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Abstract

The traditional roles of leaders are to influence members and motivate them to achieve shared
goals in organizations. However, leaders such as top managers and chief executive officers, in
practice, do not always directly meet or influence other company members. In fact, they tend
to have the greatest impact on their members through formal speeches, company procedures,
and the like. As such, official speech is directly related to the motivation of company
employees. In an official speech, not only the contents of the speech, but also the voice
characteristics of the speaker have an important influence on listeners, as the different vocal
characteristics of a person can have different effects on the listener. Therefore, according to
the voice characteristics of a leader, the cognition of the members may change, and, the degree
to which the members are influenced and motivated will be different. This study identifies
how members may perceive a speech differently according to the different voice
characteristics of leaders in formal speeches. Further, different perceptions about voices will
influence members’ cognition of the leader, for example, in how trustworthy they appear. The
study analyzed recorded speeches of leaders, and extracted features of their speaking style
through digital speech signal analysis. Then, parameters were extracted and analyzed by the
time domain, frequency domain, and spectrogram domain methods. We also analyzed the
parameters for use in Natural Language Processing. We investigated which leader’s voice
characteristics had more influence on members or were more effective on them. A person's
voice characteristics can be changed. Therefore, leaders who seek to influence members in
formal speeches should have effective voice characteristics to motivate followers.
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1. Introduction

The majority of definitions of leadership center around it being a process to influence, guide,
and facilitate members to achieve common goals in organizations. Moreover,leaders should
enhance performance, anticipate the future, and change their organizations positively [1, 2].
The traditional role of leaders is to influence members and motivate them to achieve shared
goals in organizations. Leaders can influence followers through a diverse range of traits and
behaviours such as reward systems, becoming and acting as a role model, making policy
decisions, and conversations [3-5]. However, in practice, leaders such as top managers and
chief executive officers do not often directly meet or influence employees. In fact, they have
the greatest impact on their members through formal speeches, company procedures,
structures and the like. Therefore, official speeches are directly related to the motivation levels
of the members and the degree of influence of the leader. In an official speech, not only the
content of the speech, but also the voice characteristics of the leader can have an important
influence on members, as the different vocal characteristics of a person can have different
effects on a listener. Therefore, according to the voice characteristics of the leader, the
perceptions of members may change. This means that depending on the voice characteristics
the leader uses in a formal speech, the degree to which the members are influenced and
motivated will be different. The perception which members have about their leader directly
affects their preference and satisfaction levels about the leader. Therefore, not only the voice
characteristics of leaders themselves, but also the members' perception of these voice traits,
are crucial factors on influence and motivation. Depending on how the members perceive the
leader's voice characteristics, they can be more or less motivated [6].

Generally speaking, voices convey people's thoughts and information very easily. The
combination of language, speech sounds, analytical composition, frequency distributionof
voice, energy change over time domain, and fundamental frequency (pitch) are variable. In
addition to transmitting information through language, voices carry additionalvaried
information such as emotion, tone, health, favourability, and stress. All voices are different
from each other, as each individual’s vocal organs are different, and they each have their own
unique characteristics, such as vocabulary habits [7-14].

This study identifies different perceptions of members based on the different voice
characteristics of leaders in formal speeches. Hence, we investigated which leader's voice
characteristics had more influence on the members or were more effective in conveying
information to them. A person's voice characteristics can be changed. Therefore, leaders who
seek to influence members in formal speeches should possess effective voice characteristics
to motivate followers. Members listen to leader's voices in speeches, and they feel, recognize
and perceive these voices differently. We set five factors to help understand members’
perceptions of leaders’ voice characteristics. These cognitive variables can explain how
followers feel and think about leaders’ voice characteristics [15]. Members will have different
perceptions depending on the leader’s voice characteristics such as pitch harmonics, formant
transitions, and speech rate. Furthermore, we explain how these perceptions affected the
motivation of the members. We measure trust in leaders to explain the motivation of the
members. Trust in a leader increases members’ satisfaction and motivation levels [16].
Therefore, first we clarified the effect of a leader's voice characteristics on the cognitive levels
of members in formal speeches. Next, we demonstrated how each cognitive dimension affects
trust in the leader. Hence, we showed that certain voice features have a positive effect on
member’s perception and can increase trust in leaders which is in turn related to worker’s
motivation, satisfaction and performance.
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This research explores the voice characteristics that can improve the trust in a lead
er. For this purpose, interdisciplinary research through voice characteristic analysis and
cognition was attempted. These attempts can have a positive effect on the performance of
natural language processing (NLP). Natural Language Processing (NLP) is about the overall
technique of interactions between computers and human languages in processing. NLP also
focuses on more human-oriented interfaces. In NLP, we study meaning, emotion, and
emotional cognition as well as the effects of processing on voice, image, and text. In this study,
we conducted an interdisciplinary approach on speech signals and cognitive effects on human
of NLP. It is posited that a convergence study on voice and cognition can improve performance
so that NLP can better understand and respond to human language. For example, NLP may be
able to identify how authentic the voice of a particular person is, or it can respond to a person
with a more reliable voice via text to speech (TTS) [17-21].

