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Abstract: Two perception experiments are carried out, showing that vowel pronun-
ciation matters for perceived speaker charisma. Larger acoustic vowel spaces make
speakers sound more charismatic. However, the F1 and F2 dimensions of the vowel
space contribute differently to this perceptual effect. The F1 range is related emo-
tional aspects of charisma, such as sounding passionate and captivating, whereas the
F2 range is related to cognitive aspects of charisma, such as sounding trustworthy
and decided. Implications for computer-based tools of speaker training are discussed.

1 Introduction

Charisma is a complex phenomenon of human perception. The sources of this perception lie
in the signaling of competence, passion, and self-confidence on the part of the speaker. On the
part of the perceiver, competence signals create trust in the speaker's abilities, while passion
and self-confidence signals make the perceiver get inspired or motivated, respectively [27]. In
consequence, perceivers become followers of the charismatic speaker's ideas, goals and ac-
tions - often on a very subtle level that extends into the neuronal processes of brain activity
[19,46,48]. Charisma is, therefore, a very powerful tool that not only determines the economic
and professional success of individual people [2,11]. If used by machines, the tool of charisma
can even make human perceivers choose fruit over chocolate, fill out longer questionnaires, or
take longer routes by car to their destination [15,37].

For one thing, charisma perception is triggered by predefined characteristics of the body
such as height [17], age [21], and sex [8,21,41]. For another thing, charisma perception is
triggered by characteristics that are under the control of the speaker. These additional charac-
teristics are primarily communicative in nature. One type of communication signals is extra-
linguistic, such as a speaker's clothing [20], haircut, suntan, and jewelry. The other type of
communication signals is linguistic. That is, they rely on the form-function relationships of a
specific language. These signals are among the strongest charisma triggers, not least because
no other form of communication can convey the sources of charisma - competence, passion,
and self-confidence - more effectively than language. Language is, without a doubt, also the
charisma trigger that has been best researched. This applies to both the verbal means of lan-
guage, such as metaphors, three-part lists, anecdotes, contrasts and rhetorical questions (see
the Charismatic Leadership Tactics of Antonakis et al. [1]) and to the non-verbal means of
language - speech prosody in particular. Whether words or prosodies are the more powerful
charisma triggers has not yet been conclusively shown. There are some arguments against
words, at least in their role as content-constituting elements [10]. Words as stylistic devices
are a different matter, though, not least because contrasts, three-part lists, rhetorical questions,
and many other stylistic devices come with specific prosodic patterns; patterns which, by
themselves, can already increase perceived speaker charisma.

Which prosodic patterns increase charisma perception? In recent years, experimental
phonetic research has been able to show for political and business speakers alike that, among
other things, a higher fO level (with a simultaneously lowered baseline f0), a larger fO range, a
higher acoustic energy level, a faster speaking rate, a shallower spectral tilt, fewer filled paus-
es, and a shorter prosodic-phrase duration positively are positively correlated with perceived
speech charisma [3,29,33,35,38,45,47]. Rosenberg & Hirschberg [45:648], however, also
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pointed out the limitations of these correlations: "some of these interactions may be at least
potentially U-shaped rather than truly linear". Niebuhr et al. [40] not only determined the
gender-specific U-shapes for a total of 16 prosodic charisma parameters in three-year series of
perception experiments with almost 500 listeners. They also determined the perceptual weight
of each of these parameters for listeners of various West Germanic languages. The result is
PICSA™, i.e. the Perception-Integrated Charismatic Speech Analysis', and its associated
training and evaluation system PASCAL (Prosodic Analysis of Speaker Charisma: Assess-
ment and Learning).

While the prosody of charisma has been intensively studied up to the point that allowed
the creation of a successful charisma prediction tool [28] like PICSA™/PASCAL, research on
the role of sound segments in charisma perception is far less advanced. Virtually every rheto-
ric manual urges its readers to “clearly articulate every phrase and word” and that a “good
articulation conveys competence and credibility” [31:158] and is, thus, “is imperative to de-
velop charisma” [9:138]; see also [16]. Experimental-phonetic research basically underpins
these statements [34], but, so far, leaves many questions unanswered.

