparatively authentic speech samples obtained in a controlled
laboratory setting. Participants (n=40, students, 20 female) were audio-recorded while
describing a selection of negative and positive pictures from the International Affective
Picture System (IAPS). A cover story was used and no explicit or implicit instruction on vocal
affect expression was given. Two types of speech samples, a standard phrase and
spontaneous speech, were recorded from each participant for each picture in order to
investigate possible differences of affect modulation on F0 due to the type of speech
sample. Mean F0 and F0 variance of all speech samples were analysed. Results showed a
lowered mean F0 and reduced F0 variation for negative pictures compared to positive
pictures, in both standard phrase and spontaneous speech samples. These results, based on
relatively authentic speech behaviour, complement earlier findings on the vocal expression
of emotions from explicit instructions to vocally portray or express induced emotions.
Furthermore, affective F0 modulation is found in both spontaneous and standardized
speech, suggesting that short standardized phrases are eligible speech samples in studies of
non-portrayed affective vocal expression.

Keywords: IAPS, Fundamental frequency F0, affect
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3.1 Introduction
Communication of affective states is essential for social life. Disturbances of affect
expression can contribute to severe dysregulation of social behaviour. One way to
communicate affect is via the acoustic channel, which can be regarded as the
phylogenetically most continuous way (Scherer, 1993). Darwin described how in many
species, the voice is used as an ”iconic affect signalling device” (Darwin 1998/1872). The
fundamental frequency (F0) of the voice has been shown to play a key role in affect
signalling within and across species (Ohala, 1984). It can be regarded as the acoustic
correlate of the vocal fold vibration rate during phonation and represents a crucial acoustic
measure to our auditory perception of voice pitch. F0 variation is related to the perceived
speech melody, e.g. low F0 variation is usually perceived as monotone voice (Barrett & Paus,
2002; Titze, 1994).
From a physiological point of view, F0 level depends on the length of the vocal folds,
which can be intentionally modulated to a certain extent, on the muscular tension of the
vocal folds (cricothyroid and thyroarytaenoid laryngeal muscles), and on the subglottal air
pressure (thoracic and abdominal muscles involved in respiration) (Anders, 1988; Atkinson,
1978; Hoh, 2005; Laver, 1994). In the course of human evolution, the voice's function as a
signal carrier for language was superimposed on its function as an affect signalling device.
Thus, F0 is an important carrier of linguistic and paralinguistic information (Briefer, 2012;
Eckert & Laver, 1994) shaped by emotional and socio-situational factors which interact in a
complex manner (Barrett, Pike, & Paus, 2004; Eckert & Laver, 1994; Ekman, 1992;
Grandjean, Bänziger, & Scherer, 2006).

On the one hand, this becomes evident in the fact that, when hearing someone
speak, listeners immediately form impressions, e.g. about the age, sex and emotional state
of the speaker (Eckert & Laver, 1994). On the other hand, speakers not only convey
information about their actual emotional state but shape the vocal signal intentionally in
order to achieve a certain impression in the listener. Some researchers argue that most
paralinguistic vocalizations, e.g. laughter, are used to influence the affective state of the
listener and consequently to affect his or her behavior rather than conveying
representational cues about the actual emotional state of the speaker (Bachorowski &
Owren, 2003a). Scherer introduced the concept of "push" and "pull" effects (Scherer, 1986):
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"push effects" refer to the physiological component involved in producing speech and
shaping the voice signal; e.g. an activation of the autonomous nervous system might lead to
a higher muscle tension in the larynx resulting in an elevated F0 level. "Pull effects" include
social norms and display rules which may lead to a strategic vocal signalling of certain
paralinguistic information with the aim of evoking a certain impression in the perceiver. For
example, although a speaker might feel bored by a listener, he might display interest
towards that person. Furthermore, pull effects can also involve a masking of emotional
processes by hiding the actual emotion and displaying another. Consequently, research
addressing the vocal expression of emotion should also take into account the push and pull
effects working on the voice signal and, ideally, aim to disentangle those kinds of influences
(Grandjean, Bänziger, & Scherer, 2006).
But up to now, few studies addressing paralinguistic vocal communication of emotion
have considered the interaction of push and pull effects. Instead, two major lines of research
have evolved over the last few decades (Scherer, 2003). One focuses on the expression of
emotion, whereas the other is more interested in the perception. However, research on
perception and in particular on expression is generally limited by several methodological
problems.

First, there is a trade-off problem with spontaneous in contrast to non-spontaneous
speech material. Ideally, the verbal content of speech should be phonetically standardized in
order to exclude influences, e.g. intrinsic pitch differences in vowels (Titze, 1994), other than
those of paralinguistic relevance. As a consequence, spontaneous speech conveying natural
emotional expression as we find it in most day-to-day interactions would be excluded
leaving a corpus of less authentic speech material. Therefore, a great variety of speech
material from spontaneous, semi-spontaneous and standardized (mostly read) speech has
been used to understand more about the nature of emotional expression in the voice, but
due to this variation most findings can hardly be compared to one another. Recent clinical
findings on effects of different tasks on speaking fundamental frequency suggests that
continuous speech should be used in order to determine authentic speaking F0 values,
rather than using single vowels and counting tasks (Barsties, 2013).
Secondly, there is no commonly established method of emotion induction, a lack
which leads to a variety of approaches ranging from the application of computer games
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(Bachorowski & Owren, 1995) to the recalling of idiosyncratic emotional life events (Barrett,
Pike & Paus, 2004), but only rarely to the application of established psychological mood
induction techniques, such as the Velten procedure (Scherer, 2013). The problem here is
that in many cases, the actual emotional responses elicited cannot be controlled as
accurately as desired. This is especially true for studies using "naturalistic" speech material,
such as e.g. TV or show conversations or pilot voice box recordings (Drolet, Schubotz &
Fischer, 2014; Gregory & Webster, 1996; Protopapas & Liebermann, 1997).