2. Literature Review

2.1 The Linear prediction model of voice generation system

For speech signal processing, various models have been studied. Among them, the linear
predictive coding method in the middle of the 20th century is widely used [13]. In this model,
the voice signal is largely divided into voiced / unvoiced sound. Then, the analysis results are
divided into the generation principle and the propagation process's vocal track parameters.
Voice is a time-independent changing signal and has a short periodicity. In addition, it is
related to surrounding signals and is called a linear prediction model by utilizing Vocal-track
information that can predict the future using the current state [17]. The voice is based on the
principle of generation, and the voiced sound uses the impulse train, and its characteristic
parameters are the period, magnitude, and rate of change of the impulse train. In the unvoiced
sound, information similar to the white sound is used. The vocal track information refers to a
set of frequency peaks of transmission information of each pronunciation and is information
obtained during the delivery process. As for the resonance information of the vocal track,
information about pronunciation appears in the lower third-order and higher, and the speaker's
speech characteristics are expressed in the third-order or higher [13, 17-24].
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Fig. 1. Speech generation model [17]

The speech model shown in the block diagram in Fig. 1 has two important parameters. One
is the pitch associated with the generation, and the other is the formant associated with vocal
track [17]. The pitch makes the vibrations of the air stronger as the air passes through the
openings between the vocal folds of the vocal cords. At this time, the observed type of
information appears as a pitch [22]. The audio signal changes with time, but in a short period,
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this vibration produces quasi-periodic information. The pitch information is expressed by the
basic vibration period of the vocal cords and is also converted to fundamental frequency [23,
24].

Second, the important information is the formant. Formant information appears as a
prominent bud in the rest of the voice waveform or frequency response curve after excluding
the part corresponding to the pitch. This section converts the audio signal in the short section
to the cepstrum area, removes the part corresponding to high quefrency, and corresponds to
the rest. The flow of the voice signal in Fig. 1, the signal suitable for the generation
characteristic is obtained through the filter corresponding to the vocal track. At this time,
formant information can be used as the transfer function of the filter. Physically, it can be
determined that the air trembling generated by the vocal cords passes through the resonance
of the vocal organ [25].

2.2 Voice Analysis Methods: Speech Rate

The speech rate is a measurement of the number of phonemes generated within a unit of time,
typically the numbers of phonemes per 1 sec. The duration of pauses also determines that in
the speech. The rate of speech varies according to many factors, including the speaker’s
personality, level of knowledge, the region that the speaker is from, the kind of language being
used, and the situation the speaker is in. Preliminary studies have revealed that speaking about
three to four characters per second helps the listener better hear and comprehend. It has also
been proposed that a speaker who speaks quickly is accepted as more persuasive than a slow
speaker and gives a more favorable impression in terms of ability and social appeal [13, 17-
23].

The methods used to measure speech rates include checking the duration of the phoneme,
analysing the LPC (Linear Predictive Coding) and the LSP (Line Spectrum Pair) to distinguish
between the duration and the pause, and calculating the speech rate. In previous studies, we
measured the speech rate in the context of determining the transmission rate of the speech
coder. We used an algorithm to measure the change in formant as a result of the hybrid domain
analysis in a short interval, and also measured the change using the LSP [24, 25].

