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ABSTRACT
The results of investigation of the differences among thenpimes of 574 languages all over the world
are presented. We attempt to verify the hypothesis of Afrimagin for all languages and gradual languages

diversification on other parts of the globe. The obtainedlitegustify the languages classification by applying
the methods used in evolutionary genetics.

INTRODUCTION

Language is a complex system of communication. Our abdityammunicate in words provides
evidence of abstract thinking, constitutes a proof of huitgaand distinguishes us from other
species. Every spoken language is a system of vocal sigresrged by grammatical rules. It
allows human beings are able to describe the world, exprasti@ns, verbalize wishes, record
history and make plans for the future. Scholars estimatdtieanumber of living languages varies
between 6000 and 7000 [1]. The human ability to communicatsth unique and fascinating.
Languages evolve and diversify over time. People have awanted to know how languages
had originated and developed. The study of language waatedtby ancient Greeks who tried
to dissect its nature [2, 3]. Today linguists focus on theitr@ggs of language and investigate its
history and structure. Languages differ in syntax, morpgpknd phonology. Many of them have
different forms called dialects that are spoken only inaierreas. Languages can be divided
into groups. A group of languages that descend from a commoestor belongs to one language
family. This classification helps us to order the majoritylafiguages on a similarity scale but
some questions remain unanswered. We still do not know wthereradle of human language is.
Atkinson [4] reported a declining trend of phonemic divigréhat pointed to the African exodus
of modern languages and serial founder model of languagansign. These conclusions are
coherent with results presented in [5] that population sidanguage speakers is correlated with
number of phonemes and that smaller populations use snphitereme inventories. Atkinson’s
article provoked severe criticism [6, 7]. One of the objectivas raised due to the simplification in
measurement of the phoneme inventories in data used forssft]. In this paper we use simple
statistical tools to analyse languages but instead of #ieghidata we use the precise one.
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In order to verify Atkinson’s hypotheses we analyse phomemientories of languages from 6
continents. Atkinson [4] used data obtained from WALS Dat#h[8], which consists of 504
languages, but as pointed in [7] it suffer from the simplifiza in measurement of the phoneme
inventories. Data obtained by authors in [7] consist of Stgyuages, but only 510 were chosen
for analysis (some languages were excluded to balance atimgugstic families). We analyse
574 languages from data used in [7]. Although we use onlymtyu@6 of world languages, they
cover approximately 50% of world population. Then we diagthe collected data for each con-
tinent. The vowel diagrams and the consonant diagrams cenfg@guages with rich phonemic
systems with those with poor phonemic systems. Below weeptenalyses for each continent.
We analysed distribution of size of vowel and consonantritmeées in languages. We arbitrary
choose unimodal distributions (except in one case) thatalk to easily compare them. For every
distribution we fit Gaussian function
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using trust—region method, approximated distributiomesstwown in Figs. (2)—(6).
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Figure 1. Histograms of vowel (left) and consonant (right) diversityanguages
of Europe.
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Figure 2. Histograms of vowel (left) and consonant (right) diversityanguages
of Africa.

Europe
Our analysis has covered 70 of the numerous languages spokemope (see Fig. 1). The ma-
jority of the European population use more than 20 consartauttonly a few vowels. Most of
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Figure 3. Histograms of vowel (left) and consonant (right) diversityanguages
of Asia.
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Figure 4. Histograms of vowel (left) and consonant (right) diversityanguages
of North America.
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Figure 5. Histograms of vowel (left) and consonant (right) divergityanguages
of South America.

these languages have from 5 to 6 vowels and 24 to 25 conscohlaatargest group of people use

5 vowels and 36 consonants. There is one language with 84¢cants.
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Figure 6. Histograms of vowel (left) and consonant (right) diversityanguages
of Oceania.
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Africa
According to [4], Africa is the place where the phonemic déity is the greatest. We have anal-
ysed 88 African languages (see Fig. 2). It turned out thatrims of the number of vowels they are
comparable to languages from other continents. The induatisibf Africa use from 4 to 11 vowels.
Most of them use 5 vowels. People with rich phonemic systetrhs/owels) are in the minority.
What is more, African languages possess between 13 and 66mamts, but the majority of them
have from 15 to 35 consonants. Only 10 African languages B&8wmnsonants or more.
Asia
We have analysed 166 languages from the Asian continenf{ge®). Asian languages have from
3 to 20 vowels, but the majority of them have between 5 and % Veounds. Asian languages
have up to 58 consonant phonemes. There are 30 languagekdwitt21 consonants.
North America
The indigenous languages in North America have from 8 to 5Gapants, but the majority of
them use between 10 and 20 consonant sounds (see Fig. 4)oWwkesystems are not as rich as
the consonant ones. The indigenous languages have fromateeds. A major part of the North
American Indians use 4 vowels and 20 consonants. Languaitfesieh phonemic systems (35
to 50 consonants) have relatively few native speakers. Mi&merican languages have 5 or 6
vowels and 13 consonants.
South America
All the indigenous languages of South America have quite pbonological systems (see Fig. 5).
We have analysed 28 languages and most of them have only Gsvang 10 consonants. The
majority of the Amerindians use 3 vowels. The languages itinLAmerica have from 3 to 9
vowels and 8 to 26 consonants.
Oceania
Oceania is the second poorest area (after South Americarstof the number of phonemes (see
Fig. 6). 94 indigenous languages have from 2 to 11 vowels ahalden 7 and 51 consonants, but
there are only 4 languages with more than 26 consonants.eSudjority of the languages have
between 7 and 25 consonants.

