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ABSTRACT

The energy levels of phonation constitute indicators revealing the active effects of bodily, kinesthetic and audio communication power levels interrelation with the
climatic and cultural habitat of distinct population groups. The transformation of the bioenergetic factors into characteristic expression patterns and rhythmic pitched
articulation sequences within the discourse of speech or music communication is examined in both unrestrained vocalized expression of feelings, freely or loudly, and
also in organized choir singing; the latter retains strong elements based on the historical, cultural and social development cues of the ethnic groups staging public
performances. The generic character of these voicing features is correlated with linguistic and bioenergetic profiling of living communities.
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L. INTRODUCTION: THE LINGUISTIC DIVERGENCE

Human language is studied intensively by IT systems as it is a focal point for
global communication in its synchrony and diachrony, in both theoretical and
practical terms; for example, the excessive spread of mobile telephony with
smartphones exhorted to over 3 billion people means that the operating environ-
ment has to be superfluously adapted to the speaking languages of a global audi-
ence. Itis estimated that currently some 7,200 languages are spoken daily, and
many of them are voiced in a manner not particularly changed for centuries or
even millenniums (Anderson, 2012).

Of course, the most influential languages spoken world wide, by as much as 97%
of contemporary people, are less than 300. Unfortunately, this reduced number,
that leaves many dialects, regional languages or vernacular forms without offi-
cial recognition, does not occur as a linguistic research finding; on the opposite
direction, it has to do with the languages supported by computers, electronic
devices and smartphones (Loh and Kanai, 2016). It is exactly this domain, the
one of mobile devices, the closest Al support technology to one's everyday trans-
actions, fully exerting the HCI communication potential by advancing
multichanneled neurocognition experiences in each user's mother tongue
(Wanderley and Orio, 2002). For instance, very popular apps in everyday use are
standalone or on-line programs for reading/viewing the news in one's native lan-
guage and working environment, translation tools aiding on the fly conversa-
tions held at any possible pairs of supported languages, or listening/viewing to
music paraphernalia (Statista, 2019). Moreover, in their written communication
users rarely make orthographic mistakes, not due to their improved grammatical
or syntactic potential, but merely by using Al tools for spelling and grammar
autocorrection.

This magnitude of oral and written communication channels comprises, never-
theless, in neurocognitive terms, a huge range, even though that “merely” some
300 languages are supported out of 7200; even further, the mechanism for how
such a subtlety, in detecting and analyzing patterns of the oral-aural channel of
communication functions, i.e. the phonological domain, has not been fully
explained (Politis etal., 2016). In any case, its range is indeed astonishing, as lan-
guages spoken by hundreds of millions of people are producing variants that
become dialects of widely spread languages, e.g. Spanish or Portuguese as a
mother tongue in various countries, well distanced geographically each within
another (Boas, 1940). Sometimes these idiomatic divergent propensities are pro-
moted to independent languages, usually not due to well-founded scientific
grounds, but rather based on political relationships.

Languages are deployed in three levels, as far as neural processes affect mental
calculation stereotypes and working memory modules.

1. The first, the most fundamental, is the spoken level. Languages are using
extensively the oral-aural communication channel and their develop-
mental mechanism relies heavily on the existence of a perceptive acous-
tic signal triggering mechanism (Kyriafinis etal., 2017).

II. Ifacoustic stimuli, however, serve for the instigation of discernible cog-
nitive models, it is the second upper level that makes the linguistic sub-
strate to become the acting mechanism for advanced cognitive achieve-
ments in literature, poetry, philosophy, etc. Languages that have enlarged

their domain with words having many notional shades are expected to
develop semantic complicacies that promote high-level thinking. Con-
versely, uncontrolled enlargement with superficially picked-up terms, as
a side-effect of uncontrolled globalization, lurks the creation of semanti-
cally non-associative clusters of words that rather lead to a perilous
unclarity in homonymity, and even further, to obscureness and muzziness
of meaning when a language extends its self to new areas of human activ-
ity (Rappleye, 2012). Schooling, an intense, long-lasting educational
activity, aims to develop the grammatical and syntactical potential of its
trainees to high levels (Department of Education, 2010). Unfortunately,
this top-down activity may also become interconnected with affluent
political biases, since it is the most dynamic, unrejoined investment of
Governance over the youth zone of its subjects (Carney, 2012). Even fur-
ther, this level is associated with the writing systems each language may
use. There have been reported several occasions, at least in the last couple
of centuries, where languages shift from on alphabet to the other
(Lightner, 1972). However, the main rift, in neurocognitive terms does
not stand between alphabets, as it does between alphabetic and
ideographic variants of speech communication: while the former com-
pose words out of their phonological constituent units, the latter employ
numerous pictorial representations of concepts or things (Morris and
Adamson, 2010). Neuroscientists recently have determined how differ-
ently the cerebrum responds when humans read translationally “equiva-
lent” propositions in these two systems. Not surprisingly, these two ways
of linguistic communication, more or less equally dominant in numbers
of their speakers, predispose somehow the accentuation patterns to be
used: “dynamic” for the former, “tonal” for the latter.

III. The third level, the most difficult to represent mathematically, develops
as a sophisticated superstratum of linguistic exploitation (Chomsky,
2000). It examines concepts beyond the semantic, morphosyntactic or
lexicostatistic level of linguistic development. In many occasions it sur-
passes the etymological analysis of voiced communication and seeks
“particles” of speech, usually in a multilingual representation, that have
association with certain neuroscientific patterns or features of cerebral
activity (Takayama, 2009) They may, as such, compose linguistic atlases
based on discernible communication characteristics distinctive of sex,
phylum, or topicalization for religious and other such reasons.

