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During the process of acting, actors have to embody the characters that they are portraying by changing
their vocal and gestural features to match standard conceptions of the characters. In this experimental
study of acting, we had professional actors portray a series of stock characters (e.g., king, bully, lover),
which were organized according to a predictive scheme based on the 2 orthogonal personality dimensions
of assertiveness and cooperativeness. We measured 12 prosodic features of the actors’ vocal productions,
as related to pitch, loudness, timbre, and duration/timing. The results showed a significant effect of
character assertiveness on all 12 vocal parameters, but a weaker effect of cooperativeness on fewer vocal
parameters. These findings comprise the first experimental analysis of vocal gesturing during character
portrayal in actors and demonstrate that actors reliably manipulate prosodic cues in a contrastive manner
to differentiate characters based on their personality traits.
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part of the 20th century based on the writings of the Russian acting
theorist Konstantin Stanislavski (1936), who argued that acting
should be predicated not merely on a character’s external gestural
features, but on his or her internal emotions, beliefs, and motivations (Brestoff, 1995; Cohen, 2004; Goldstein & Bloom, 2011;
Hoffman, 2014; Kemp, 2012; Konijn, 2000; Schechner, 2013;
Zarrilli, 2009). Stanislavski advocated for a more psychological
approach to character portrayal. However, regardless of the
method used to get into character, the ultimate objective for the
actor is exactly the same: to create a realistic depiction of a person
who the actor is not.
The major question that the current study addresses is less about
how actors get into a character as about what they modify in their
gestural features in order to create realistic depictions that are
appropriate for the characters they portray, and how this can be
achieved across the wide diversity of characters that any given
actor might portray during the course of his or her career. Although
it might be relatively straightforward for an actor to play a character who is very similar to him/herself, the real challenge for an
actor—and the true art of acting—is to portray characters who are
quite different from the self (Smith, 1971). For example, in Shakespeare’s day, male actors generally portrayed female characters,
and the aim was to hide any indication of their masculinity (Dusinberre, 1998). For a dramatic play like Romeo and Juliet, a boy
would portray the female character of Juliet. That same actor might
portray male characters, such as Puck, in other plays. The issue we
want to explore in this study is how actors are able to create
portrayals specific for individual characters, and how this operates
across multiple distinct characters. In the current experiment, we
had professional actors portray a series of nine contrastive characters, including the self.
To examine a wide array of contrastive characters in an experimental study and to do so in a manner that is amenable to
quantitative analysis, it is necessary to first have a means of

In The Republic, Plato (380 BCE/1968) made a distinction
between two basic modes of storytelling. In “diegesis”, a story is
told using the voice of a narrator, whereas in “mimesis”, a story is
told using the voices of the characters, as produced by actors who
portray these characters in theatrical (and more recently cinematic)
works. For the ancient Greeks, theater was considered to be an
“imitative” art (Kristeller, 1951) because theater works were seen
as mimetic depictions of people and events that could occur in the
real world. An actor creates a portrayal of a person who could
actually exist, and the challenge of the actor is to produce as
realistic and compelling a representation of that person as is
possible, not least when the character is quite different from the
actor.
How an actor accomplishes this has been the subject of debate
for well over two thousand years. Both historically and crossculturally, the standard method of actor training has been to teach
an actor how to create gestural modifications appropriate for a
character, including changes in posture, facial expression, movement style, and tone of voice (Benedetti, 2012; Brestoff, 1995;
Goldstein & Bloom, 2011; Kemp, 2012; Konijn, 2000; Schechner,
2013; Zarrilli, 2009). An actor should take advantage of established gestural codes for producing representations of characters,
as based on a character’s gender, age, personality, physicality, and
so on. An alternative acting method gained popularity in the early
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classifying characters. Although the literature of the world is full
of stock characters, literary theory provides no systematic classification of them. Indeed, short of generic categories such as round
versus flat (Arp & Johnson, 2009) or heroes versus villains
(Schmidt, 2001), or likewise intuitive classifications based on a
character’s gender, age, and species, there has been no classification of characters in literature and drama. To address this shortcoming in the field, as well as to lay the groundwork for analyzing
the gestural modifications of actors across contrastive characters,
we set out in a previous study to establish a classification scheme
for characters. In Berry and Brown (2017), we presented a proposal for a systematic classification of literary characters based on
personality dimensions, using a modification of the ThomasKilmann Conflict Mode Instrument used in applied studies of
personality (Barki & Hartwick, 2001; Duane, 1989; Kilmann &
Thomas, 1975, 1977; Rahim, 1985; Thomas, 1992). The ThomasKilmann scheme classifies personality along the two orthogonal
dimensions of assertiveness and cooperativeness. We conducted a
character-rating study in which participants rated 40 stock characters with respect to four personality traits, including assertiveness
and cooperativeness. The results showed that ratings of assertiveness and cooperativeness were orthogonal, allowing us to classify
characters using these two dimensions. In the current study, we
used this classification scheme to organize the series of nine
contrastive characters (including the self) with respect to assertiveness and cooperativeness, permitting us to analyze how the
prosodic features of an actor’s performance vary as a function of
these personality dimensions. A major question that we wanted to
address was whether a classification of characters based on the
subjective assessment of raters (Berry & Brown, 2017) would have
behavioral correlates in the prosody of actors portraying these
same characters.
Our goal in the present study is to broach the issue of character
portrayal by examining the vocal prosody of actors while in
character. Only a handful of studies have examined prosodic
aspects of character impersonation, although they have primarily
focused on simple representations of a particular character or
character-type, for example homosexual characters (Cartei &
Reby, 2012), Japanese anime characters (Teshigawara, 2004), or
fairy tale characters (Doukhan, Rilliard, Rosset, Adda-Decker, &
D’Alessandro, 2011). These investigations have only focused on a
particular genre of characters and therefore lack a unified perspective on character portrayal as a whole. In addition, the character
portrayals in these studies have either come from outside of a lab
context using feature films (Cartei & Reby, 2012; Teshigawara,
2004) or from in-lab recordings using nonprofessional actors
(Doukhan et al., 2011), and so the present study is, to our knowledge, the first experimental study of character portrayal using
professional actors. Relevant research outside of the domain of
character portrayal itself includes work on the vocal correlates of
lying and of personality traits. For example, studies have shown
that lying is reliably associated with an increase in vocal pitch, as
well as a greater number of pauses while speaking (Anolli &
Ciceri, 1997; Ekman, Friesen, & Scherer, 1976; Villar, Arciulia, &
Paterson, 2013). Scherer (1978), in a study of the relationship
between personality traits and the perception of voice quality,
found that extraversion was associated with loudness. He also
showed timbral correlations such that, for example, assertiveness