As a consequence of these research implications, most research controlling for verbal speech
content uses actor portrayals of emotional speech and most of our knowledge on vocal
affect expression is based on this research convention (Laukka, 2008; Scherer, 2013) which
has proven to be a good solution to some basic problems in vocal emotion research; yet its
application is somewhat limited to the study of emotion perception rather than authentic
real-life expression. Although emotional speech portrayals provide information on pull
effects such as conventional vocal patterns for expressing emotional valence, the
authenticity of acted emotional speech is, by nature, fairly limited. Recent studies comparing
authentic speech to speech produced by actors show that authentic speech samples differ in
vocal measures from speech portrayed by actors (Drolet, Schubotz & Fischer, 2014; Scherer,
2013).
Recently, Laukka and colleagues found weaker differences between emotions for
authentic speech samples than portrayed speech (Laukka et al., 2011). Studies comparing
speech of actors with authentic spontaneous speech found that play-acted speech revealed
more variable F0 contours (Drolet et al., 2014; Jürgens, Hammerschmidt, & Fischer, 2011).
Other research has demonstrated that play-acted vocal emotion portrayals seem to be overemphasized and more stereotypical than authentic ones (Laukka, Audibert, & Aubergé,
2007) and that listeners rated emotions in authentic speech samples as less extreme than
portrayed speech samples (Jürgens et al., 2013).
Some researchers have tried to evoke more laboratory controlled natural speech
from students imagining certain types of speech partners instead of using actors but, still
being based on simulated interactions, such approaches have similar limitations and have
been found to be in some cases even less useful than actor speech portrayals (Knoll,
Scharrer, & Costall, 2009). Moreover, in a meta-analysis of mood induction procedures,
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Westermann and colleagues found that explicit instructions to enter a particular mood or
emotion are associated with induction effects that are stronger in negative than positive
moods (Westermann et al., 1996). The social context of speech recording has rarely been
reported in most studies so far, although it can have a crucial impact on the expression of
emotion (Buck et al., 1992; Laukka, 2008; Scherer, Banse, & Wallbott, 2001). Thus, it is
possible that some contradictory findings on vocal expression of emotion might be due to
different social settings leading to variations of push and pull influences, e.g. sex of the
experimenter, the experimenter being present or not present in the room.
Another challenge in the research of vocal emotion expression is the use of diverse
emotion concepts, or in other words, there is no unitary, generally accepted concept of
emotion in vocal expression research (Cowie & Cornelius, 2003), instead, a variety of
approaches to, definitions of and ongoing debates on the phenomenon of “emotion” exist.
Cowie and colleagues argue that the only reliable relationships between voice and emotion
are those that reflect rather basic emotion-related changes in physiology, despite the fact
that either evolution or social factors have ensured that the voice communicates more
about an organism’s general orientation to the world than physiological changes require it to
(Cowie & Cornelius, 2003). They suggest disregarding traditional emotion categories by using
a simpler approach towards this topic, acknowledging that speech variables could be
correlated with activation-valence dimensions rather than with discrete categories. Similarly,
Bachorowski points out that there is remarkable support of the notion that using dimensions
of non-specific arousal and affective valence is the best way to describe features of
“emotional speech” and further states that most vocal productions reflect rather affective
than emotional experience (Bachorowski & Owren, 2003b). Lang and colleagues argue that
the consistency of physiological response and the dimensional relationships between
evaluative judgments on pleasure and arousal means that emotion is fundamentally
organized by these motivational parameters (Lang et al., 1993). Other researchers indirectly
support this approach by arguing that it is rarely the case that only one emotion is encoded
in spontaneous speech (Greasley, Sherrard, & Waterman, 2000; Jürgens et al., 2011).

Recently, interest in investigating authentic speech samples has grown (Drolet,
Schubotz & Fischer, 2012, 2014; Greasley, Sherrard, & Waterman, 2000; Jürgens et al., 2013;
Jürgens et al., 2011). In consideration of the aforementioned challenges to vocal emotion
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research, this study investigates affective modulation of F0 in non-instructed and non-acted
affective speech, which in the following will be referred to as “authentic”. Instead of using
real-life media samples or explicit emotion induction techniques, we chose to investigate
speech elicited by students, not actors. We used a cover story and avoided any explicit or
implicit instruction towards participants to vocally express affective states. As method of
emotion induction, we presented affective pictures selected from the International Affective
Picture System (IAPS), which provides a well-established, validated corpus of affective
pictures allowing controlled induction of affect (Lang, Bradley, & Cuthbert, 1999). A selection
of positive and negative pictures was used for the induction of negative and positive affect.
We collected two types of speech samples per picture from each participant (one standard
phrase, one spontaneous description) to investigate if and to what extent affective
modulation of F0 would depend on the type of speech sample. We were interested in
modulatory effects of positive and negative affect on F0 mean and F0 variation.