2.3 Literature Review for Cognitive Variables

2.3.1 Cognitive Variables of Members on Formal Speech

Several cognitive variables may influence the way that listeners perceive speech. The first of
these is eloquence, which essentially means fluency in speaking. The appropriate level,
pronunciation, and tone make a speech more valuable [15, 26]. Pausing appropriately in a
speech may also help listeners feel that a speaker has greater command of fluency. A leader’s
oratorical power may influence members’ perception positively in a formal speech. The
second factor is amiableness, which is an individual’s preference for voice traits. Naturally a
favourable impression toward a leader has a positive relationship on a leaders’ influence and
members’ motivation [26]. Further, listeners differ in the degree of comfort, appeal, or
negative reaction that they feel depending on the voice characteristics of a leader. The speed,
volume, and pitch of a voice that attracts them can also be different [27]. Therefore, the
perceived feelings of the listener may differ depending on the voice characteristics of the
leader making the speech. Third is authenticity, which refers to owning one’s personal
experiences captured by the injunction to know oneself. VVoice features, such as the speed of
speech, influence the authenticity perceived by listeners [15, 28]. For instance, a slow voice
tends to sound less authentic and lowers the trustworthiness and ability of the speaker to
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persuade. Thus, the voice features of the leader will also affect whether listeners perceive him
or her to be authentic or not. Fourthly is clarity, a concept related to ease of understanding. If
a leader uses words that are easy to pronounce, or if the pronunciation itself is clear, lively,
and expressive, members will more clearly understand the leader's utterances [29, 30].
Therefore, there is a potential difference in how much the members understand according to
the degree of clarity or clearness of the leader's voice. Finally, voice quality, speed, rest, and
intonation can enhance the effectiveness of communication and persuasion, and also affect the
attitude of the audience. Hence, depending on the characteristics of the voice, people are more
likely to concentrate or to remember more, which is directly connected to absorption [31, 32].
In short, a leader with positive voice characteristics will be more likely to foster positive
attitudes such as commitment and absorption.

2.3.2 Trust in the Leader

Trust has been conceptualized as “a psychological state comprising the intention to accept
vulnerability based upon positive expectations of the intentions or behaviour of another” [33].
Moreover, trust is defined as “the willingness of a party to be vulnerable to the actions of
another party based on the expectation that the other will perform a particular action important
to the trustor, irrespective of the ability to monitor or control that other party” [34].
Interpersonal trust is defined as “the expectancy held by an individual or a group that the word,
promise, verbal or written statement of another individual or group can be relied upon.” [35].
Hence, trust in a leader refers to a members’ psychological state of having a willingness to
believe, follow and anticipate things from leaders. Moreover, trust in a leader can directly and
indirectly increase followers’ levels of satisfaction, motivation and performance [26, 29, 36].
There are very few studies on the relationship between the characteristics of a leader’s voice
and trust in a leader. However, a leader’s traits, such as the characteristics of the voice, are
related to the satisfaction, motivation, and influence over their members [5]. An individual
member can prefer the specific voice characteristics of a leader and be more satisfied with
them. Hence, members who are influenced by the leader’s voice characteristics will be more
satisfied and will trust their leader more. Therefore, we predict that the particular voice
characteristics of a leader will affect the members’ perception, such as trust in the leader.

2.4 Perspective of Natural Language Processing

NLP is about the overall technique of interactions between computers and human languages
in processing. Natural language is commonly used by humans. It is a concept opposed to
artificial languages such as programming codes like C and Java. The purpose of NLP is to
understand, process, and command human languages, and to translate the results back into a
natural language. For NLP, there are various human-computer-interface fields such as voice,
video, and text. Today, NLP not only communicates information, but also comprehends human
emotions and fuses them with cognitive science to determine contextual information. NLP is
divided into rule-based processing and statistical-based processing. Rule-based processing
NLP developed in the past due to a lack of computational power. These days, NLP
performance has improved rapidly in statistical-based processing due to the development of
algorithms such as big data analysis and deep learning, and also GPU processing technics.
Rule-based processing shows a high accuracy in the execution of limited commands, but the
scalability to general human communication is poor. In recent years, Al has been developed
to enable machine learning and high-quality responses based on the development of Al [37-
42]. NLP is based on an understanding of human behavior because it requires the use of human
language, the comprehension of human emotions, the prediction of human behavior, and
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necessary responses. Understanding human behavior is based on the linguistic discipline of
learning the characteristics of the language used, and needs to be able to understand not only
information, but situations, moods, and feelings, like human-to-human communication. In
order to understand this non-linguistic information, previous studies have analyzed certain
emotions and used the characteristics expressed as an analysis and utilization factor. However,
there is a lack of research on how people actually received this information, so the
characteristics of calculated NLP are different from the emotions and feelings of people. In
this study, an interdisciplinary study of speech signal processing and cognitive effects was
performed. In other words, the core of NLP is human understanding and human-oriented
communication [37-41]. Hence, sending (i.e speaking) as well as receiving (i.e listening) is
important for communication. Existing research on voices focuses on sending [42]. In one
study, common characteristics of actors are extracted to explain what specific feelings (angry,
sad, etc.) are being conveyed. However, this is not a characteristic of the voice of the listener.
When listening to one person's voice, people can feel or recognize it differently. Thus, we need
parameters of the cognition of listeners that can be used in NLP.