For example, Niebuhr & Gonzalez [36] found that Steve Jobs and Mark Zuckerberg dif-
fer significantly in their perceived speaker charisma. Jobs sounds considerably more charis-
matic than Zuckerberg both for original stimuli and for de-lexicalized/anonymized stimuli.
This difference coincides with a difference in acoustic vowel space size. Jobs' vowel space is
almost 40 % larger than that of Zuckerberg, particularly along the back-front dimension,
which is associated with the range of the second formant frequency (F2). The larger the F2
range, the farther apart are a speaker's front and back vowels, see Figure 1. Do these results
mean that clear vowel pronunciation and, thus, the acoustic distinctiveness of vowel pho-
nemes is a charisma-relevant factor? And is this solely true for the back-front dimension en-
coded in the F2 range? Such conclusions would contradict [4:176] who explicitly not recom-
mends his charisma learners to work on their vowel pronunciation: “Make sure all the conso-
nants are clear when you are speaking (all the letters that are not A, E, I, O or U) ”. On the
other hand, [3] did find an influence of vowel formants on the perception of charisma-relevant
speaker attributes, but only for the first formant frequency (F1), which encodes the open-
closed dimension of the acoustic vowel space. The larger the F1 range, the farther apart are a
speaker's open and closed vowels, see Figure 1.
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Figure 1 - Acoustic vowel space and its F1/F2 dimensions of open-closed and back-front vowels.

Due to this inconsistent and largely incomplete empirical picture, this paper asks the follow-
ing questions: Is there a systematic relationship between the vowel-formant distances of a

! https://www.allgoodspeakers.com/picsa
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speaker or the resulting shape and size of his/her the acoustic vowel space on the one hand
and the perception of speaker charisma on the other? If so, is this systematic relationship
based on the open-closed dimension of the vowel space, i.e. on the F1 range, and/or on the
back-front dimension of the vowel space, i.e. on the F2 range? That is, is it worth for speakers
to be "space fighters" on stage, targeting larger acoustic vowel spaces?

These questions are addressed here in two complementary perception experiments. Ex-
periment 1 is based entirely on natural speech data and looks for correlations between the
vowel-formant distances (F1 and F2 ranges) of speakers and their charismatic impact on lis-
teners. Natural speech data have a high ecological validity. However, they also mean making
between-speaker comparisons; and although the Experiment-1 stimuli were homogenized in
many charisma-relevant prosodic parameters prior to being rated by listeners, it cannot be
entirely ruled out that voice qualities and other extra-linguistic factors influence the charisma
rating of listeners. Therefore, the results of Experiment 1 are re-examined in Experiment 2.
Experiment 2 is based on artificially created within-speaker vocal-space manipulations. Thus,
effects of the F1 and F2 ranges on perceived speaker charisma can be tested separately and
largely without confounding factors, but at the cost of a lower level of ecological validity.

2 Method

2.1 Speech material

Sixteen readings of the Rainbow Passage [14] provided the point of departure for the stimulus
creation of Experiments 1 and 2. The Rainbow Passage is one of the most elicited texts within
the speech sciences. It was originally developed as a standardized reading exercise for the
diagnosis and treatment of speech pathologies. To that end, it was designed such that it co-
vers, in a comprehensive and phonotactically balanced way, the consonant and vowel pho-
nemes of English as well as selected common and rare phoneme sequences. It is due to the
latter that the Rainbow passage has also become a popular pronunciation training tool for ac-
tors, second-language instructors, and rhetorical coaches [49].

The 16 readers of the Rainbow Passage were native speakers of German (8m/9f), be-
tween 20-30 years old, non-smokers, and with no known speaking or hearing disorder. They
were recruited from the student pool at the University of Southern Denmark (SDU) and se-
lected to have a similarly strong command of English, i.e. levels C1 or C2 according to the
European CEFR scale [22]. The students were recorded in the sound-treated booth of the
Acoustics Lab of the Centre for Industrial Electronics at SDU?, using a AKG C214 profes-
sional large-diaphragm condenser studio microphone connected to a Zoom H6 recorder. Re-
cordings were made digitally at 48 kHz sampling rate and 24-bit quantization.

