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Perceived charisma is an important success factor in professional life. However, women

are worse than men in conveying physical charisma signals while at the same time

having to perform better than men in order to be perceived equally charismatic. Speech

prosody probably contains the most influential charisma signals. We have developed

a system called “Pascal” that analyzes and assesses on objective acoustic grounds

how well-speakers employ their prosodic charisma parameters. Pascal is used for

charismatic-speech training in 12-weeks and 4-h courses on entrepreneurship and

leadership. Comparing the prosodic-charisma scores for a total of 72 participants at the

beginning and end of these two course types showed that female speakers start with

significantly lower prosodic-charisma scores than male speakers. However, at the end

of the 4-h course, female speakers can catch up with their male counterparts in terms

of prosodic charisma. At the end of the 12-weeks courses, male speakers keep their

lead, but female speakers are able to significantly reduce the prosodic charisma gap to

male speakers. Since leadership and entrepreneurship are still male-dominated domains,

our results can be seen as an encouragement for women to attend prosodic charisma

training. Furthermore, these courses require a gender-specific design as we found men

to improve mainly in F0 parameters and women in duration and phonation parameters.

Keywords: prosody, charisma, entrepreneurship, rhetoric, sex differences, phonetics, speaker training, leadership

INTRODUCTION

Charismatic speakers convey emotionally “contagious” (Fox Cabane, 2012, p. 145) verbal and
non-verbal signals that make others invest their thoughts, actions, time or money into them
(Antonakis et al., 2016). There seems to be a tangible cognitive reason for these charisma effects:
Perceived charisma can inhibit areas of the brain that are associated with cognitive control of
behavior and abstract reasoning (Schjødt et al., 2010). Acoustic cues alone predict perceived speaker
charisma with an accuracy of 66–75% (Chen et al., 2014; Park et al., 2014), with prosodic features
making the largest contribution to this prediction accuracy (cf. also Gregory and Gallagher, 2002).
It was findings like these that recently boosted the interest of phoneticians in charismatic speech.
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Phonetic studies have shown that acoustic-prosodic
parameters are positively correlated with perceived speaker
charisma (Strangert and Gustafson, 2008; Rosenberg and
Hirschberg, 2009; Signorello et al., 2012; D’Errico et al., 2013;
Niebuhr et al., 2016, 2018). For example, higher F0 levels, larger
F0 ranges, and faster speaking rates make speakers sound more
charismatic. The same also applies to the intensity level and
standard deviation as well as to the frequency of emphatically
stressed words. Disfluency count (incl. silent pauses), formant
levels (F1–F3), prosodic-phrase durations, and spectral-slope
voice-quality measures are negatively correlated with perceived
speaker charisma.

Women sound less charismatic than men (Brands et al.,
2015; Jokisch et al., 2018). This is true even if all other
factors besides gender (incl. all prosodic parameters) are
equal (Novák-Tót et al., 2017; Niebuhr et al., 2018). This
is rarely the case in everyday life because men’s speaking
skills are promoted and valued more and perhaps even
judged less critically by the society than those of women
(Baxter, 1999; Sellnow and Treinen, 2004; Cameron, 2006).

Charisma also plays a big role in entrepreneurship; both with
respect to the success of young companies in being innovative
(Todorovic and Schlosser, 2007) and the success of individuals
in founding a sustainable start-up business through legitimizing
and fund-raising activities (Clark, 2008; Davis et al., 2017).
The relevance of charisma in entrepreneurship and the finding
that women sound less charismatic than men together resonate
with what is known as the “gender gap” in entrepreneurship
(Markussen and Røed, 2017). Besides the fact that many investors
think of entrepreneurship as a male domain (Marlow, 2014) and,
therefore, “screen out” women’s business ideas while men’s ideas
are “screened in” (Kanze et al., 2018), women’s oral presentations
in front of investors sound less persuasive and are less likely to be
funded and supported than those of men (Brooks et al., 2014).