was associated with an absence of breathiness and that agreeableness was associated with an absence of sharpness in the voice.
In contrast to the scant literature on the vocal portrayal of
characters, there is a sizable literature on the vocal expression of
emotion. This is important since all acting theories agree that a
major part of the task of an actor is to convey the emotions of a
character (Konijn, 2000). Interestingly, the majority of studies that
examine the vocal expression of emotion have used professional
actors to portray the emotions (Juslin & Scherer, 2005; Murray &
Arnott, 1993). Juslin and Laukka (2003) reported that 87% of a
sample of 104 studies examining the vocal expression of emotions
employed actors for the creation of stimuli. It is important to point
out that using actors to create a stimulus set for a perceptual study
of emotion in nonactors is a very different research objective from
looking at how a group of actors themselves produce portrayals of
these emotions. In a perceptual study, the investigators select that
actor’s rendition of an emotion that is the most unambiguous and
prototypical, whereas in a production study like ours, the use of
group-level statistics focuses on the analysis of not only mean
trends, but also the variability of depictions across a group of
actors. This actor-level variability is missing in perceptual studies.
An analysis of the vocal expression of emotion hinges on how
emotions themselves should be classified, but there is at present no
single accepted system for representing and classifying emotions.
Much research is based on the analysis of so-called basic emotions
(Darwin, 1872/1998; Ekman, 1992; Izard, 1992; Plutchik, 2002),
such as happiness and sadness (Banse & Scherer, 1996; Goudbeek
& Scherer, 2010; Juslin & Laukka, 2003; Juslin & Scherer, 2005;
Konijn, 2000; Laukka, 2005; Laukka, Juslin, & Bresin, 2005;
Murray & Arnott, 1993; Scherer, 2003; Schröder, 2004). Juslin
and Laukka (2003), in a meta-analysis of five broad emotion
categories (anger, fear, happiness, sadness, and love-tenderness)
across 104 studies of vocal expression, found a number of specific
vocal cues that were strongly associated with the five discrete
emotions examined. For example, anger and happiness were
marked by increases in speech rate, loudness, loudness variability,
high-frequency energy (voice quality), mean fundamental frequency (F0), mean F0 variability, and (specific to anger) by a small
proportion of pauses. In contrast, sadness and tenderness were
marked by decreases in speech rate, loudness, loudness variability,
high-frequency energy, mean F0, mean F0 variability, and (specific
to sadness) by a large proportion of pauses.
An alternative system for classifying emotions is to organize
them in a dimensional manner. The circumplex model (Russell,
1980, 2003) represents emotions through their placement along the
two orthogonal dimensions of arousal (also known as activation;
Schröder, 2004; Schröder, Cowie, Douglas-Cowie, Westerdijk, &
Gielen, 2001) and valence (also known as evaluation or pleasure;
Schröder, 2004; Schröder et al., 2001). There is considerably
stronger support for the mapping of prosodic features onto the
dimension of arousal than onto that of valence. Previous research
has found that arousal is positively correlated with increases in
mean F0 (Goudbeek & Scherer, 2010; Juslin & Scherer, 2005;
Laukka et al., 2005; Owren & Bachorowski, 2007; Pereira, 2000;
Schröder, 2004; Schröder et al., 2001), F0 standard deviation/
variability (Juslin & Scherer, 2005; Laukka et al., 2005; Schröder
et al., 2001), F0 range (Pereira, 2000; Schröder, 2004; Schröder et
al., 2001), mean loudness (Goudbeek & Scherer, 2010; Juslin &
Scherer, 2005; Laukka et al., 2005; Pereira, 2000; Schröder, 2004;
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Schröder et al., 2001), mean loudness standard deviation/variability (Goudbeek & Scherer, 2010; Laukka et al., 2005), “blaring”
timbre (Schröder, 2004), high-frequency energy (Juslin & Scherer,
2005; Schröder, 2004), shimmer (perturbations in amplitude;
Goudbeek & Scherer, 2010), speech rate (Juslin & Scherer, 2005;
Schröder, 2004), longer phrases (Schröder et al., 2001), and shorter
pauses (Juslin & Scherer, 2005; Laukka et al., 2005; Schröder,
2004; Schröder et al., 2001).
In contrast, there is considerably less evidence for the mapping of
prosodic features for valence. Parameters correlated with valence are
fewer in number, weaker in effect, and more difficult to demonstrate
(Bachorowski & Owren, 2008; Owren & Bachorowski, 2007;
Pereira, 2000; Schröder, 2004; Schröder et al., 2001). However,
the existing evidence suggests that high valence is positively
correlated with lower F0 (Juslin & Scherer, 2005; Laukka et al.,
2005; Schröder, 2004), larger F0 variability (Laukka et al., 2005),
larger F0 range (Juslin & Scherer, 2005; Schröder, 2004), decreased loudness (Juslin & Scherer, 2005; Laukka et al., 2005;
Schröder et al., 2001), decreased loudness variability (Goudbeek &
Scherer, 2010; Laukka et al., 2005), less high-frequency energy
(Schröder, 2004), clearer signal (less timbral noise; Goudbeek &
Scherer, 2010), “warm” timbral voice quality (Schröder, 2004),
increases in speaking rate (Juslin & Scherer, 2005; Laukka et al.,
2005; Schröder, 2004), and shorter pauses (Juslin & Scherer, 2005;
Schröder et al., 2001). In general, the dimension of arousal has
been found to be more stable than that of valence, with listeners
capable of making accurate judgments about a speaker’s arousal
levels from the same acoustic correlates mentioned above
(Douglas-Cowie, Campbell, Cowie, & Roach, 2003; Owren &
Bachorowski, 2007; Schröder, 2004).
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An important linkage between our dimensional classification of
character-types and the dimensional study of emotion is the suggestion that assertiveness is an arousal factor— because it spans
from a low-intensity end (unassertive) to a high-intensity end
(assertive)—and that cooperativeness is a valence factor, because
it spans from a negative end (uncooperative) to a positive end
(cooperative). Although this relationship between personality dimensions and emotion dimensions has not be verified experimentally, it opens up the possibility of using the vocal emotion literature to make the predictions that the assertiveness of characters
should share prosodic features with the vocal expression of arousal
and that the cooperativeness of characters should share features
with the vocal expression of valence.
To examine the impact of acting on vocal prosody, we carried
out the first experimental study of character portrayal in professional actors, with an emphasis on the modulations of vocal
prosody that actors produce to convey specific characters as well
as to differentiate characters from one another during performance.
(Related work on facial expression will be reported elsewhere.)
We took advantage of our previous work (Berry & Brown, 2017)
to organize the characters along the two orthogonal personality
dimensions of assertiveness and cooperativeness, resulting in a
3 ⫻ 3 scheme based on low, medium, and high values of each
dimension (see Figure 1). A major issue that we wanted to address
was whether a classification of characters based on the subjective
assessment of raters would have behavioral correlates in the vocal
prosody of actors portraying these same characters. Professional
actors performed the same neutral monologue while portraying
each of nine different basic character-types (where the central cell
of the scheme was the self). Twelve parameters from the four

Figure 1. Summary of the nine basic character types portrayed by actors in the study. An orthogonal 3 ⫻ 3
character-classification scheme is presented, as adapted from Berry and Brown (2017). Three levels of
assertiveness are crossed with three levels of cooperativeness. The control-self condition at the bottom left is not
part of the scheme but instead emerged as a tenth character based on the study’s pilot testing.
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prosodic categories of pitch, loudness, timbre, and duration/timing
were examined based on of the previous literature on vocal prosody (Goudbeek & Scherer, 2010; Juslin & Laukka, 2003; Laukka
et al., 2005). Our primary prediction was that the actors’ prosodic
production would conform to the two-dimensional structure of the
character scheme. However, this prediction was tempered by observations in the vocal emotion literature. As a result of the
presumed connection between the character dimension of assertiveness and the emotion dimension of arousal, and likewise between the character dimension of cooperativeness and the emotion
dimension of valence, we predicted that there would be more and
stronger prosodic correlates of assertiveness than of cooperativeness in the vocal data. More specifically, as the level of character
assertiveness increases, the actors’ portrayals of characters should
be higher-pitched, louder, timbrally clearer (less noisy), and rhythmically faster. We also predicted that the prosodic variables would
show correlations among themselves, for example the robust relationship between pitch and loudness that is found in the vocal
emotion literature (Banse & Scherer, 1996; Goudbeek & Scherer,
2010; Laukka et al., 2005). We examined the results using a
combination of univariate methods (analysis of variance) and
multivariate methods (principal components analysis) with the
overarching goal of identifying the prosodic codes used by actors
to vocally embody characters while acting.

Materials and Method
Participants
Twenty-four actors (14 males; 20 – 63 years; M ⫽ 42.5 ⫾ 14
years) were recruited for the experiment through contact with
theater companies and academic theater programs in the local and
surrounding areas. All actors spoke English either as their native
language or fluently as their second language (n ⫽ 1). They had a
mean of 27.5 years (⫾ 14.3 years) of acting experience. Fourteen
held degrees in acting, with two pursuing degrees in acting at the
time of the experiment, and 17 of the 24 self-identified as professional actors. All participants gave written informed consent and
were given monetary compensation for their participation. The
study was approved by the McMaster University Research Ethics
Board.
It is important to point out that the actors were not selected for
their training method, but only for their overall level of acting
experience. An analysis of an acting-experience questionnaire
revealed that about half of the actors had a mixed training that
incorporated both gestural and psychological methods, whereas the
other half had a more exclusively psychological training (i.e.,
method acting). As mentioned in the introduction, the current
study does not address the issue of how actors get into character,
but instead how the prosody of actors varies as a function of the
personality dimensions of the portrayed characters. In addition, the
single script that was used for all trials (see below) was designed
to be emotionally and psychologically neutral, hence providing
little to no material for a psychological actor to work with.

Materials
The experiment took place on the stage of a black-box performance laboratory. An 8= ⫻ 10= foam mat was placed at the center

of the stage and was used as the designated performance area.
Actors were instructed not to move beyond this area during experimental trials. They performed the tasks facing an empty audience, behind which there was a control room where the experimenter (Matthew Berry) was situated. The experimenter was able
to monitor the progress of the session via closed-circuit TV, as
well as to provide instructions or answer questions via an intercom.
Actors could not see the experimenter while performing. The stage
and house lights were adjusted so that the actor was visible on the
stage, but that the actor could not see the empty audience seats.
The lab’s virtual acoustics were adjusted to mimic the acoustics of
a performance hall. This was done to increase the ecological
validity of the experimental environment.
Actors performed in the designated performance area while
being video- and audio-recorded with a Sony XDCam model
PXW-X70. The camera was placed 4 m in front of the actor (i.e.,
in the second row of the audience) on a tripod raised to head level
and was zoomed to have the actor’s body fill the height of the
frame within the designated performance area. Each participant’s
session was recorded in 1,080 p high-definition video and shot at
60 frames per second. The audio collected from the experimental
sessions was extracted for analysis (see the Software and Preprocessing section), while the video recordings were stored for later
analysis. As per the recommendations of Titze and Winholtz
(1993), which provided suggestions on microphone usage and
placement to reduce sampling error and artifacts, video recordings
were synchronized with an Apex 575 wireless dual-channel omnidirectional condenser microphone (50 – 8000 Hz frequency response) attached to an Apex EA01 headset worn by the actor. The
microphone transmitter was attached at the waist via a belt, and all
wires were covered to reduce restrictions to actor movement.
Audio was recorded in stereo at a sampling rate of 48 kHz. The
microphone was adjusted to sit parallel to the actor’s mouth (i.e.,
at an angle of around 90 degrees, just beside the cheek) at a
distance of 4 –10 cm. It moved jointly with the actor, thus eliminating any concerns about measuring vocal loudness. The spectrograms and audio files from each participant’s trial were
screened for sampling errors and artifacts caused by breathiness,
large exhalations, aspirated phonations, or fast head movements.
No errors were found.
In addition to recording video, we collected 3D motion-capture
recordings of the actors’ facial expressions and body gestures.
Actors were equipped with 60 infrared reflective markers prior to
beginning the experiment (20 on the face, 36 on the torso and
limbs, and four on the head via a flexible cap), providing bilateral
coverage. Analyses of facial expression and body movement will
be reported elsewhere.