In acoustic terms, the prosodic systems used by each language serve as an essen-
tial gateway for the music deployed culturally in that region. For starters, lan-
guages are categorized into two, mutually exclusive to a great extent variants, as
far as their accentuation is concerned: the tonal or contour languages, and the
dynamic ones (Ramat, 1988).

For reasons that are beyond the scope of this research, the former have prevailed
in Far East, while the latter in what we call “West”.

II. THE HISTORICAL - CULTURAL PERSPECTIVE: MODES OF LIS-
TENINGAND STYLES FMUSIC

While the linguistic continuum reprimands unification and remains prolifically
scattered, the musical sphere of communication does not seem to be so in both its
diachrony and synchrony. As a matter of fact, musical culture and technology
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spreads equivalently with flourishing advanced states of social development, as
superior civilizations engulf these elements in their complex legal, scientific,
political and religious organizations (Huron, 2001).

Ancient civilizations endorsed their musical perception, in such a way, that it has
been more or less scripturally documented, as is the case of the Sanskrit Vedas,
15" to 10" century BC (Pingle, 1962). In the Chinese antiquity, somewhere in
the 10" century BC, even a governmental State Music Bureau was founded,
supervising imperial music production and distribution (Hays, 2016). In Egypt,
music practices (Lentz, 1961) have been depicted in paintings of enormous artis-
tic added value (like the Lute and double pipe players from a painting found in
the Theban tomb of Nebamun, c. 1350 BC), while some musical inscriptions
have been more or less deciphered (Sachs, 1921; Hickmann, 1960). And when
it comes to Ancient Greek Music, a variety of documents, treatises and inscrip-
tions cater for a rather sufficient preamble for its reproduction and theoretical
foundations (Spyridis, 1999; P6hlmann and West, 2001).

However, in antiquity there seemed to be considerable restrictions on how the
“West” perceived its universe of discourse (Fig. 1).

() (b)

Fig 1. (a) The world, according to the pre-Socratic philosopher Anaximander
of Miletus (c.610-546 BC) (b) His disciple, historian and geographer
Hecataeus of Miletus (¢.550-476 BC), one of the first to mention the Celtic
people, presented a more augmented picture, based on the Greco-Persian
wars communiqué. Pictures cropped from Wikimedia.

By the time of Eratosthenes of Cyrene (276-195 BC), the “father of Geography”,
the Indo-European cultural continuum was more or less moulded (Wellesz,
1957), due to the conquests of Alexander the Great (Barker, 2009). Even the Bri-
tannic isles were clearly depicted (Fig. 2).

Out of these images, it becomes evident that the ancient civilizations in the
“West” developed around the Mediterranean basin, characterized by its mild cli-
mate, stretching to India via Middle East (Vendries, 1999). The first hint for an
equally populous civilized world far East, appears in Ptolemy's Geography, circa
150AD (Fig. 3).
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Fig. 2. 19" century reconstruction of Eratosthene's map for the known world,
according to his contemporary Alexandrian scholars, 3" century BC. Image
cropped from Wikimedia.

Fig. 3. Reconstituted in the 15" century Ptolemy's world map of the 2™
century AD, indicating “Sinae” (China) far right, beyond the island of
“Taprobane” (Ceylon or Sri-Lanka) and the “Aurea Chersonesus” (Southeast
Asian Peninsula). Image cropped from Wikimedia.

Some centuries later, the Arab geographer and historian Muhammad al-Idrisi
(1100-1165 AD), living in Palermo, Sicily, incorporated knowledge from mer-
chants and travellers to Africa, Indian Ocean and the Far East, managing thus to
depict the entirety of the Eurasian continent. However, information on the sub-
Saharan African continent seems to be missing (Fig. 4).

Also, the huge bulk of the Himalaya seems to hinder cross-cultural osmosis
between Far East and the pioneer, after the 12th century, region in scientific dis-
covery, the “West” (Hammann and Harwood, 1976).

Fig. 4. The Tabula Rogeriana, formed by Muhammad al-Idrisi for Roger II of
Sicily in 1154 AD. The Eurasian continuum is nearly completely depicted.
Image cropped from Wikimedia.

Nevertheless, the well-structured reality of this “Parmenidian” unity, that consti-
tutes the wonder of contemporary musical culture did not appear as a perfunc-
tory courtesy (Gregory and Varney, 1996).; on the contrary, it evolved as a con-
cluding summary of influences out of a series of contributions from acknowl-
edged scholars, scientists and musicians (Rothstein, 1995).

Indeed, the ethnological, historical and linguistic continuity of the Western part
ofthe Roman Empire waned as successive waves of Germanic tribes started mov-
ing to the appealing warm waters of the Mediterranean basin. Visigoths,
Ostrogoths, Vandals to name the first; then Burgundians, Swabians; finally,
Franks and Lombards in the 6th century. And afterwards, Angli, Normans,
Danes. The same time, in the beginning of the 7" century, Arab invaders and Ber-
ber pirates move towards the Iberian Peninsula and Southern France, filling in
the vacuum of power and peoples.

As a new ethnological substrate was formed, an intensive effort for the
Christianization of the “West”, up to its utmost Northern districts commenced
(Elias, 2000). On the contrary, missions to the Arabic South were restricted.
Monastic communities were formed, with the Roman districts of Gaul like Pro-
vence, Brittany and Arles excelling in providing instruction on how the new eth-
nic societies should be organized and administered. During the 5", 6", and 7" cen-
turies, the influence exerted by the abbeys's associated schools, scriptoriums,
libraries and administrative centers for cultivating vast areas of land in
copartnership is enormous (Collins and Price, 2003).

The same initiatives are developed in Italy, e.g. in Monte Cassino, in Spain, and
in some restricted areas of North-Western Africa. For higher levels of education,
episcopal seminaries are founded, providing collegiate edification (Herrin,
1989). In the first place, the main focus is on Theology; gradually, however, at
the 7" and 8" centuries, they expand their curriculum to a variety of educational,
cultural and artistic themes, contributing to the Carolingian Renaissance.