A male advantage also exists in politics, although perhaps
less strongly so than in entrepreneurship (Bystorm et al., 2001).
Additionally, entrepreneurship represents a pillar of economic
growth in today’s innovation-driven economies (Audretsch et al.,
2006), with female entrepreneurs making a disproportionate
contribution to this growth (Gutierrez, 2017). Therefore, the
question arises as to how this unfavorable gender gap in
entrepreneurship can be closed. One answer is: with an effective
way of turning female entrepreneurs into more charismatic
speakers. The growing phonetic understanding of perceived
speaker charisma has enabled researchers to develop computer-
based systems for a precise parametric assessment and objective
training of charismatic speech. Some systems are multi-modal,
like Cicero (Batrinca et al., 2013) andMACH (Hoque et al., 2013).
Our system focuses on the acoustic key parameters of prosody.
It is called “Pascal”: Prosodic Analysis of Speaker Charisma—
Assessment and Learning.

While users’ learning success has already been documented
for Cicero and MACH (Batrinca et al., 2013; Hoque et al.,
2013), it still needs to be checked for Pascal. Moreover, neither
system has been analyzed so far as to whether men or women
benefit differently from using it. There is growing evidence
that women are more sensitive to emotional and interactional

prosodic elements than men, and that they also use these
elements to a greater extent in speech production (Daly and
Warren, 2001; Haan, 2002; Lausen and Schacht, 2018). So, if
Pascal is able to shift a speaker’s prosodic parameters in a
more charismatic direction, it is possible that women benefit
more from Pascal training than men, meaning that Pascal
training would be a suitable means to reduce or close the
“gender gap” in entrepreneurship. Specifically, the following
questions are addressed: (1) Do women have a lower baseline
(untrained) prosodic charisma level thanmenwhen they perform
an entrepreneurial task like giving a short investor-oriented
presentation of a business idea? (2) Is prosodic training able
to shift a speaker’s speech parameters in a more charismatic
direction? (3) Do men and women benefit equally from such
training or is there a gender specificity? (4) How are (2) and (3)
affected by training time, i.e., in the comparison of a short crash
course and a long intensive course?

METHODS

Pascal and TPCS
Pascal is the patent-pending result of years of experimental-
phonetic research in speech production and perception. It is
based on the correlations listed in the Introduction between
prosodic parameters and perceived speaker charisma, with
one crucial innovation: the notion of an “overdose” (cf. also
Rosenberg and Hirschberg, 2009). Perceived speaker charisma
cannot be infinitely increased by a prosodic parameter shift in
a given direction. Above a certain “overdose” threshold, the
effect is reversed, making a further parameter shift increasingly
detrimental for perceived speaker charisma. For example, a
higher F0 level and a faster speaking rate make a speaker
sound more charismatic, but when speakers get too high-
pitched or too fast, the charisma level drops drastically. These
“overdose” thresholds have been determined for each parameter
in a large-scale series of perception experiments, also taking into
account confounding variables like speaker gender. Furthermore,
by playing off each parameter against the others in these
perception experiments, we determined perceptual weights for
the individual prosodic parameters (Berger et al., 2017). For
example, after having found that F0 range is more relevant
for perceived speaker charisma than F0 level, we developed
multipliers for both F0 parameters that appropriately represent
their relevance difference in Pascal’s user feedback. Further
details of Pascal are outlined in Niebuhr et al. (2017).

On this basis, any recorded speech sample can be uploaded
to Pascal. The system then breaks down the sample into its
relevant prosodic parameters, determines the mean parameter
levels, and returns a twofold output: a Total Prosodic Charisma
Score (TPCS), and a user-friendly Prosodic Charisma Profile
(PCP), showing how the speaker performs on each prosodic
parameter in relation to the overdose thresholds (red sections on
the PCP scales), see Figure 1.

