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APPLICATION OF BAYES’ THEOREM TO DETERMINE THE QUANTITATIVE
STATUS OF VOCALISM IN A PROTO-INDO-EUROPEAN LANGUAGE

This article is the latest in a series of articles by the author in which he applies mathematical approaches to the analysis
of linguistic phenomena (see Humanities Science Current Issues. Issues 35, Volume 1, 2021; and Issue 40, Volume 1, 2021).

In particular, this article draws on Bayes theorem, a concept from probability theory, which the author uses to determine
the quantitative status of the vowel system of the Proto-Indo-European language. As is well known, the question of the
number and nature of vowels in Proto-Indo-European is a matter of debate. The prevailing view in linguistics is that the
number of vowels ranges from one phoneme to ten. It seems logical to us that the set of vowels in Proto-Indo-European
can be determined using three factors: 1) the known sets of vowels in modern and ancient languages of the Indo-European
area, including extinct languages; 2) the alternations of these vowels, and 3) Bayes’ theorem. To achieve this aim, the
author proposes using the vowel systems of 13 Indo-European languages (10 living languages — Ukrainian, English, Greek,
German, French, Spanish, Bulgarian, Turkish, Armenian, Hindi — and 3 extinct languages — Latin, Sanskrit, Hittite).

Applying Bayes’theorem to phonetic phenomena for the first time in linguistics, the author introduces into this theorem
a special coefficient Y ph x 2, which represents the sum of vowel phonemes in the language, multiplied by two. The author
explains the nature of this coefficient by the fact that, with every act of articulating a particular vowel phoneme, the
speaker faces a dilemma: the need to consciously or unconsciously choose one of TWO possible variants of the same
phoneme, or one of two adjacent phonemes. With good training, i.e. when the correct pronunciation is established, this
may be a conscious choice of one correct (standard) phoneme or its variant, or, as happens with insufficient training, an
unconscious erroneous choice of a phoneme variant or an adjacent phoneme, i.e. when the articulatory intention becomes
replaced with its actual execution. Thus, drawing on Bayes’theorem and etymological research, the author demonstrates
that the Proto-Indo-European language could not have had more than three vowel phonemes. Furthermore, the author
derives a general universal: the number of vowel phonemes in a language is inversely proportional to the magnitude of
their alternation index.
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3ACTOCYBAHHSI TEOPEMHU BAHECA
JJIs1 BABHAYEHHSI KBAHTUTATUBHOI'O CTATYCY BOKAJII3MY
IMPATHJIOE€BPOINEMCHKOI MOBHU

Ilpononosana cmammsi € npo0oeiceHHsM cepii cmametl asmopd, 8 SIKUX 8IH 3ACIMOCO8YE MAMEMAMUYHI NiOX00u 00 aHa-
T3y MOBHUX A8UWY (0U8. AKmyanbHi numannsa ymanimaprux Hayk. Bun. 35, mom 1, 202; a maxoxc Bun. 40, mom 1, 2021).

3okpema, 6 yit cmammi 3acmMoco8yemMbCa maxka Kamezopis meopii umosgipnocmi, ik meopema baiieca, axky asmop
BUKOPUCTNOBYE OISl BUSHAYEHHS K8AHMUMAMUBHO20 CINAMYCY 80KANIYHOI cucmemMu NPain00E8PONEiCbKOi MO8L).

Hx 6ioomo, numanms npo KinbKicmoy i AKICMb 2010CHUX Y NPATHOOEBPONECUCHKIL MOBI € npeoMemom OuUcKycii. Y nine-
gicmuyi nepesadicaioms No2usouU, 32i0H0 3 AKUMU KIIbKICMb 20JIOCHUX KOTUBAEMbCS 610 0OHIEL ponemu 00 decsimu. Ham
BUOAEMBCS TOSIYHUM, WO MHOJICUHY 20IOCHUX NPATHOOEBPONEUCHKOI MOBU MOICHA SUBHAUUMU 34 OONOMO20K MPbOX
Gaxmopis. 1) gi0oMUX MHONCUH 20TIOCHUX CYUACHUX [ OABHIX MO8 THOOEBPONEUCHKO20 APeaiy, BKAIOUAIYU GUMEPIT MOBIL,
2) uepaysansv yux 2010CHUX, a maxoxc 3) 3a donomozoro meopemu Batieca. Aemop npononye onsa 0ocsieHenns yiei memu
suxopucmamu 2010cHi cucmemu 13 indoesponeticokux moé (10 scusux — yKpaincovKy, aneiilicbky, 2peysbKy, Gpanyy3bKy,
icnancobky, 6012apcbKy, MypeyvKy, 8ipMeHCbKY, epeybKy, Xindi ma 3 eumepii — 1AMUHCHbKY, CAHCKPUM, XeMCbKY).
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Bnepwie 6 ninesicmuyi sacmocogyiouu meopemy batieca 0o gponemuunux sa6uwy, asmop 6600ums 00 yiei meopemu
cneyianvHull Koeiyienm Y ph X 2, akuil supasicae cymy 2010CHUX poHeM y MO8I, NOMHONCeHY Ha 08a. [Ipupody makxoeo
Koe@iyieHma agmop NOACHIOE MUM, WO NPU KOHCHOMY aKMI apmukyiayii miei uu inuoi 2on1ocHoi ponemu nepeo mosyem
KOJCHO20 pa3y cmoimv ounema, AKa noaa2ae 8 HeobXioHocmi c8i0omMo2o uu Hecg8ioomozo eubopy oonozo 3 JIBOX moocau-
sux eapianmie oOHi€l 1 miel dc ghonemu, abo s 0OHicl 3 060X cymidxcnux gonem. Ilpu xopowomy mpeninzy, mobmo npu
NOCMAHOBYL NPABUILHOT 6UMOBU Ye Modice Oymu c8i0oMull 8ubip 0OHiel npasuibHol (cmandapmmoi) onemu uu iv sapi-
anma, abo sic, wo bysae npu HeOOCMAMHLOMY MPEHIH2Y, HeCGIOOMUL NOMUIKOBULL BUOIP 8APIAHMA (POHEMU YL CYMINCHOT
Gonemu, mobmo Ko ApMUKYIAYIUHUL HAMID 3AMIUAEMbC PEAlbHUM 1020 6UKOHAHHAM. TaKum YUHOM, CNUPAYUCH
Ha meopemy Batieca ma emumono2iuni 0ocaiodxicents, asmop 00800umb, U0 NPAIHOOEBPONEUCHKA MOBA He MO2A MAMU
oinvue mpvox zonocnuux gponem. Kpinm mozo, asmop 8ugooums yHisepcauito: KilbKicme 2010CHUX (POHeM Y MOBI obepHe-