The readers were instructed to produce the Rainbow passage in a fluent, clear way and
with an animated tone of voice, like a story-teller in an audio book. All readers were given
five minutes to familiarize themselves with the text. Then, they had three rounds of recording,
after which they selected their subjectively best performance. The latter was saved as an un-
compressed sound file. The readers were informed that their selected sound files would be
used as stimuli in a speech-perception experiment. However, neither before nor after the read-
ing task were they informed about the actual topic of this experiment, i.e. the articulatory and
acoustic distinctiveness of the readers' vowel tokens and hence the shape and size of their
acoustic vowel spaces in terms of F1/F2-ranges. Accordingly, short de-briefing interviews
with the readers after the recording showed that none of them guessed the actual purpose of
the recording. Most readers assumed to have participated in a voice-attractiveness study.

2https://Www.sdu.dk/enlom sdu/institutter_centre/mci_mads_clausen/laboratorier/acoustics+lab
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2.2 Stimuli of Experiment 1

The following section of five sentences was extracted from the 16 Rainbow Passage readings:
"(1) Throughout the centuries people have explained the rainbow in various ways. (2) Some
have accepted it as a miracle without physical explanation. (3) To the Hebrews it was a token
that there would be no more universal floods. (4) The Greeks used to imagine that it was a
sign from the gods to foretell war or heavy rain. (5§) The Norsemen considered the rainbow as
a bridge over which the gods passed from earth to their home in the sky." The total duration
of the extracted section was about 30 seconds. Each section represented a base stimulus.

The acoustic vowel-space sizes of all 16 base stimuli were analyzed with reference to the
four (phonologically long) landmark qualities at the edges of the English phonemic vowel
space [44], i.e. (i) the front closed vowel /i/ as in "Greeks", (ii) the back closed vowel /u/ as in
"through", (iii) the front open vowel /&/ as in "imagine", and (iv) the back open vowel /a/ as
"passed". The first two formants - F1 and F2 - were automatically extracted for these four
landmark qualities using the DARLA system [43]. Then the average acoustic distances (in
Hz) between back and front vowels as well as between open and closed vowels were calculat-
ed per reader. In other words, the ranges of F1 and F2 were determined per reader.

As expected, we found large differences between the F1/F2 ranges across the 16 readers.
Figures 2(a)-(d) show examples of readers whose vowel spaces are overall larger or smaller,
or compressed along either the vertical (open-closed) or the horizontal (back-front) axis.

(a) Large (b) Small i (€) Vert. compressed (d) Horiz. compressed

Reader M3

F2 (Hz) from back (low values) to front (high values)

F1 (Hz) from open (high values) to closed (low values)

Figure 2 - The F1/F2 values for /i, @, a, u/ of readers M3, F7, M9, and F5 as examples of (a) large,
(b) small, (c) vertically compressed, and (d) horizontally compressed acoustic vowel spaces.

In a following step, the 16 base stimuli were finalized to the actual 16 experimental stimuli by
homogenizing the base stimuli with respect to confounding prosodic factors of charisma per-
ception. To that end, the grand means of speaking rate, pitch level, pitch range, and intensity
level were determined per gender group, i.e. across the nine female and eight male readers.
Then, all base stimuli of that gender group were manipulated such that they became prosod-
ically identical in terms of these grand means. Manipulations were made in a proportional,
holistic fashion, using PSOLA resynthesis in PRAAT [7]. Note that there was no need to ho-
mogenize further charisma-relevant factors like phrase and pause durations as these factors
were inherently similar across all base stimuli thanks to the constant syntactic structure and
punctuation in the reading task.

2.3 Stimuli of Experiment 2

A subset of four stimulus pairs was selected from Experiment 1, based on the F1/F2 values of
the four landmark vowel qualities (i)-(iv). Each pair consisted of a male and a female stimu-
lus. The differences between the four pairs were as follows. We selected (1) those two (m/f)
stimuli with the largest and (2) those two stimuli with the smallest F1 and F2 ranges as well as
(3) those two stimuli whose vowel spaces were most strongly vertically compressed (i.e. max-
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imum values for F1 minus F2 range), and (4) those two stimuli whose vowel spaces were
most strongly horizontally compressed (i.e. minimum values for F1 minus F2 range).