The TPCS is the dependent variable of the present paper.
Using the TPCS as dependent variable does not mean that
subjective charisma performances are compared. The TPCS is
primarily rooted in acoustics. It translates acoustic-prosodic
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FIGURE 1 | Illustration of the analysis concept and learner output of the Pascal system.

parameter values into a psychoacoustic measure that is calibrated
through listener ratings. In this respect, TPCS is similar to the
translation of F0 (Hz) into perceived pitch along the Mel scale or
the translation of acoustic energy (dB) into perceived loudness
along the Sone scale (Fastl and Zwicker, 2006). However, Mel
and Sone are both scalar psychoacoustic translations of single
acoustic parameters. Other parameters have to be constant
when measuring Mel and Sone (e.g., 1 kHz, 1 s, pure tone etc.).
In contrast, the TPCS integrates multiple acoustic parameters
and offsets them against each other. In addition, the TPCS is,
through its listener ratings, already normalized for the gender
bias in perceived speaker charisma. Thus, a man and a woman
both with a TPCS of, for example, “35” can be assumed to
convey equally strong prosodic charisma signals. Of course,
other speaker factors like foreign accent, body language, verbal
rhetoric, physical attractiveness etc. can still make these (and any
other) two speakers differently charismatic overall for listeners
(e.g., Antonakis et al., 2011; Fox Cabane, 2012; Scherer et al.,
2012). However, the present study is exclusively concerned
with prosody and gender-specific differences in TPCS levels
and improvements. These differences and improvements matter
irrespective of all other possible sources of charisma that are not
taken into account and controlled here. Moreover, these other
factors are irrelevant here insofar as they have no influence on
the acoustic TPCS measurements.

Charisma Training Courses
In entrepreneurship education, Pascal has been used regularly
since 2017 in two different types of courses whose participants
learn how to give successful business presentations. One course
is a long intensive course that consists of 12 lectures of 90min
each over a whole semester. The other course is a short crash
course of 4-h on a single day. Both courses are for entrepreneurs
with an academic background in business engineering who
plan to found a new start-up company or lead an innovation

department within an existing company. The 12-weeks and 4-h
courses obviously differ in the amount and detail of multi-modal
rhetorical information provided to participants. However, at the
heart of both courses is the successive improvement of prosodic
charisma parameters through the reiterative use of Pascal.
Participants upload their speech samples to the system, receive
automatic PCP and TPCS feedback, interpret this feedback,
and then try to produce a more charismatic speech. The type
of speech was in all cases a short oral business presentation of
3–5min, given in L2 English. The presentation was uploaded to
and analyzed by Pascal as a whole.

Crucially, there is no systematically different treatment of
men and women in the courses. Firstly, the primary feedback
comes from the unbiased Pascal system itself. The human course
instructor (first author) only adds explanations, clarifications,
and guidance to the machine feedback. Secondly, the present
paper is a post-hoc analysis of existing data. At the time of the
courses, the course instructor did not yet know the gender-
specific questions of the paper and, thus, could not influence
participants consciously or subconsciously.

The 12-weeks and 4-h courses both start with the participants
holding their business-idea presentation for the first time; and the
two courses both end with a final matured presentation (of the
same business idea) in which each participant can showcase what
s/he has learned. Both presentations are fed into Pascal. The two
resulting PCPs represent the baseline profile (BP) and the trained
profile (TP). Their corresponding TPCSs are compared here. The
12-weeks and 4-h courses are entirely given in English, which
includes the business-idea presentations as well as the expert
supervision and Pascal’s PCP and TPCS feedback interface.

Course Participants
The 12-weeks intensive course included 35 participants, 20
males, and 15 females. The 4-h crash course was carried out
with 37 participants, 21 males and 16 females. All participants

Frontiers in Communication | www.frontiersin.org 3 April 2019 | Volume 4 | Article 12

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Niebuhr et al. Prosodic Charisma Training

held, after about 15 years of education, an academic degree in
business engineering or management. Moreover, all participants
were post-graduate university students with part-time company
employment and at least 1 year of working experience. The
proficiency level of L2 English was at least B2, according to
university-internal aptitude tests. There were no English native
speakers in the courses.