In the British Isles shine the schools of Kent, Wessex, Northubria. In restructured

ional Educational Applied Scientific Research Journal (IEASRJ)



Original Research Paper

Volume : 4 | Issue : 5 | May 2019 | e-ISSN : 2456-5040

Italy, apart from Monte Cassino, Pavia, Rome and Bobio are revitalized. As a
result the first University of the West is founded in Bologna, circa 800 AD.

The establishment of Universities is a ground-breaking innovation of the 13" cen-
tury. Their number increases drastically in the 14" and 15" centuries. All “West-
ern” countries, from the Iberian Peninsula and Italy up to the frozen shores of the
Northern Seas, boast of having advanced scientific learning in many branches
(Carol, 1964); Professors and students are associated with the Ecclesiastical habi-
tat, but their way of living is diverted from the clergy's one (Hayas, 1953).

Clearly, the previously hindered “West” is reshaped and leads the world scien-
tific continuum (Schank and Abelson, 1976). However, it is not that much
“West”, asitis “North”, or better say, “North-West”.

Inthe "East", things were kept more under control (Ciggaar, 1996). The adminis-
trative center, Constantinople, although it gradually lost sovereignty over its Mid-
dle East provinces, developed a sophisticated Greek-oriented civilization, both
in scientific, legal and technical terms (Evans and Wixom, 1997). Already, the
first University in the “East” was founded in 425 AD by Imperial decree
(Runciman, 1993).

In a cultural and linguistic perspective, the Greek language, although not widely
spoken nowadays, played a vital role in the history of the “Western” world and
Christianity (Devine and Stevens, 1994). Commencing somewhere around the
10th century BC, the canon of ancient Greek literature includes seminal works in
the “Western” world's canon such as the epic Homeric poems, i.e. [liad and Odys-
sey. Throughout Antiquity and Medieval ages, it served as the language in which
many of the foundational texts in which science, principally astronomy, mathe-
matics and logic were deployed (Forbes, 1933). Much of the Western philosophy
is based on the works of Plato, Aristotle, Pythagoras; the New Testament of the
Bible was written in Koiné Greek. Together with the Latin texts and traditions of
the Roman world, the study of the Greek texts and society of antiquity consti-
tutes the discipline of Classics.

During antiquity, Greek was a widely spoken lingua franca in the Mediterranean
world and many places beyond, nearly as far as India. It would eventually
become the official parlance of the Byzantine Empire, i.e. the Eastern Roman
Empire (Obolensky, 2009), and develop into Medieval Greek. It was a language
that was spoken uninterruptedly for millenniums in the region of South-Eastern
Europe, the East Mediterranean Basin and Middle East.

After the 7" century, the Arab expansion has restraint its use in Middle East and
Northern Africa. However, its semantic insight, musical and mathematical sub-
stratum seems to have been transplanted somehow into the Arabic culture and
civilization (Trehub, 2000).

The same time, in the 9" century AD, Greek culture and civilization spreads to
the Northern part of Eurasia, to the regions inhabited by predominantly Slavic
populations. It is not very clear the vindication for the timing of this osmosis
(Nicol, 2002). As it has been recorded for Western Europe, people from the
North move towards the Southern parts of Eurasia, while previously harsh for liv-
ing, frozen zones of the upper parts in Europe develop gradually urban societies
and superior technical civilizations. As these areas were incorporated into the
Christian World, the spoken dialects of the Proto-Slavic language acquired.

The Proto-Slavic language existed until around AD 500. By the 7th century, it
had broken apart into large dialectal zones.

There are no reliable hypotheses about the nature of the subsequent breakups of
West and South Slavic. East Slavic is generally thought to converge to one Old
Russian or Old East Slavonic language, which existed until at least the 12" cen-
tury (Hayes, 1984).

Linguistic differentiation was accelerated by the dispersion of the Slavic peoples
over a large territory, which in Central Europe exceeded the current extent of
Slavic-speaking majorities (Comrie and Corbett, 1993). Written documents of
the 9", 10", and 11" centuries already display some local linguistic features that
commenced extending well over the Urals deep into Northern Asia (Kortlandt,
1994).

The details of the cultural and linguistic development in Europe are indeed pre-
sented in some extent in this chapter (Perry, 2012); this is not exempted in a
supercilious manner or attitude (Mersenne, 1635). On the contrary, it is accom-
plished in an exemplary approach because between 1492 and 1914 AD this
metropolis colonized 80% oftoday's world.

Had not this been the case, it would be not easy to elucidate why countries far dis-
tanced from each other, like for instance Mexico, Philippines or Spain, without
having anymore political bias over each other, share a rather common musical
and overall cultural substrate (Pope, 1986). As a result, for instance, their lan-
guage remains unified (Botinis, 2000) in the sense that the cluster of Spanish
speaking countries comprises, along with Chinese Mandarin and Hindi (Shosted
etal.,2012), the biggest triad of mother tongue languages.
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III. THE BIOLOGICAL PERSPECTIVE: PHONATION AND ANAT-
OMY OF SOUND SOURCES

Human speech and singing are considered to be acoustic signals with a dynami-
cally varying structure in terms of frequency and time domain (Chhetri et al.,
2012). Generally speaking, voice sounds are in the broader sense all the sounds
produced by a person's larynx and uttered through the mouth (Steriade, 1997).
They may be speech, singing voices, whispers, laughter, snorting or grunting
sounds, etc.