Character Scheme
Nine basic characters were performed by the actors, as established by the 3 ⫻ 3 (Assertiveness ⫻ Cooperativeness) classification scheme validated in Berry and Brown (2017). That rating
study showed an absence of stock characters in the bottom-right
cell of the scheme (low assertiveness ⫹ high cooperativeness).
Behavioral piloting of actors’ portrayals of stock characters from
adjacent cells in the scheme revealed performance differences
from the original rating study with regards to the characters of
“lover” and “self.” They were originally paired with the “librarian”
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in the medium assertiveness, high cooperativeness cell. However,
pilot testing from the current study allowed us to relocate “self” to
the central cell and “lover” to the previously unfilled bottom-right
cell. The remaining cells in the scheme were filled with basic
characters whose locations in the scheme were validated in the
rating study. As a result, nine characters (one from each cell,
including “lover” and “self”) were selected for the present study,
as shown in Figure 1.
Actors were given a booklet that listed the names of the nine
characters (bully, king/queen, hero/heroine, cynic, self, librarian,
recluse, loner, and lover), as well as nine emotions (angry, calm,
disgusted, fearful, happy, neutral, proud, sad, and surprised; the
emotions are not analyzed here except in one supplementary
analysis). There was one character or emotion per page of the
booklet, where each character or emotion comprised a single trial.
No qualifying information was provided on how to interpret either
the characters or the emotions. The order of presentation of the
trials was completely randomized across the 18 stimuli for each
participant, and no two participants had the same order. Each page
consisted of the name of the character (or emotion) that the actor
would perform next, in addition to a post-performance questionnaire consisting of four self-rating assessments that the actor filled
out immediately after performing a given trial. The four assessments were as follows: (a) rate your satisfaction with your latest
performance, (b) rate how deeply you connected to or “felt” the
character, (c) rate how well you embodied or portrayed the character, and (d) rate how believable your character portrayal was. All
ratings were given on a 7-point Likert scale, spanning from 1 (not
at all) to 7 (entirely). The results of the post-performance assessments will not be discussed in the present paper. Upon completion
of the assessment, actors turned the page to initiate the next trial.
The session was completed when all 18 trials were performed. The
booklet was situated on a music stand at the side of the stage,
outside of the designated performance area so as not to restrict
movement during performance.
A semantically neutral monologue-script was provided to the
actors to memorize in advance of the experiment (see the Appendix). Because of the lack of a scholarly repository of emotionally
neutral scripts, we created a custom script for the purposes of this
experiment. It was comprised of seven neutral sentences (M ⫽ 6 ⫾
1.4 words/sentence) derived from a set of 10 validated and linguistically neutral sentences (Ben-David, van Lieshout, & Leszcz,
2011). The script was structured such that a small narrative was
present (i.e., someone walking into a room and listing the items
that they see), but with no indication of emotion or interpersonal
interaction. Actors repeated the same monologue for all 18 trials
during the session. We decided to use a group of sentences, rather
than a single repeated sentence or word (Banse & Scherer, 1996),
to better approximate the ecological situation of an acting performance. Debriefing revealed that the actors did not find the script
difficult to memorize or perform.

Design and Procedure
The actors were contacted approximately two weeks before their
scheduled session and were provided with information pertaining
to the study. They were sent the semantically neutral monologue
and were instructed to commit it to memory for the experiment. On
the day of their session, the actors provided informed consent and
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completed a participant-information form, acting experience questionnaire, and a brief personality questionnaire. Upon completion
of the paperwork, the actors were fitted with motion-capture markers and the wireless microphone and transmitter. The microphone
was synchronized and calibrated to the camera. The experimenter
then brought the actor to the designated performance area on the stage
of the lab and positioned him/her in the center of the foam matting.
Actors were instructed to be as expressive and physically active as
possible over the course of the session, to move freely anywhere on
the matting, to perform to the camera in the audience, and to not turn
their back to the camera at any point. They were also instructed to
speak clearly and to not whisper.
To acquire a measurement of the participant’s normal conversational voice separate from acting trials of the “self” condition
(see Figure 1), we used a slight deception. The experimenter,
standing beside the video camera in the audience, pretended that
the camera required additional calibration and requested that the
participant recite the neutral script in a conversational voice as part
of the calibration procedure. This recording was used as the
“control-self” to compare against the “performed-self” from the
acting trial. After the control condition, a practice acting trial
(using the character-type of Artist; Berry & Brown, 2017) was then
done, after which the experimenter left the theater and did not
physically interact with the actor until the session was completed.
The actors were instructed that they could repeat a trial only
once if they were dissatisfied with their performance or if they had
a false start (i.e., forgot a number of lines). In the case of repeated
trials, the second performance was included for analysis. Actors
performed the experiment at their own pace and were allowed to
take breaks as needed. Each trial lasted roughly 2 min (no time
limit was imposed), and the acting phase of the session lasted no
more than 45 min. At the end of the session, the actor was
debriefed (the deception was explained) and compensated.

Software and Preprocessing
The videos for each session were imported into Adobe Premier
Pro CC 2014. Each trial was extracted and exported as a 1,920 ⫻
1,080 .mp4-resolution file. Each trial was 13–131 s in duration
(M ⫽ 34.1 ⫾ 16.4 s). Once the trial videos had been created, the
audio was separated from the video using Abobe Premier Pro CC
2014. Audio samples for each trial were exported as .wav files
with 16 bits per sample. These samples were then imported into
Praat (Boersma, 2001) for the acoustic analysis of vocal prosody.
A custom Praat script was created to automatically remove all
pauses from a given audio sample using a two-pass filter derived
from Hirst (2011). The two-pass filter works by initially setting the
floor and ceiling of the pitch window liberally to 60 Hz and 700
Hz, respectively, for the first analysis pass. During this pass, the
first and third pitch quantiles are extracted from the sample and are
used to create a new, more specific pitch window for continued
analysis. Specifically, the first quantile is multiplied by a factor of
0.75 to create the new pitch-window floor, and the third quantile is
multiplied by a factor of 2 to create the new pitch-window ceiling.
The resulting pitch window allows for a more accurate extraction
of prosodic data for each speech sample. Pauses were specified as
silent moments in the audio sample that had a threshold of 45 dB
below the sample mean and a minimum silent interval of 20 ms. A
nonpause, or sounding, moment had a minimum sounding interval
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of 10 ms. Aside from the use of the two-pass filter to specify the
pitch window, and the specification of silent/sounding intervals
and levels, no other Praat settings were altered for the analyses.
The duration parameters were extracted as follows. Pause number
was the total number of pauses per trial. To look at timing
parameters, the original duration of a trial was broken down into
signal duration, corresponding to the total signal or speaking time,
and pause duration, corresponding to the total silent time. Using
another custom Praat script, we extracted the remaining nine
prosodic parameters pertaining to pitch in Hz, loudness in dB, and
timbre. Using a two-pass filter again, we extracted the following
parameters: the mean, standard deviation, and range of the fundamental frequency in Hz (pitch M, pitch SD, and pitch range,
respectively); the M, SD, and range of the loudness in dB (loudness
M, loudness SD, loudness range); and the means of the jitter in Hz,
shimmer in dB, and noise-to-harmonic ratio (NHR) in dB. The
extracted parameters were measured across the entire trial (Banse
& Scherer, 1996; Goudbeek & Scherer, 2010).