CONCLUSIONS

In Table 1. we show expected number of phonemes in languagesah continent, their standard
deviation and number of people that are using examined kgegI Table 2. presents parameters
of calculated Gauss function (1). Sound diversity amonguages differs depending on the con-
tinent. All world languages can be divided into four groupke greatest phonemic diversity can
be observed in Africa and Europe. Next is Asia and afterwisliatsh America. Oceania and South



S. Kacprzak, M. Ziétko, M. Masior, M. Igras, K. Ruszkieai

Table 1. Speech sounds statistics (consonant, vowels and all of)teeafuated
for languages and for population

Languages statistics Population statistics
Area Expected | Standard | Expected | Standard | Languages |Population
value deviation value deviation number [min]

Africa 27,74 10,32 28,85 10,63 88 243,2]

2 |Asia 24,48 8,21 25,54 6,54 166 3300,2
g Europe 26,96 10,20 26,32 6,77 70 691,2
5 |North America 23,42 10,44 23,71 7,96 127 4,2
© Oceania 17,37 6,23 14,57 43 95 1,4
South America 16,43 5,38 24,67 3,21 28 2,3
Africa 6,49 1,65 6,25 1,48 88 2432
Asia 7,13 2,46 8,63 2,07 166 3300,2

7; Europe 8,04 3,27 8,64 3,84 70 691,2
S |North America 4,97 1,26 5,07 1,4 127 42
Oceania 4,94 1,71 6 1,89 95 1,4
South America 5,29 1,41 3,53 1,17 28 2,3
Africa 34,23 9,88 35,10 10,23 88 243,2]
Asia 31,60 9,30 34,17 7,32 166 3300,2

= |Europe 35,00 9,80 34,96 6,13 70 691,2
< North America 28,39 10,74 28,77 8,98 127 4,2
Oceania 22,31 6,31 20,57 4,33 95 1.4
South America 21,71 5,14 28,19 2,24 28 2,3

Table 2. Speech sounds statistics obtained from approximationsbflaitions
with Gauss functions (1)

Area I 5, o, I, 5, o, S Root Mean

quared Error

Africa 24,81 6,66 82,04 - - - 1,15

2 |Asia 21,53 5,68] 152,57 - - - 2,05
E Europe 24,29 5,50 63,13 - - - 1,66
g North America 15,23 4,31 74,42 31,51 4,14 45,97, 1,39
© |oceania 16,45 4,81 93,10 - - - 1,02
South America 16,48 6,70 30,89 - - - 1,03
Africa 6,12 1,65 88,07 - - - 7,56
Asia 6,81 2,26] 166,06 - - - 4,30

T‘E Europe 6,75 2,45 63,25 - - - 3,28
§ North America 4,94 1,33 129,81 - - - 4,42
Oceania 5,13 0,58 56,28 - - - 8,97
South America 5,79 0,53 20,15 - - - 2,23
Africa 31,66 6,25 81,70 - - - 1,05
Asia 29,16 6,95 156,82 - - - 1,70

— [|Europe 33,90 7,23 68,45 - - - 0,77
< North America 25,75 11,35] 129,13 - - - 2,02
Oceania 19,06 2,66 27,50 - - - 0,88
South America 22,43 5,95 30,16 - - - 0,84
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Figure 7. Comparison of approximated distributions Eq. (1) of phoitediver-
sity across the world.

America belong to the last group marked by relatively lowedsity. From Table 1. we see that
taking into account population size resulted in increasexpkected value of phonemes inventory
size, in that sense our results are consistent with [5]. Ferpected values of vowels inventories
(taking into account population size) in Table 1., we sealtegonsistent with [9], where based
on analysis of 621 languages five vowel system is predictéideasiost original vowel system of
human languages.
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