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ABSTRACT 

The paper describes the most essential 
psycho-physiological phenomena underlying unconscious 
expression of stress and emotional arousal in the acoustic 
speech signal. The concept of Functional State (FS) of the 
human is used. Some involuntary and relatively standard 
psycho-physiological processes in the brain and organism 
during the transition from calm to stress and related 
modifications of acoustic speech signal are described.  

1. INTRODUCTION 

It is often said that the main difficulty in emotional speech 
research results from the absence of a universally accepted 
theory of emotions. Indeed, there is no agreement as to 
what exactly should be understood under the term 
“emotion”, how various manifestations of emotions should 
be defined and classified, what guidelines the researcher is 
to follow to ensure applicability of the speech material he 
uses and compatibility of his findings with those obtained 
by others. It is left entirely to the speech researcher’s 
competence (or intuition) to answer these and similar 
questions and to determine the nature and definition of the 
phenomena cued by specific properties of the acoustic 
signal.  

The absence of a satisfactory theoretical framework can be 
attributed to the highly complex nature and character of the 
phenomenon of “emotion” spanning several dimensions 
within the functional space of the human organism. The 
range of emotional manifestations is very wide and not 
easily classifiable. It includes moods, feelings, states, 
affects and passions. Each emotion has a specific 
biophysical (biochemistry, motor function, physiology), 
subjective (feelings) and expressive (behaviour, external 
representation) component. The actual number of 
distinguished emotional manifestations may be up to 
several hundred, the degree of elaboration determined by a 
given specific task. This complexity is further enhanced by 
the fact that the manifestation of emotions is highly 
individual. Still more variable are individual ways of 
expressing emotions, even the most basic ones, such as fear, 
joy and anger. The problem is only partially solved by 
comparing relative, not absolute parameters, since 
available parametric descriptions of emotional states are 
usually based on average values and fail to account for less 
trivial individual variation in expression. Finally, 
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erable intra-individual variability of acoustic 
eters within the same emotional state adds to the 

lexity.  

ering the complexity of the subject it is desirable to 
uish between the expression of physiologically 
ioned states and the expression of more cognitively 
 emotions. It is generally accepted and has been 
mentally proved that acoustic variations observed in 
onal speech are linked with some physiological 
mena in the human organism (such as muscular 
n, bodily posture, breathing pattern etc). These 
mena in turn indicate the kind of 
o-physiological state of the person. Deriving more 
ic interpretations (in terms of emotions, feelings and 
es) from the basic functional states is by no means 

htforward because of the high complexity and 
duality of emotion expression. In this paper we 
ntrate our attention on the psycho-physiological 
mena underlying the expression of emotional arousal 
tress and consider related properties of the acoustic 
 providing relatively stable and reliable cues to the 
ion of these basic emotional manifestations in speech.  

FUNCTIONAL STATES DESCRIBED IN 
PHYCHO-PHYSIOLOGICAL TERMS 

evelopment of an emotional reaction is usually related 
 limbic system which includes some sub-cortical 

ures (hypothalamus, certain nuclei of the thalamus, 
ain and reticular formation) and cortical areas 
late gyrus, hippocampus and others). The limbic 
 forms adaptive (emotional) reactions with all their 

, vegetative and endocrinal components. In particular, 
rmines changes of blood pressure, heart rate (HR), 
rature of the body and its parts, breath, skeleton and 
 muscular activity, endocrine glands, as well as 

s subjective emotional experience and motivation. 
 a stressful condition is usually associated with 
sed heart rate, higher arterial blood pressure, 
ified activity of adrenal cortex and medulla. 
osteroids, adrenaline and noradrenaline are released 
lood. These hormones change the tonus of blood 
s, decrease the tonus of smooth muscles of the 
hi, change heart activity state, perspiration level, the 
f the vegetative nervous system and consequently of 

gans it controls.  

