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Abstract  The sound of every individual’s voice is unique due to the difference in 
the size and shape of vocal cords. The vocal folds loosen and tighten resulting in a 
change in pitch, volume, timbre, or tone of the sound produced. Analyzing speech 
from a physiological perspective, this chapter explores the pitch component of voice 
and how influential it can be. Interestingly, information regarding prosody, emotions, 
gender and age is affected by pitch and pitch can help in unconsciously divulging 
the feelings, moods and emotions. The chapter also enlightens vocal behaviour as 
a powerful index of emotional and personality markers which are paramount in the 
extraction of meaningful information from acoustic signals and contribute to a better 
understanding of the psychology of voice and performance capabilities.
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Speech is an information-rich signal created at the vocal cords after travelling 
through the vocal tract and produced at speaker’s mouth. It exploits frequency-
modulated, amplitude-modulated and time-modulated carriers to convey informa-
tion about words, identity, accent, expression, style of speech, emotion and the state 
of the speaker. It is the most natural form of human communication and is related 
to human physiological capability and sequence of sound and acoustics known as 
phonemes. It is essentially a non-stationary signal, but can be divided into sound 
segments which have some common acoustic properties for a short time interval. 
The information conveyed by speech is composed of multilayered temporal and 
spectral variation that includes prosody, gender, age, identity, emotional state etc.

To understand speech as a means of communication, to analyze speech for 
automatic recognition and extraction of information and to discover some physio-
logical characteristics of the speaker, it is necessary to study how to model speech 
and its correlates and various aspects of speech processing. Speech coding, syn-
thesis, recognition, understanding, speaker verification and language translation 
are some of the many speech applications that use fundamentals of linguistics, 
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acoustics, pragmatics, speech perception, representation and various speech meas-
ures and properties thus making speech processing an extensive theoretical and 
experimental area of research.

The noise-like air from the lungs is temporally and spectrally shaped by the fre-
quency of the openings and closings of the glottal folds and forms the source sig-
nal of the speech. As a result, broadly two types of sounds exist: voiced which are 
periodic and generated by the vocal cords and unvoiced which are aperiodic and 
noisy in nature. Due to a steady supply of pressurized air, the vocal cords open and 
close in a quasi-periodic fashion giving rise to voiced sounds like an ‘e’. In case of 
unvoiced sounds, air passes through some obstacle in the mouth and this obstacle 
leads to a non-uniform, non-periodic pulse of air.

2.1 � Pitch as a Major Auditory Attribute

The periodicity of the glottal pulse and the time-variations of glottal pulse period 
convey the intent, expressional content, intonation and stress in the speech signals 
[1]. The time duration of one glottal cycle is defined as the pitch period and its 
reciprocal is the pitch or fundamental frequency. Pitch is determined by the length, 
tension, mass of the vocal cords and the sub-glottal pressure. It carries information 
regarding the prosody or rhythm, emotion, speaking style and accent among many 
others. The following information is contained in the pitch signal:

(a)	 Gender classification aims to predict the gender of the speaker by analyzing 
different parameters of the speech signal. It is mainly conveyed by the pitch 
value and in part by the vocal tract characteristics. The average pitch for 
males is about 110 Hz while for females it is about 200 Hz [2].

(b)	 Emotional states are correlated with particular physiological states, which in 
turn make predictable effects on speech features, especially on pitch, timing 
and voice quality. Speech emotion recognition is particularly useful for appli-
cations which require natural man-machine interaction and when a person is 
in a state of anger, joy or fear, the speech is fast, loud and with strong high 
frequency energy. When someone is sad or bored, slow, low pitched speech 
with weak high frequency energy is produced. Pitch variation is often corre-
lated with loudness variation. Happiness, distress and extreme fear in voice 
are also signalled by fluctuations of pitch.

(c)	 Accents convey information about the status of individual entities in the 
discourse to indicate their relative salience. It is also largely conveyed by 
changes in the pitch and rhythm of speech. In addition, a certain type of pitch 
movement may signal an intonational meaning.

(d)	 Prosody is a parallel channel of communication for carrying information that 
cannot be deduced from lexical channel. All aspects of prosody are transmit-
ted by muscle motions and time-variations of pitch have a smooth relationship 
with these muscle tensions. It gives clues to many channels of linguistic and 
paralinguistic information and can indicate syntax and people’s attitudes and 
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feelings. Even hand gestures, eyebrow and face motions, can be considered 
prosody because they carry information that modifies and can even reverse the 
meaning of the lexical channel.

