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Abstract. Charisma is a powerful device of communication and per-
suasion. Researchers have pinpointed specific behaviors that contribute
to the perception of charisma. How can we realize such behaviors in a
virtual character? In this paper, we discuss our work in the design of
charismatic behavior for a virtual human. We developed a series of ver-
bal charismatic strategies based on the research on charismatic leaders,
which was then used to re-write an existing tutorial on the human circu-
latory system to express charisma. We then collected voice recordings of
the tutorial in both charismatic and non-charismatic voices using actors
from a crowd-sourcing platform. In this paper, we present the analy-
sis of the charismatic and non-charismatic voice recordings, and discuss
what nonverbal behaviors in speeches contribute to perceived charisma.
Results can shed light on the synthesis of charismatic speeches for virtual
characters.
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1 Introduction

Charisma is a powerful device of persuasion [18]. Leaders have used charisma to
make their messages memorable and inspiring [14,16,23,28]. Contrary to the idea
that charisma is a personal quality [53], researchers have pinpointed the specific
verbal and nonverbal behaviors that contribute to the perception of charisma
[4,5,15,20,26,40,49,52].

An important aspect of charismatic nonverbal behavior is the use of animated
voice. While different speech features might have different affective effects in
different languages [37], researchers in expressive speech generally consider pitch
[54], loudness [21], spectral structure [31], voice quality [8,24], etc. as features
relevant to perceived expressiveness (e.g., emotional states) in speech. Specific
to perceived charisma, previous research indicates that variations in pitch range
and standard deviations are correlated with charisma [48]. Additionally, speech
rate (speed and variation), intensity (loudness and variation), intonation (e.g.,
phrasal ending patterns, shape, variations), and vocal clarity also play a role in
perception of charisma [14,38].
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How can we realize charismatic behaviors in a virtual character? Given the
broad range of applications of virtual characters in, for example, health care
[6], energy conservation [1], and education [32], being able to employ charis-
matic behaviors in virtual characters can have great potential in influencing
the learning and decision-making of their human interactants. In this paper, we
discuss the design of nonverbal behaviors for a virtual human, particularly the
synthesis of pauses in charismatic speech. We developed a series of verbal charis-
matic strategies and implemented them in a tutorial on the human circulatory
system. We then collected recordings of the tutorial in both charismatic and non-
charismatic voice using actors from a crowd-sourcing platform. We conducted
analyses to compare the charismatic and non-charismatic voice recordings and
shed light on what types of nonverbal behaviors in speeches contribute to per-
ceived charisma, and how such behaviors can be realized in virtual characters.

2 Related Work

2.1 Charisma

Much progress has been made in understanding the behavioral makeup of charis-
ma, particularly in the study of charismatic leadership in organizational science.
Verbally, charisma is often expressed through the use of metaphors, which are
very effective persuasion devices that affect information processing and framing
by simplifying the message, stirring emotions, invoking symbolic meanings, and
aiding recall [11,18,33]. Stories and anecdotes are also often employed as devices
of charisma [20,49], by making the message understandable and easy to remem-
ber [7]. Rhetorical devices, such as contrasts (to frame and focus the message),
lists (to give the impression of completeness), rhetorical questions [4], are often
used in charismatic communications as well. In addition, charismatic speakers are
skilled at expressing empathy [39], setting high expectations, and communicating
confidence that the expectations can be met [26]. Theoretically, these charismatic
behaviors are catalysts of motivation [17] and increase self-efficacy belief [41].

On a nonverbal level, of most relevance to this paper, charismatic speak-
ers speak with varied pitch, amplitude, rate, fluency, emphasis, and an overall
animated voice tone [20,49]—all aspects of speech commonly associated with
a more engaged and lively style of speech and all predicting higher ratings of
charisma [38]. Both the verbal and nonverbal behaviors make the message more
memorable [7,18,33,52] and increase self-efficacy [3,20,49].