No matter how these sounds are produced and what communication purposes
they may serve, they are categorized to:

a. Voiced sounds that are produced in a person's larynx with a stream of air
coming from the lungs and resonating the vocal cords (Chan, 2001). This
stream continues to be modulated through its passage (Chhetri et al.,
2009) from the pharynx, mouth, and nasal cavity, resulting to an utterance
in the form of speech or song.

b. Unvoiced sounds. Singing or utterance would be incomplete if unvoiced
sounds where not produced. They do not come as a result of a vibration
from the vocal cords (Wolfe et al., 2009), but as partial obstruction of the
airflow during articulation.

The human ability to communicate relies on our capacity to coherently set up
sequences of sounds that encode acoustically logical propositions (Bar-Hillel,
1964). When voicing produces musical or singing sounds, then the articulated
sounds of speech communication (Dellwo and Wagner, 2003) are enriched with
phonation tuned up to melodic, definite pitches that are called notes or tones.

How human voicing is produced and manipulated is indeed a very complex phe-
nomenon (Levitin and Menon, 2003). Not all people however produce the same
notes in an undeviating manner (Alku and Vilkman, 1996). As a matter of fact,
there is great variability in the timbre of human voicing, the frequency range for
singing, which is designated at least at six distinguished zones (Carey et al.,
2007), thus far, and the interconnection with the mother tongue and the spoken
languages of the choirists (Balkwill etal., 2004).

The complex way in which human instruments work together to produce articu-
lation (Dellwo et al., 2015). may be seen in Fig. 5. For programming purposes, a
simulation of this multi-muscularly driven region that plays a key-role in the
dynamic formation of the vocal tract activities (Erath and Plesniak, 2010) is
shown in Fig. 5(b).
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Fig. 5 Schematic representation of the vocal tact in coronal cross section. (a)
The respiratory system and the upper vocal tract mechanism for phonation, in
medical terms, from Wikimedia commons. (b) A computer programming
simulation for synthetic musical vocalization. Sonification comes as output
from both the nasal and oral cavities.

Scientists have proposed various source and filter models (Selbie et al., 2002),
which gives a rather sustainable approximation of the speech production process
from an articulatory perspective (Horacek et al., 2009). Indeed, the mechanism
for vocalization is better understood from an acoustic point of view by consider-
ing a set of variable sound sources (Zhang, 2016), coupled together to form the
complex structure seen in Fig. 6 (Miri, 2014). As speech communication, and
especially singing, are operatively related with the ability to express thoughts
and feelings by articulate sounds (Juslin and Laukka, 2003), it becomes evident
that it is an encephalic process related to the ability to myologicaly cooperate
with the primordal sources of voicing oscillation (Finnegan etal., 2000), seen in
Fig. 6.
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Fig. 6 (a) Sequences of the breathing mechanism, denoting the relative
position role of the diaphragm and is role for the formation of airflow directed
to the vocal box. (b). The Trachea and Larynx sections analytically. Pictures
cropped via public domain Wikimedia commons.

The motor functions of phonation at this level are performed by muscular move-
ment of the cricoid, a ring-shaped cartilage of the larynx, the thyroid cartilage
which forms the Adams apple, the epiglottis, a flap cartilage at the root of the
tongue, which is depressed during swallowing to cover the opening of the wind-
pipe, and finally the arytenoid, a pair of cartilages at the back of the larynx
(Holmbergetal., 1989).

The flow of air in this region results in localized drop pressures, according to the
Bernoulli effect, i.e. the principle of hydrodynamics stating that an increase in
the velocity of an airstream results in a decrease in pressure (MacLarnon and
Hewitt, 1999). As aresult the vocal chords snap shut. This process continues in a
rather pseudo-periodic manner with the muscles setting vocal chord position and
tension to appropriate levels so to adjust efficient respiratory force that maintains
greater air pressure bellow the vocal chords than above them (Krebs et al., 2012).
In conclusion, the vibratory action of the vocal chords takes place due to the com-
bined action of muscular settings, vocal chord elasticity (Hsiao et al., 2002) that
unfortunately decreases with ageing, differential air pressure exerted across the
epiglottis, and application of aerodynamic forces (Garnier et al, 2010; Politis et
al.,2017).

Once the airflow leaves the voice box, the overall energy source for phonation, it
is directed via the pharynx to the oral and nasal cavities. As expected, the shape
of the larynx and pharynx, along with its variable size play a primordial role for
the production of speech sounds. It is this part of the body that controls the range
of pitch or the type of tone that a person can produce (Sundberg, 1987).

Indicatively, when speaking, the phonation frequency of an adult man is ranging
between 100 Hz and 150 Hz; Women are easily within the 200 Hz - 300 Hz band,
while children have an area of variation between 300 Hz and 450 Hz. However,
when it comes to singing, male bass performers are sonorous from 65 Hz (note
C2) up to 330 Hz (note E4), while baritones range from 110 Hz (note A2) to 440
Hz (note A4), and tenors can climb up to 523 Hz (note C5). For women and chil-
dren (Joliveau et al., 2004), contraltos, mezzo-sopranos and sopranos extend
their pitches from 260 Hz (note C4) up to 1320 Hz (note E6).

Recent research has also shown that this part of the human body is not only
responsible for the resonance of the vocal chords according to singing voice pat-
terns (such as soprano, tenor or bass); The elasticity and vigorousness with
which this complex neuro-muscular structure (Goodyer et al., 2006) corre-
sponds to the pitch array of musicality prescribes the idiosyncratic speed with
which the performer conveys a specified impression as a distinctive time quality
(Keysersetal.,2010).

Indeed, this valve mechanism seen in Fig. 7 is responsible for several physical
concepts related with phonation.
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Fig. 7 (a) Transverse section of the vocal chords. (b) Vibrating sequences
for the membranous tissue, in transverse view, depicting pressure flow and
resistance.

The mechanism that was previously described acts as a fast acting valve that can

interrupt and control airflow in many ways (Rohlfs, et al. 2013). It is primarily

responsible for the way in which voicing is produced as a basic oscillation.

