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Language has a fundamental social function,
it is a widely used mean of communication,
dynamic, robust and still so simple; a specific
human capacity, capable of carrying our thoughts
and maybe the only feature that make us humans
fundamentally different from other species, and
still so vaguely understood. Approximately from
3000 to 7000 languages are spoken nowadays,
all of them hold remarkable distinctions one
from another, but still have much in common.
Recent research on cognitive sciences have
concluded that patterns of use strongly affect
how language is perceived, acquired, used and
changes over time. It is argued that languages
are self-organizing systems, and that language
usage creates and shapes what languages are. The
linguistic competence of a speaker is attributed
to self-organization phenomena, but not to a
nativist hypothesis. The purpose of this study is
to develop statistical analyses of language usage
based on a detailed investigation of the Zipf’s
law and other laws of quantitative linguistics.
We will develop a systematic empirical
investigation of phenomena via statistical,
mathematical and computational techniques.
We carry out, first, a horizontal analysis
across different languages using the UCLA
Phonological Segment Inventory Database. This
analysis is followed by a vertical investigation of
English patterns in different linguistic structural
levels. In addition to the results obtained with
Zipf’s law, information theoretical analyses
are done in order to understand the trade-off
between the efficiency of language information
transmission and language complexity. We
observe that the features of linguistic elements
and their interrelations abide by universal laws
(in the stochastic sense). These analyses are
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important for a quantitative comprehension of
linguistic concepts that are already well known
qualitatively, providing a means to understand
the processes underlying language usage and
evolution. Understanding how languages work
and evolves might be the only hope to create
technological artifacts that truly exhibit human-
level communication capabilities, being able to
understand and produce human-like sentences/
utterances.

Language is a biological, psychological
and social process. The study of language as
a communication process involves insight on
these subjects and a scientific analysis of data
produced as a mean of information transfer.
Performing a statistical analysis of language is a
way of acknowledging its unpredictable nature,
astheuncertainty intrinsic to itis the way in which
it is possible to carry information. Although
language has a random nature, it holds an order,
coordination and structuration that imposes
an amount of redundancy to the transmitted
message. It is important to characterize the
process and understand what variables are into
play in the communication process. Language is
not a process controlled by a single agent, rather
it is driven by interactions of multiple agents,
it is wholly decentralized or distributed over all
the components of the system. All languages
attain such characteristics and therefore it
is important to analyze languages from this
common ground and try to understand, based
on the common patterns observed in languages,
how languages work. We need then to change
our paradigm of ‘linguistic universals’. As we
might observe, language speech inventories
are quite diverse and there are vanishingly few
linguistic universals in direct sense left. On the
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other hand, as we regard language as a adaptive
complex system, we shall observe that there are
patterns in language that are also usual in natural
phenomena. The ubiquity of power laws is the
most notorious one and for that reason we will
deeply investigate the well know Zipf’s law.

In this study the focus will be on a statistical
analysesoflanguage usage, performing adetailed
investigation of quantitative linguistics laws. The
approach chosen consist on first analyze different
languages and then perform a deep examination
on English patterns. The communication process
is observed under the information theoretical
point of view to understand the relation existing
between the efficiency in information transfer
and the complexity of the system. These
analyses are important to comprehend how the
language communication phenomenon works
and correlate the findings with the well-known
linguistic concepts. The analysis of language
as a complex system is radically different from
the traditional analysis based on a static system
of grammatical principles, as a result of the
generativist approach. This new approach to
language is important for it may allow a unified
understanding of seemingly unrelated linguistic
phenomena, such as: “variation at all levels of
linguistic organization; the probabilistic nature
of linguistic behavior; continuous change
within agents and across speech communities;
the emergence of grammatical regularities
from the interaction of agents in language use;
and stage like transitions due to underlying
nonlinear processes” (Beckner et al., 2009). The
language patterns are important for language
usage, acquisition and efficiency. A well-known
example is the word frequency effect on lexical
access (Whaley, 1978; Grainger, 1990; Andrews,
1989). Low frequency words require greater
effort than high frequency words on recognition
task, leading to a poorer performance on speed
and accuracy tests. Words might be ranked in
order of their frequencies of occurrence and that
leads to the observation of a power law relation
between word rank and frequency. Length of
words is also not a mere hazard but a rational