2.2 Speech Synthesis

Text-to-speech and speech synthesis have come a long way in generating natural-
sounding speech [43,46,47,55]. Recent trends in research in spontaneous and con-
versational speech synthesis have added non-speech behaviors such as breath-
ing to make the synthesized speech even more realistic, particularly in conversa-
tional settings [22,44]. More recent advances in synthesized speech have created
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voices that are increasingly challenging to distinguish from real human speak-
ers [42,51]. In addition to synthesizing speech that aims to be natural or sponta-
neous, researchers have sought to generate speech that is expressive, for example,
speech that expresses different emotions and speaking styles [9,19,35,45]. Often,
the expressive information can be incorporated, either before or after the syn-
thesis of neutral speech [9,45]. However, there is very little work on synthesizing
charismatic speech, even though charismatic nonverbal behaviors in speech (such
as those of charismatic leaders) are well studied in the organizational sciences.
Additionally, most of the methods in speech synthesis take the big data, deep-
learning approach, while employing machine-learning algorithms that are hard to
explain. While such synthesis methods have generated great end-to-end outcomes,
it is challenging to distill explainable outcomes that can contribute to the knowl-
edge of, for example, what is important to synthesize charismatic speech and how
the existing theoretical framework on charisma performs in generating charismatic
speeches.

3 Charismatic Speech Dataset

3.1 Charismatic Verbal Strategies

Based on the research on charismatic speech, we developed a series of verbal strate-
gies to express charisma, for example, the use of metaphor and analogies [20], sto-
ries [20,49], rhetorical questions [4], etc. Using these strategies, we re-wrote an
existing tutorial on the human circulatory system [12]. For example, instead of
saying “The major function of the blood is to transport nutrients and oxygen to
the cells and to carry away carbon dioxide and nitrogenous wastes from the cells”,
we rephrased it using the strategy of “metaphors” - “The major function of the
blood is to be both the body’s mailmen, delivering nutrients and oxygen to the
cells, and its garbagemen, carrying away carbon dioxide and nitrogenous wastes
from the cells”. A previous human-subject study comparing the tutorial text with
and without the use of charismatic strategies showed that the use of charismatic
strategies significantly improved the perceived charisma [50].

3.2 Data Collection

Using the “charismatic” version of the tutorial (106 sentences, 1824 words), we
gathered voice recordings from 13 participants, who read the tutorial out loud
in both charismatic (e.g., animated) and non-charismatic (e.g., monotone) voice.
To gather the data, we first recruited 95 participants through a crowd-sourcing
platform to record a snippet of the tutorial in charismatic and non-charismatic
voices. Participants were given instructions that explain what is considered a
charismatic vs. non-charismatic voice. For example,

“A woice conveys charisma is often considered to be varying in speed (e.g.,
sometimes fast, sometimes with pause), varying in energy (e.g., stress certain
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word or phrase), and varying in pitch (e.g., a more animated voice), com-
pared to a mono-tone and mono-speed voice that often puts one to sleep. A
charismatic speech inspires and motivates.”

—  “A woice in contrast with a voice that conveys charisma is, for example,
mono-tone, lack of emphasis, without changes in speed or pauses. And gen-
erally a voice that’s boring and puts one to sleep.”

Two members of the research team then selected the 13 participants whose
recordings more closely followed the instructions, out of the 95 participants. The
13 participants then went on to create voice recordings of the tutorial in full
length, in both charismatic and non-charismatic voices.

4 Results

The body of work on charismatic speakers indicates that charismatic speeches
are spoken with varied pitch, amplitude, rate, fluency, emphasis, and an overall
animated voice tone [20,49]. Thus, our analysis focused on measurable variables
such as pitch, energy (i.e., amplitude), and speed (i.e., rate), in the comparison
between charismatic and non-charismatic speeches. To study the dynamics in
charismatic speech, we zoomed in on pauses (an indication of varied speech
rate) and emphasis. Both pauses and emphasis can to draw listeners’ attention
to specific parts of the speech. Thus they can be effective devices employed
by charismatic speakers to make their messages more memorable. Because our
data consist of “prepared speech” (as opposed to spontaneous speeches), we did
not examine the fluency variable in our data. In this paper, we will discuss the
analysis on pauses.