3. Experiment and Results

3.1 Participants and measurement

To conduct the analysis, we surveyed 76 employees working as drivers at a transportation
company. Three managers of the company gave official speeches on similar topics related to
corporate training, such as safety education, vehicle maintenance, and legal guidance. The
workers listened to these official speeches and responded to their cognition of the managers'
voices. Then they checked the degree of trust towards these managers.

The workers consisted of 52 males (68.4%) and 24 females (31.6%). In terms of age, 12 were
in their twenties (15.8%), 28 in their thirties (36.8%), and 36 were older than 40 (47.4%). In
terms of academic experience, 38 had completed high school (50%), 28 had bachelor degrees
(36.8%), and 10 were masters degree holders (13.2%). For length of employment, 44 had
worked less than one year (57.9%), 22 had worked one to three years (28.9%), and 10 had
worked longer than three years (13.2%).

All measurements used a 7-point Likert scale (1: strongly disagree, 7: strongly agree). Each
cognitive factor had four items. Questionnaires were centred around the variables of eloquence
(is impressive, speaks fluently, appeals, speaks well), amiableness (attractiveness, makes me
want to listen, speaks cheerfully, speaks comfortably), authenticity (is honest, does not hide,
does not deceive, speaks frankly), clarity (clear expression, is not complicated, but simple,
speaks directly, speaks easily), and absorption (makes me concentrate, makes me focus, makes
me listen well, speech time goes quickly). Trust in the leader was measured with four items,
including “I feel a strong loyalty to my leader” and “I would support my leader in almost any
emergency” [35, 36].

3.2 Voice Analysis and Results

This paper compared and analysed several parameters of leaders’ voices such as confidence,
control, and stress level by comparing vocal signals from three conference announcement
audio files. The audio file was recorded during the weekly meeting of a town bus company.
Each recorded speech data was sampled at 22 kHz, and quantization was 16 bits. For the results
of this study, the primary stage voice preprocessing was refined using 'Adobe’ 'Audition’. Since
then, 'Matlab' was used for data analysis and processing, and provided libraries such as 'Signal
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Processing Toolbox' were used to reduce the analysis time. As for the hardware environment,
ordinary Intel's i7 processor, 16G RAM. We didn't need parallel computing, so didn't take
advantage of GPU acceleration. A 30 ms window in the form of the 'Hamming window' was
used for short-term time-domain analysis, and it was continuously analyzed with 30% overlap.
In each data, the periodicity was emphasized and extracted for pitch detection. For pitch
detection in this study, a frequency correlation method was used in the frequency domain in
continuous shart-term data. The pitch of the human voice originally exists in the range of 80
to 500 Hz, and since the voice of a male is processed in particular, the detected pitch other
than the 80-350 Hz band is ignored.

Fig. 2 shows a characteristic portion of the vocal spectrum, where the green solid line
represents the first leader’s voice from the first 10 minute speech, the yellow solid line
represents the second leader’s voice characteristics and the red line is the analysis of the third
leader. It can be seen that the average pitch frequency differed among the three speakers. The
slope of F1 from F2 represents the voice affinity.