3.2 Methods
3.2.1 Participants
The sample started with 44 healthy students (20 female). All participants (mean age:
24 years) were native speakers of German without voice or speech impairment (e.g. cold),
color blindness or current or recent (less than 3 years) psychological treatment and with a
normal body mass index (BMI<25). Before the start of the experiment, every subject was
interviewed according to the BASE health questionnaire and underwent a short visual test
for color-blindness (Ishihara, 1917). The participants were told that they would help with the
categorization of pictures for a scientific databank, and received an allowance after finishing
the experiment. In order to keep their focus on the linguistic content of the description, they
were instructed to describe the presented pictures as precisely and in as much detail as
possible. All participants underwent a small manipulation check questionnaire after the
experiment and two were excluded, because they assumed that the purpose of the
experiment was to analyse the voice and not the linguistic content of the description. Two
participants were excluded because of speech errors (e.g. inconsistent rephrasing of
standardized sentence) in more than one third of the speech samples, leaving a total of 40
participants for final analyses (20 female).
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3.2.2 Picture Presentation
Participants sat on a chair in front of a computer screen. The experimental
instructions and the stimuli presentation were controlled by the computer program E-Prime
(PST, Sharpsburg, USA). In order to familiarize the participants with the situation and the
recording procedure, the experiment began with a practice trial where participants had to
describe two neutral pictures. Each picture was presented for 50 seconds. During the initial
20 seconds, participants had to look at the picture intensively without speaking. Afterwards,
a short acoustic signal (350 Hz sine wave) indicated the start of the description task and the
initial phrase was displayed above the picture. Participants had to start each picture
description with the initial phrase "Auf diesem Bild ist Folgendes zu erkennen" ("In this
picture the following can be seen."). This initial phrase was used to generate standardized
speech samples. The participants had a time frame of 30 seconds for the picture description,
then a black screen appeared for 10 seconds and the next picture was presented. Speech
from the picture descriptions represented spontaneous speech samples. After the two
practice trials the participants had the chance to ask questions if necessary. Then the
experimental picture description task started.
The picture sample consisted of 16 positive1 and 16 negative2 pictures of various
social scenes (e.g. sports activities, violence) selected from the IAPS based on valence and
arousal ratings obtained from previous validation studies (Lang et al., 1999). The two
content groups, positive and negative, were distinct and representative of affect category
(negative: 2,9; positive 7,03), mean arousal ratings for both categories were similar and did
not differ significantly (negative: 5,7; positive: 5,3). The order of picture presentation was
pseudo-randomized.

3.2.3 Speech Recording and Analyses
For the voice recordings, a t-bone SC450 large diaphragm studio microphone was
placed 10 cm from the subject's mouth. The speech signal was amplified with an external
USB audio interface (Edirol UA-25) and recorded in 24 bit/96 kHz quality using Adobe
1

IAPS picture numbers used in this study were 2304, 2310, 2311, 2320, 2485, 2500, 2510, 5410, 5621, 8030,
8034, 8160, 8180, 8185, 8370, 8490
2

IAPS picture numbers used in this study were 2752, 2753, 2800, 2900, 3220, 3230, 6243, 6250, 6350, 6360,
6550, 6530, 9000, 9001, 9530, 9520
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Audition. From each of the participants, 32 speech recordings of each the initial standard
phrase and the spontaneous picture description were analysed. Durations of the speech
samples were limited to 10 seconds for the initial standard phrase and to 30 seconds for the
spontaneous picture descriptions.
Concerning the duration of short speech utterances, it is agreed that 10 s is long
enough to allow precise interpersonal perception from paralinguistic speech behavior
(Ambady & Rosenthal, 1992). With regard to fundamental frequency analysis, phonetic
studies have shown that especially for short speech samples, utterances standardized for
linguistic speech content should be used in order to avoid influences on F0 other than
paralinguistic ,e.g. due to intrinsic pitch differences in vowels (Ladd & Silverman, 1984; Ohala
& Eukel, 1987).
All measurements were conducted using the speech analysis software Praat
(Boersma & Weenink, 2007). The mean and standard deviation of the fundamental
frequency were extracted using an autocorrelation algorithm. Detection errors (including
octave jumps and detection of periodicity in unvoiced speech segments) were manually
corrected. The coefficient of F0 variance (F0 varco) was calculated to index F0 variation
independent from absolute F0 level (F0 varco = F0 standard deviation/ F0 mean) (Quinto,
Thompson, & Keating, 2013). All measurements were carried out blind.

3.2.4 Statistical Analysis
All statistical analyses were performed with SPSS 20.0. Testing was two-tailed and pvalues smaller than 0.05 were considered to indicate statistical significance. Mean ± SD data
are reported in text. Individual mean values for mean F0 (Hz) and F0 variation (varco) were
determined per person, type of speech (standard phrase, spontaneous), and affect
(negative, positive).
The dependent variables mean F0 and F0 variation were then statistically analyzed by
univariate, three-factorial, mixed design ANOVAs with sex as a two-level between factor
(female vs. male), and speech type as two-level within factor (standard phrase vs.
spontaneous speech), as well as valence as a two-level within factor (negative vs. positive).
Greenhouse-Geisser corrected p-values are reported for factors with more than two levels.
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3.3 Results
3.3.1 Mean F0
As expected, there was a strong main effect of sex on mean F0 (F1:38=253.21,
p<0.00), with higher mean F0 levels in females (224 ± 22 Hz) than males (102 ± 17 Hz). A
main effect of speech type on F0 was found (F1:38=28.15, p<0.00), indicating that mean F0
in speech from the standardized phrase (179 ± 57 Hz) was 11 Hz higher than in spontaneous
speech (168 ± 51 Hz), and also a strong interaction between sex × speech type was found
(F1:38=7.50, p<0.01). Separate ANOVA for male and female speech show a significantly
higher F0 in both male speech (+ 4,5 Hz F1:19=6.59, p<0.01) and female speech (+ 14 Hz;
F1:19=21.57, p<0.00) in the standard phrase as compared to spontaneous speech.
A main effect of valence was present showing a significant difference of 1,3 Hz
between speech during presentation of negative (171,9± 53,9 Hz) and positive (173,3 ± 54,7
Hz) pictures (F1:38=11.65, p<0.01). There was no significant two-way interaction between
valence × sex (F1:38=2.17), speech × valence (F1:38=0.16), and no significant three-way
interaction between speech × valence × sex (F1:38=3.65).
3.3.2 F0 variation
No main effect of sex was found for F0 variation (Mean F0 varco= 12.94; F1:38=0.44).
A main effect of valence was present showing a significant difference of 0.80 varco between
speech during presentation of negative (12,54± 0.4) and positive (13,34 ±0.5) pictures
(F1:38=47.95, p<0.00), but a strong interaction between sex × valence was found
(F1:38=7.31, p<0.01). Separate ANOVA for male and female speech showed a significantly
higher F0 variation in both male (+ 0.48; F1:19=6.59, p<0.01) and female speech (+ 1.12;
F1:19=21.57, p<0.00) for positive pictures than for negative pictures. No significant
interaction of speech × valence was found (F1:38=3.41). No main effect for speech type
(F1:38=1.79) and no significant three-way interaction between speech × valence × sex
(F1:38=0.07) was found.
3.4 Discussion
Our results show typical sex differences in mean F0 reflecting the well-investigated
fact that men typically speak in a lower F0 than women (Ohala, 1984). No overall sex
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differences were found for F0 variance. More importantly, our results show subtle effects of
affective modulation in both mean F0 and F0 variance.
We found a small decrease of mean F0 during negative affect compared to positive
affect. The sex x valence interaction shows that F0 variation decreases during negative affect
in both, men and women. In women, this affective modulation of F0 variance appears to be
more pronounced than in men. It is known that gender can play an important role in
paralinguistic modulation of F0 (Bachorowski & Owren, 2003a; Bezooijen, 1995; Cartei,
Cowles, & Reby, 2012; Eckert & Laver, 1994). However, it is not clear whether this is a valid
gender effect or an artefact of the principle that F0 variance is dependent on absolute F0
level. For example, to achieve an increase of F0 by one octave, F0 needs to be doubled. A
male speaker with a mean F0 of 100 Hz would have to increase F0 by 100 Hz, whereas a
female speaker with a mean F0 of 200 Hz would have to increase her voice pitch by 200 Hz.
Accordingly, as it comes to perceived speech melody, women need to apply also a higher F0
variance than men to achieve equal auditory effects on the level of pitch perception. The sex
x valence interaction found in F0 variance might be due to this principle. Further studies are
needed to clarify influences of gender on affective modulation of F0 variance.