deliberation aiming a thrifty and efficient use of
resources in a communication process. The way
a language sound system is organized seeks a
maximal dissimilarity between stimuli. This is
an important choice in order to convey maximal
information transfer between speaker and listener
in a noisy environment. In this huge universe of
multiple possible combination of structures, we
believe the formation of a language is guided
by choices, which organize and structure the
random process of communication. Languages
are complex systems whose emergence is an
event of central importance to human evolution.
Several remarkable features suggest the presence
of a fundamental principle of organization that
seems to be common among all languages.

In this dichotomy of ‘language as chance’
- ‘language as choice’, applying quantitative
methods are fundamental to let us draw insights
on nature of this communication phenomenon.
This dichotomy, rightly understood, might
appear as the bridge between the two dichotomies
proposed by Saussure: ‘langue-parole’ and
‘significant-signifies. “In fact, the relation is
quite close: language as change refers to the
langue-parole dichotomy in its interpretation
as that between statistical universe and sample,
whereas language as

“If a statistical test cannot distinguish
rational from random behavior, clearly it cannot
be used to prove that the behavior is rational.
But, conversely, neither can it be used to prove
that the behavior is random. The argument
marches neither forward nor backward” (Miller,
1965). Contrary to Miller’s belief, we argue that
a statistical characterization of language as a
communication process is of central importance
to trace the line that distinguishes a mere
random event from another, also random in
nature, but that stands in the watershed between
chaos and order, establishing a balance between
information transfer and communication cost.
The idea of statistical treatment of language
data is not new, and we might even say that
linguistics is not possible without some degree
of statistical classification. Linguists have
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always used patient recording, annotations
and classifications in order to imagine
what would be a possible grammar for that
language. Moreover, a regularity in the historic
observation of language, like the Grimm’s law
consonantal shift, could only be realized after
an investigation on a long and patient collection
of data. Comparative philology also uses the
comparison of a great mass of linguistic data to
establish the relationships among languages and
families.

“The effectiveness of language as a means
of communication depends, naturally, on its
being highly patterned, and hence on its users’
behavior being predictable, not necessarily
as to the meanings they will convey in each
individual situation, but as to the phonological,
morphological, and syntactical paths they will
follow in so doing. Yet no set of speech-habits
is entirely rigid or ultra systematic... There
are always loose ends within the system of
speech behavior. It is this inherent looseness
of linguistic patterning, together with built-in
redundancy, that makes change not only normal
but inevitable, and thus a basic part of language.
The great mistake of the idealists (determinists)
is their overemphasis on vocabulary choice as
the only source of linguistic change, and their
consequent neglect of the habitual aspects of
language. Our linguistic behavior is very largely
a matter of habit, and, in Twaddell’s words,
‘below and above the control of the individual’ —
below because it is so largely unreflecting habit
in brain, nerve, and muscle; above, because it is
so largely influenced, from its very inception in
each of us, by the behavior of other members of
the community.