rm “functional state” (FS) in this paper is used in the 



meaning of background nerve centres activation 
accompanying current activity of the individual (speaker in 
our case). Background activity of nerve fibres is described 
through the following basic characteristics: excitability, 
lability, reactivity (=speed of response) [1]. A FS is 
traditionally analysed as having two components: emotion 
and energy. The energy component, or non-emotional 
activation, is generated by the activity of the thalamic 
non-specific system and by the related activating midbrain 
system. A FS is thus determined by the interrelation and 
interaction of these two activating systems. Individually 
specific balance of the two basic characteristics of the 
psychodynamic personality type  (temperament) to a great 
extent determines the type of individual reaction (response) 
in a stressful situation. Any FS is a complex 
psycho-physiological phenomenon determined by the 
interaction of various functional subsystems of the human 
organism and manifesting itself at various levels: 
biochemical, neuromuscular, physiological, psychological 
(subjective) and behavioural. The internal structure of links 
between systems and sub-systems is very complex. For 
instance, under stress of various origins the organism 
increases the production of natural opiates. This anti-stress 
defensive mechanism reduces the production of 
catecholamines - mediators of arousal (adrenaline and 
noradrenaline) whose production increases under stress. It 
is catecholamines which, apart from affecting the brain, 
determine the intensification of the activity of the heart, 
blood vessels and longs in the “fight” or “ escape” type of 
the organism’s reaction to stress. Thus, the purely 
individual ability of the organism to produce endorphins 
determines the strength of cardiovascular reaction under 
stress (such emotions as fear, rage etc.). Similar effect is 
produced by the delta sleep-inducing peptide (DSIP), 
substance P and others – the so-called natural “blockers” of 
emotional tension. The individual character of human 
biochemical systems determines the peculiarity of 
manifestation of all stress components.   

Thus, as has been shown, at various levels of the central 
nervous system (CNS) there exist several relatively 
independent activating and inactivating subsystems, which 
results in the multiplicity of possible physiological 
response types to stress. 

3. FUNCTIONAL STATES AND MOTOR 
ACTIVATION LEVEL  

It is assumed that the most considerable influence of FS 
upon speech, as well as the most promising for instrumental 
detection, is that manifested through the motor (locomotive, 
neuromuscular) activation level. That is why it will be 
devoted special attention here.  

At the CNS level speech is produced through the 
actualization of relevant motor programs stored in the 
memory and through subsequent formation from them and 
initialization of activity patterns corresponding with the 
needs of specific behaviour. By convention, two layers can 
be considered within the muscular control system, namely 
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ization of specific movements in accordance with 
t speaking tasks and general tonic activity level of the 
 system. Relatively independently of muscular 
estations, depending on the current FS, the choice is 
of the type of biologically motivated behaviour and 

d motor activation level.  

mechanism of this influence, judging by recent 
ations, can be sketched as follows. Mesolimbic and 
triatal brain systems have their share in the regulation 
e motor activity level. The integration of FS 
onents into an activity pattern is performed in the 
allidar system and involves complex interaction of 
l mediatory brain systems: cholinergic and 

aminergic together with other information 
nces.   

pes of motor activity are determined basically by the 
f the caudate nucleus, primarily by the existing level 

arious neurochemical regulators (acetylcholine, 
aminergic brain systems and others).  

h production process is determined by 4 different 
e groups and is thus affected primarily by the level 
pe of motor activation. Some of the features of motor 
tion seem to be of paramount importance, namely: 

 level of muscle tension (activity) – BT; 

lity of habitual stereotypes – SS; 

taneous muscles activity level – SA; 

ronism of separate muscle fibres control – SC.  

 on the analysis of the motor and behaviour reactions 
ssing an electrical activity of the brain for different FS, 
n distinguish 4 relatively contrastive states of the 
 control system and corresponding levels and types of 
e activity. Described in a most simplified manner 
are: 

Peace”. Passivity - production of only automated 
ovements, calm wakefulness, motor peace. 

Defensive” motivation of behaviour. High brain 
lectric activity, dominant EEG rhythm of the motor 
nd sensory-motor cortex, high acetylcholine content 
n the caudate nucleus.  BT-low, SS-high, SA-high 
contrastive),  SC-high. 

Expective” behaviour, orientational-exploring 
ehaviour motivation, relative motor retardation, 
trained attention, active wakefulness without 
otivated motor activity, EEG desynchrinisation, 

ccasional outbursts of rhythm at 18 Hz, mid-high 
cetylcholine content in the caudate nucleus. 
T-low/mid, SS-high, SA-mid,  SC-mid 

Neutrality”. Normal, high motor activity, adequate 
esponse to the circumstances, object-oriented 
ehaviour, active wakefulness with motivated motor 
ctivity, EEG desynchrinisation, high-amplitude rapid 
ctivity outbursts connected with the motivation level, 



medium acetylcholine content in the caudate nucleus. 
BT-mid/high,  SS-high,  SA-low,  SC-low. 

4. “Hyper-arousal”. Hyperactivity, psycho-motor 
arousal (excitation), randomly/chaotically intensified 
motorics/motor movements, discoordination and 
distruction of standard motor and behavioural 
programs, low acetylcholine content in the caudate 
nucleus.  BT- (very) high, SS-low, SA-high, SC-high. 