Data Processing
Normalization of variables. Because of the different measurement units of the 12 dependent variables (see the Software and
Preprocessing section), we used a standard z-score normalization
procedure to transform and standardize the raw scores at the
participant level before the analysis. The formula to calculate a
z-score is z ⫽ (x – M)/SD, where x is the raw score of the
participant’s variable for a single trial (e.g., the Pitch Mean in Hz
for the Bully trial), M is the mean score of the participant’s
variable for all 10 trials (e.g., the averaged pitch M across all
character trials), and SD is the standard deviation of the participant’s variable for all 10 trials (e.g., the standard deviation of the
averaged Pitch Mean across all character trials). This normalization procedure was applied to each participant across all 10 roles
and all 12 parameters. As a result, the data were normalized both
per speaker and per parameter.
The per-speaker–per-parameter z-score normalization was chosen over simply normalizing across the parameters alone. Normalizing across each parameter and speaker allows for easier comparison across the data set, as well as for the use of multivariate
statistics, such as principal components analysis, because it eliminates participant and gender-related differences at the data level,
thereby reducing unwanted participant-induced variance. This
transformation also helps satisfy assumptions of normality for the
analysis. Similar normalizations have been applied in previous
work on emotion and prosody for analyses both within and between studies (Banse & Scherer, 1996; Goudbeek & Scherer,
2010; Laukka, Juslin, & Bresin, 2005).
Univariate analyses. Prior to analysis, each of the 12 normalized parameters was examined for outliers. Any data point beyond
a criterion of 2.5 standard deviations away from the mean of a
parameter was considered an outlier to be discarded, although no
outliers were found for any of the 12 parameters.
Each of the 12 normalized prosodic parameters was analyzed
using a linear mixed-effects (LME) regression model with maximum likelihood estimation using the lme4 package in R (Bates,
Mächler, Bolker, & Walker, 2015; R Core Team, 2013). LMEs are
similar to repeated-measures analyses of variance in that they
control within-subject variance. However, they are not dependent

on assumptions or corrections with regards to sphericity and are
more robust to missing data. This was useful because two participants whispered during the librarian trials, thus resulting in their
data being discarded for these trials. LMEs control within-subject
variance through the use of random factors. In the present study,
subjects were considered a random factor so as to control for the
influence of different subject mean scores on each of the 12
normalized parameters. The two within-subjects factors of assertiveness and cooperativeness were used as fixed effects for the
analyses. The control condition (i.e., the control self) was not
included in this analysis, whereas the performed self was. The final
sample for the univariate analysis was therefore n ⫽ 214. For the
reporting of F values, we used a Type III sum of squares with
Satterthwaite approximation for degrees of freedom. Statistical
significance was set to ␣ ⫽ .05, and adjustments for repeated
testing within a variable group were made using Bonferroni corrections (i.e., for the three parameters within each prosody variable, ␣ ⫽ .0167; Goudbeek & Scherer, 2010). The significance of
statistical analyses and estimates of effect size using eta-squared
(2), partial eta-squared (p2), and omega squared (2) were calculated using the afex package in R (Singmann, Bolker, Westfall,
& Aust, 2016).
To compare the two “self” conditions (i.e., performed versus
control), we conducted paired sample t tests on each of the 12
normalized parameters. Statistical significance was set to ␣ ⫽ .05
(two-tailed), and adjustments for repeated testing within a variable
group were made using Bonferroni corrections (hence ␣ ⫽ .0167;
Goudbeek & Scherer, 2010).
Previous literature on the vocal expression of emotion has
shown a strong positive correlation between pitch and loudness
(Banse & Scherer, 1996; Belyk & Brown, 2014; Goudbeek &
Scherer, 2010); Juslin & Laukka, 2003; Laukka et al., 2005). As a
consistency check, we wanted to explore if this relation would hold
up using characters, rather than emotions, as the stimulus material.
A simple linear regression was calculated to predict the normalized
loudness M based on the normalized pitch M for the nine basic
characters and the control. Statistical significance was set to ␣ ⫽
.05.
Multivariate analysis. Principal components analysis (PCA)
was conducted using the prcomp function as a part of the MVA
(classical MultiVariate Analysis) standard library package in R (R
Core Team, 2013). The input data were the 12 normalized parameters, which were zero-centered, but which did not need to be
restandardized, because they were all in the same units after
normalization. All 10 conditions (i.e., the nine characters plus the
control) were included in this analysis for each participant, with
the exception of two trials that were omitted due to insufficient
data as a result of whispering (n ⫽ 238; see the Univariate
Analyses section). According to Kaiser’s criterion (Cangelosi &
Goriely, 2007; Dunteman, 1989), the first four PCs should be
adequate to describe the majority of variance in a dataset, whereas
Cattell’s Scree Test and the Broken Stick Method suggest that only
the first two PCs are necessary to do this (Cangelosi & Goriely,
2007; Dunteman, 1989). Taking a more conservative approach, we
examined the first two PCs. Prior to extraction, and to aid in
interpretability, the PCs were rotated using a varimax rotation
using the principal function in the psych package in R (R Core
Team, 2013; Revelle, 2017). The resulting “rotated principal component” (RC) scores are the linear combinations of the 12 normal-
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ized parameters, whose weight coefficients are represented by the
loadings reported in the Results section.

Results
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Univariate Analyses
Main effects of assertiveness and cooperativeness. Table 1
summarizes the results of the linear mixed-effects regression
model (LME) analysis for the main effects of character assertiveness and cooperativeness on each of the four prosodic variables
and their respective parameters. There was a significant main
effect of assertiveness on all 12 dependent variables, suggesting
that actors modified their vocal prosody—including the pitch,
loudness, timbre, and duration/timing of their speech—across the
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levels of characters assertiveness. These effects remained significant after Bonferroni corrections for repeated testing.
By contrast, the main effect of cooperativeness on vocal
prosody was not nearly as robust. Indeed, only a selection of
pitch, loudness, and duration/timing parameters showed significant main effects of cooperativeness, as timbre parameters
failed to reach significance. Bonferroni correction eliminated
the effect on pitch, F(2, 214) ⫽ 3.26, p ⫽ .029, leaving only
weak effects on loudness and duration/timing (see Table 1).
This finding is supported by the significantly lower estimates of
effect size for cooperativeness when compared to assertiveness.
Overall, prosodic changes were much more strongly associated
with the assertiveness level of a character than its cooperativeness level.

Table 1
Linear Mixed-Effects Regression Model Analysis of Variance
Prosody and parameter
Pitch
Pitch M
Pitch SD
Pitch range
Loudness
Loudness M
Pitch SD
Loudness range
Timbre
Jitter
Shimmer
NHR
Duration/timing
Signal duration
Pause duration
Pause number

Source of
variation

df

Type III SS

Mean square

F value

p-value

2

2p

2

Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.

2
2
4
2
2
4
2
2
4

91.18
3.26
1.79
84.54
1.75
2.90
62.03
.28
4.98

45.59
1.63
.45
42.27
.88
.72
31.01
.14
1.25

101.09
3.61
.99
84.85
1.76
1.45
52.29
.24
2.10

⬍.001ⴱⴱⴱ
.029ⴱ
.412
⬍.001ⴱⴱⴱ
.175
.217
⬍.001ⴱⴱⴱ
.788
.082

.47
.02
.01
.43
.01
.01
.32
.00
.03

.49
.03
.02
.44
.02
.03
.33
.00
.04

.47
.01
.00
.43
.00
.00
.31
.00
.01

Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.

2
2
4
2
2
4
2
2
4

122.19
3.37
8.22
21.55
1.07
6.60
103.00
3.99
3.27

61.09
1.69
2.06
10.78
.53
1.65
51.50
1.99
.82

191.59
5.29
6.45
14.26
.71
2.18
126.85
4.91
2.02

⬍.001ⴱⴱⴱ
.006ⴱⴱ
⬍.001ⴱⴱⴱ
⬍.001ⴱⴱⴱ
.494
.072
⬍.001ⴱⴱⴱ
.008ⴱⴱ
.093

.61
.02
.04
.11
.01
.03
.52
.02
.02

.64
.04
.11
.12
.01
.04
.54
.04
.04

.60
.01
.03
.10
.00
.02
.52
.02
.01

Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.

2
2
4
2
2
4
2
2
4

25.12
3.25
19.05
32.05
.49
22.13
28.68
3.02
8.26

12.56
1.63
4.76
16.02
.24
5.53
14.34
1.51
2.07

21.13
2.73
8.01
27.58
.42
9.52
21.82
2.30
3.14

⬍.001ⴱⴱⴱ
.067
⬍.001ⴱⴱⴱ
⬍.001ⴱⴱⴱ
.658
⬍.001ⴱⴱⴱ
⬍.001ⴱⴱⴱ
.103
.015ⴱ

.14
.02
.11
.18
.00
.12
.16
.02
.05

.16
.02
.13
.20
.00
.15
.17
.02
.06

.14
.01
.10
.17
.00
.11
.15
.01
.03

Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.
Assertiveness
Cooperativeness
Assert. ⫻ Coop.