We found that mean F0 in the standard phrase and spontaneous speech differed
significantly. This is in line with previous studies, which have found that F0 varies
significantly with the type of speech task (Baker et al., 2008; Barsties, 2013; Fitch, 1990;
Zraick, Skaggs, & Montague, 2000). Mean F0 during the standard phrase was higher than in
the spontaneous picture description. Several factors might contribute to the direction of this
difference. We assume that it is largely based on an uneven distribution of voiced sounds in
the standard phrase. The standard phrase contains a comparatively larger percentage of
high intrinsic pitch sounds than a supposedly more even distribution of sounds in
spontaneous speech. This is somewhat inherent in the nature of speech tasks, since the
standard phrase contains always the same semantic content, whereas the spontaneous
picture description varies semantically within-subjects and between pictures allowing a
more even distribution of sounds and their respective intrinsic pitches.
Apart from this, the standard phrase was always produced initially. We cannot
exclude that the constant initial production of the standard phrase had an influence on F0.
For example, it is possible that respiratory and laryngeal adjustments made in anticipation of
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the initiation or termination of speaking directly influenced intensity and, indirectly, mean F0
(Zraick, Birdwell, & Smith-Olinde, 2005). The two speech sample types also differed in
duration, but based on empirical findings that found no significant difference in mean F0
between spontaneous speech samples of 10 and 30 seconds duration, we assume that the
difference in duration play a rather minor role for our findings (Zraick et al., 2005).
More importantly, affective modulation of F0 was found in both types, spontaneous
and standardized speech samples. This result suggests that short standardized phrases are
eligible speech samples in studies on authentic affective vocal expression in F0. However,
this preliminary conclusion is limited to modulation of mean F0 and F0 variation and given
the above discussed point needs further empirical verification.

It is inherent in our approach that generating controlled “authentic” affective speech
samples in a laboratory setting is never a “real real-life situation”, which is a general problem
recently addressed and discussed by several researchers (Jürgens et al., 2011; Scherer,
2013). It might thus be questioned whether the obtained speech samples can be regarded as
authentic speech or not. We argue that the speech samples contained rather authentic
expression of affect, since participants were normal students and not explicitly instructed to
express affect. Furthermore, the subtlety of F0 modulation by positive and negative affect is
in line with empirical findings on comparisons of authentic speech and acted speech (Drolet,
Schubotz & Fischer, 2012; Jürgens et al., 2011; Scherer, 2013) and can also be regarded as
evidence for authenticity of affect expression in that particular laboratory setting. We
cannot draw conclusions from our data on how relevant the reported subtle F0 differences
are on the preceptional level, but surely this would be a very interesting question to address
in a future study.
The influence of diverse pull effects on the voice, such as social norms and display
rules of expressing and maybe also masking of affect in the vocal expression, might
contribute to the subtlety of affect modulation in F0. It is not clear to what extent affective
modulation of F0 was influenced by the laboratory environment, for example if tendencies
to hide affect expression in the voice existed. As mentioned earlier, push and pull influences
on F0 are always present and pull influences might mask or overshadow affect induced push
influences on F0 in our study, as in any social situation. As Scherer points out, even subtle
changes in task characteristic can lead to major changes in the vocal expression (Scherer,
29

Chapter III – Study II: F0 modulation during affective picture presentation
2013). Another explanation for the subtlety might lie in the possibility that picture induced
affect was possibly not strong enough to lead to a more pronounced F0 modulation.
However, these are just speculations and further studies are needed to deepen our
understanding on why authentic speech samples appear to contain more subtle affect
expressions than acted speech.