Native-language background differed between the course
participants. In the 12-weeks course, the majority of the 20
male speakers had German as their native language (35%),
followed by Danish (25%), Slavic languages like Russian or
Czech (20%), Arabic (15%), and Mandarin Chinese (5%). The
percentages were similar for the 15 female speakers in that course
(German 40%, Danish 20%, Slavic languages 20%, Arabic 6.7%,
Mandarin Chinese 13.3%). In the 4-h course, the majority of
speakers were again German (52.4% in the male and 56.3% in
the female speaker sample). The percentages of Scandinavian
speakers, Slavic speakers, Arabic speakers, andMandarin Chinese
speakers were all similarly low (between 19 and 6.3%), but in
all cases larger than 0%. Chi-squared tests were carried out and
showed by lack of significant differences that the native-language
backgrounds were similarly distributed between the male and
female speaker samples of each course. The same applied to
speaker age. It ranged from 21 to 31 years in the 12-weeks course
(ø= 23.6 years, sd= 2.6 years) and from 22 to 45 years in the 4-h
course (ø= 28.8 years, sd= 3.2 years).

An ethics approval was not required for this empirical but
non-experimental research as per institutional guidelines and
national regulations. We adhered to the Danish Code of Conduct
for Research Integrity and current data protection rules (GDPR).
All our course participants gave informed written consent (cf.
Declaration of Helsinki) that their data is recorded and can be
used for scientific analysis in an entirely anonymous fashion.

RESULTS

A three-way General Linear Mixed Model (GLMM) analysis
was conducted for the TPCS data (dependent variable). Course
Type (12 weeks vs. 4-h) and Gender (male vs. female) were
between-subject factors, and Training (BP vs. TP) was a within-
subject factor. Individual speaker was included as a covariate. A
descriptive results summary of BP and TP values across the three
factors is shown in Figure 2.

The three-way GLMM yielded a significant main effect of
Gender [F(1, 68) = 26.19, p < 0.001] as the acoustic-prosodic
charisma scores (TP and BP) were on average significantly lower
for female than for male speakers in our courses [ø males = 59.9
vs. ø females = 49.8; t(81, 61) = 2.84, p = 0.002]. There is also
a significant main effect of Training [F(1, 68) = 268.62, p <

0.001] as TP scores were, across all speakers and both courses,
higher than BP scores, thus indicating the participants’ significant
TPCS improvement from the beginning to the end of a course
[øBPm&f = 40.0 vs. øTPm&f = 71.2; t(71) = −12.31, p < 0.001].
A significant interaction between Training and Gender [F(1, 68)
= 9.92, p= 0.002] reflects that women’s BP scores were a lot lower
than men’s BP scores (øBPm = 46.9 vs. øBPf = 30.7), but that this

score difference became smaller (but was overall still significant)
in the TP recordings (øTPm = 72.8 vs. øTPf = 69.1; t(40,30) =
2.03, p= 0.04].

Course Type had no separate significant main effect. However,
we found significant interactions between Course Type and
Training [F(1, 68) = 36.61, p < 0.001] and Course Type and
Gender [F(1, 68) = 7.55, p = 0.03]. The three-way interaction was
not significant.

In order to examine the effect of Course Type in more detail,
we split up the three-way GLMM and ran two additional separate
two-way GLMMs, one on the 12-weeks intensive course and
one on the 4-h crash course. The additional GLMMs replicated,
separately for both courses, the beneficial effect of Training on
TP scores [12-weeks: F(1, 66) = 189.53, p < 0.001; 4-h: F(1, 64) =
148.95, p < 0.001]. However, the size of this Training effect, i.e.,
the learning success in terms of the speakers’ acoustic-prosodic
charisma improvement, differed depending on Course Type. The
improvement was larger in the 12-weeks intensive course than
in the 4-h crash course, which caused the significant interaction
Course Type∗Training in the three-way GLMM.