2
2
4
2
2
4
2
2
4

21.37
7.82
9.21
35.75
3.97
13.88
38.87
.63
10.02

10.69
3.91
2.30
17.88
1.98
3.47
19.44
.32
2.51

15.21
5.56
3.28
34.46
3.83
6.69
33.18
.54
4.28

⬍.001ⴱⴱⴱ
.004ⴱⴱ
.012ⴱ
⬍.001ⴱⴱⴱ
.023ⴱ
⬍.001ⴱⴱⴱ
⬍.001ⴱⴱⴱ
.585
.002ⴱⴱ

.12
.04
.05
.22
.03
.08
.22
.00
.06

.13
.05
.06
.25
.04
.11
.24
.01
.07

.11
.03
.03
.21
.02
.07
.22
.00
.04

Note. Assert. ⫽ assertiveness; Coop ⫽ cooperativeness; NHR ⫽ noise-to-harmonic ratio. Summary of within-subject effects of assertiveness and
cooperativeness on the 12 dependent variables. Analysis of variance table with Type III sum of squares (SS) using Satterthwaite approximation for degrees
of freedom (n ⫽ 216). Denominator df ⫽ 214. Measures of effect size include 2, eta-squared; 2p, partial eta-squared, and 2, omega squared.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01. ⴱⴱⴱ p ⬍ .001.
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Figure 2 plots the means of each acoustic parameter in order to
further investigate the differences between the levels of assertiveness. The main effect of assertiveness was characterized by monotonic increases in both the pitch and loudness variables, with the
six dependent variables demonstrating a low ⬍ medium ⬍ high
increasing trend. As the level of assertiveness of characters increased, vocal expressions became higher pitched and louder, with
more variability and range in these parameters. Different effects
were observed for timbre and duration/timing. As the level of
assertiveness increased, both timbre and duration parameters decreased, with timbre parameters decreasing in a low ⬎ medium ⬎
high trend (i.e., the character’s voices became clearer due to fewer
frequency and amplitude perturbations), and duration decreasing in
a low ⬎ medium ⫽ high trend (i.e., characters spoke faster with
fewer/shorter pauses). This effect demonstrates that, as the assertiveness level of a character increased, the vocal expressions
became clearer and the utterances shorter.
Figure 3 shows the same analysis for cooperativeness. The LME
analysis revealed that the main effect of cooperativeness after

correcting for repeated testing was characterized by loudness and
duration/timing parameters, specifically loudness M, loudness
range, and signal duration. The figure demonstrates a slightly
decreasing trend in a low ⬎ medium ⬎ high fashion with regards
to loudness M, as well as a decreasing trend in a low ⬎ medium ⫽
high fashion with regards to loudness range. These effects show
that, as the cooperativeness level of character increased, the actor’s
mean loudness and loudness range decreased. The pattern was
different for Signal Duration. As the cooperativeness level of
characters increased, the signal duration decreased and then increased in a medium ⬍ low ⬍ high fashion. This nonmonotonic
effect may reflect idiosyncratic features of the specific characters
chosen for the study.
Interactions and simple effects of assertiveness and
cooperativeness. The LME analysis revealed several interaction
effects between assertiveness and cooperativeness across the prosodic variables of loudness, timbre, and duration, even after correcting for repeated testing. There were no significant interaction
effects for pitch. The parameters that did show interactions were

Figure 2. Effect of character assertiveness on the 12 prosodic parameters. Axis values are calculated by first
averaging the subject-normalized scores across character and then across level of assertiveness. Dur. ⫽ duration;
NHR ⫽ noise-to-harmonic ratio; Num ⫽ number (of pauses); Std. Dev. ⫽ standard deviation. Error bars show
the standard error of the mean.
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Figure 3. Effects of character cooperativeness on the 12 prosodic parameters. Axis values are calculated by
first averaging the subject-normalized scores across character and then across level of cooperativeness. Dur. ⫽
duration; NHR ⫽ noise-to-harmonic ratio; Num ⫽ number (of pauses); Std. Dev. ⫽ standard deviation. Error
bars show the standard error of the mean.

loudness M, F(4, 214) ⫽ 6.5, p ⬍ .001; jitter, F(4, 214) ⫽ 8.0, p ⬍
.001; shimmer, F(4, 214) ⫽ 9.5, p ⬍ .001; NHR, F(4, 214) ⫽ 3.4,
p ⫽ .015; signal duration, F(4, 214) ⫽ 3.3, p ⫽ .023; pause
duration, F(4, 214) ⫽ 6.7, p ⬍ .001; and pause number, F(4,
214) ⫽ 4.3, p ⫽ .002. The interaction effects and effect sizes are
summarized in Table 1.
To further investigate the interaction effects of the seven parameters, the data were split and averaged by the three levels of
cooperativeness, thereby allowing the pairwise comparison of each
level of assertiveness within each level of cooperativeness, correcting for multiple corrections. These simple effects are statistically summarized in Supplementary Table S1 in the online supplementary material, and the text after the table describes specific
interactions in detail. Only the effects for loudness M will be
reported here. The simple effects of assertiveness for loudness M
revealed a L (low) ⬍ M(medium) ⫽ H (high) pattern at low
cooperativeness, a L ⬍ M ⬍ H pattern at medium cooperativeness,
and a L ⫽ M ⬍ H pattern at high cooperativeness, indicating a

decreasing shift in loudness across performances, and making the
librarian character similar to the lover with regards to mean loudness across the performance. Due to the structure of the predicative
scheme, an interaction effect and simple effects analysis between
basic character-types results in a direct comparison between the
two basic characters within a given category (in this case it will be
cooperativeness). The results thus provide a more specific prosodic
profile of the average character type or types being examined.
Analysis of performed-self versus control-self. An incidental finding of the pilot testing of the study was that the “self”
condition appeared to be performed as a character, with a different
prosody than an actor’s conversational voice. It is for this reason
that we introduced the microphone-calibration deception described
in the Design and Procedure section to obtain the participant’s
conversational prosody while reciting the script. Table 2 summarizes the results of paired-sample t tests comparing the performedself condition to the control-self condition. There were significant
differences between conditions for all dependent variables, with
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Table 2
Paired-Sample T-Tests for Performed-Self Versus Control-Self
Prosody and parameter
Pitch
Pitch M
Pitch SD
Pitch range
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Loudness
Loudness M
Loudness SD
Loudness range
Timbre
Jitter
Shimmer
NHR
Duration/timing
Signal duration
Pause duration
Pause number

Condition

M

SD

t-value

p-value

Cohen’s d

Self
Self
Self
Self
Self
Self

(control)
(performed)
(control)
(performed)
(control)
(performed)

⫺.76
⫺.06
⫺.44
.20
⫺.56
.36

.50
.49
.76
.59
.70
.85

5.75

⬍.001ⴱⴱⴱ

1.17

4.37

⬍.001ⴱⴱⴱ

.89

4.31

ⴱⴱⴱ

⬍.001

.88

Self
Self
Self
Self
Self
Self

(control)
(performed)
(control)
(performed)
(control)
(performed)

⫺.43
.13
⫺.34
⫺.11
⫺.54
⫺.09

.57
.43
.93
.66
.64
.61

4.74

⬍.001ⴱⴱⴱ

.97

.93

.361

.19

2.32

.029ⴱ

.47

Self
Self
Self
Self
Self
Self

(control)
(performed)
(control)
(performed)
(control)
(performed)

.88
.09
.90
.20
.80
.13

.91
.61
.76
.47
.85
.71

⫺3.31

.001ⴱⴱⴱ

.68

⫺4.04

.001

ⴱⴱⴱ

.83

⫺3.05

.006ⴱⴱ

.62

Self
Self
Self
Self
Self
Self

(control)
(performed)
(control)
(performed)
(control)
(performed)

⫺.94
⫺.74
⫺1.26
⫺.75
⫺1.11
⫺.61

.23
.67
.53
.50
.50
.71

1.34

.194

.27

3.16

.004ⴱⴱ

.64

2.53

.019ⴱ

.52

Note. NHR ⫽ noise-to-harmonic ratio. Degrees of freedom ⫽ 23 for all tests. For Cohen’s d, small effect ⫽ .2, medium effect ⫽ .5, large effect ⫽ .8.
p ⬍ .05. ⴱⴱ p ⬍ .01. ⴱⴱⴱ p ⬍ .001.

ⴱ

the exception of loudness SD and signal duration. After applying
Bonferroni correction, loudness range, t(23) ⫽ 2.32, p ⫽ .029, and
pause number, t(23) ⫽ 2.53, p ⫽ .019, became nonsignificant.
These results indicate that an actor’s voice was significantly different when doing a stage performance of him- or herself compared to when talking in his or her conversational voice. Specifically, performing the role of oneself on stage resulted in a prosody
that was higher-pitched, louder, slower, and timbrally clearer than
one’s conversational voice.
Correlation between pitch and loudness. A simple linear
regression was calculated to look at the relation between normalized pitch M and normalized loudness M (see Figure 4). A significant regression equation was found, F(1, 236) ⫽ 310.6, p ⬍ .001,
with an r value of .75, and an adjusted R2 value of .57. This is
consistent with previous findings in the study of vocal emotion
showing that pitch and loudness are strongly positively correlated
(Banse & Scherer, 1996; Goudbeek & Scherer, 2010). This creates
an important prosodic parallel between character portrayal and the
expression of emotion. This result remained consistent across the
different character-types. In splitting the data by character-type,
significant positive correlations persisted between normalized
pitch M and normalized loudness M for all but two characters, the
bully and the loner (see Supplementary Table S2 and Supplementary Figure S1 in the online supplementary material).