Each individual builds up his own set of
speech-habits, his idiolect, in himself, and of
course the idiolect is the only ultimate linguistic
reality. Entities such as ‘dialect’ or ‘languages’
are always abstractions formed on the basis of a
comparison of two or more idiolects... Yet this
does not mean that each individual ‘creates’
his language ex novo; virtually all our speech-
habits are built up through imitation of those of
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other individuals, and what little is ‘original’
with each speaker derives from combination of
already existing patterns. An idiolect is effective
as a means of communication only because it
closely resembles the idiolects of other speakers.
There is never an absolute identity between
any two idiolects, but there can be a very
close similarity which justifies our abstracting
(naively or analytically) what is common to
them and treating it as an entity. Each language,
each dialect has its phonemic structure, and only
what is within that structure is possible for the
speaker and listener of the language or dialect.
And within the limits of structure imposed by
the community, the individual speaker makes
his choices... He sees his choices as free and...
comes to ignore the limitations and move about
them comfortably, so that the real choices
become the only choices he sees” (Hall, 1964).
In order to capture language as an emergent
identity on the vast universe of idiolects and
spoken realizations, it is important to observe
the recurring patterns on a large dataset
and extract linguistic meaning from it. The
quantitative analysis of languages is important
to produce a systematic empirical investigation
of the language phenomenon via statistical,
mathematical or computational techniques.
It is grounded on a large data of empirical
observations, which are used to develop and
employ mathematical models, theories and
hypothesis pertaining the phenomenon.

The quantitative approach to language
analysis data back to the ancient Greek who have
used combinatorics to investigate the formation
of linguistic structures. Later, the philologist
and lexicographer Al-Khalil ibn Ahmad (718-
791) used permutations and combinations to
list all possible Arabic words with and without
vowels. William Bathe (1564-1614) published
the world’s first language teaching texts, called
‘Janua Linguarum’, where he had compiled
a list with 5.300 essential words, according to
their usage. From the end of the 19th century
many scientific works on language started using
the quantitative approach. Augustus De Morgan
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(1851), for example, on the statistical analysis of
literary style, suggested that one could identify
an author by the average length of his words.
Many scientific counts of units of language or
text were published in the 19th century as a
means of linguistic description: in Germany,
F orstemann (1846, 1852) and Drobisch (1866);
in Russia, Bunjakovskij (1847); in France,
Bourdon (1892); in Italy, Mariotti (1880); and
in the USA, Sherman (1888). From the 20th
century on, many scientific works have been
produced on quantitative linguistics.

The linguistic analysis of a language is
the observation of certain recurring patterns,
their transformation over time and interactions.
Patterns that occur systematically across natural
languages are called linguistic universals. An
important goal of linguistics is to explain the
reason why these patterns, emerge so often,
which is also a concern of cognitive studies.
Some approaches might be used to carry out
systematic research and to analyze the role of
these regularities on languages. We are here
concerned with a statistical analysis based on
real world data, through the usage of linguistic
corpora, and with computer simulations of
models mimicking language interactions.

We know that speech sounds used in
spoken communication vary from one language
to the other. We propose to perform a statical
analysis of the speech inventories used in
different languages. For this purpose, we will
use the UCLA Phonological Segment Inventory
Database (UPSID) which has 451 languages
in its database. We will observe the different
speech inventories used and their characteristics.
Among these various languages, we will observe
that some speech sounds are very common
while others are quite rare. All these analyses
presupposes that a speech utterance might be
segmented into distinctive speech segments,
phones. The UPSID has a detailed description
of the phones used in each language and much
information might be extracted by means of this
database. It is still unclear what is the nature of
the language constituent elements, how they

are used and organized, and how they change
over time. The phoneme, taken as a mental
representation, the basic element of spoken
language, has been questioned over its status on
the study of language. Port (2007) argues that
“words are not stored in memory in a way that
resembles the abstract, phonological code used
by alphabetical orthographies or by linguistic
analysis”. According to him, the linguistic
memory works as an exemplar memory, where
the information stored is an amalgam of auditory
codes which include nonlinguistic information.
The acceptance and usage of the phonetic model
is a reflex of our literacy education (Port, 2007;
Coleman, 2002). The assumption of a segmental
description of speech is also desired since it
guarantees a discrete description at the lower
level, what implies discreteness at all other
levels. All formal linguistics is based on one a
priori alphabet of discrete tokens. There are
many interactions between speech and writing.
Lev S. Vygotsky was a psychologist who took
an active interest in the cognitive consequences
of writing, studying how speech affected writing
and vice versa. “Writing requires deliberate
analytic action on the part of the speakerl. In
speaking, he is hardly conscious of the sounds
he produces and quite unconscious of the
mental operations he performs. In writing, he
must take cognizance of the sound structure
of each word, dissect it, and reproduce it in
alphabetic symbols, which he must have studied
and memorized before™” (Vygotsky, 1934). The
relationship between writing systems and spoken
language is also a theme covered by Coulmas
(2003). According to him, “the introduction of
writing implies a cognitive reorientation and
a restructuring of symbolic behavior. Names
of objects are conceptually dissociated from
their denotata, as signs of physical objects are
reinterpreted as signs of linguistic objects,
names. In a second step, signs of names are
recognized as potentially meaningless signs of
bits of sound, which are then broken down into
smaller components” (Coulmas, 2003).
Considering words as unities of mental