Due to some trade-offs within our study design, there are some limitations when it
comes to discussing underlying psychophysiological mechanisms leading to affective F0
modulation. By definition, the valence dimension cannot be viewed independently from the
arousal dimension (Lang et al., 1993, 1999; Russell, 2009). Our selection of IAPS pictures was
chosen to contain valid representations of valence groups and it was well-balanced for
arousal ratings reported by Lang and colleagues (Lang et al., 1999), since we aimed to
compare positive and negative affect expression in F0. Nevertheless, it is possible that not
affective valence but differences in actual autonomic arousal levels between negative and
positive pictures influenced F0 level and F0 variation.
Russell argues that changes in F0-related measures in affective speech samples of
both acted portrayals and natural speech rather reflect changes in arousal level of a speaker
than affective state (Russell 2003). He states that vocal cues unique to a valence or pleasure
dimension are elusive. Similarly, Scherer describes F0 mainly as an indicator of arousal and
not affective valence, but he also points out that conclusion is drawn mostly from research
based on actor portrayals including the aforementioned limitations (Scherer, 2013). Briefer
found that vocal correlates of arousal have been investigated considerably more than
correlates of valence (Briefer, 2012).
We neither measured autonomic responses to affective pictures, nor assessed
valence or arousal ratings from our participants. This was due to a trade-off between not
revealing the study purpose in order to obtain authentic affect expression and explicitly
assessing valence/arousal ratings and measures which would have possibly raised awareness
in participants of the study purpose. Notably, our study shows that positive and negative
affect modulates F0 in authentic speech samples, which predominantly might be interpreted
as an effect of affective valence, indeed, and/or as a result biased by underlying arousal
differences between positive and negative picture groups. To clarify this question, the
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detailed relationship of individual arousal levels, valence ratings and affective F0 modulation
is to be addressed in future studies.

3.4 Conclusion
As Scherer points out, one of the great difficulties in vocal emotion research is to
obtain access to speech samples that represent authentic expressions of a speaker´s
emotion, and even subtle changes in task characteristic can lead to major changes in the
vocal expression (Scherer, 2013). Our study investigated the influence of positive and
negative affect on mean F0 and F0 variance in speech from students in a controlled
laboratory setting, in order to obtain more authentic speech samples than previous research
using acted or instructed emotional speech tokens. Subtle effects of positive and negative
affect on F0 measures were found. Furthermore, affective modulation of F0 was found in
both spontaneous and standardized speech samples, which suggests that short standardized
phrases are eligible speech samples in studies on authentic affective vocal expression in F0.
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Chapter IV- Study III: Cold Pressor Stress increases vocal fundamental
frequency.

4.0 Abstract
Speech conveys a lot more than linguistic information. From the tone of voice, listeners
immediately draw conclusions on diverse speaker characteristics, e.g. stress level. It is
assumed that stress increases muscle tension in the larynx leading to an increase of vocal
fundamental frequency (F0). However, there are no unitary empirical findings. This might be
partially due to the application of non-validated tests and/ or stress provocations. In this
study, we used the Cold Pressor Test (CPT) to investigate the influence of acute stress on
mean F0. The CPT is an established instrument for the physiological induction of stress with
well-documented sympathico-excitatory and neuroendocrine effects. Forty female
volunteers were randomly assigned to either a control or a stress group. Both groups were
asked to read aloud a short text in two conditions: once in neutral a condition to assess
baseline F0 level (baseline measurement), and once while immersing the left hand for two
minutes into ice-cold water (stress group), or luke-warm water (control group), respectively.
Speech, heart rate (HR) and systolic arterial blood pressure (SAP) data were recorded during
both reading conditions. Mean F0 levels of speech were analyzed. Cardiovascular data
indicated a successful CPT intervention. The stress group showed a significant moderate
increase of mean F0 during CPT intervention relative to baseline F0 level, while no
differences were found in the control group. Our results support earlier findings of increased
mean F0 during acute stress. Our study is the first to investigate the influence of CPT stress
on F0.

Keywords: Cold Pressor Test, Fundamental frequency F0, stress
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4.1 Introduction
The voice is an important carrier of paralinguistic information (Eckert & Laver, 1994).
Listeners immediately draw conclusions from the sound of a speaker´s voice on diverse
biologically determined speaker characteristics, e.g. sex and age, but also on short-term
psychophysiological characteristics, such as stress level (Giddens et al., 2013).
The influence of stress on the voice is a phylogenetically old heritage. Intuitively we
might think of the elicitation of a high-pitched voice as a warning signal to same-species
members in face of predators, an adaptive behavior not only in regard to the lives of our
human ancestors, but also commonly observed in mammals, generally (Briefer, 2012;
Contrada, 2009). Stress can be regarded as having originally been an adaptive bodily
response to a (potential) life-threat redirecting biological and physiological mechanisms
towards survival (Contrada, 2009). Nowadays, human speech is still influenced by this old
cascade of physiological changes during stress. A great corpus of research on the influence
of stress on vocal parameters reflects an interdisciplinary interest in this phenomenon (Juslin
& Laukka, 2003; Scherer, 2003).
The vocal fundamental frequency (F0) is one of the most prominent acoustic voice
parameters and correlates with the vocal fold vibrations (Laver, 1994; Titze, 1994). Laryngeal
muscles control F0 level by variation of vocal fold tension, mass, length and thickness and
subglottal pressure (Anderson & Cooper, 1986; Atkinson, 1978; Eckert & Laver, 1994). It
stands to reason that increased autonomic arousal as part of the physiological stress
response may play an important role in modulating F0 during stress. Firstly, autonomic
arousal is known to increase, in general, tension of the skeletal muscles (Contrada, 2009)
and, hence, it seems a reasonable assumption that stress-induced arousal increases tension
of the larynx muscles as well. Secondly, it is known that increased tension of the
cricothyroid, which is in control of vocal fold tension, leads to an increase in F0 (Titze, 1994).
Evidence from vocal affect expression in humans and mammals shows that stress
and/or arousing situations are often associated with increased F0 levels (Giddens et al.,
2013; Hammerschmidt & Jürgens, 2007a; Hansen & Patil, 2007; Protopapas & Liebermann,
1997; Scherer, 2003). However, empirical findings on the influence of stress on F0 are
divergent (Hansen & Patil, 2007; Juslin & Laukka, 2003; Scherer, 2003). This might be
partially due to the application of non-validated tests and/ or stress provocations. Also, most
research has investigated simulated emotion portrayals from actors (Scherer, 2013) and few
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studies have attempted to use speech from normal speakers (Bachorowski & Owren, 1995).
However, findings from both approaches seem to support the idea of this link between F0
level and the general arousal of a speaker (Russell, Bachorowski, Fernandez-Dols, 2003;
Scherer, 2013).
To further investigate this assumption, we decided to apply a well-established stress
test in Psychophysiology, the Cold Pressor Test (CPT) (Hines, 1940; Schwabe, Haddad, &
Schächinger,