The two additional GLMMs also replicated the significant
interaction of Training and Gender for both courses [12-weeks:
F(1, 66) = 16.04, p< 0.001; 4-h: F(1, 64) = 14.96, p< 0.001]. Again,
these interactions differed depending on Course Type. In the 12-
weeks course, the interaction reflects that women managed to
significantly reduce men’s TPCS lead from BP to TP recordings
[øBPm = 41.1 vs. øBPf = 24.5; t(19, 14) = 3.67, p < 0.001; øTPm =

81.7 vs. øTPf = 72.5; t(19, 14) = 2.00, p= 0.027]. In the 4-h course,
women were even able to turn their lower initial BP performance
[øBPm = 52.6 vs. øBPf = 36.9; t(20, 15) = 4.42, p < 0.001] into
a TP performance at eye level with men (øTPm = 64.3 vs. øTPf
= 66.0; n.s.). It was for this reason that the interaction Course
Type∗Gender became significant and that the women’s overall
disadvantage over men in terms of TPCSs only showed up as
a significant main effect in the GLMM on the 12-weeks course
[F(1, 64) = 7.65, p= 0.008].

DISCUSSION

Our results suggest positive answers to all questions raised
in the Introduction. (1) Women have a lower baseline
prosodic charisma level (BP) than men when they perform
an entrepreneurial task like giving a short investor-oriented
presentation of a business idea. This is true in the same way
for both independent speaker samples of the 4-h and 12-weeks
courses. Our supporting evidence on question (1) matches with
the well-known “gender gap” in entrepreneurship, particularly
since the speaking task was an entrepreneurial one and all
analyzed speakers are in some way involved in entrepreneurial
activities. However, the “gender gap” in entrepreneurship
underlies a complex explanation (Markussen and Røed, 2017),
and the prosodic charisma gap between prosodically untrained
men and women can only be one component of its origin.

Furthermore, we found clear empirical evidence that (2)
acoustically based prosody training is able to shift a speaker’s
prosodic parameters in a more charismatic direction and that,
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FIGURE 2 | The TPCSs per participant, recording, and course type. Dotted lines show BP/TP means. (A) 12-week course, 20m+15f. (B) 4-hour course, 21m+16f.

most importantly, (3) there is a gender specificity in the effect
of (2). Women do benefit more from this prosody training than
men. Compared to men, women’s prosodic charisma improved
faster so that they caught up with male-speaker performances
after only 4-h of training. In combination with the finding that
women started at lower BP-TPCS levels, this also means that
women learn more during acoustically based prosody training.
Men could only maintain a small TPCS lead after a longer period
of training, as in the 12-weeks intensive course. Thus, (4) training
time has an effect.

Note that decomposing the TPCS into its individual
parameters revealed that the improvements of men and women
rely partly on different parameters. Men improved mainly
through higher F0 levels ranges and more emphatically-stressed
words. Women’s improvement was primarily based on shorter
prosodic-phrase durations and better intensity and voice-quality
measurements. This difference applies to the speaker samples
of both courses. In combination with the lack of significant
demographic differences between the male and female speakers
within both courses, the findings suggest that prosodic charisma
training needs to be gender-tailored in order to be effective

across the full range of acoustic-prosodic parameters. However,
our speaker sample is relatively small, and the sample sizes are
not balanced across gender groups. Therefore, it is not clear
how far these findings can be generalized, particularly beyond
the analyzed speakers’ age group and educational and socio-
economic backgrounds as well as beyond other settings than
short business presentations held in non-native English. These
aspects of generalization are obvious starting points for follow-
up studies. We are currently focusing on the aspect of native-
language background.

Nevertheless, taken together, the present findings should
be seen as a strong encouragement for female entrepreneurs
to take part in a prosodic charisma training. It can make a
significant contribution to counterbalance the stronger financial
and technical support of male business ideas by male investors or
decision makers.
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