(e)	 Age and state of health of a speaker is also related to pitch. The biological 
fact that the ratio of eye diameter to head diameter varies markedly with age 
develops connections between the sound shape, meanings or communicative 
intentions, emotions and affect of the speaker. As a result, a visual estimation 
of the ratio eye diameter/head diameter is a rough indicator of age and size of 
speaker.

2.2 � Speech Markers

The knowledge of perception of sound and extraction of meaningful data from 
acoustic signals is paramount to understand the relevance and evolution of audio 
signal processing. This understanding helps to analyze what comprises the pitch, 
timbre etc. and what makes some sounds especially natural or artificial. The short-
comings and pitfalls encountered during sound processing can also be studied with 
this knowledge and thus, suggest various extensions that can be made in storing, 
producing and modifying speech signals.

Voice has long been considered a measure of emotion and a reflector of person-
ality due to its mature potential to tap individual differences in emotional states 
and personality dispositions [3]. The understanding of the complex interplay of 
personality, emotional dynamics and voice production has progressed to a level 
that many technological advances today support the voice-psychology association. 
The role of psychological processes among voice- disordered groups has also been 
long debated and remains a controversial topic of argument.

Speech carries a lot of information over and above the content in the language. 
The concept of speech markers has been incorporated into the domain of socio-
linguistics since 1970s. Most individuals do not have a voluntary control over 
their personality (age, sex, social class etc.) they present to others. These speech 
markers are often accompanied by non-linguistic cues permitting interlocutors to 
communicate emotions, attitudes and intentions about their own as well as other’s 
social states.

2.2.1 � Emotional Markers in Speech

Emotions can be expressed in voice at the physiological, the articulatory or the 
acoustic level. It is intimately connected with cognition and many physiological 
indices change during emotion arousal [4]. There exist a large number of para-
linguistic markers embedded in the acoustic, linguistic and non-verbal content 
of speech that are intertwined with prosody and semantics and are effective in 

2.1  Pitch as a Major Auditory Attribute



12 2  Psychology of Voice

distinguishing a large range of emotions over a range of human voices and con-
text, adding naturalness to synthesized speech and thereby facilitating effective 
emotional speech processing. Since emotion analysis varies with culture, language 
and even population, it is essentially a multi-faceted approach and improvement in 
speech emotion recognition performance has been achieved by combining gestural 
information along with acoustic correlates. Anger, fear, sadness, joy, neutral and 
surprise are some of the common emotions identified by current speech dialogue 
and processing systems.

Most of the current methods for measurement and analysis of these cues are 
intrusive and require specialized equipment and expertise to make explicit and 
detailed predictions regarding the states conveyed in emotional speech. Studies on 
emotion may focus on the expression of the emotion by the speaker, the acoustic 
cues that convey the intended emotion, the perception of these cues and the infer-
ence about the expressed emotion. Several studies have explored affect inferences 
from voice cues in listening tests, where the participants are required to judge the 
emotions expressed in speech samples using various response formats like forced 
choice and quantitative ratings. According to Scherer [5], various content-mask-
ing procedures that disrupt or degrade individual voice cues can be used to study 
which voice cues are used by listeners to infer specific emotions.

The existence of various voice profiles for different emotions and the complex 
nature of voice production process make this task quite challenging to success-
fully achieve the desired purpose. Inconsistent data regarding voice cues to spe-
cific emotions, individual differences among speakers, weak emotional effects and 
interplay of spontaneous and strategic expressions are some sources of variabil-
ity that pose practical problems to deduce emotion portrayals. As a result, efforts 
are being directed towards cross-cultural studies, implementation of multi-modal 
approaches in emotion expression and intensive research collaboration from psy-
chology, acoustics, engineering and computer science to facilitate better under-
standing of how emotions are revealed by various aspects of the voice.

2.2.2 � Personality Markers in Speech

As it has been mentioned before, the scope of voice-based human machine inter-
action expands beyond directed dialogue and simple command and control type 
interfaces. Future machines will need to be able to interpret a specific context, 
which is determined by many factors including the quality of voice, and produce 
the respective output. An analysis of the semantic nature of personality traits and 
interpersonal and intra-personal behaviour dispositions reveals the underlying 
dimensions regarded as essential determinants of social interactive behaviour.