Now, a DARLA automatic vowel-formant analysis was conducted again, however, not
for the four stimulus pairs themselves, but for the corresponding speakers' complete Rainbow
Passage readings. Based on the results of this analysis, a further subset of four stimulus pairs
was derived from the original subset through manipulation, i.e. in a copy-and-replace proce-
dure. The aim was to create for each of the 4x2 original stimuli a counterpart with an inverse-
ly extended or compressed acoustic vowel space. Large formant distances became small ones
and small formant differences large ones. Thus, for example, a large vowel space like in Fig-
ure 2(a) was turned into a small vowel space like in Figure 2(b) and vice versa. Likewise, a
vertically compressed vowel space like in Figure 2(c) was turned into a horizontally com-
pressed vowel space like in Figure 2(d) and vice versa.

To that end, all landmark vowels (i)-(iv) were replaced by identical phonemes but with
higher/lower F1/F2 levels, copied from other sentences of the same reader's Rainbow Passage
production. In this way, the speakers' vowel spaces were artificially extended or compressed
horizontally and/or vertically, using each speaker's own vowel material. To further enhance
this extension or compression effect, the replacement went beyond the landmark vowels (i)-
(iv) and also included the neighboring short vowel phonemes /1, v, A, v/ as well as the two
diphthongs /a1/ and /av/, see [44]. Together, the copy-and-replace procedure accounted for
almost 75% of all vowels and diphthongs in the five-sentence section of the stimuli (see 2.2).
The magnitude of horizontal and vertical vowel-space extension or compression obtained
through this copy-and-replace procedure was between 20-30 %. That is, changes in F1 ranges
were about 200-250 Hz, and changes in F2 ranges were about 300-400 Hz.

The copy-and-replace procedure was conducted such that disruptions of formant transi-
tions were minimized. That is, the replacements mainly concerned the vowel centers and
diphthong onsets. Vowels were artificially lengthened or shortened if necessary with PSOLA
resynthesis in order preserve the original rhythmic stress and pitch-accent patterns. Likewise,
the fO patterns of the replaced vowel sections were restored in PSOLA. Nevertheless, the ap-
plied copy-and-replace procedure reduced the naturalness of the stimuli to some degree.
However, since it were the same vowel phonemes that were replaced at the same places in the
text in all stimuli, the presumably negative effect on perceived speaker charisma can be con-
sidered constant and, hence, controlled so that the target effects of horizontal and vertical
vowel-space compression/extension can still be reliably investigated.

2.4 Listeners

Like the 16 readers, the listeners who took part in Experiments 1 and 2 were also native
speakers of German in their twenties, who studied at SDU and did not suffer from any speak-
ing or hearing disorder. Experiment 1 involved 25 listeners, 12 women and 13 men. Experi-
ment 2 was done by 33 listeners, 15 women and 18 men. Listeners received an allowance of
75,- DKK for their participation.

2.5 Procedure

Experiments 1 and 2 were conducted by means of PRAAT MFC [6]. The 16 stimuli were
played from a silent tablet computer (no fan, no mechanical HDD) in individually randomized
orders and rated with respect to five 10-point scales. They ranged from "not applica-
ble/absent” (0) to "fully applicable" (10). Each scale addressed a different speaker attribute.
One scale directly asked to what degree the speaker is 'charismatic'. The remaining four repre-
sent a subset of those scales that were successfully used in previous experiments on charisma
perception [39]. That is, it is known from these previous studies that the four additionally se-
lected scales are sufficiently sensitive to detect phonetic effects on perceived speaker charis-
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ma and, at the same time, sufficiently uncorrelated to effectively cover different aspects of
this complex perceptual phenomenon, cf. [28]. The four additional scales were: 'captivating',
'passionate’, 'trustworthy' (meaning "capable of living up to his/her promises"), and 'decided'.
Note that 'captivating' and 'passionate’ relate more to the speaker's emotional state and its
charismatic effect, whereas 'trustworthy' and 'decided' relate more to the speaker's cognitive
state and its charismatic effect.