The formation, however, of the impressive multitude of articulated sounds
(Pontes et al., 2002), either when speaking or when singing, takes place at the

controllably resonating cavities that formulate the laryngeal oscillation, as seen
inFig. 8.

Fig. 8 Passive and active articulators: sagittal section, distributed via
Wikimedia Commons. 1. Upper and Lower lip 2. Endo-labial part 3. Upper
teeth 4. Alveolar ridge 5. Post Alveolar 6. Pre-palatal 7. Hard Palate 8. Velar
9. Uvulal0. Pharynx wall 12. Epiglottis 13. Tongue Root 14. Back of the 15.
Front of the tongue 16. Tongue blade 17. Tongue tip 18. Under the tongue. At
the upper part, the Nasal cavity with the nostrils.

The active ones move to produce vocalizations, and the most influential of them
are the lower lip, the tongue, the uvula, and the lower jaw. Accordingly, the most
prominent passive articulators are the upper lip, the teeth, the upper jaw, the
maxillary arch (with the upper jaw) and the pharynx. The soft palate at the roof of
the mouth is a class of its own, being active and passive the same time, in the
sense that it can lower it self, or the tongue can come in touch with it influencing
the production of palatal and nasal sounds.

Also, the nasal cavity has substantial effectuation on the formation of voicing,
and especially on singing (Pruthi and Espy-Wilson, 2004).

Acoustically, vowels are distinguished by each other by their energy peaks, or
formants, that indicate how the phonation energy is distributed through the
acoustic spectrum (Klein et al., 1970). They are produced at the end of the laryn-
geal part of the vocal tract, and they utilize the resonant properties of the tube sys-
tem for phonation. The resonance patterns are rendered acoustically by tongue
position and shape along with jaw and lip movement that control the airflow out
of'the oral cavity nozzles like a scoop.

Consonants on the other hand are basic speech sounds for which the airflow
through the tract is at least partly obstructed. Apart from appreciable constric-
tion, their other main characteristic is that they use as primary sound source the
region above the larynx. The resultant acoustic signals bear greater complexity,
but of course their energy content is significantly reduced in comparison to vow-
els. Furthermore, in most languages, they do not form autonomous meaningful
morphological units, and they are combined in various forms with vowels.

IV. MODELS OF SPEECH PRODUCTION

When it comes to vowels or diphthongs, their phonetic properties are usually
described with the apparent tongue position (Ladefoged, 2001). In the phonation
of vowels and diphthongs, the larynx is acting like a uniform cross section tube,
some 17.5 cm long. At the larynx end this tube is closed, while at the lips it is
open. Both for vowels and diphthongs, the mouth is opened, and the cross sec-
tion of the voicing mechanism at its “nozzle”, i.e. the point of radiation of the
acoustic signals, is shaped by the lip shape and position. The position of the
tongue is also critical for the sound produced By modulating tongue and lip posi-
tion, different vowel sounds are produced. When speaking or singing, the tongue
and the lips constantly move to differentiate the vowel produced. This is exactly
the case between pure vowels and diphthongs: they perform exactly the same
function in syllable structure, apart from the fact that diphthongs have a gliding
quality, as seenin Fig. 9.
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Fig 9. Auditory vowel plots for English with rather traditional accent. (a)
Vowels (b) Diphthongs - the little noise that is associated with them is
interpreted as a gliding action between the vowels involved.

In the case of various vowels, larynx phonation acts as the primary sound source.
Significant amounts of acoustic energy are produced, and the distinctions of
each specific vowel lies within the mouth, tongue and lip shape and position; all
these organs act as filters that differentiate the sound spectrum creating harmonic
frequency peaks and lows (Binns and Culling, 2007), reducing the energy radi-
ated at the “nozzle” of the voicing mechanism, i.e. the mouth.

It should be noted that in various languages the speech sounds described in Fig. 9
may be different from the ones actually used (Ladefoged and Maddieson, 1996).
Consequently, research studies aim to provide the actual pronunciation patterns,
sometimes inventing new symbols, if the ones already in use do not describe
accurately the phonetic quality involved (Keating, 1985).

So to speak, the pulmonic consonants that have been semiotically traced are seen
inFig. 10.
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Fig. 10. The extended pulmonic consonant table, updated in 2018, denoting
how consonants are sonically related to the designated single place of
articulation within the vocal tract. Non-pulmonic consonants and affricates
(both pulmonic and ejective) are not included.

Bioenergetic Features and Human Activity

Medical diagnosis is involved with the Bioenergetic features of bodily functions
when physicians apply therapeutic interventions aiming to manipulate the subtle
energy related with bodily functions and overall with the body's energy equilib-
rium.

Bioenergetics, in the strict sense, have to do with physicochemical processes

observed within living organisms. Subtle energy production constantly takes

place due to biochemical reactions that harness energy from a variety of meta-

bolic pathways (Politis et al., 2016). As the scope of medicine extents to charac-

teristically small measurable factors, due to the use of hi-tech sensors, accepted

principles from the scientific fields of biology, physics, chemistry and engineer-

ing are involved (Titze, 1994). Different theories have been developing gradu-

ally, aiming to support therapeutic interventions and, recently, the control of Pros-
thetics, Bionics and Implantations (Kyriafinis etal.,2017).

In the case of phonation (and its conjugate sense, hearing) the energy relation-
ships into focus have to do with the potential to exert control over breathing, the
resonance of the vocal tract Thomson et al., 2005), and the formation of sounds at
the mouth (Zhang, 2010). Emission characteristics are also taken into account,
having to do with openings of the lower part of human face, the shape of the lips
and the combined use of teeth to partly obstruct the airflow (Wyke, 1983).