Multivariate Analyses
Correlations. Prior to running the PCA, a Pearson product–
moment correlation analysis was conducted to determine if any

prosodic parameters were too weakly or strongly correlated to be
used in the multivariate analysis so as to avoid any block diagonal
correlation matrices (Dunteman, 1989). The results of the correlation analysis showed that no variables needed to be excluded
from the PCA (see Table 3).
A number of parameters were significantly correlated with one
another. In addition to high levels of correlation within a given
variable (e.g., pitch parameters being highly positively correlated
with other pitch parameters), there was a range of weak to strong
correlations between variables as well. For example, pitch M was
significantly positively correlated not only with other pitch parameters (pitch SD, r ⫽ .80, p ⬍ .001; pitch range, r ⫽ .80, p ⬍ .001),
but with loudness parameters (loudness M, r ⫽ .75, p ⬍ .001;
loudness SD, r ⫽ .37, p ⬍ .001; loudness range, r ⫽ .74, p ⬍
.001). It was significantly negatively correlated with timbral parameters (jitter, r ⫽ ⫺.39, p ⬍ .001; shimmer, r ⫽ ⫺.51, p ⬍ .001;
NHR, r ⫽ ⫺.48, p ⬍ .001) and durational parameters (pause
duration, r ⫽ ⫺.14, p ⬍ .05; pause number, r ⫽ ⫺.15, p ⬍ .05).
Furthermore, although the pitch and loudness variables were positively correlated with one another, both timbral and duration
variables were negatively correlated with all other variables.
PCA. Table 4 presents a summary of the PCA results. The
first two PCs were extracted using a varimax rotation. The bottom
part of Table 4 describes how the resulting RCs accounted for
61.4% of the total variance in the dataset, with RC1 accounting for
around 42.2% of the total and RC2 around 19.2% of the total.
The interpretation of the RCs can be taken from the respective
loadings, as summarized in the upper part of Table 4. RC1 had
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Figure 4. Linear regression and correlation of normalized pitch and loudness. Pitch mean and loudness mean
values were normalized within participants by applying a z-score transformation. This included data from the
control-self trials. F(1, 236) ⫽ 310.6, p ⬍ .001, r ⫽ .754, R2 ⫽ .568. Each point represents an observation from
a single trial. Characters are represented by different shapes. The regression line is depicted in black, whereas
the shaded area indicates the standard error of the regression line.

high loadings for all of the pitch, loudness, and timbral parameters,
whereas RC2 had high loadings for all of the duration/timing
parameters. These loadings are consistent with the intervariable
correlations reported in the previous section. Figures 5 and 6 plot
the first two RCs and their generated component scores. They are

color-coded to show the three levels of assertiveness and cooperativeness, respectively. The first RC appears to account for variation in the levels of assertiveness, while the second RC appears to
account for variation in performance (i.e., performance of characters versus the nonperformed control). There does not seem to be

Table 3
Correlation Matrix for the 12 Prosodic Parameters
Prosody and parameter
Pitch
f0M
f0SD
f0R
Loudness
LdM
LdSD
LdR
Timbre
Jit
Shim
NHR
Duration
SDur
PDur
PNum

f0M

f0SD

f0R

LdM

LdSD

LdR

—
.80ⴱⴱⴱ
.73ⴱⴱⴱ

—
.88ⴱⴱⴱ

—

.75ⴱⴱⴱ
.37ⴱⴱⴱ
.74ⴱⴱⴱ

.64ⴱⴱⴱ
.29ⴱⴱⴱ
.62ⴱⴱⴱ

.58ⴱⴱⴱ
.28ⴱⴱⴱ
.56ⴱⴱⴱ

—
.24ⴱⴱⴱ
.84ⴱⴱⴱ

—
.43ⴱⴱⴱ

⫺.39ⴱⴱⴱ
⫺.51ⴱⴱⴱ
⫺.48ⴱⴱⴱ

⫺.18ⴱⴱ
⫺.38ⴱⴱⴱ
⫺.25ⴱⴱⴱ

⫺.16ⴱ
⫺.34ⴱⴱⴱ
⫺.22ⴱⴱⴱ

⫺.55ⴱⴱⴱ
⫺.55ⴱⴱⴱ
⫺.50ⴱⴱⴱ

⫺.20ⴱⴱ
⫺.26ⴱⴱⴱ
⫺.25ⴱⴱⴱ

⫺.53ⴱⴱⴱ
⫺.50ⴱⴱⴱ
⫺.47ⴱⴱⴱ

.04
⫺.14ⴱ
⫺.15ⴱ

⫺.02
⫺.18ⴱⴱ
⫺.14ⴱ

.05
⫺.16ⴱ
⫺.10

⫺.23ⴱⴱⴱ
⫺.17ⴱ
⫺.33ⴱⴱⴱ

.28ⴱⴱⴱ
⫺.15ⴱ
.04

⫺.04
⫺.14ⴱ
⫺.20ⴱⴱ

Jit

Shim

—
.71ⴱⴱⴱ
.83ⴱⴱⴱ

—
.76ⴱⴱⴱ

NHR

SDur

PDur

—
.28ⴱⴱⴱ
.56ⴱⴱⴱ

—
.68ⴱⴱⴱ

—

.02
⫺.15ⴱ
.05

⫺.14ⴱ
⫺.08
⫺.02

—
⫺.01
⫺.14ⴱ
⫺.01

Note. f0M ⫽ pitch M; f0SD ⫽ pitch SD; f0R ⫽ Pitch Range; LdM ⫽ loudness M; LdSD ⫽ loudness SD; LdR ⫽ loudness range; Jit ⫽ jitter; Shim ⫽
shimmer; NHR ⫽ noise-to-harmonic ratio; SDur ⫽ signal duration; PDur ⫽ pause duration; PNum ⫽ number of pauses. n ⫽ 238.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01. ⴱⴱⴱ p ⬍ .001.
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Table 4
Varimax-Rotated Principal Component Loading Matrix
Rotated components
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Prosody and parameter
Pitch
Pitch M
Pitch SD
Pitch range
Loudness
Loudness M
Loudness SD
Loudness range
Timbre
Jitter
Shimmer
NHR
Duration/timing
Signal duration
Pause duration
Pause number
Eigenvalue
% of explained variance
% of cumulative variance

RC1

RC2

Communalities

Uniqueness

.86
.74
.69

⫺.18
⫺.31
⫺.28

.78
.65
.56

.22
.35
.44

.85
.46
.85

⫺.29
.07
⫺.17

.80
.22
.75

.20
.78
.25

ⴚ.70
ⴚ.77
ⴚ.73

⫺.30
⫺.29
⫺.33

.58
.67
.64

.42
.33
.36

.05
⫺.05
⫺.11
5.07
42.20
42.20

.63
.79
.82
2.30
19.20
61.40

.40
.62
.69

.60
.38
.31

Note. NHR ⫽ noise-to-harmonic ratio. Numbers in bold indicate significant loadings of the RC’s by the
prosodic parameter listed.

a relation between either RC and levels of cooperativeness. Therefore, the first two RCs can be interpreted as reflecting, respectively, a dynamic vocal factor (RC1) and a performative factor
(RC2). In general, it appears that actors modulate pitch, loudness,
and timbral parameters in a combinatorial manner to differentiate
between levels of character assertiveness (with higher, louder, and
clearer values indicative of higher assertiveness) and that they
modulate duration/timing parameters to differentiate between performed speech and regular speech (with slower utterances indicative of the former).
The character/emotion relationship. Finally, as a purely exploratory analysis, we investigated the relationship between character dimensions and emotion dimensions in order to see if the
connection between assertiveness and arousal, on the one hand,
and cooperativeness and valence, on the other, was obtained.
Supplementary Figure S2 in the online supplementary material
shows a PCA plot of the 10 characters (including the control-self)
and the nine emotions tested. High-assertive characters like the
king, hero, and bully clustered with high-arousal emotions like
happy, angry, and surprised. The control-self clustered with neutral
emotion. And low-arousal characters like the loner, recluse, and
lover clustered with low-arousal emotions like calm and sad,
although they were also proximate to higher-intensity emotions
such as fear and disgust. The association between the personality
dimension of assertiveness and the emotion dimension of arousal
may be underlain by physiological mechanisms related to the level
of activation of the autonomic nervous system (Banse & Scherer,
1996; Goudbeek & Scherer, 2010).