Listeners conducted the experiment in individual sessions that took place in the Acoustics
Lab of the Centre for Industrial Electronics at SDU. Each session started with watching an e-
learning video (4:09 minutes) about the concept, origin, and relevance of speaker charisma
[27]. The video was followed by the instruction to listen to 16 speakers who present, consecu-
tively, the same 30-second excerpt of a popular English short story called "The Rainbow Pas-
sage". Participants were asked to ignore the verbal content of the presentations for their rating
task. Instead they were asked to focus on the speakers and their presentation performances
and to rate, on this basis, how charismatic each speaker had sounded. Listeners were informed
that they would receive five difference scales to conduct this rating task, and that the ratings
were to be made after the end of each speaker's presentation. In fact, the PRAAT-MFC script
was written such that it was not possible for participants to start the rating task before the end
of a stimulus [6].

After the instruction, participants received three familiarization trials to practice the rat-
ing task. The stimuli of these familiarization trials came from readings of the "Rainbow Pas-
sage" excerpts (see 2.2) by the first author (ON) and two (female) co-workers (JV, KD).

Participants listened to the stimuli via Bose QuietComfort 35 headphones that were, with
active noise cancellation switched on, directly connected to the tablet PC through a 3.5 mm
jack plug. A complete experimental session from the initial e-learning video presentation
through all stimulus ratings to the final de-briefing took about 30 minutes.

3 Results

3.1 Results of Experiment 1

Correlation tests (Persons Product Moment Correlations, PMCC) were conducted between a
reader's mean F1 and F2 ranges on the one hand and his/her assessment on the five charisma
rating scales on the other. Thus, ten PMCC tests were conducted. One set of five tests ad-
dressed the correlations between a reader's F1 ranges and the charisma rating scales. The oth-
er set of five tests did the same, but for a reader's F2 ranges. Each correlation analysis was
based on a total of 400 values (16 readers x 25 listener assessments). The Benjamini-
Hochberg method was used to correct alpha-error/p-levels for multiple testing.

Table 1 - Results summary of the Pearson Product-Moment Correlations for the data of 16 readers and 25 listen-
ers (N=400) per rating scale. Stats columns show r, p, and , n2.

Stats F1 range (df=398)

Stats F2 range (df=398)

Scale type Scale attribute
charisma direct charismatic
emotion-related captivating
emotion-related passionate

cognition-related trustworthy (capable)

cognition-related decided

r=0.53, p<.0001, n2=.28
r=0.56, p<.0001, 112=.31
r=0.62, p<.0001, n2=.38
r=0.39, p<.0001, 12=.15
r=0.37, p<.0001, n2=.14

r=0.48, p<.0001, n?=.23
r=0.40, p<.0001, n?=.16
r=0.46, p<.0001, n?=.22
r=0.71, p<.0001, n2=.51
r=0.55, p<.000112=.30

All ten PMCC tests yielded highly significant results. Correlations were positive, i.e. the
greater a speaker's F1 range and/or F2 range the more charismatic as well as captivating, pas-
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sionate, trustworthy (meaning "capable of living up to his/her promises"), and decided did
s/he sound in the ears of listeners. Table 1 summarizes the PMCC test statistics. Note that the
F1 ranges were most strongly linked to sounding passionate and captivating, whereas differ-
ences in the F2 ranges most strongly correlated with a speaker's perceived trustworthiness and
decidedness. The term charisma itself fell in between these two levels of correlation. That is,
the degree to which a speaker sounded charismatic strongly relied on both the F1 range and
the F2 range, slightly more on the former than on the latter, though.

Figures 3(a)-(b) illustrate the PMCC results for the two strongest correlations: F1 range
and perceived passion as well as F2 range and perceived trustworthiness. The x-axes show the
mean F1 or F2 ranges of the 16 readers in an ascending order (left to right). The y-axes show
the ratings of the 25 listeners. The dots in each figure represent the mean ratings, the vertical
bars represent the rating span, i.e. highest and lowest ratings across all 25 listener.
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Figure 3 - The 16 readers' mean F1 ranges (a, left) and mean F2 ranges (b, right) and their positive
correlations with perceived passion (r=0.62) and trustworthiness (r=0.71); N=400 per correlation.
Dots show the mean ratings and vertical bars the range of ratings across the 25 listeners.