47



THE CAUCASUS AND THE WORLD - International Scientific Journal

KABKA3 U MUP - MexayHapoaHblii HAyYHbIi AKYpHAT

processing, it is important to investigate the
aspects involving this hypothesis. Miller (1956)
suggested that the short-term memory storage
capacity is constant in terms of the number of
chunks. If we could consider words as chunks,
then the short-term memory capacity should be
the same regarding the size or duration of words.
Baddeley et al. (1975) explores the relations
between the memory span and length of words.
They observed that memory span is inversely
proportional to word’s length. Word’s duration
was recognized as an important aspect, since
it was recognized that words of short temporal
duration were better recalled than words of long
duration, even when the number of syllables
and phonemes are held constant. The results
achieved by Baddeley et al. (1975) have some
implications on Miller (1956)’s suggestions,
“that memory span is limited in terms of number
of chunks of information, rather than their
duration. It suggests a limit to the generality
of the phenomenon which Miller discusses,
but does not, of course, completely negate it.
The question remains as to how much of data
subsumed under Miller’s original generalization
can be accounted for in terms of temporal rather
than structural limitations” (Baddeley et al.,
1975).

In this study we have focused on applying
a statistical analysis on language use data,
in special investigating some already know
quantitative linguistic laws. Initially we have
performed a horizontal analysis across different
languages, using the UPSID. Afterwards we
have attained our attention to the patterns of
use of only one language: English, performing
the in multiple linguistic levels. We have also
the classical Information Theory to carry out a
systematic inquiry to examine language under this
perspective, in order to understand the trade-off
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EKATEPUHA MAPYALIIBUJIN

Jounent LEPL I'py3unckuii rocyiapcTBeHHbIH MeJarornueckuii yaupepcurer Gu3n4eckoro BOCnu-
TaHus u cnopta (I'py3usn)