2008).

The

CPT

has

well-documented

sympathico-excitatory

and

neuroendocrine effects (Allman et al., 2001; Lovallo, 1975; Schwabe, Haddad & Schächinger,
2008; Streff et al., 2010). Throughout the last few decades, it has found wide-spread
applications in various fields, such as research on stress, pain, psychosomatic illness and
basal autonomic function (Streff et al., 2010). The CPT has been shown to lead to a general
sympathetic activation involving two somatosensory systems, thermo- and nociception
(Lovallo, 1975). It has been suggested that heart rate regulation during CPT is strongly
influenced by the sensation of pain (Mourot, Bouhaddi, & Regnard, 2009). Generally heart
rate peaks after the first 60 seconds of the CPT (Moriyama & Hirotoshi, 2007; Victor et al.,
1987). Also, an increase of muscle sympathetic nerve activity during the first 30-90 seconds
of CPT has been found (Victor et al., 1987; Yamamoto, Iwase, & Mano, 1992) and the
strongest blood pressure increases occur during the second minute of CPT stimulation
(Deuter et al., 2012). Victor and colleagues (1987) found a positive correlation between the
increases in muscle sympathetic nerve activity and the increases in arterial pressure during
the CPT. They interpret their findings in terms of direct evidence for increased sympathetic
drive to skeletal muscle during the CPT.
In this study, we applied the CPT paradigm as a method of stress induction to
investigate the influence of acute stress on F0. We hypothesized that in speech produced
during CPT-induced stress, F0 would increase due to sympathetic activation relative to F0
level in a non-stress baseline speech sample of the same speaker. Also, we wanted to obtain
“natural” speech from normal participants, not actors, without explicit induction of affective
states or instruction to vocally express them.
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4.2 Methods
4.2.1 Participants
Forty healthy female students (mean age 22 years, German native speakers)
participated to receive either course credit or monetary reward. Physical health status was
assessed by a health questionnaire. Exclusion criteria were confirmed somatic or psychiatric
diseases within the last 12 months, other than banal infections or minor injuries and
medication other than occasional pain killers and oral contraceptives. All participants were
informed that they would have to immerse their left hands up to the wrist into either cold or
luke-warm water, that their speech would be recorded to document the experiment and
that they would be constantly monitored via video- and audiotransimission (small webcam).
Participants from the stress group were additionally informed that they also would be
videotaped in order to analyze their facial expressions during the cold water test. After the
experiment, participants were asked what they assumed to be the purpose of the study. No
participant reported relevant assumptions to justify exclusion from analysis. All participants
provided written informed consent and were made aware of their right to discontinue
participation at any time.

4.2.2 Physiological Recordings
Participants were seated in a comfortable chair at a viewing distance of
approximately 60 cm in front of an LCD computer monitor. Electrodes for ECG measurement
(ECG Tyco healthcare H34SG Ag/AgCl electrodes of 45 mm diameter) were placed according
to a standard lead II configuration. The ECG signal was high-pass filtered (Biopac ECG100;
HPF:0.5 Hz) and stored to disk (1 kHz), and heart rate was derived from the ECG measure.
Beat detection and artifact control was performed offline with WinCPRS (Absolute Aliens,
Oy,Turku, Finland). Continuous blood pressure was recorded using the Finapres System
(Ohmeda,Englewood, CO; USA). Beat-to-beat systolic blood pressure was determined offline
by WinCPRS software. Mean values over minute two of hand immersion in water and mean
values over minute two of baseline speech recording for heart rate and systolic blood
pressure were calculated in order to determine whether the CPT intervention was
successful.
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Participants were asked to sit in a comfortable upright position, not to move and to
follow the instructions displayed on the computer screen. Before the experiment started, a
five-minute resting period allowed participants to adapt to the laboratory setting. Then,
participants were instructed to read aloud a short, neutral text ("Der Nordwind und die
Sonne", reading time between 30-50 s) in order to become familiarized with the recording
settings, to practice reading and to allow for adjustment of microphone settings if necessary.
After this reading practice, the intervention started and a bowl filled with either luke-warm
water or ice-cold water (below 3 degree Celsius) filled with crushed ice was positioned on
the left side next to the participant.
In the stress group, the experimenter pretended to activate a video camera that was
placed in front of the participant. Then, the experimenter counted down from three to zero
and participants had to immerse the left hand up to the wrist in the ice-cold water. The
experimenter remained present in the experiment room without speaking to the participant.
It has been shown that participants have a longer tolerance of Cold Pressor pain, if the
experimenter is of opposite sex (Kallai, Barke, & Voss, 2004), so we chose opposite-sex
experimenters to decrease the probability of experiment abortion by the participant.
Furthermore, the presence of an experimenter during the CPT and videotaping of the
participants are social-evaluative elements increasing HPA axis activity compared to
standard CPT (Schwabe, Haddad & Schächinger, 2008) and fostering a stronger stress
reaction than the standard paradigm. One minute after hand immersion in the water, the
short neutral text "Der Nordwind und die Sonne" was presented on the screen again and
participants had to read it aloud. This point in time was selected for the recording of speech
during the intervention because it has been shown that cardiovascular effects of Cold
Pressor stress reach their maximum after 60 seconds (Peckerman et al., 1994; Victor et al.,
1987).