All these factors, have been described in detail within the previous section. The
driving mechanism for voice production, however, is dependent on the
neurocognition characteristics exerted over the muscles of the voicing mecha-
nism. Not all people convey their emotions, as far as speech and music are con-
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cerned, with the same intensity, magnitude or expressiveness (Weninger et al.,
2013). In the case of singing, when professional artists are concerned, all these
characteristics would determine the quality of performance as associated added
value (Scherer, 1995).

Not all people are gifted with the ability to stress skillfully their muscles, bones
and tongue to produce outstanding voicing patterns. Furthermore, even if two
persons share identical bodily characteristics, it is not guaranteed that they will
perform equally well. On the contrary, it seems that the neurocognitive appre-
hension of each one of them plays an equally important role, if not greater, since
the neuronal capacity for speech is not interchangeable nor can extend to any
direction (Kanai and Rees, 2011).

For instance, each person is very proficient phonetically in its mother tongue. In
special cases, some people have been taught to speak some more languages from
early childhood, developing apart from structured phraseology and vocabulary
the ability to pronounce words in the particular way that natives do. If the synap-
ses of the millions of neurons that are associated with phonation are not trained
so in early childhood, it seems that the potential to pronounce phonemes, words
or phrases deteriorates unrepairably. It is not the physical condition that is
affected as the mental state that is falling behind in movement, progress and
development of the parts of the phonatory mechanism (Magnuson and
Nusbaum, 2007).

V. PROBLEM FORMULATION AND ANALYSIS OF MELODIC PAT-
TERNS

In Israel are pertained in good condition historical buildings and shrines visited
by nearly all-Christian congregations. Since such kind of journeying is a rather
unique event, the bodies of believers from all around the globe seek to be
engaged actively in the religious services associated with or containing memora-
bilia of particular revered persons and ecclesiological events. Consequently,
they chant and cooperate all-heartedly in ekphonetic level ceremonies.

If the level of ritual complexity is beyond this prescribed form, more profes-
sional choirs and instrumentalists undertake the ceremonial formalities.

Usually visitors are quite relaxed, since they meet daily with thousands of people
that come from another part of the globe, speaking a multitude of native lan-
guages, with whom they share more or less common beliefs. Knowing that they
stray as a group amongst many others far away from their usual habitat rather
unpersonified, they behave most of the time in a natural manner; this is the case
indeed when they have opportunities for leisure.

When, however, they actively participate in rituals, they exhibit a very disci-
plined behavior in a series of actions performed according to a prescribed order,
which is different for every country; it seems that the cultural, historical, linguis-
tic (Chomsky, 1957) and climatic conditions prevailing in particular region have
a significant capacity on the character or behavior demonstrated by a person and
agroup (Goble and Ni Chasaide, 2003).

In most Christian shrines of Israel, no microphones and electronic amplifiers are
used to enhance human voice. As a result, the cantors, chanters and choir mem-
bers, and the congregation itself when musically responding, seek to perform
rather loudly, adjusting to the size of the building used for worship, so that the
melodic rendition is easily audible to all members of the assembly.

The monitoring of the phonetic characteristics was modulated as follows:

A. Phonetic Characteristics of Ethnic Groups: The historical sites of
Israel, Palestine and Middle East in general are visited by millions of tour-
ists annually. Visitors usually move by bus or similar vehicles and most of
the times they constitute a cohesive ethnically group sharing common
beliefs, liturgical practices and operational travelling modes to stopover
the places of interest. Nearly all times they have a guide who directs their
moves and provides them with insightful information (Fig. 13).

() (b) ©

Fig.13. Pictures of visitors in archaeological places of liturgical interest (a) The court of
the Holy Sepulchre, Jerusalem (b) Deir Hajla plaza, near the Jordan river (¢) Holy Cross
Monastery, Rehavia.

When group members talk with each other, they demonstrate three clearly dis-
tinctive energy levels of speech communication (Heald and Nusbaum, 2014):

Level 1. The very low radiation energy mode - usually speakers use this mode
when they don't want to be heard by others than their direct correspondents
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(Ruggles et al., 2014). Often, they enhance the communication channel by
observing their conversationalist's lips and thus understanding words that are
not otherwise very clearly audible.

Level 2. The average, normal radiation energy mode - it is a way of communi-
cation that expresses thoughts and feelings (Hellegouarch, 2002) by clearly
distinct articulate sounds (Schmidt and Kim, 2010); it is the mode that most
people use to communicate within group discussions and normal social activi-
ties (Redondo etal., 2008).

Level 3. The loud speech communication mode, involving significant levels
of energy. It is a deliberate way of speaking, arousing high energy levels of
sonic energy, which takes place when subjects are characterized by intense
feelings (Sodersten et al., 2005). Apart from galvanized atmospheres due to
excitement, relaxation or purposive activities, agitation for speaking loudly
may be chaotic dins caused by crowds of people, shifting the more enthusias-
tic population groups to laughter and shouting (Mladenovic et al., 2016). Lis-
teners positioned many meters away from the sound source can very clearly
hear the conversation.

At what time it comes to organized singing or chanting, people usually shift to
energetic Level 2 or Level 3. Their choral performance may have different lev-
els of complexity, in prosodic and musical terms (Zhang, 2015). It may be
ekphonetic, which means that the melody is rather simple and speech sounds
have a dominant position (Alku et al., 2002). When it is more complex melod-
ically, the modal elements are rhymed phrases with clearly rhythmic musical
phrases involved.

These characteristics of phonation where examined in three different assess-
ments in Israel, during September-October 2018.

B. Ekphonetic Characteristics of Ethnic Groups

The phonetic differentiation between languages (Cummins et al., 1999) was
examined in the main church of the Holy Sepulchre, under the same environ-
mental factors. In this monument, no microphones or other means of electro-
mechanical amplification of voice may be used. During an official celebra-
tion in September 2018, four well-trained deacons recited a widely known
portion of the Gospels (John 19:6-11, 13-20, 25-35 NRSV) in their mother
tongue. They rendered it respectively in Greek, Arabic, Russian and Roma-
nian. The style of the ekphonetic performance was the same - and this was
recounted by the fact that their renditions for a rather extensive text were
approximately the same in time length.