———
00

Fig. 2. Speech spectrum analysis

Fig. 3 and Fig. 4 below show the analysis results of the first leader. Fig. 3 shows the results
of the pitch analysis in the frequency domain, and Fig. 4 shows the results of the spectrogram
analysis. In Fig. 3, the fundamental frequency and its harmonic structure demonstrate
information that includes the softness of the voices, and this frequency value is in turn
determined by the speakers’ vocal cords’ health and age. Further, when someone recognizes a
change in strength of the pitch, they are able to determine information about emotions and
feelings. The voice of the first leader had an average pitch tone of 172Hz. This frequency
corresponds to the mid-high tone, where the feeling of stability is somewhat lacking. However,
this pitch frequency could also convey a smooth first impression. Additionally, if we look at
the structure of the pitch, we can see that it is well organized up to 1500 Hz. This factor can
positively stimulate the hearing of listeners [13, 14, 18].

To assess good voices objectively, we can parameterize softness and attentiveness. This can
be objectified by the harmonic structure and bandwidth of the pitch frequency, and can be
evaluated using the degree of tightness of the structure of harmonics and the degree of
distinctness between the pitch bands. Finally, an evaluation can be done based on the speed of
speaking, which reveals a comfortable speed of listening of 3.5-characters / second. Thus,
using the criteria above, the first leader’s objective ‘good voice’ score is 8 out of 10 points.
The degree of leadership that a voice rated 8/10 imparts is relatively high — and such a voice
can be deemed as being good to listen to [13, 14, 18].
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Fig. 3. Spectrum analsis of leaderl voice

Fig. 4 shows the spectrogram analysis of the voice of the first leader. It shows that the pitch
structure of the 5th to 6th harmonics appears well from the pitch of the lowermost band, and
it can be confirmed that the syllables change clearly. This result means that the speaker has a
highly appealing voice. A clear change in formant start and end point of the voice means that
a speaker’s pronunciation is correct, and this feature becomes a factor helping the listener to
more clearly understand what is being said. When we analyse the rate of change of speech
according to time, we find that the first speaker speaks at a rate on average of five characters
per second, and thus he can be judged as having an adequate speaking speed and energy.
Therefore, the pitch structure of the first leader is attentive and has a soft voice characteristic,
the spectrogram reveals a clear syllable change, and a clear and appropriate speed and energy,
which allows us to infer that the speaker has an appealing voice [13, 14, 18].

Fig. 4. Spectrogram analysis of leaderl voice

Fig. 5 and Fig. 6 below show the analysis results for the second leader. Fig. 5 shows the
results of the pitch analysis in the frequency domain, and Fig. 6 shows the results of the
spectrogram analysis. In Fig. 5, the fundamental frequency and its harmonic structure can be
seen, and this can be evaluated in the same way as the first leader's judgment analysis. The
pitch frequency of the second leader is 150 Hz, which corresponds exactly to the mid-bass.
However, compared to the first leader, the second leader's voice is less confirmed in that area
where the pitch harmonics structure is less, and energy is emphasized only in a specific band.

Putting this information together leads us to give Leader 2 a score of 6 points out of 10. What
this score indicates is that there is some possibility of the second leader having a good voice,
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but as there are few high sections in the harmonic structure, and a high rate of speech after the
middle part of the speech, it may be somewhat difficult to understand all of the speech correctly
[13, 14, 18].
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Fig. 5. Spectrum analysis of leader2 voice

Fig. 6 shows the results of an analysis of the second leader's spectrogram. In this analysis,
only the pitch of the lowermost band is shown from the pitch to the fifth harmonic, and the
harmonics interval is also small. Further, the section indicating syllable change is not clear.
These results signify that this speaker has low voice appeal. In addition to this, the distinct
disadvantage of a non-prominent formant structure is found in several sections. Taken together,
these results indicate that the speaker is hard to follow and understand clearly. The analysis of
the rate of change of speech according to time showed an average rate of 7 characters per
second, and the voice often became difficult to understand perfectly in the middle of a sentence.
This is related to the speed of speech and the need to consistently maintain the average speed
of speaking. If syllables cluster or become dispersed, as in the middle of speaker 2s speech,
listeners will lose confidence in the voice, and they may disrespect or ignore the speaker [13,
14, 18].