Each participant had been told that they had to leave their hand in the water for 3
minutes, since 3 minutes is the standard time of CPT intervention and participants should
expect this duration accordingly prior to the intervention. But after the reading task was
finished by the end of minute two, participants were allowed to remove their hands from
the water. Since we were interested in in the speech during minute two, it was not
necessary to have participants endure the cold water intervention for one more minute after
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the reading. Furthermore, we had decided to record the baseline speech samples not prior
to but after the intervention, because it has been shown that anticipation of a stressor or
pain influences cardiovascular and psychological variables (Conrod, 2006; Pieper et al., 2007;
Tomaka, 1997) and we wanted to avoid possible influences of anticipatory stress on the
speech signal. Since autonomic cardiovascular measures are rapidly responding within
seconds and return to baseline within minutes (Linden et al., 1997), baseline speech samples
were recorded 10 minutes after the end of the water intervention and were used to
determine baseline F0 levels.
Participants were allowed to remove their hands from the water after having finished
reading aloud the text, which was at the end of minute two. They were handed a towel to
dry their hands and were given a break of 10 minutes to recover while remaining seated.
Then the baseline speech recording was performed while participants were alone in the
room.
In the control group, the experimenter counted down to three and then the
participant had to immerse the left hand up to the wrist into the luke-warm water, then the
experimenter left the room. Similar to the stress group, participants had to start reading
aloud the text at the onset of minute two of hand immersion in the water. Throughout the
whole experimental session, heart rate and systolic blood pressure were continuously
measured. Participants were monitored via video and audio transmission.

4.2.3 Recording and analysis of speech samples
For the speech recordings, a t-bone SC450 large diaphragm studio microphone was
placed 10 cm from the participant’s mouth. The speech signal from the SC450 studio
microphone was amplified with an external USB audio interface (Edirol UA-25) and recorded
in 24 bit/96 kHz quality using Adobe Audition. Overall, 80 speech samples (40 baseline
samples, 40 intervention samples) from all 40 participants each of less than one minute
duration were obtained. From each speech sample, the first sentence was used for mean F0
analysis.
With regard to the analysis of the fundamental frequency (F0), phonetic studies have
shown that especially for short speech samples, utterances standardized for linguistic speech
content should be used in order to avoid influences on the fundamental frequency (F0) other
than paralinguistic, e.g. due to intrinsic pitch differences in vowels (Ladd & Silverman, 1984).
37

Chapter IV – Cold Pressor Stress increases vocal fundamental frequency.
The first sentence of the text was chosen for analysis: “Einst stritten sich Nordwind
und Sonne, wer von ihnen beiden der Stärkere wäre, als ein Wanderer, der in einen warmen
Mantel gehüllt war, des Weges daherkam”. All of our speech samples consisted of the same
short text and were thus standardized for linguistic content. All measurements were
conducted using the speech analysis software Praat (Boersma & Weenink, 2007). The mean
of the fundamental frequency was extracted using an autocorrelation algorithm. Detection
errors (including octave jumps and detection of periodicity in unvoiced speech segments)
were manually corrected. All analysis was carried out blind in regard to knowledge of
whether speech samples were recorded within the stress or control group.

4.2.4 Statistical Analyses
All statistical analyses were performed with SPSS 20.0. Testing was two-tailed and pvalues smaller than 0.05 were considered to indicate statistical significance. Mean ± SD data
are reported in text.
The dependent variables mean F0, mean heart rate (HR) and mean systolic arterial
pressure (SAP) were analyzed in a repeated measures 2 x 2 ANOVA, with the factors “group”
as a two-level between-subjects factor (control vs. CPT stress), and “condition” as a twolevel within-subjects factor (baseline vs. water) for each dependent variable.
Statistical analysis of heart rate and blood pressure data was used to assess whether
the CPT intervention was successful. Because we were interested in the difference between
control and stress intervention, we were focused on studying interactional effects of
condition x group. If condition x group interaction was significant, separate ANOVAs for
control and stress group were carried out and results from these within-group comparisons
were considered to reflect effects of the CPT.

4.3 Results
4.3.1 Cardiovascular Data
Our results showed a significant condition x group interaction for mean HR (F
(1,38)=7,145, p<.05, η2=.158) and SAP (F (1,38)=13,995, p<.001, η2=.269). Further ANOVAs
performed for control and stress group, separately, showed a significant increase of HR by 5
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bpm (F (1,19)=12,43, p<.00, η2=.392) and SAP by 20 mmHg (F (1,19)=31,57, p<.00, η2=.624)
in the stress group during water intervention relative to baseline speech condition. No
significant differences were found in the control group. The CPT intervention was considered
successful.
4.3.2 Vocal fundamental frequency
No significant differences between control and stress group in absolute mean F0
values were found (control group: 211 +/- 21 Hz; stress group: 218 +/- 12 Hz). Analysis of
Mean F0 revealed a significant group x condition interaction (F (1,38)=13,84, p<.00,
η2=.267). Further application of ANOVAs for stress and control group, separately, show a
significant moderate increase of mean F0 (+3,7 Hz) during water intervention (216 Hz, +/-3)
in the stress group (F (1,19)=13,30, p<.00, η2=.412), but no significant differences in the
control group.