All deacons, contrasting their ethnic characteristics as far as the level of loud-
ness is concerned, produced similar energetic levels of voicing, at Level 3,
aiming to deliver with adequate sound pressure levels a respectful rendition of
the text, heard by all members of a multi-ethnic congested congregation.
Fairly long segments (~10s) of these recitals where analyzed using an 10"-
degree linear prediction model to denote unambiguous determination of for-
mant characteristics. Indeed, the variability of the second formant is indica-
tive of the different way that resonances and antiresonances are handled in
each language in perspective, i.e. how fricatives, laryngeal or evennasal con-
sonants are conducted in voicing (Fig. 14).

Fig.14. About 10s segments from four ekphonetic recitals of the same Gospel portion
(John 19:6-11, 13-20, 25-35 NRSV) by four different deacons in Greek (upper left),
Arabic (upper right), Russian (lower left) and Romanian (lower right).The first three
formants are depicted, with the second being approximated with linear regression of an
11th degree polynomial (blue line).

In Greek, vowels and diphthongs predominate; although they are elaborated
with surrounding consonants, fairly flat segments of smooth phonation curves
for the second format are formed with adequate sustain. In Arabic, although
phonation involves similar attitudes, with a comparatively open configuration
of the vocal tract and mouth, the continuous use of laryngeal consonants, like

asoft/h/, makes syllables to have a more harsh hearing. It seems that although
this language was developed in warm climates, the arid environment forces
speakers to avoid the results of dehydration (Miri et al., 2012) by adopting
attributes of physical action and movements which involve voice modulation
through expansion or contraction of the glottal and epiglottal area, where suf-
ficient levels of moisture are retained (Tao et al., 2010). Even further, a highly
energetic character appears in phonation, shifting with rapidity from one
speech pattern to another.

In Russian consonants prevail. Additionally, it is common to have continuous
streams of two or even three consonants, interrupted by very short vowel
intervals. Since the ekphonetic rendition has a melodic orientation, the end-
ings of phrases have considerable prolongation, not detected in normal,
everyday speech communication. Audible friction prevails with the use of
stops and sibilant fricatives aiming to prevent energy loss by inhaling cold air.
Speech intelligibility is achieved by short, sharp, high pitched sounds related
with consonants (Nan et al., 2008). There is a considerable variability in the
number of consonants involved, in the sense that even further they may alter
their phonation characteristics to “hard” or “soft” patterns, depending on the
short vowels or consonants that follow. While in Arabic this variability has as
epicenter the back of the oral cavity, in Russian the key points are the upper
and lower lip, the endo-labial part, the teeth and the alveolar ridge. Romanian,
on the other part, have a considerable resemblance with Greek, as they dem-
onstrate stability in sustaining vowel pronunciation. However, phonemes
have not many trills, monopthongs prevail characteristically over diphthongs
and they have a shorter sustain time.

C. Melodic Characteristics of Ethnic Groups

In the main worship building of the 4" century AD Monastery of Holy Cross at
the Rehavia district of Jerusalem, renovated in its current form in 1644 AD,
three different groups of about 20 persons each, interpreted in their mother
tongue a rendition of a well-known prayer (Matthew 6:9-13 NRSV). The first
group was Arab, consisting of an equal number of male and female choir mem-
bers (Klatt and Klatt, 1990). Their rendition was characteristically rhythmic,
rather ekphonetic in its prosodic nature. The second was Russian - the choir
leader was male, and lead the rendition with a powerful low frequency voice;
however, by far most of the members were female (Simpson, 2009). They
sang the prayer polyphonically, characteristically giving emphasis on the
mezzo-soprano voice (folding around 500Hz). The choral was more melodic
and slower in its harmonized final syllables, especially when compared to the
Arab version (Balkwill and Thompson, 1999). The third rendition was in
Romanian, performed ekphonetically by an almost all-female choir.

The choirs were very well trained in reciting the melodic piece (Howard,
2009). In a very respectful manner (Lu et al., 2006; Patel et al., 2011), again
without any voice amplifying instrumentation, they performed loud, at Level
3, adjusting the power of their phonation to less than 50% of'their voicing max-
imum, so to keep the melodic nature of the prayer and not to revert to shouting
(Scherera, 2017).

Fig.15. A well known prayer melodically performed successively by Arab (section A),
Russian (section B) and Romanian choirs (section C). On the upper part, the time series
of the recording is depicted. On the middle part the energy level distributions are shown.
On the lower part, the frequency spectrum is calculated.

The energy-frequency spectrum correlation (Master et al., 2006) of their sing-
ing is depicted in Fig. 15. In section A it is clear that the Arabic performance
has somewhat more energy than the other two (Varnet etal., 2017). Evidently,
the major characteristic of their performance is that voicing breaks into bursts
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(He and Dellwo, 2016), giving the distinctive cheerful, speedy motion of the
singing liveliness that characterizes this cultural group (Scherer, 2003).
Again, laryngeal consonants, like variants of /h/ are abundantly heard.

The performance in Russian, on the contrary, is by far greater in length
(Manfredietal.,2015); it is polyphonic and three distinct voices are used - nor-
mal male (between tenor and bass), mezzosoprano and soprano (Caclin et al.,
2008). The emotions intended to be provoked are put in another direction: sol-
emn procession celebrated with a formal and dignified tuneful rendition
(Laukkaetal., 2005).

For this purpose, vowels and diphthongs are stressed and prolonged. The
chirp-like operation of consonants for speech intelligibility is reduced, and
the meaning of words is correlated with melodic contours (Ferrer, 2009) that
have a clear influence from “Western” music of the 19th century and the first
half of the 20th. However, the mentality and the composing characteristics
have a unique “Russian” character - which a careful listener would easily rec-
ognize (Kharlamov, 2015).