" Fig. 6. Spectrogram analysis of leader2 voice
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Fig. 7 and Fig. 8 below show the analysis results for the third leader. Fig. 7 shows the results
of the pitch analysis in the frequency domain, and Fig. 8 shows the results of the spectrogram
analysis. In Fig. 7, the fundamental frequency and its harmonic structure can be seen, and it
can be evaluated in the same way as the first and second leader's judgment analysis. The
fundamental frequency of the third leaders pitch frequency is 107 Hz, which corresponds to a
low frequency. And although the harmonic structure of the pitch appears to be of mid-range
quality, its structure is uneven, and breathing is not regular in the middle of the sentence. A
score for Leader 3 calculated based on the same criteria for evaluating leader 1 or 2 will be 5
points out of 10. There is a possibility of a good voice being heard, but the harmonic structure
appears differently at each moment of the utterance. In the middle of the sentence, utterances
are repeated and duplicated. This can lead to boredom and discomfort for listeners [13, 14, 18].

pr

Fig. 7. Spectrum analysis of leader3 voice

Fig. 8 shows the results of a spectrogram analysis of the third leader. It can be seen that the
8th to 9th harmonic structure appears from the pitch of the lowermost band. However, in the
section of the syllable change, the formants of the third or higher order were not clear and are
blurred. This leads to unclear vocalization, which in turn leads to speaker 3 receiving low
scores. Taken together, these results mean that leader 3 is hard to hear and understand clearly,
and a person listening to this leader speak could very likely feel stressed or agitated. The
analysis of the rate of change of speech according to time shows that rate of speech averages
just two characters per second, and that some words in the middle of sentences are repeated.
These are hallmarks of a boring and unpleasant speech. As was the case with the second leader,
if syllables cluster or loosen in the mid-stages, people lose confidence in the voice they are
listening to and tend to dismiss or ignore the speaker [13, 14, 18].

. Fi. 8. etrograalyis of leader2 voice
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3.3 Statistic Analysis

Table 1 indicates the results of a confirmatory factor analysis (CFA), reliability, and
descriptive statistics. As a result of the CFA, all variables were significantly valid, and have
enough indexes (AVE >0.5, composite reliability >0.7; and absolute, incremental and
parsimonious fit indexes showed sufficient values). Also, all factors’ Cronbach's a values were
higher than .7, thus reliability has been secured.

Table 1. Result of CFA, reliability and descriptive statistics

Composite . Standard

AVE Reliari)ility Cronbach's Mean Deviation
eloquence .644 .808 921 3.980 1.408
amiableness .801 914 .965 3.757 1.501
authenticity .957 .987 .995 3.917 1.504
clarity .880 .961 .987 3.816 1.649
absorption .943 .983 .994 3.504 1.621
fusein 803 920 963 3.722 1.333

eader
fit absolute X%(p)=989.019, df=211, X2/ df =4.687 (<5.0)
index incremental TLI=.912 (>0.9), CFI=.933 (>0.9), IFI=.933 (>0.9)
parsimonious PNFI=.701 (>0.6), PGFI=.512 (>0.5)

Table 2 displays the results of correlation among variables. Most of the factors have positive
correlations with the other factors. However, pitch harmonics did not have a significant
correlation with absorption, trust in a leader nor the formant transition section; and also trust
in leader did not have correlation with formant transition section and speech rate.

Table 2. Results of correlation analysis

1 2 3 4 5 6 7 8 9
1 | -
2 | .000 -
3 |.982™ 189" -
4 | 278" 130" .298™" -
5 | .258™ 170 285" 897" -
6 |.002 .020 .006 .609™" .565™" -
7 | .240™ -.025 231 392" .388™" | .535™ -
8 |.373™ 268" A7 672 665" | .494™ | .601™" -
9 |.080 284" 132" 384" 3977 | b44™ | 515 550" -

*

"=p<.001 "= p<.01 "=p<.05 j=p<.1
1=pitch harmonics, 2=formant transition section, 3=speech rate, 4=eloquence, 5=amiableness, 6=trust in a
leader, 7=authenticity, 8=clarity, 9=absorption,

Table 3 shows the results of the linear regression analysis and Sobel test, which can prove
the mediating effects of cognitive variables between pitch harmonics (independent) and trust
in a leader (dependent). As Table 3 suggests, pitch harmonics did not have a significant
influence on trust in a leader in Step 1. In contrast, in Step 2-1, which inputs a mediating
variable (eloquence), even pitch harmonics had a negative effect on trust in a leader, and
eloguence had a significant positive effect on trust in a leader. Since pitch harmonics
negatively influences trust in a leader, the Soble test value was negative, but eloquence
positively affected trust in a leader. Similarly, amiableness, authenticity, and clarity had
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mediating effects on trust in a leader. However, absorption did not have any significant
mediating effect.