3.2 Results of Experiment 2

The results of Experiment 2 were statistically analyzed with RM (repeated-measures) ANO-
VAs. Separate RM-ANOVAs were run for each of the five rating scales, with 'listener rating'
(0-10, N=33) as the dependent variable. Each RM-ANOVA was based on the fixed factors
Vowel Space Size (4 levels: large, small, vertically compressed, horizontally compressed) and
Vowel Space Manipulation (2 levels: original, inverted). Additionally, making use of the con-
trolled, gender-balanced conditions (unlike in Exp.1) and taking into account the results of
[8,21,39], Reader Gender (m/f) was included as a third fixed factor in the RM-ANOVAs. Lis-
tener (33 levels) was included as a covariate.

Table 2 - Summary of the test statistics of the five RM-ANOV As. As all five analyses yielded similar
results, only the minimum and maximum values across the five analyses are shown here.

df F ) n,
Vowel Space Size 3,93 113.965 - 177.762 <0.001 0.719 - 0.895
Vowel Space Manip. 1,31 7.636 - 14.414 <0.001 - <0.0001 0.198 - 0.333
Interaction Size*Manip 3,93 14.813 - 20.023 <0.001 - <0.0001 0.373 - 0.448
Reader Gender 1,31 5.851-12.946 <0.5 - <0.01 0.164 - 0.252

All five RM-ANOV A s yielded significant main effects of both Vowel Space Size and Vowel
Space Manipulation as well as of Reader Gender, see the summary in Table 2. Moreover, the
results of all RM-ANOVAs were similar insofar as Reader Gender was always the weakest
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main effect and in that there were no significant two-way or three-way interactions except for
that of Vowel Space Size and Vowel Space Manipulation. The main effect of Reader Gender
reflects that ratings were lower for the female than for the male readers. This was found for all
five scales. Which rating differences caused the other main effects an interactions is detailed
below, based on additional multiple-comparisons tests (with Sidak correction) that were con-
ducted between the levels of all fixed factors.

Recall for the factor Vowel Space Size that 'large’ refers to those male and female readers
with the largest ranges in F1 and F2, whereas 'small' refers to those male and female readers
with the smallest ranges in F1 and F2. In contrast, 'vertically compressed' means that the F1
range is relatively large, while, at the same time, the F2 range is relatively small. The opposite
F1-F2 relation holds for the 'horizontally compressed' condition. Against this background,
Figures 4(a)-(c) illustrate, for three of the five rating scales, the typical results patterns that
underlie the significant effects in all RM-ANOV As.
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Figure 4 - Representative results pattern for the four Vowel Space Size conditions of Experiment 2. of
Three out of five rating scales are shown. Each bar represents the mean rating of 33 listeners for two
stimuli (m/f ratings are pooled).

First, the 'large’ Vowel Space Size condition resulted in the highest ratings of charisma and all
related attributes like passion and trustworthiness (Fig.4). Second, the 'small' Vowel Space
Size condition resulted in the lowest ratings of charisma and all related attributes like passion
and trustworthiness. Third, compared to these two more symmetrical vowel space conditions,
the two conditions with strongly asymmetrical vowel spaces, 1.e. 'vertically/horizontally com-
pressed’, yielded intermediate ratings levels on all scales, including 'passionate' and
'trustworthy' as well as 'charismatic' itself. That is, listener ratings were significantly lower
than in the 'large' vowel-space condition, but significantly higher than in the 'small' vowel-
space condition. Fourth, for the two emotion-related scales 'passionate’ and 'captivating' it was
the horizontal compression (i.e. a small F1 range) that more severely lowered ratings to a lev-
el significantly below that of the vertical compression. The opposite applied to the two cogni-
tion-related scales 'trustworthy' and 'decided'. Here it was the vertical compression (i.e. a
small F2 range) that more severely lowered ratings to a level significantly below that of the
horizontal compression (together, this constitutes the reason for the interaction Vowel Space
Size * Vowel Space Manipulation). Fifth, in the context of this interaction, the variation of
ratings along the charisma scale itself was more similar to the two emotion-related than to the
two cognition-related scales. Finally, sixth, the artificial inversion of the vowel space sizes
through copying and replacing vowels (e.g., turning 'large' into 'small’, 'vertically compressed'
into 'horizontally compressed' and vice versa) indeed significantly shifted listener ratings in
the direction of the corresponding original condition. That is, for example, an artificially cre-
ated large vowel space caused similar rating shifts relative to the other conditions as its origi-
nal, naturally produced large vowel space counterpart. However, none of these artificially
created rating shifts reached the magnitude of caused by its original, naturally produced coun-
terpart, which is most likely due to artifacts of the copy-and-replace procedure.
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4 Discussion