HO NPONOPYIiHA GeTUYUNT THOEKCY IX anbmepHayill.

Kniouogi cnosa: meopis iimogipnocmeil, uepey8anus 20J10CHUX, NPATHOOEBPONEUCHKA MOBA, eMUMOILO2Is, meopema

baiieca.

It is well known that the reconstruction of the Pro-
to-Indo-European language (PIE) through the com-
parison and analysis of common and distinctive fea-
tures of living Indo-European languages (I-E) is one
of the greatest achievements of linguistics during its
existence as a science.

Statement of the problem. The proposed dis-
course draws attention to a contradiction that has
been taking place in linguistics during the 19th and
20th centuries, and which for some reason no one
pays attention to. On the one hand, if we believe ety-
mological studies and etymological dictionaries, we
can observe that in every single PIE root, without
exception, there is an alternation of vowels.

Examples.

*PIE root *gEl- means cold, to freeze — in Eng
chllly (causing a sensation of cold) — Old Eng-
lish ciele, cEle (coolness) — cOld — Eng cool [kU:I]
(Harper, 2000) — Ger kAlte (coldness). All 6 vowels
of the Hellwag triangle are involved in alternation.
(This example demonstrates that the PIE proto-sound
*E alternated with *I, *A, *O, *U, which could be
either allophones or fixed phonemes, which later in
different languages definitely turned into separate
phonemes).

*PIE root *sAl- in Eng silt [silt] (fine sand, clay,
or other material carried by running water) — Eng sEll,
Ukr cEnpb — Ukr cAsbno (balance), Lat sAlarium (an
allowance, a stipend, a pension, said to be originally
“salt-money, soldier's allowance for the purchase of
salt” — Eng sal [s/ZEl] (salt) — Eng salary ['sAEleri] —
Eng salt [sD:1t], to solder ['sD1da] (to braze) — Sp sOI-
dar (to solder) — Eng soldier ['so0ld3a] — Sp sUeldo
(the 1st person from ‘soldar’) — Lat sUIphur (salt of
sulfur) (Harper, 2000). All 6 and more vowels of the
Hellwag triangle are involved in alternation.

*PIE root *Oyno-, Oyko— means Eng one [wEn] —
in Pre-Sl Inii — Gr hETs, Eng alone [0'1©0n] — Got Ains,
Toch sAs — Lat Unus (Harper, 2000). All 6 vowels of
the Hellwag triangle are involved in alternation etc.

On the other hand, it is noted that Proto-Indo-Eu-
ropean had 10 vowel phonemes. However, given the
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total alternation of vowels, such a number of pho-
nemes is impossible.

So, the aim of this article is therefore to resolve
the contradiction mentioned above and to determine
the exact number of vowel phonemes in Proto-In-
do-European.

Review of the literature. In linguistics, it is
widely accepted that Proto-Indo-European had
10 vowel phonemes: five short ones (i, e, a, 0, u) and five
2003: 75). This contradiction leads to the conclusion that
either all etymologists and etymological dictionaries are
wrong, which is impossible to believe, or there were no
10 vowel phonemes in PIE, as is traditionally believed.