Table 3. The mediating effects of cognitive values between pitch harmonics and trust in a leader

pitch trust in R? AR?
harmonics | leader | (Adj-R? | (Adj-R? F Sobel test
I 002
step 1 t 035 (_-%%% i 001
sig 972 '
B ~181 659
aep 2l T 3368 | 12266 | (S0 | (a0 | 7528 | 8242
a sig 001 000 ' :
] B 154 605
amisblonass |t -2.744 | 10.803 (ggé) (gjg) 58.348™" | -2.6617
sig 007 000 ' :
] I 134 567
austtf?gnfics;t L -2:332 9.897 (.32)8% (.283) 48.973™" | -2.2657
Y [ sig 021 000 : :
] B 212 573
step 2-4 t 3478 | 9421 (gg% ('ggi) 44381 | -3.258"
sig 001 000 ' :
I ~041 547
epZS [ 75| 9756 | (o | (pomy | 475927 | 0732
P sig 463 000 ' :
"=p<.001 "= p<.01 "= p<.05 =p<.1

Table 4 indicates the mediating effects of cognitive factors between formant transition
section and trust in a leader. In these relationships, authenticity, clarity and absorption had
significant mediating effects. However, eloquence and amiableness did not have mediating
effects. Hence, we can find different effects of formant transition section from pitch harmonics.

Table 4. The mediating effects of cognitive values between formant transition section
and trust in a leader

formant .
. trust in R? AR?
transition o2 oo F Sobel test
section leader (Adj-R?%) | (Adj-R?»
B 020
step 1 t 304 (_0(?(?4) ] 092
Sig 762 '
] B ~060 617
owep 2l e | 1127 | 11569 (ggg) (g‘z‘) 67230 | -1.121
q sig 261 000 : :
] B ~078 579
aminpleness || AT | 10412 | o | Du | 54278 | 0141
sig 160 000 : :
] B 034 536
aus';tr?fntzic?t t 597 9.523 (géi) (gég) 4541277 | 0.597%
Y [sig 551 000 : :
] B “121 527
Step 2-4 t | 2027 | 8836 ('gg% ('ggg) 39.096™ | -1.980"
sig 044 000 : :
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] B ~146 585
step 2-5 t 22537 10.17 315 3151 59 7787 | L2458
absorption sig 012 000 (.309) (.313)
=p<.001 7= p<.01 "= p<.05 7= p<.1

Table 5 shows the results of the linear regression analysis and Sobel test, which can prove
mediating effects of cognitive variables between speech rate (independent) and trust in a leader
(dependent). As Table 5 suggests, speech rate did not have a significant influence on trust in
aleader in Step 1. In contrast, in Steps 2-1 to 2-5, which input mediating variables, all cognitive
variables had positive effects on trust in a leader. Also, Soble test values supported their
mediating effects between speech rate and on trust in a leader.

Table 5. The mediating effects of cognitive values between speech rate and trust in a leader

Speech trust in R? AR? E Sobel
rate leader (Adj- R?) | (Adj-R?) test
S .006
step 1 t 092 (_'%%%) : 008
sig 927 '
B 2192 666
step 2-1 404 404 -
eloquence t -3.564 12.354 (:399) (.403) 76.312 4.377
sig .000 .000
B -.169 613
step 2-2 .346 346 -
amiableness t -3.004 10.903 (:340) (:344) 59.444 4.120
sig .003 .000
B -.124 564
step 2-3 301 301 .
authenticity [ —2z04 | 9:842 (295 | (299) | 48443 | 3329
sig .032 .000
B -.242 595
step 2-4 .293 .293 woxk
clear t -3.926 9651 (:287) (291) 46.578 5.366
sig .000 .000
B -.067 552
step 2-5 .300 .300 - .
absorption t -1.186 9.818 (298) (208) | 48206 1.978
Sig 237 .000
"=p<.001 "= p<.01 "= p<.05 = p<.1

4. Conclusion

4.1 Results and Implications

This study demonstrated that a leader’s voice characteristics have a relationship with their
followers’ psychology and cognition. The results of this study show that a leader’s voice
characteristics (pitch harmonics, formant transition section, and speech rate) do not directly
increase trust in the leader. These features, however, affect the cognition of the leader’s
followers. Also, the mediating effects of cognitive variables (eloquence, amiableness,
authenticity, clarity, and absorption) which increase trust in a leader are also important. The
mediating effect of these cognitive variables was verified in the relationship of trust in leaders
with all other voice characteristics, although the mediating effect of absorption between pitch
harmonics and trust in leaders was not significant.