4.4 Discussion
The aim of this study was to investigate the influence of acute stress on F0 level as
tested by the influence of the CPT. The cardiovascular response pattern showed significant
increases in HR and SAP within typical response ranges (Lovallo, 1975) indicating that CPT
was successful in eliciting a physiological stress response including sympathetic activation.
Our results showed a moderate increase of mean F0 during CPT and support earlier findings
of a stress-induced acute rise of F0.
Our findings present further evidence for the linkage of autonomic arousal and F0
level. However, it is known that F0 is always shaped by a great variety of psychobiological
influences at the same time. Besides psychobiological mechanisms, F0 is also influenced by
external factors such as socio-cultural influences (Bachorowski & Owren, 2003a; Juslin &
Laukka, 2003), a fact that Scherer conceptualizes as “push” and “pull” effects on the voice
(Scherer, 1986, 2003). "Push effects" refer to physiological processes involved in producing
speech and shaping the voice signal, such as for example muscle tension and respiration,
which are “naturally” influenced by emotions. In contrast, "pull effects" include social norms
and display rules, reflecting the fact that vocal expression is often closely monitored and
regulated by cognitive processes. This is the case, for example, when speakers intentionally
express a feigned emotional state.
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Intuitively, it stands to reason that our findings on CPT-stress-induced F0 changes
could be modulated by social pull factors. Our CPT paradigm included social-evaluative
elements to increase the psychophysiological stress reaction in comparison to a standard
CPT (Schwabe, Haddad, & Schächinger, 2008), but by doing so it also added a social
component, which was not applied in the warm water control intervention. It can be argued
that the presence of a running camera and of an opposite sex experimenter in the room may
have influenced our F0 results not only on the push but also on the pull level, e.g. if
participants were signalling a certain attitude towards the experimenter and/or trying to
create a certain impression on the listener through F0 modulation (Bachorowski & Owren,
2003). One way to shed more light on the actual nature of those pull effects would be to
investigate the mere presence effects of an opposite-sex experimenter in combination with
an obviously running camera during a warm water control procedure. Since our main
objective was to use the CPT and the respective control condition as a validated laboratory
stress procedure, we did not add this social-evaluative component to our control procedure.
Moreover, there are reasons to assume that our F0 results are not primarily due to
differential pull influences in control and stress group. All participants in both stress and
control group were aware that their speech was recorded and that they were steadily
monitored via video- and audio transmission by a group of experimenters and their
laboratory helpers throughout the whole experiment. This social setting was the same for
control and stress group. Only in the stress group, an activation of a second camera and
physical presence of the experimenter was added. Therefore, the physical presence of the
experimenter in the stress group compared to the “psychological” presence of the
experimenter in the control group should evoke comparatively similar pull influences on F0,
e.g. in both groups, the female participant knew that a male experimenter was listening and
hypothetically adapted F0 level following similar social display rules. Thus, we assume that
the reported differences in F0 levels between control and stress group are primarily due to
psychophysiological push effects of CPT treatment and that hypothetical differences in social
pull factors between control and stress group played a rather minor role in modulating push
effects on F0. Still, this assumption needs further research.
Generally, we wanted to obtain speech samples from speech behavior as
“naturalistic” as possible in a laboratory environment. This implied that the attention of the
participants should be kept away from the real purpose of our study. For this reason, we did
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not assess subjective ratings of affective valence. We did not want the participants to
explicitly reflect and report their affective states during the experiment to avoid possible
influences of affective awareness on F0 levels. There was no instruction to the participants
to express their affective state or stress level with their voice. There are comparatively few
studies that use standardized speech samples with non-instructed emotional expression
and, as Scherer points out, more research investigating more naturalistic speech samples
other than portrayed emotion is required (Scherer, 2013). One advantage of using a welldocumented stress induction method as in the case of the CPT, is that subjective ratings are
not necessarily needed to assess affective valence of the cold water treatment, allowing
speech samples which are more naturalistic to be obtained.
It is known that CPT intervention is generally perceived as negative or aversive, as
shown by a large corpus of empirical evidence (Deuter et al., 2012; Lovallo, 1975; Peckerman
et al., 1994). Although we did not assess subjective ratings from our participants on
pleasantness, pain or stress levels, it can be assumed that our CPT intervention was
perceived as aversive by our participants. Concerning the influence of affective valence on
F0 level, it is often argued that positive or negative affective valence alone does not lead to
changes in F0 levels and that affective modulation of F0 is rather linked to the general
arousal levels of a speaker (Hammerschmidt & Jürgens, 2007b; Jürgens, 2009; Russell,
Bachorowski, & Fernandez-Dols, 2003; Scherer, 2013).
However, as a side note, it might be interesting in a future study to include the
dimension of cognitive appraisal and investigate the relationship of valence ratings, arousal
and F0 level, e.g. to investigate individual differences in stress perception and F0 level.
Moreover, it is possible that the reading task itself modulates affective valence ratings on
CPT intervention. As a fact, the CPT of the present study reliably shows a typical
cardiovascular response pattern during the reading task, but it has been shown that
distraction from the pain stimulus (Hodes et al., 1990), especially interactive distraction
(Dahlquist et al., 2007), influences subjective pain ratings and increases pain tolerance
during CPT. Possibly, the reading task functions as distractor and helps coping with CPT
stress, which adds an interesting notion to our experiment from a more general
methodological perspective.
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4.4 Conclusion
Our study shows how the CPT may be applied to investigate effects of acute stress on
speech and discusses some preliminary results and thoughts on F0 increase during CPT
stress. Replications and further developments of this experiment are needed to verify our
results and deepen our understanding about which psychophysiological mechanisms are
primarily involved in shaping speech during stress. The cardiovascular pattern during CPT
intervention supports the idea that autonomic activation may play an important a role in the
rise of F0 during acute stress. Still, more research and empirical evidence is needed. To the
best of our knowledge, our study is the first one to investigate the influence of CPT stress on
F0. Our results support earlier findings of elevated F0 levels during acute stress.
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