Discussion
In this first experimental study of character portrayal using
professional actors, we found that actors modulated the pitch,
loudness, timbre, and timing properties of their vocal productions

in order to conform with the personality traits of characters. The
effect was much more robust for assertiveness—which has similarities to the arousal dimension of emotion—than for cooperativeness, which has similarities to the valence dimension of emotion. Hence, this mirrors a general finding from the vocal-emotion
literature that arousal is much more reliably encoded than is
valence. Next, we reported the incidental finding that an analysis
of the performed-self showed important prosodic differences from
an individual’s conversational voice. The performed-self was
shown to be higher-pitched, louder, and slower than one’s conversational manner of speaking, reflecting what we will refer to below
as a “performance persona” of the self. Finally, looking beyond the
character scheme, we found that key prosodic variables were
correlated with one another across characters, including pitch and
loudness, again paralleling findings from the vocal-emotion literature. Overall, the results show that actors employ prosodic codes
in order to embody specific characters based on their personality
dimensions. The results also show that a classification of characters based on the subjective assessment of raters (Berry & Brown,
2017) had clear behavioral correlates in the prosody of actors
portraying these same characters.

The Personality of Characters Predicts Actors’
Vocal Prosody
According to the view of acting as mimesis first espoused by
Plato (380 BCE/1968), actors engage in processes of personal
mimicry in order to recreate prototypical properties of characters
based on their presumed personality and physical features (Kemp,
2012; Schechner, 2013; Zarrilli, 2009). In the present study, we
established predictions for some of these features by organizing
the selected characters according to a two-dimensional personality
scheme that had been previously validated in a study from the lab
(Berry & Brown, 2017). By doing so, we were able to provide
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Figure 5. Varimax rotated principal components biplot for levels of assertiveness. Biplot axes of the first two
extracted varimax rotated principal components account for 42.2% and 19.2% of the explained variance,
respectively. Ellipse probability for levels of assertiveness is 70%. f0M ⫽ pitch M; f0SD ⫽ pitch SD; f0R ⫽
pitch range; LdM ⫽ loudness M; LdSD ⫽ loudness SD; LdR ⫽ loudness range; Jit ⫽ jitter; Shim ⫽ shimmer;
NHR ⫽ noise-to-harmonic ratio; SDur ⫽ signal duration; PDur ⫽ pause duration; PNum ⫽ number of pauses.

support for the notion that assertiveness is far more predictive of
actors’ vocal prosody than is cooperativeness, a finding that
matches the perceptual advantage for recognizing arousal more
reliably than valence in studies of emotion discrimination (Belyk
& Brown, 2014; Douglas-Cowie et al., 2003; Goudbeek &
Scherer, 2010; Owren & Bachorowski, 2007; Schröder, 2004).
This was demonstrated both as main effects in the univariate
analyses and by the separation of low, medium, and high levels of
assertiveness in the PCA analysis, while failing to find such a
separation for the levels of cooperativeness. The prosodic correlates of cooperativeness were few in number and weak in effect.
Only three parameters remained significant after correcting for
multiple comparisons. Increases in cooperativeness were associated with decreases in loudness and loudness range. Signal duration displayed a nonmonotonic relation to cooperativeness.
Assertiveness, by contrast, showed effects across the spectrum
of prosodic parameters. Increases in character assertiveness were
associated with increases in pitch, loudness, voice clarity, and
speech rate. These findings correspond with arousal-related effects
in the vocal-emotion literature, perhaps with the exception of
timbre (Goudbeek & Scherer, 2010; Juslin & Scherer, 2005;
Schröder, 2004). However, the current understanding of timbral

effects on arousal-related vocal-expression is limited, with some
evidence suggesting weak, indirect relationships (Gobl & Ní Chasaide, 2003; Goudbeek & Scherer, 2010; Owren & Bachorowski,
2007). Hence, there seems to be a general concordance between
our findings about character portrayal and those about vocally
expressed emotions. The interpretation of such a relationship is not
that characters can be equated with specific emotions (i.e., flat
characters; Forster, 1927/2005), but that the personality of a character may bias him/her to experience or display some emotions
more than others. For example, the hero might show a tendency to
experience high-arousal and positive-valenced emotions, while the
bully might show a tendency to experience high-arousal and
negative-valenced emotions. However, at another level, characters
and emotions might interact in a more combinatorial manner. For
example, there are happy kings and sad kings, and even a congenitally happy king can become sad when a loved one dies. Particular
character-archetypes can thus be manifested in characters showing
a diversity of emotional traits, and even a character who predominantly shows one particular emotional trait throughout a story can
experience a variety of emotional states, including those that defy
their general personality. Therefore, the relationship between characters and emotions should be thought of as a complex one-to-
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Figure 6. Varimax rotated principal components biplot for levels of cooperativeness. Biplot axes of the first
two extracted varimax rotated principal components account for 42.2% and 19.2% of the explained variance,
respectively. Ellipse probability for levels of cooperativeness is 70%. f0M ⫽ pitch M; f0SD ⫽ pitch SD; f0R ⫽
pitch range; LdM ⫽ loudness M; LdSD ⫽ loudness SD; LdR ⫽ loudness range; Jit ⫽ jitter; Shim ⫽ shimmer;
NHR ⫽ noise-to-harmonic ratio; SDur ⫽ signal duration; PDur ⫽ pause duration; PNum ⫽ number of pauses.

many relationship, not a one-to-one relationship. Characters that
are archetypal will tend to have more-limited emotional profiles
than characters that are more complex. It is probably for this
reason that our study of archetypal characters is showing a strong
dimensional relationship with emotions. This relationship might
turn out to be weaker in a study using more-complex characters.

The Performed-Self
An incidental finding of the present study was that the self that
was performed during the acting trials had different prosodic
parameters than those of the conversational self during control
trials. This was shown in both the univariate analyses and the PCA
analyses, where the second principal component effectively
distinguished the control-self from all of the acted conditions.
Despite the fact that the actors were provided with the opportunity to drop their performance façade and to speak the script
conversationally, they remained “on” during the self trials and
recited the script as a more exaggerated version of themselves. We
are calling this effect the adoption of a “performance persona”, in
accordance with dramaturgical perspectives in social psychology
(Goffman, 1959; Landy, 1993; Shulman, 2017), which argue that
the self is comprised of a number of context-specific variants that

can be considered as personas of the self during everyday social
interactions. To the best of our knowledge, this is the first reported
instance of a direct comparison between self conditions with
regards to prosodic parameters. Acoustically, the performed-self
was shown to be higher pitched, louder, clearer, and slower than
the conversational manner of speaking. In this regard, it showed
strong similarities with the main effect of assertiveness, with the
exception of the timing parameters, where the performed-self was
intoned more slowly than the control-self, with longer pause duration and a greater number of pauses. Hence, the performed-self
is an assertive persona in which speech rate is reduced, perhaps as
a form of demonstration.
The performed-self shows tantalizing similarities with other
well-known prosodic phenomena in the literature, most especially
infant-directed speech (sometimes called “motherese”), in other
words the manner in which caregivers interact vocally with their
babies. Infant-directed speech is characterized by the same prosodic suite of higher pitch, larger pitch-variability, increased loudness, and slower tempo as compared to adult-directed speech
(Fernald, 1989; Papoušek, Papoušek, & Symmes, 1991; Ma,
Golinkoff, Houston, & Hirsh-Pasek, 2011; McMurray, KovackLesh, Goodwin, & McEchron, 2013). We believe that this combi-
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nation of features comprises a performance persona, which is
expressed when a solo speaker is interacting with an attentive
audience that is generally listening passively, rather than engaging in a dialogue. Such is the characteristic situation of
caregiver–infant interaction but is also the discursive arrangement
of a seminar speaker, a tour guide, the narrator of a story, and
many other situations where one speaker plays a dominant role in
an interaction with attentive, but typically silent, recipients. The
prosody of the performance persona is designed not only to capture
attention (high pitch, high amplitude; Brosch, Grandjean, Sander,
& Scherer, 2008), but also to be demonstrational (reducing ambiguity via slow tempo and the use of pausing; Snedeker &
Trueswell, 2003). In the case of infant-directed speech, it also
supports language learning (Ma et al., 2011) and social bonding
(Benders, 2013). Overall, this is a type of prosody that is optimized
for situations where one person is actively conveying important
information to one or more recipients of this information. It is this
communicative goal that most likely unites the prosodies of a
caregiver and a university lecturer.

Correlations Among Prosodic Variables
In addition to looking at the predictive potential of the character
scheme, we wanted to examine correlations among the prosodic
parameters themselves. Consistent with findings from the vocalemotion literature (Banse & Scherer, 1996; Goudbeek & Scherer,
2010; Scherer, 2003), we found a strong and significant correlation
between pitch and loudness across character trials. This correlation
is known in the performance literature as the “high-loud” rule of
expression (Friberg, Bresin, & Sundberg, 2006), indicating that an
increase in pitch is often accompanied by an increase in loudness
(Belyk & Brown, 2014; Goudbeek & Scherer, 2010; Laukka et al.,
2005), both vocally and instrumentally (Friberg et al., 2006). Our
results indicate that this expression rule is very robust, being active
not only in the vocal expression of emotions, but also in the
portrayal of characters during acting. Hence, it might reflect a
general physiological relationship between pitch and loudness
during sound production.