These results explain that the specific voice characteristics of a leader influence members’
cognition through areas such as absorption and eloquence of speech. Thus, leaders need to



4862 Hahm et al.: An Interdisciplinary Study of A Leaders’ Voice Characteristics:
Acoustical Analysis and Members’ Cognition

make an effort to utilise specific voice features. This is because voice characteristics can
improve trust in a leader through the cognition of members. Leaders can gain trust in the
content of their speeches through specific voice features, motivate more members, and
improve their overall performance. Therefore leaders should strive to use an appropriate level
of pitch harmonics, formant transition sections, and have the right speech rate when
communicating with members.

In addition, the results of this research can be used to improve the performance of NLP. Few
studies have been conducted on NLP with an agglutinative language. An inflectional language
such as English and an agglutinative language differ in data analysis methods [40, 41]. This
study was conducted on Korean, an agglutinative language. As a result of the study, NLP
parameters (pitch, velocity, formant) are presented in an agglutinative language system. NLP
needs to focus on how humans recognize language [43, 44]. Understanding the parameters
presented in this study will affect a NLP's response technology which can affect human
cognition. Moreover, contextual factors need to be considered in NLP studies. When an NLP
provides information to people, there may be more appropriate strategies for the situation, such
as a clearer voice for giving information such as the news. Further, as Al develops, it will also
require voices that can appeal or engage [45, 46]. Therefore, the input and output appropriate
for each situation should be utilized in natural language processing. In addition, future research
on other factors that may affect natural language (for example non-voice features such as pitch
perturbation, energy contour, formant slope of f1 and f4, formant bandwidth change, average
energy, etc.) will be necessary for the optimum use of NLP.

4.2 Limitations and Potential Areas of Future Study

This paper has some limitations, and we would also like to suggest several ideas for future
studies. First, there are few samples in this paper, so more samples of leaders and followers
in a greater range of companies need to be collected and analysed . Then, greater individual
(personality, gender and the like), corporate culture, and industrial differences will allow us to
study the different influences of a leader’s voice characteristics in greater depth. Second, there
appear to be no relationships among several variables. Furthermore, we could not control all
of the factors that clearly affected other variables, such as the contents of the speeches, or the
pre-existing relationship between the followers and the leaders. Moreover, there exists other
variables besides the five cognitive factors we looked at, and future research should be
conducted to determine the relevance of these variables. Third, a person's voice characteristics
can change. Therefore, it is also necessary to study how the perceptions of members changed
after a leader changed one or more of their voice characteristics. Finally, we propose the need
for research on the influence of voice features not only in regards to trust in a leader, but also
other variables related to followers” satisfaction, motivation, and performance. Finally, we
need to continue to study what the voice of a better leader is. According to leadership
contingency theory, there is not always one correct leadership trait or behaviour [47]. The
leadership needed for each situation can be different. For example, charismatic leadership is
needed in times of crisis, such as war or mergers and acquisitions; but self-leadership may be
more appropriate to increase worker creativity. Hence, a leader needs to behave appropriately
to each situation. Furthermore, according to leadership cognition theory, it is more important
to consider how members recognize leaders' behaviours than what leaders do [6]. Individual
members can recognize the actions of a leader differently. For instance, looking at a leader
who comes to work early in the morning, one worker may recognize that the leader is sincere,
but the other employee may perceive the leader to be strict. Hence, a leader needs to
demonstrate behaviours or traits appropriate to each situation, and the members need to
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acknowledge these behaviours and traits positively. Therefore, a good leader's voice should
have characteristics appropriate to the situation. In a crisis situation, the leader will have to
speak in a voice that can improve eloquence and absorption. In everyday situations, a voice
that can increase amiableness and clarity will be more appropriate. Hence, future studies
should try to find out what voice features are more suitable for various situations. Further, a
discussion of good voices should be based on the cognition of members who listen to this
voice. Therefore, as in this study, interdisciplinary studies such as sound engineering analyses
and cognitive measurements of voice characteristics should continue.
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