Controversy that surrounds the concept of personality has forced social and 
behavioural scientists to debate the nature of personality and its impact on behav-
iour. Since listeners rely heavily on speech style to attribute personality to the 
speaker, the possibility of accurate personality inferences from speech remains 
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questionable [6]. In speech based communication vocal manifestations can be 
modeled to establish a psychological categorization of personality traits. These 
manifestations are regarded as speech markers of personality that serve as the 
basis for personality attribution of the listener corresponding to a specific person-
ality disposition of the speaker [7]. These speech cues reflect the individual dif-
ferences in cognitive processes of the individuals and the relative dominance of 
certain emotional and motivational states.

The various prosodic characteristics like pitch level, tempo, speech rate and 
loudness can be modeled in a number of different ways to convey speaker’s affec-
tive state and attitude [8, 9]. Speech researchers have demonstrated that emotional 
states differ in their paralinguistic expression and observers use these vocal cues 
to judge the personality traits and affective states of the speaker. For example, a 
speaker’s age can be judged by voice alone [10]. Voice quality, pitch and pitch 
range are the important dimensions on which listeners could base their judgments 
about speaker age [11]. The pitch measurement varies substantially from child-
hood to adulthood and is also different for men and women. On the other hand, 
pitch range appears to remain fairly constant during childhood and increases 
from adolescence to adulthood. Pitch range is also an important indicator of sex 
and female range is considerably wider than for men. It may also be stated that 
the speaker characteristics are relatively permanent as they are closely related to 
speaker’s physiology and anatomy. According to Scherer [7], males tend to have 
higher pitch levels compared to females and this can be attributed to high degree 
of arousal in males. Active emotions like anger and happiness are associated with 
fast tempo, and high pitch, whereas low energy state of sadness attributes to slow 
tempo lower speech rate and mean pitch. Similarly, major personality dimensions 
of benevolence and competence are also largely related to pitch and speech rate. 
Lower pitch and faster speech rate are associated with more credibility and hence, 
more benevolence [8, 12, 13]. However, deception is strongly related to funda-
mental frequency of voice and an increased frequency signals false utterances and 
judges the individual as less truthful. This can also be supported by the fact that 
stressful situations tend to raise the voice’s fundamental frequency. From time 
to time, correlations of the personality dimensions of introversion-extroversion 
and emotional stability have attracted various researchers and numerous studies 
have investigated the prosodic parameters pitch range, pitch level, intensity and 
tempo to model these dimensions in synthetic as well as natural speech [14–16]. 
Extroverts are more sociable and interactive and introverts are rather conservative, 
quiet and shy. On the other hand, emotional stability or neuroticism is an internal 
state of mind rather than interpersonal reaction. Individuals with high neuroticism 
are easily overwhelmed by feelings and are said to be less confident and unstable 
as compared to low neurotics who are more calm and controlled [17]. In the past, 
it has been found that both these personality dimensions significantly influence an 
individual’s behaviour in a variety of contexts and therefore, there is considerable 
interest in these traits and their manifestations in behaviour [18–20]. Oberlander 
and Gill [21] performed Parts of Speech analysis on these two groups and pre-
dicted that the neuroticism dimension was more closely related to implicitness 
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and high neurotics used pronouns and verbs more pervasively. Also, high extro-
verts used more conjunctions overall and low extroverts preferred more nouns and 
adjectives.

In order to model personality traits for speech synthesis using different speak-
ers and to identify one or more several defined personalities in dynamic situa-
tions, future work will be bound to the availability of data and large databases in 
order to avoid any influence of the bias of the listener’s perspective. Speech is a 
highly complex interaction of communicative as well as informative characteris-
tics that convey information about the speaker’s identity, his emotional state and 
the situational context. In addition to pitch and rate, additive models that involve 
other vocal factors must be designed to understand how semantic information is 
conveyed by the paralinguistic parts of speech. Future personalized speech syn-
thesis systems would require an understanding of how personality is encoded in 
spoken communication along with refined methods to analyze speech. Moreover, 
capturing emotional states along with the personalities would facilitate a more 
holistic system of estimating behaviour from speech. Such parametrical synthesis 
of speech can be used for diverse commercial applications to indicate personal-
ity impressions that individuals leave on one another and highlight the existence 
and psychological significance of personality as an important correlate in social 
interaction.
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