Limitations
There are a number of limitations of this study. First, only a
select number of basic characters could be examined within the
scope of this performance study. Berry and Brown (2017) established a corpus of 40 basic characters to draw upon for the present
study, of which only nine were used. However, this is comparable
to the number of emotions that are tested in many studies of vocal
emotion (Juslin & Scherer, 2005; Laukka, 2005; Murray & Arnott,
1993; Schröder, 2004). Next, because of the exploratory nature of
the study, we wanted to start out with a set of simple, rather than
complex, characters. Hence, all of the characters were basic,
archetypal character types, rather than complex and/or more realistic characters like Romeo or Juliet. Despite this, our use of a
dimensional approach ensures that future acting studies using
more-complex characters can generate predictions about character
prosody based on features like personality traits. This can be useful
to account for (a) the expression of different personality traits for
a single character over the course of a drama, and/or (b) relative
differences among the dramatis personae of a story. In Romeo and
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Juliet, for example, Romeo goes from being a prototypical lover to
being a vengeful hero when he kills Tybalt in response to Tybalt’s
slaying of his best friend. Likewise, Romeo and Tybalt have
starkly different personalities between themselves throughout the
drama; they represent different character archetypes. These features of drama and literature can be better addressed using a
dimensional approach than by using one that views all characters
as singular, unrelated entities.
Another limitation of the study relates to the categories of traits
that were used for the predictive scheme. Although they turned out
to be effective at predicting prosodic changes in the current analysis (mainly for assertiveness), the personality dimensions of assertiveness and cooperativeness are by no means the only personality traits that are relevant for describing characters. Other
important traits include intelligence, extraversion, introversion, to
name a few, or even valence and arousal more directly. Extraversion/introversion has been used to describe social stereotypes
through associative tasks (Andersen & Klatzky, 1987), and was
also included in the character-rating study conducted by Berry and
Brown (2017). An expansion of this work on the classification of
literary characters is needed to optimize the categories of traits that
are used in creating predictive dimensional schemes for experimental analyses of acting.
Although the current study focused exclusively on a within-subject
analysis, namely the 3 ⫻ 3 character scheme, and did so across 12
prosodic variables, there are a number of critical between-subjects
questions that should be addressed in future studies. One is the
contrast between actors and nonactors, and a second is the contrast
within the population of actors between different methods of getting
into character. Although we are not aware of any studies that have
compared actors and nonactors using a character-portrayal task, a
number of studies have looked at the comparison with respect to the
expression of emotion, focusing on perceivers’ ratings of authenticity
between spontaneous and acted-out emotional expressions. Jürgens,
Grass, Drolet, and Fischer (2015) compared examples of spontaneous
emotional speech from radio interviews with reenactments of these
samples for four basic emotions, as produced by both professional
actors and nonactors. Spontaneous speech was rated as more authentic
than the reenactments by the two groups, which didn’t differ from one
another, hence failing to show an advantage for professional actors.
Anikin and Lima (2018) had listeners rate the authenticity of both
spontaneous and acted-out nonverbal vocalizations from published
corpora of recordings. Listeners were able to distinguish the authentic
versions for certain emotions more so than others, where the perceptual difference in authenticity was largest for those emotions for
which acoustic differences were the largest, such as for anger, fear,
and pleasure. Juslin, Laukka, and Bänziger (2017) compared spontaneous and acted-out emotions by examining a large number of samples of verbal speech (single sentences) from existing databases.
Acted-out clips were rated as having higher emotional intensity than
spontaneous clips, but spontaneous clips were rated as being more
genuine, even after controlling for emotional intensity. Finally, Krahmer and Swerts (2008) compared acted-out emotions with those
produced through an emotion-induction procedure for positive, negative, and neutral sentences and did so with both professional actors
and nonactors. Facial expression, rather than vocal expression,
was examined. It was found that actors produced more-extreme versions of the emotions than did the nonactors, and that the actors’
renditions were further removed from the authentic emotions pro-
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duced by emotion induction than were the nonactors’. Overall, these
studies suggest that, despite the intuition that actors perform realistic
portrayals of emotions, actors often produce more extreme renditions
of emotions that are appraised in some cases as being less authentic
than spontaneous emotional expressions or the expressions of nonactors.
We suspect that a comparative prosodic analysis of character portrayal would show that actors create more-expansive renditions of
characters than do nonactors, with greater use of pitch range and
dynamics. A study of poetic recitation by Menninghaus, Wagner,
Knoop, and Scharinger (2018) demonstrated that a (single) professional actor produced renditions of poems that were rated as being
significantly more melodious than the renditions produced by several
nonactors. Hence, we predict that a group analysis of actors versus
nonactors would demonstrate a similar result with respect to not just
pitch, but also loudness, timbre, and timing. The next betweensubjects issue relates to actor training, and we can imagine two
different ways of addressing this. A between-subjects study could
compare a group of actors trained exclusively with gestural methods
to a group of actors trained exclusively with psychological methods.
However, given that many actors have a mixed training (as in the
present study), a more fruitful approach might be to employ a withinsubject design in which actors of mixed training are instructed to
employ either gestural methods or psychological methods to get into
the same set of characters. For both such studies, it would be important to use scripts that have more psychological detail than the script
used in the current study, which was designed to be as neutral as
possible so as to highlight character-based differences.
Finally, the modulation of vocal prosody is but one facet of the art of
impersonation by actors. Facial expression and body gestures (Dael,
Mortillaro, & Scherer, 2012; Ekman & Friesen, 1978; Wallbott, 1998) are
equally important for conveying the impression of being a character.
Ongoing motion-capture analyses from the present experiment are examining these features of character portrayal, with the ultimate aim of
exploring if there are any relationships among prosody, facial expression,
and body gesture, either pairwise or as a three-way relationship. For
example, Thompson, Russo, and Livingstone (2010) demonstrated that
when singers increased the size of sung pitch-intervals, there were corresponding facial changes, such as increases in brow height and mouth
opening. Scherer and Ellgring (2007), in a study using professional actors,
searched for the presence of “multimodal clusters” in the expression of
basic emotions across vocal prosody, facial expression, and body gesture.
They found such multimodal effects for a small number of emotions,
mainly agitation, resignation, and joyful surprise, all of them emotions
associated with high urgency. Acting is ultimately about creating displays
of emotional expression during public performance. Hence, the relationships that we and others are observing might be components of “display
rules” (Ekman & Friesen, 1969; Friberg et al., 2006) that mediate the
expression of emotion in the performing arts and most likely the emotional communication that occurs during everyday social interactions as
well.

Conclusions
The present study represents a first step toward establishing a psychology of acting using trained actors as the participants, as envisioned by
Goldstein and Bloom (2011). The results showed that actors’ prosodic
productions conformed with the predictions of a two-dimensional personality scheme for characters, with much stronger effects seen for

assertiveness than for cooperativeness. This supports Plato’s view of
acting in which actors aim to mimic the presumed personality and
physical features of the portrayed characters in order to create a believable
depiction of the character. The study of acting provides a means of
investigating a number of issues of importance in cognitive psychology,
including the multimodal expression of emotion, the impact of personality on action tendencies and social interaction, the sense of identity and
the self, the nature of pretense, the manner in which consciousness can be
split between the self and a portrayed character, and the means by which
actors are able to embody a character through empathic mentalizing
and/or gestural mimicry.
Related to this latter point, the results of the current study can be
generalized to a broader perspective of role playing which views all social
behavior in daily life as involving a process of playing various contextspecific roles (Goffman, 1959; Landy, 1993; Shulman, 2017). In general,
people modulate their vocal prosody in everyday situations to conform
with their interaction partners and/or the context of the social interaction,
a phenomenon that is studied in the field of interactional prosody (Auer,
2015; Couper-Kuhlen, 2014; Szczepek Reed, 2012; 2013). One indicator
of this was found in the performed-self condition in the current experiment, in which the context of stage performance altered an actor’s
prosody compared to a conversational context. Finally, there are intermediate situations where people briefly impersonate other individuals, such
as when quoting one’s mother when talking about her with a friend and
doing so by raising one’s vocal pitch (Stec, Huiskes, & Redeker, 2015).
This general process of impersonation has been referred to as “protoacting” (Brown, 2017), and represents yet another large domain of character portrayal that can be examined in the emerging psychology of acting
and role-playing.
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Appendix
Semantically Neutral Monologue Script
I walked into the room. A bag is in the room. It sits on the cabinet beside a clock. Digital clocks are
common. There are four drawers in the cabinet. I see a rug on the floor. It looks to be expensive.
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