Each state is defined by the level and type of general motor 
activation and is initiated as a result of choosing one of the 
in-born behaviour types (stupor, passive “defence”, interest, 
expectation, hope, concentration, readiness, action, 
hyper-arousal, anger, rage, fury (frenzy), uncontrolled 
actions etc.). These states are considered as discrete only by 
convention and in practice form a continuum at one end of 
which is the behaviour with maximum motor activity and 
violation of conventional line of action in task performance, 
while the other end is represented by passive behaviour 
associated with minimum motor activity. 

The change of FS in the speaker is thus presumably 
accompanied by the change of motor activation type, the 
latter shifting along the 4-state scale with relevant 
modification of speech signal parameters. In emotional 
speech all these states are realised as a continuous series of 
transitions from one state to another depending on stress 
degree. Many “cues” to emotional state in speech can be 
based on these transitions. E.g. the above-mentioned states 
are the main background for understanding and predicting 
the manifestation of such voice phenomena as tremor, jitter 
and shimmer. Thus, SC for different muscle groups 
(breathing skeleton’s muscles, muscles of bronchial tubes, 
voice generating muscles of the throat, articulation muscles 
of the vocal tract) can cause amplitude or frequency 
modulation in pitch, energy and spectral power in different 
bands. Each muscular sub-system in the speech production 
apparatus responds in its own unique way to the change of 
FS. However, some general tendencies are observed which 
will be discussed below. 

3. FUNCTIONAL STATES AND SPEECH 
PARAMETERS MODIFICATION 

Various emotional experiences of the individual in the 
physical nature of his speech are manifested through 
various physiological processes accompanying specific 
emotions. Thus, in the situation of conflict, anxiety or fear, 
as well as when deliberately trying to deceive the listener, 
the speaker usually experiences increased frequency of 
breaths, which results, on the one hand, in the reduction of 
the “clear” speech cycle inbetween breath pauses and, on 
the other, in the increase of pulmonary pressure. These 
processes in turn entail speech rate acceleration, speech 
coherence and fluency distortion, anomalies in pausation, 
dissynchronisation of breaths and syntactically conditioned 
pauses, and, most importantly, raised voice pitch and 
change in voice quality (due to the modification of vocal 
impulses). Emotional arousal, fear, nervousness and anger 

are of
decrea
muscu
chang

The d
of spe
The c
voice 
certai

Resul
acous
and in
states
The v
and m
only 
psych
record

On th
establ
param

1. Spe
High 
and u
chang
increa
produ
areas,
apathy
Energ
are es
Hz) ac
with 
widen
cause
clearl
accom
subse
(prima
increa
areas 

2. Spe
above
accom
ampli
intens
switch
switch

3.Patt
typica
in par
inhibi
(steep

4. F0 
of pitc
ten accompanied by dryness in the mouth, which 
ses the activity of the articulators and affects the 
lar activity of the larynx, which in turn results in the 
e of velocity of airflow through the glottis.  

ecrease in the articulators’ mobility results in the drop 
ech intelligibility, its coherence, fluency and tempo. 
hange of airflow velocity affects sound intensity, 
pitch and the shape of vocal impulses, i.e. vowel and 
n consonant spectra. 

ts of numerous studies clearly demonstrate that 
tic speech signal can be considered a highly reliable 
formative indicator of the basic psycho-physiological 
 and processes taking place in the human organism. 
oice produces probably the most easily observable 
easurable emotional reactions, very often being the 
available indicator of the person’s internal 

o-physiological condition, as in the case of audio 
ings.  

e basis of numerous studies [2, 3] it has been 
ished that the most important discriminating acoustic 
eters are the following: 

ech signal spectral composition: Low frequency to 
frequency ratio; widening and narrowing of stressed 
nstressed vowel spectra; formant frequency shift and 
e of formant bandwidth. It is an established fact that 
sed emotional tension (joy, anger, rage) tend to 
ce shift of vowel spectral energy into high-frequency 
 whereas in inhibited states (fear, discontent, 
/indifference) the shift is into the low-frequency area. 

y levels in the high and low frequency spectrum areas 
timated below 1000 Hz and over 2000 Hz (up to 4000 
cordingly. Such emotions as joy and anger associated 

emotional excitement cause spectrum 
ing/expansion, while inhibited emotions (sadness) 
 spectrum narrowing. This phenomenon is especially 
y expressed in stressed vowels. This is also 
panied by formant shifts (especially F1) and, 

quently/accordingly formant amplitudes are reduced 
rily A2 and A3). With highly exciting emotions 
se in formant frequencies Fi and widening of formant 
Bi reaches considerable values.  