The performance in Romanian has features from both (Iseli etal., 2007): it is
ekphonetic but it has melodic elements that suggest an influence from the
“West” and the “North”, apart from the relevance with the Eastern Mediterra-
nean substratum (Gjerdingen and Perrott, 2008). Vowels performed by the
female choirists are clearly depicted in the upper frequencies of the spectrum.

C. Sustainability in Voicing and Cultural Characteristics of Ethnic
Groups

This phase of the survey focused on how speech communication biases
convolve with dominant macroscopic linguistic patterns relating to national
or cultural origins. The members of visiting groups, as they entered the plaza
of the existing since the 5th century AD St. Gerasimus Monastery, in the Deir
Hajla oasis of the Jordan river desert, where usually casually speaking to each
other, asking other members of the group and the attendants about souvenirs
or local beverages and often they sat by the chairs of the café for refreshment,
speaking freely and quite relaxed. The ethnic groups monitored in this survey
in October 2018 where Greek, Russian, Romanian, Serb, Filipino, Middle
East Arab, Israeli Hebrew, Israeli Arab, and Eritrean residents of Israel (using
in their communication both Cush and Hebrew). They were enthusiastic in the
sense that they visited a site linked with each group's own historical and reli-
gious tradition, and they felt quite familiar with the surroundings and the con-
ditions of the monument. Although hundreds of tourists were flocking around,
they had a relaxed feeling of anonymity, since the limited perception by other
groups of their mother tongue communiqué, none of which is a lingua franca,
guarantees sufficient immunization against identification for their encounters
(van Dommelen and Hazan, 2012). All recordings compared hereinafter were
taken from the same point; as reference sound for normalization of the results
was used the welcome bell-ringing melody, which was electrically triggered
and thus had invariable characteristics. The temperature of the environment
was around 28° - 33° C, depending on the hour the actual recording took place
(Fig. 16).

Fig.16. Pictures of visitors, from diverse communities, socializing in the St.
Gerasimus Monastery Plaza, Deir Hajla, Israel.

The basic advantage for conducting this research in an oasis in the desert is
that, under normal circumstances, the boisterous, noisy environment that char-
acterizes urban habitats is totally absent (Yiu and Yip, 2016). When vehicles
and other electromechanical equipment are not interfering with the socializ-
ing crowd, the environment is noise free (Parbery-Clark etal.,2009).

The following characteristics were observed: Russians nearly never exceed
Level 2; as a matter of fact, under most situations they exhibit a confidentiality
attitude, reflecting a physical and mental activity giving prominence to a very
respectful attitude towards other people, having as epicenter Level 1 commu-
niqué. On the contrary, Greeks rarely speak amongst themselves with ener-
getic activity below Level 2, and many times conversations shift enthusiasti-
cally to Level 3. Pilipino or Middle East peoples demonstrate a similar atti-
tude, however somewhat more restrained, with Romanian groups sometimes
drifting to Level 1 communication. However, it is not easily configurable,
apart from the people coming from cold northern countries, to discriminate if
this group attitude is a settled tendency biased from socio-historical condi-
tions or prevailing weather conditions; even further, it may be a pretentious,
uncontrollably exuberant behavior for certain groups to publicly parade them-
selves.

However, as the groups monitored were not placed equally distanced around
the recording point, the focal processed quantity is not the energetic level of
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spontaneous voicing, which obviously is high (in observational terms Level 2
and beyond), but the sustainability to high levels of vocalization social activ-
ity (Peperkamp et al., 2010). For this reason, the processed energy levels of
group vocal outputs were approximated using a regression model of a 10"
degree polynomial curve, clearly seen in Fig. 17 (Markel and Gray, 1982).

Fig.17. Sustainability curves (estimated with regression methods) for voicing
levels in socializing conditions in Deir Hajla Plaza, for groups of 8-10 people.
Left, a Filipino group, center, a Greek group and right, an Israeli group, all
communication in their mother tongue.

As it may be seen in Fig. 17, for groups living in similar, more or less climatic
habitats (Filipino, Greek, Israeli), the energy levels are clearly high, produced
by speech with distinctly prevailing resonating features. Indeed, acoustically
the combination of short and long vowels prevails. The people from Philip-
pines speak clearly, loudly, in Hispanic most of the time, and demonstrate a
cheerful communication with limited constriction or obstruction. For the
Greek group, the fact that their language is epicentral to vowels with very
clear sustain pronunciation patterns, along with other cultural reasons, makes
the participants in conversation to maintain high levels of energy for consider-
able time intervals.

The same attitude is observed for the Israeli speakers. They are very lively and
cheerful in their communiqué. However, there is an obvious drift from the
highest energetic level, and their overall group pattern is interspersed with
notable ups and downs.

VI.CONCLUSION:

Climatic conditions of the natural habitat in which ethnic groups have developed
their linguistic potential are essential factors that mould the voicing characteris-
tics of the words used within the structures of speech communication. Along
with strong cultural bias exerted as an endowment advocating the social hered-
ity, they promote characteristic expression indices that reveal the influence of
powerful bioenergetic constituents.

This evaluation was based on the fact that the hundreds of visitors monitored
acted naturally, neither having any visible clue of being monitored nor feeling
that their anonymity had been violated, as they gathered with thousands of peers
from all the corners of our planet in historical congregations of Israel.

Since the recording conditions were not studio-standard, the survey emphasized
not on measuring the absolute levels of voicing parameters; rather it examined
potentials of speech communication and the singing voice that are qualitative,
deep-rooted distinctive features characterizing the diachrony of ethnic groups
and not the phenotype or ephemerality of their expression.
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