In rhetorical practice, a clear pronunciation is one of the key recommendations for learners of
charismatic public speaking. This recommendation is basically consistent with the results of
empirical phonetic research [3,34,28,36]. However, if and how vowel pronunciation makes a
contribution to a speaker's charismatic impact on listeners has so far been unclear. For exam-
ple, while [4] advises his learners to focus on a clear consonant pronunciation, thus question-
ing the very need to work on vowel pronunciation, findings of phonetic production and per-
ception experiments suggest that vowels also have a noticeable influence on the perception of
speaker charisma [3,36].

In order to expand and refine our knowledge on the role of vowels in perceived speaker
charisma, the following research questions were asked in this study: Is there a systematic rela-
tionship between the vowel-formant distances of a speaker or the resulting shape and size of
his/her the acoustic vowel space on the one hand and the perception of speaker charisma on
the other? If so, is this systematic relationship based on the open-closed dimension of the
vowel space, i.e. on the F1 range, and/or is it rather based on the back-front dimension of the
vowel space, i.e. on the F2 range, or do even both formant ranges play a role?

By means of two perception experiments, this paper was able to provide answers to these
questions. Firstly, it was shown in Experiment 1 that not only consonants matter. Vowels mat-
ter as well. Their pronunciation is important for a speaker's charismatic impact on listeners.
Larger acoustic vowel spaces and, thus, larger vowel distances in terms of F1 and F2 ranges
lead to an increased speaker charisma. This matches with the expected relationship between
speaker charisma and pronunciation. The clearer the pronunciation (of vowels) and, thus, the
more the vowels are produced acoustically distinct from one another, the more charismatic is
the speaker.

The second key finding of the present paper concerns the shape of the vowel space in re-
lation to speaker charisma. While the findings of [36] on a more charismatic speaker (Steve
Jobs) and a less charismatic speaker (Mark Zuckerberg) suggest that it is primarily the F2
range the vowel space that determines speaker charisma, [3] only find a correlation between
F1 and charisma-relevant speaker attributes. Experiment 2, in particular, clarifies this issue,
based on within-speaker manipulations of the vowel space shape and size: Both the F1 range
and the F2 range influence perceived speaker charisma. However, the quality of this influence
is formant-specific. The F1 range primarily determines how passionate and captivating a
speaker sounds. This means that the F1 range primarily correlates with the emotional aspects
of speaker charisma. In contrast, differences in the F2 range make a speaker sound more or
less trustworthy and decided. Thus, the F2 range correlates primarily with the cognitive and
capability-related aspects of speaker charisma. That the rating scale on charisma itself corre-
lated more with variation along the F1 range suggests that charisma is, overall, more strongly
shaped by emotional aspects (see Emotional Contagion [19]) than by aspects of competence
or capability. This also fits in with the weighting of the emotion-related prosodic parameters
(e.g., fO range) relative to that of the capability-related prosodic parameters (e.g., phrase dura-
tion) in the charisma assessment algorithm PICSA™ and its dynamic scoring tool PASCAL
[40].