CTATUCTUYECKHUU AHAJIN3 UCITOJIB30OBAHUS SI3BIKA
Pesiome

B sToM MccnenoBaHuy Mbl COCPEIOTOUMINCH HA IPUMEHEHHH CTATUCTUYECKOrO aHalu3a JaHHBIX 00 uc-
MOJIb30BAaHUH SI3bIKA, B HACTHOCTH, HA MCCIIEAOBAHNN HEKOTOPBIX YK€ M3BECTHBIX KOJIMYECTBEHHBIX JIMHIBU-
CTHUYeCKHX 3aKOHOB. CHa4asa Mbl POBEJTN TOPU3OHTAITLHBINA aHAIM3 TI0 pa3HbIM s3bIkaM, ncronb3ys UPSID.
Ilocne sTOro mMbl OOpaTUiIM BHUMaHWE Ha 3aKOHOMEPHOCTH MCIOIb30BaHUs TOJbKO OJHOTO Si3bIKA: aHIJIMK-
CKOTO, BBITIONIHSSI HA HECKOJIBKHX S3BIKOBBIX YPOBHAX. Y HAC TakKe ecTh Kiaccudeckas Teopus WHPOpMaLUu
U1l IPOBEIEHUsI CUCTEMaTUUECKOTO MCCIIEA0BaHMs A3bIKa C 3TOM TOUKU 3PEHHUs!, YTOOBI MOHATh KOMIIPOMHCC
MeskIy 3(h(EeKTUBHOCTBIO Mepeiadyr MHPOPMALMH U CIIOKHOCTBIO CUCTEMBI. DTH aHAITM3bI MOKa3alld BAKHOCTD
JOCTHXKEHUSI KOIMYECTBEHHOTO MOHUMaHUsI IMHIBUCTUUECKUX KOHLICTILUH, KOTOpbIE YK€ XOpOLLIO U3BECTHBI U
onucaHsl B uteparype. Takoe vccieo0BaHHe BaXKHO U1l TIOHUMaHHS POLIECCOB, JIEKALIUX B OCHOBE UCMOJb-
30BaHMs U 9BOJIIOLMHU S3bIKA, YTO HEOOXOAMMO AJISl CO3/1aHMs JTyqLIed MOJIENH, KOTOpas MOKET OBbITh MpHUMe-
HeHa ISl CO3/1aHHs TeXHOJIIOTHYECKHUX apTe(aKToB, KOTOPbIE AEHCTBUTEIBHO IEMOHCTPUPYIOT BOZMOKHOCTH
o0LIeHus HA YPOBHE YeJIOBeKa.

UrtoObl TyHlIe MOHATH POJb, KOTOPYIO UTPAIOT 3T acleKThl B TOM, KakK SI3bIK CTPYKTYPHUPOBaH, OpraHu3o-
BaH U MCIOJIb3YETCs, Mbl [IPEAJIaracM 37€Chb CTaTUCTUYECKUI aHaIU3 ¢ UCIIOJIb30BAaHUEM KOpITyca. DTO 3aHsUI10
Obl MHOTO BpeMEHH W MOTpeboBasio Obl GONBIIOro 00beMa paboThl, YTOOBI COOpaTh peYeBOil KOPIYC W HC-
Mosb30Barhk ero. BMecTo aTOro Mel npeasaraeM MCMoiAb30BaTh TEKCTOBBIM KOPIYC, C0OBAPh MPOM3HOLICHUS U
00pasupl peyu, MpeAoCTaBIeHHbIE OHIaHH-CIOBapsIMU. AHaIM3 37ech Oy/IeT KacaTbCsl TONbKO CTaTUCTUUECKUX
ACMEKTOB JJIMHbl HAITMCAHHBIX W MPOM3HECEHHBIX CJIOB, YTO BAaXKHO, MOCKOJIbKY JIMHA PACCMATPUBAETCSl KAk
acTmeKT MEHTaIBHOTO MPe/ICTaBIeHus, cpean ipounx ocodeHHoctei (Port,2007). MeHaeHxo1 MOHSIT, YTO W3-
yueHHe AJIMHBI CJIOBA, B YACTHOCTH, aHAIMU3 paclpeesieH s CIOB Pa3HOM AJMHbI, BAKHO sl YCTAHOBJICHUS
cpaBHeHui ctuieid. Menaenxomn (1887) uccnenoBan paznuuums B quTeparypHbiX cTwiax JlukkeHca u Tek-
Kepesi B TOM Mepe, B KaKOW 3TO KacajoCh paclnpelesaeHus AJUHbI ¢a0Ba. TOT >ke MOAXOA BIOC/IEACTBUU HC-
nosb3oBasicss (Mendenhall, 1901) nnst ananuza apropersa nbec lllekcnupa. Tlo nmoncuety cioB iMHON TpU.
Ilo cpaBHEHMIO ¢ BAKOHOM, KOJIMYECTBO CJIOB AJIMHOM B TpH ClloBa ObUIO Golblie, YeM Yy 4eThIpex, Uy bakoHa
TaKxKe ObUIO 3aMeTHO OoJIblliee KOMMYECTBO JUIMHHBIX CJIOB, yeM y Lllekcnupa.
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