ech signal energy. It is necessary to point out that 
 mentioned changes of spectral properties, as a rule, 
pany the increase or decrease of vocal effort – signal 

tude. Quantitatively these changes for the sound 
ity parameter reach on average 20-24 dB when 
ing form normal to loud speech and 8-12 dB when 
ing form normal to soft (quiet) speech. 

ern of signal spectrum slope (envelope). Thus, 
lly observed is the deformation of the slope pattern, 
ticular, its smoothing from syllable to syllable for 
ting emotions and, conversely, their over-jaggedness 
 drops and jumps) in states of emotional arousal. 

parameters: mean pitch, pitch range, steepness (rate) 
h change in falling and rising pitch movements) etc. 



F0 is capable of deliberate or involuntary communicating 
also extra-linguistic information, namely that about the 
feelings and emotions of the speaker and about his 
individual voice properties. The change of his statistical 
and dynamic properties has a rather wide span. Thus, the 
increase in vocal effort accompanying emotional excitation 
leads to the increase of mean F0 values by 60-90%. The 
smooth monotonous F0 contour typical of the neutral 
emotional condition starts fluctuating with sharp rises and 
drops in excitation states. Whereas overall drop in signal 
intensity in the inhibition state results in the F0 drop by 
5-20%. In strong emotional states F0 can rise by over 200% 
compared to the norm. Also observed is increase in pitch 
range. It is worth noting that the preferred direction of pitch 
movements is falling for sadness and anger and rising for 
joy and fear [4].  

5. Speech rate (number of syllabic units per time unit, 
relation of speech periods between pauses to the number of 
pauses). Speech rate usually decreases in apathic states and 
accelerates under stress - sometimes more than twice. 
However, analysis of individual cases showed that this 
parameter is highly dependent on individual speaker 
peculiarities: in certain cases speech rate becomes slower 
[5]. 

6. Pauses and Breathing rhythm (duration of pauses, 
density of pauses, specifics of pause localization, number 
of breathing pauses, duration of “clear” speech between 
breathing pauses). When change of FS takes place usually 
changes in the number (frequency) of pauses and in their 
duration are observed. Usually increased number and 
duration of hesitation pauses are observed under stress. 
However, sometimes quite the opposite can take place: 
while observed in normal condition, pauses disappear 
under stress [5]. 

7. Predominantly vocalic or consonantal character of 
speech (distinct emphasis upon either vowels or consonants 
in speech). Thus, for example, such emotions as anger, fear 
and sadness are associated with predominantly 
“consonantal” speech, whereas the expression of joy is 
predominantly “vocalic”. 

9. Latent reaction time – tends to increase under stress.    

Most of the considered phenomena are closely related. 
Thus, increase in vocal strain automatically involves 
deformation of sound spectra, increase in F0, widening of 
formant areas and rise in formant frequencies (especially 
F1). Transition from calm to stressed FS is typically 
associated with overall change in acoustic parameters 
dynamics (pitch, energy, spectrum) from “smooth, 
predictable, standard” to “abrupt, erratic, non-standard”; 
rise in mean values, variability, range and histogram for 
acoustic parameters in comparable speech material, 
increased degree of tremor (for spectrum, F0 and energy), 
jitter (for F0) and shimmer (for energy); dissynchronisation 
of energy, F0 and spectral heterogeneities; instability and 
“non-standardness” in typical unit realization (for spectrum, 
F0 and energy) etc. 
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5. CONCLUSIONS 

an be considered objectively proved that the speech 
 contains sufficient information for evaluating 
er’s functional states along the calm – stress 
sion. 

is information is of a complex non-systematic and 
lar nature and depends on the typological speaker 
terisation, on speaker current psycho-physiological 

tion and on the communicative situation. 

re exists an experimentally established set of acoustic 
 parameters effective for speaker FS detection. 
ver, modifications of relevant acoustic parameters are 
eneralised as “changes” – deviations from the norm, 
 as has been shown, the actual modification direction 
be highly individual (increase in some people, 
se in others). Thus, the type of FS can most 

ively be established in cases when speaker’s 
dual reactions to stressful situations have been 
usly studied.  

view of possible generalisations, the F0 parameter 
 to be the most reliable cue for the speaker’s FS.  

e concept of a 4-state scale in speaker FS description 
s us to adequately explain and predict changes in 
 activation for different muscle groups involved in the 
h generation process and can subsequently serve as a 
basis for explaining and predicting the principal 
nt modifications of speech signal parameters in 
onal speech. 
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