Beyond the two key findings, the present paper also replicated the results of [8,21,39]
again. That 1s, all else equal, women have an about 20 % lower charisma effect on listeners
than men. In Experiment 2, this gender-specific charisma bias occurred in the form of a sig-
nificant main effect of Reader Gender that was found for all five charisma-related rating
scales. That is, compared to the male readers, the female readers were rated less 'passionate’,
less 'decided’, less 'trustworthy’, less 'decided' as well as, overall, less 'charismatic'. Niebuhr et
al. [40] discuss the origins of this phenomenon and describe how women can reduce or over-
come this bias through targeted tone-of-voice training.
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The most significant implication of the present findings is that vowel pronunciation must
not be ignored in rhetorical speaker charisma training. Of course, further studies are needed to
quantify the relevance of vowel pronunciation for speaker charisma in relation to the effect
sizes of prosodic features and consonant pronunciation. The present findings do not allow
such a relative impact quantification, but they contain indications. One indication are the ro-
bust correlations that have emerged between the vowel-formant ranges on the one hand and
perceived charisma and its four related attributes on the other, even for between-speaker stim-
uli. Another indication is that these between-speaker stimuli yielded ratings that varied by
factor 3-4 across the stimulus set. For example, the slope factors of the linear correlations
shown in Figures 3(a)-(b) are 0.0177 and 0.0119 respectively. That is, it takes less than 100
Hz of a difference in a speaker's F1 or F2 range to change his/her perception as being
'charismatic', 'passionate’, 'trustworthy' etc. by one scale point on a ten-point scale. This is a
fairly steep correlation slope and, thus, a fairly powerful effect.

Together, this suggests a relatively high relevance of vowel pronunciation for perceived
speaker charisma. Such a paramount importance of vowels for speaker charisma would also
make sense from the point of view of vowels as key players in speech communication. Vowel
literally act as pivots in speech production, for example, with regard to the coordination of
articulatory gestures [42] and the control, timing, and perception of prosodic elements
[5,24,32]. Furthermore, vowels are perceptually the most prominent elements in speech due to
their intrinsically high levels of acoustic energy and duration [30].

Unlike consonants, however, vowels are not easy to train. They lack tactile feedback and
a biunique link between articulation and acoustics [25]. There are computer-aided systems for
real-time vowel-formant visualization that are successfully used in foreign language teaching
and pronunciation training for the deaf [13,23,26]. In future research, it is a goal of the author
and his team to further develop such a system for charisma training, based on PICSA and
PASCAL. Existing systems cannot simply be adopted, for example, because a charisma-
oriented vowel-pronunciation training must be done in connected-speech contexts rather than
on the basis of isolated vowel sounds. Another reason is that the feedback given to speakers
must focus on acoustic distinctivity rather than on phonological distinctivity. That is, the
training would not be about distinguishing /i/ from /u/ or /i/ from /®/. It would be about max-
imizing these phonological distinctions at the level of phoneme-internal pronunciation vari-
ants. In addition, gender-specific and stylistic formant differences need more attention than in
foreign-language training and pronunciation training for the deaf.

Finally, it is also important in this R&D context to go beyond a central limitation of the
present study: the use of L2 English speakers. Initial results of follow-up experiments are
promising in that they show that the results presented here also apply to L1 speakers of Ger-
man and English. Next, the role of vowel-induced charisma will be tested for Danish, a lan-
guage that is a worthwhile research object not least because of its high number of vowel pho-
nemes (20 and more, [18]). Furthermore, it is assumed, further research pending, that vowel
pronunciation training with the aim to enlarge F1 and/or F2 ranges has a beneficial side effect
on a speaker's acoustically projected body size [50], i.e. on how tall or big a speaker sounds in
the ears of listeners. Given that this body-size factor matters for perceived charisma [17], it
seems not only possible but also desirable to try to increase a speaker's acoustically-projected
body size through vowel-based pronunciation training. In any event, the ongoing R&D work
on vowel pronunciation will lend a new dynamic to the understanding and training of speaker
charisma. What is clear at this early stage already is that it is worth for a public speaker to be
a "space fighter" on stage, fighting against physiological constraints and the biological imper-
ative of energy-saving hypo-articulation [12] for a larger, more charismatic acoustic vowel
space.
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