Presentation of the main material. There is obvi-
ously a certain correlation between the number of vowel
phonemes in a language and their alternation index,
which is logical. The smaller the depot of vowel pho-
nemes in a language, the higher the index of their
alternation. After all, if the vowel alternation index in
PIE is equal to 100%, then the existence of 10 vowel
phonemes here is impossible. Each PIE root did not
remain unchanged until it was fixed in any I-E language.
In other words, when any PIE root is identified in any
I-E language, it always turns out that its vocalic com-
ponent was constantly changing at the PIE stage. The
vowel alternations were stable and constant, involving
several neighbouring vowels, or even the entire num-
ber of vowels in the Hellweg’s triangle. Ch. Hellwag
depicted his triangle in a mirror image, which is unusual
in comparison to its later images in phonetics textbooks:

a

(Hellwag, 1781)
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In all variations of the image of the Hellwag trian-
gle, which are found in other researchers, for example,
A. Bell in 1894, and Daniel Jones (Jones, 1997: 1V) the
fixation of the cardinal, i.e. the most distant vowel pho-
nemes in the triangle remains unchanged. These three
phonemes form a field of phonetic events and between
them in this field the all variety of vowels that occur-
ring in different languages can be gradually placed.

Later the Hellwag triangle was significantly
refined by other linguists.

Anteriores Mixtae Posteriores
Yi bI wu
YI BU
ge 9 ¥0
®e 3 AO
®
a a D
9
A

It is noteworthy that in the interpretations of later
authors, not three but six degrees of tongue elevation
are distinguished, and these degrees are not separated
by any lines. The absence of lines indicates that from
‘I” to “A’, just as from ‘A’ to ‘U’, there is a series of
transitional vowels arising during the slow lowering
or raising of the tongue. (See the bibliography review
besmanenko, 2009: 317 — 319).

We believe that Bayes’ theorem can be applied not
only to determining future facts, but also to retrospec-
tive determinations; in particular, it can be used to
accurately determine the number of vowel phonemes
in Proto-Indo-European. Here is Bayes’ theorem,
which was first applied to phonetics, in particular to
determine the probability of vowel alternation:

P (I/E) x P (E)

0)

P (E) is the a priori probability of occurrence of
phoneme (E) or any other phoneme in the root that
exists in the synchrony of a particular language;

P (E/D) is the a posteriori probability of the occur-
rence of phoneme (E) or any other phoneme in the
root, provided by existence of a variant of the root
with phoneme (I);

P(I/E)istheprobability ofoccurrence of phoneme (1)
or another phoneme in the root provided by existence
of a variant of the root with phoneme (E);

P (1) is the probability of occurrence of phoneme (1)
or another phoneme in the root.

Our calculations have shown the expediency of
introducing a special coefficient

P(E/) = , Where
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> ph x 2 to Bayes’ theorem in its application to
phonetics.

Let's explain the nature of our coefficient. Here, the
component ) ph is the sum of all vowel phonemes in a
language. Where does multiplication by 2 come from?
Since language is a specific intrahuman phenomenon,
where in the process of sound production the speaker
faces a conscious or unconscious dilemma of choosing
between two sounds — either a standard phoneme or its
variant, or another phoneme. At each specific moment
of speech, a pattern phoneme can turn only into a 2nd
allophone or phoneme. That is, two sound elements
(1st — image of reference sound which is kept in mind
as the standard sound pattern, and 2nd — the real sound)
are involved in act of pronunciation, not three or four!
Every time a sound is produced, the speaker's mind
struggles between two options — the intention and
its performance. In the terminology of I. Mennen and
co-authors, these two components of sound production
are defined as 1 — “articulatorily-specified settings™ and
2 — “the acoustic output.” (Mennen I., Scobbie J., and
others, 2010:34). In other words, when the intention to
articulate is replaced by the actual act of articulation.

Let us try to establish a correlation between the
index of vocalic alternations and the number of
vowel phonemes in ten modern living I-E languages
(Ukrainian Armenian, Bulgarian, German, French,
Hindi, Turkish, Spanish, Greek and English) and
three dead languages (Latin, Hittite, Sanskrit) whose
vocalic system is well described, and on the basis of
the data obtained, derive the number of vowels in PIE.

For Gr, Hit, Sp & phonemes):
P (E/) = % x (5 x 2) = 0,50 (50%)
For Arm, Bul, Ukr, Lat (6 phonemes):

P(EN) =5 x(6x2)~039
For San, Tur (8 phonemes): PEN =15 x(8x2)~028
For Hin (9 phonemes): »@mn ===

1

X (9 x2)=0,25
1.1
For Eng (12 phonemes): p@n =122 x 12x2)=0,18

ForGer,Fr(15phonemes): P En) = ﬁ x (15x2)= 0,143
For PIE, if we assume the existence of 10 pho-

nemes, then
1 1

P (E/N) =212 x (10 x2) = 0,22 (22%).

But this assumption cannot be correct, because it
contradicts the above-mentioned 100% vocalic alter-
nation in PIE.

Conclusions. Thus, theonlynumberofvowelsinPro-
to-Indo-European that is 100% comes from Bayes’ the-
oremis three phonemes: p (£/1) = 23 y (3x 2) ~1,0 (100%)
, which is realistic, because it is consistent with the fact
that there is 100% vowel alternation here. And these
three phonemes were the cardinal ones in the Hellwag
triangle — I, A, U.
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