4.1 Charismatic vs. Non-charismatic Speeches

Using Paired Sample T-Test, we compared the charismatic (C) and non-
charismatic (NC) recordings in pitch, energy and speed - three factors that are
key to charismatic speech [14,38]. Results show that charismatic speeches are
spoken with significantly low speed (M¢ = 7.3, Myc = 7.01,p < .0001, duration
in seconds for a sentence), higher energy (Mo = .073, Mo = .068,p < .0001,
in dB) and higher pitch (Mg = 2414.8, Myc = 2209.2,p < .0001, in Hz). As an
overall indication of how “animated” a speech is, we also compared the varia-
tions in pitch, energy, and speed. Results show that there are significantly greater
variations in energy and pitch (Levene’s test, p < .001 for both comparisons),
but not speed, in charismatic recordings compared to non-charismatic ones.

4.2 Pauses in Charismatic Speech

The use of pauses is one of the ways to vary speed in speech and draw attention
to the messages to follow.
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Pause Duration. Pauses in speech are often categorized into silent pauses,
filler pauses, and breath pauses. Breath pauses are regular natural pauses caused
by respiration activity. Filler pauses are pseudo-words, such as “Mmmm” and
“Hmmmm”, that do not affect the meaning of the sentence [27]. Because our
dataset consists of only prepared speeches, we did not include analysis of filler
pauses, which primarily occur in spontaneous speeches. While silent pauses can
be indications of disfluencies, uncertainty, and hesitation, which occur more often
in spontaneous speeches, they are primarily intentional stylistic pauses used
purposely by professional speakers and the like [27]. There has been great debate
since the 1970s s about the duration of silence that defines a silent pause [29].
Previous work has often adopted the convention of .2 to .25 s of silence (or longer)
as indication of silent pauses, while those that fall below this threshold are often
considered breath pauses [10,25,36]. In automated puncture detection in speech,
it has been shown that over 95% of the pauses of .35s or longer are the sentence
boundaries [30]. Thus, in our analysis, we focused our analysis on silent pauses
of .2s or longer.

We extracted the pauses (e.g., a silence of at least .2's long) from the charis-
matic and non-charismatic speech recordings. We first conducted a paired t-
test to compare the number of silent pauses in charismatic and non-charismatic
speech. Results show that there is no significant differences in the number of
pauses between charismatic and non-charismatic speech (M¢c = 228.6, Myc =
277.2,p = .214).

Pause Locations. To synthesize charismatic speech, it is important to know
where the pauses occur in addition to how long the pauses should be. Given that
we have a unique dataset where all the recordings are based on the same text,
we tabulated where the silent pauses occurred in each participant’s recording
and examined whether there was consensus among the participants on where
to place silent pauses. Figure 1 shows that there are a total of 589 silent pauses
(made by the 13 participants) of a duration of .2s or longer. Additionally, Fig. 1
suggests that there is great variance in where participants placed the pauses.
For example, there are only 208 cases where 3 or more participants paused at
the same place. For consensus among half or more speakers (e.g., 6 or more
participants), the number of “commonly agreed” pauses dropped to 57.

We then annotated the tutorial text using part-of-speech (POS) tags (e.g.,
verb, noun, [34]). We then analyzed the pairs of POS tags where the pauses most
frequently occur (e.g., between a verb and a noun). Table1 shows that, of the
silence pauses of .2 s and longer, the most common places where a pause happens
are between a noun (NN) and a preposition (IN, e.g., “in”, “of”, “t0”), a noun
(NN) and a coordinating conjunction (CC, e.g., “and”, “but”), a noun (NN) and
a determiner (DT, e.g., “the”, “my”, “some”). Table 2 shows the part-of-speech
pairs that have the highest percentage of occurrence of pause. Descriptions and
examples of POS tags are shown in Table 3.

From Table2, we can see that 92% of NNS-CD POS pairs have a pause in
between, which indicates a high consensus among the participants. However,
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Fig. 1. Number of pauses based on consensus among the speakers, for example, for 84
pauses, 5 or more speakers paused at the same place. The x-axis indicates the number
of consensus. The y-axis indicates the number of pauses.

Table 1. Part-of-speech (POS) tag pairs where there are most pauses.

POS pair Total # in text | # with a pause
(‘NN’, “IN?) | 117 20
(‘NN’, ‘CC) 37 17
(‘NN’, ‘DT") | 27 14
(‘NN’, ‘'NNS’) | 63 11
(‘NN’, ‘NN’) | 115 10

Table 2. Part-of-speech (POS) tag pairs with the highest percentage of pauses. For
example, 92% of the (‘NNS’, ‘CD’) POS pair in the charismatic text has a pause in

between.

POS pair Total # in text | % with a pause
(‘NNS’, ‘CD’) |1 92%
(‘NN’, “WDT’) |1 85%
(DT, ‘WP) |1 7%
(‘VBN’, ‘VBG@) | 1 7%
(‘'VBZ’, ‘CC’) |1 7%

for all the top pairs listed here, each only occurred in the charismatic tutorial
once. Table4 lists more commonly seen POS pairs (with at least 10 occurrences
in the tutorial) and how often there is a pause in between. This gives a more
realistic view of how often more frequently-occurring POS tag pairs have a pause
in between. Data on these POS tag pairs may better inform how to synthesize
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Table 3. Descriptions and examples of Part-of-speech (POS) tags.

POS | Description Example

CC Coordinating conjunction and, but

CD Cardinal digit 1,3,8

DT Determiner the, my, some
IN Preposition in, of , to
NN | Noun, singular cat, tree
NNS | Noun, plural cats, trees
RB Adverb slowly, softly
VBG | Verb gerund judging
VBN | Verb past participle judged

VBZ | Verb, present tense with 3rd person singular | judges
WDT | wh-determiner that, what
WP | wh- pronoun who

pauses, e.g., where to insert them. Interestingly, our data show that, only NN-
VBG and NN-DT pairs have a better than chance (>50%) percentage of having
a pause in between.

Table 4. Similar to Table 2, this table shows the part-of-speech (POS) tag pairs with
the highest percentage of pauses. However, here, we only focus on these POS pairs have
100 or more occurrences in the text.

POS pair (>100 in text) | Total # in text | % with a pause
(‘NN’, ‘VBG) 10 62%
(‘NN°, ‘DT 27 52%
(‘NN, “CC") 37 46%
(‘NN’, ‘RB’) 12 40%
(‘NNS’, ‘CC") 16 37%

5 Discussion

In this paper, we discussed a study to collect charismatic and non-charismatic
speech samples. Analysis of the data revealed that charismatic speeches are spo-
ken at lower speed, higher energy, and higher pitch. There was also more variance
in energy and pitch in charismatic speeches compared to non-charismatic ones.
These results are in line with existing research findings that charismatic speeches
are more animated and less monotone.

We then furthered our analysis to explore, for example, how speech, energy
and pitch vary, in the hope of deriving design principles to synthesize charismatic
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speech. In this paper, we focused our analysis on pauses. Our data show that
charismatic speeches contained significantly more silence pauses, compared to
non-charismatic ones. We further identified the linguistic features, i.e. the POS
tag pairs, that are more frequently related to pauses.

Pause Synthesis. Based on the analysis of pauses in our dataset, we have begun
to experiment with a number of ways to synthesis pauses to express charisma.
We first used a commercial speech synthesizer (Amazon Polly, [2]) to generate
a baseline or neutral recording of the tutorial. Given that we used .2s of silence
as the threshold to extract pauses in our data, we plan to insert silent pauses of
.2 s into the baseline speech.

There are a number of methods we plan to explore and experiment with in
where to insert the pauses. First, we can insert pauses between POS tags that
our data suggest are more likely to have a pause. A probability distribution can
be employed to determine how often pauses should be inserted. Second, we can
take a consensus-based approach and insert pauses where, for example, more
than half of the speakers in our data paused. Ultimately, it’s a balance between
precision and recall [13]: we can generate fewer pauses with high confidence or fill
the speech with more pauses while lowering the threshold of certainty. One of the
immediate next steps is to carry out human-subject studies with the synthesized
speech to study its impact on perceived charisma.

Limitations. While the balance between precision and recall is a general app-
roach, the method to synthesize, for example, pauses in charismatic speech is
specific to the tutorial text of interest to this project. This is largely due to the
nature of the dataset, e.g., multiple recordings of the same text, and the small
size of the dataset. To generalize the approach, we plan to extend the POS-based
analysis to POS dependencies based on sentence structures. Such an approach
is not applicable to our existing dataset, given that the charismatic text used
for speech data recording has very limited representation of sentence structures.
Thus, as one of the next steps, we plan to extend the analysis to large pub-
licly available speech datasets of charismatic speakers (e.g., speeches from past
presidents, motivational speakers, etc.).
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