Rank-frequency distribution of phonemes
in texts and corpora across languages:
One model to capture them all?
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ABSTRACT

We present phoneme rank-frequency distributions from 24 languages,
covering 15 language families. The negative hypergeometric distribu-
tion is used as a theoretical model, it fits all the data sufficiently well.
We provide some hints towards an interpretation of the model param-
eters — their fitted values closely correlate with the relative frequency
of the most frequent phoneme and with the relative mean rank. The
parameters also closely correlate between themselves. The study re-
veals a universal pattern of behaviour across typologically different
languages.

INTRODUCTION

The term phoneme frequency often refers in scientific literature not
only to the frequency of phonemes themselves. It has been used
also to denote numbers of occurrences of closely related linguistic
units such as, e.g., phones, allophones, and speech sounds, as well as
classes of phonemes grouped together (e.g., the frequency of vowels,
consonants, or consonant subclasses). Furthermore, it often encom-
passes also the frequency of segmental and suprasegmental properties
(such as stressed vs. unstressed vowels, specific analyses of vowel

Journal of Language Modelling Vol i, No e'™ (1970), pp. 1-56

Keywords:
phoneme,
rank-frequency
distribution,
quantitative
linguistics,
negative
hypergeometric
distribution



Anonymous

quantity, etc.). Understood in this broad terminological sense, the
study of phoneme frequency has a long-standing tradition. Notable
pioneers in this field include Forstemann (1846, 1852), Schleicher
(1852), Budilovi¢ (1883), Dikarev (1891), and Peskovskij (1925).
Most of works were primarily descriptive in nature, interpreting the
frequencies of phoneme subclasses (such as vowels, consonants, etc.)
as typological characteristics (for instance, in comparative-historical
linguistics). Relevant examples range from the abovementioned early
studies through later structuralist works (e.g., Burlakova et al. 1962,
Segal 1972) to more recent publications (Majewicz 1989, Sawicka and
Holvoet 1991, Sawicka 2008).

This approach has for a long time essentially remained unchanged.
However, quantitative linguistics (cf. Altmann 1972, 1973, 1978,
1997 and Kohler 1986, 2005) has increasingly recognized that the
goal should not merely be the descriptive recording of quantifiable lin-
guistic features; rather, the focus should shift to the interrelations and
interactions between linguistic levels and properties. For phoneme fre-
quencies in particular, a systematization of principles of mathematical
modelling can be found in Altmann and Lehfeldt (1980). The evalu-
ation and statistical analysis of phoneme frequencies are inextricably
linked to questions of operationalization, to general methodological
issues regarding counting methods, and, ultimately, to the actual lin-
guistic interpretation of phoneme counts.

With regard to the quantitative analysis of phoneme systems,
older findings indicate that the quantitative makeup of the phoneme
inventory can significantly influence syllable and word structure (K6h-
ler 1986, Fenk-Oczlon and Fenk 2008) as well as the number of
phoneme combinations (Kelih 2009). A series of studies on grapheme
frequencies in Slavic languages has demonstrated that the size of the
inventory directly influences the shape of the rank-frequency distri-
bution of graphemes (see, e.g., Grzybek and Kelih 2005b and Grzy-
bek et al. 2006b). This reveals that a paradigmatic property (such
as the size of the phoneme or grapheme inventory) exerts an em-
pirically demonstrable influence on syntagmatic properties, such as
the frequency of phonemes or graphemes, the number of phoneme
combinations, and so forth.

The paper is organized as follows. In Section 2, methodological
problems and choices one has to make when studying phoneme fre-
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quencies are discussed. Section 3 provides an overview of attempts
to model phoneme frequencies from the past. Section 4 introduces
the negative hypergeometric distribution as a candidate for a general
model for phoneme rank-frequency distributions. Language material
used in the paper is described in Section 5. Section 6 contains results
of fitting, together with some hints towards possible parameter inter-
pretations. Finally, Section 7 concludes the paper and also presents
some topics for future research.

METHODOLOGICAL ISSUES

A crucial linguistic issue in phoneme counting concerns the adoption
of a suitable and operationalizable definition of the phoneme. This
question—which has been the subject of intense linguistic debate—
must be viewed in light of the specific hypothesis being pursued re-
garding phoneme frequency counts. Like linguistic units in general,
phonemes are theoretical constructs whose relevance emerges only
through their integration into a broader theoretical framework (Alt-
mann and Lehfeldt 1980, p. 104).

In addition to choice of an operational definition, determining
phoneme frequencies necessitates other fundamental linguistic deci-
sions, such as distinguishing between segmental and suprasegmen-
tal properties. Regarding segmental units, one must also decide how
to treat diphthongs, affricates, palatalization correlations, geminates,
and the like. As for suprasegmental properties such as stress, accent,
length, tone contours, and similar features, different counting meth-
ods may need to be considered. For instance, suprasegmental proper-
ties can be viewed either as components of segmental phonemes or as
distinct suprasegmental phonemes. In any case, these decisions often
entail significant differences in the resulting phoneme inventory. Vari-
ous approaches to phoneme counting have been extensively discussed
in the literature. For practical proposals regarding different counting
methods, see Moulton (1956) for German and Hill (1987) for Slavic
languages. Grzybek and Rusko (2009) discuss, on the example of the
Slovak language, how different counting methods affect the phoneme
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inventory and some properties of phoneme frequencies (e.g., their rep-
etition rate).

Before counting phoneme frequencies, the scope of the investi-
gation must be precisely defined. Trubetzkoj (1939, p. 231ff.) had
already pointed out the necessity of distinguishing between counts
based on texts and those based on dictionaries, as differences are
to be expected depending on the chosen text base.! Drawing on
this postulate—well known in structuralist linguistics—Altmann and
Lehfeldt (1973, p. 78) distinguish in this regard between systemic and
pragmatic samples. A systemic sample is understood as the counting
of phonemes in a dictionary? that is, the extent to which phonemes
are utilized in the formation of linguistic units. Within pragmatic sam-
ples, a distinction can be made between different functional styles or
text types. However, the possibility that phoneme frequency may also
be an individual characteristic of authors cannot be ruled out. Overall,
it can be assumed that varying phoneme frequencies may be observed
depending on the specific linguistic level (dictionary vs. text) under
investigation.

The question of sample size also plays an important role. While
older studies on phoneme and grapheme statistics implicitly assumed
that increasing the sample size would lead to a stabilization of in-
dividual phoneme frequencies, the prevailing view today is that any
increase in sample size leads to greater heterogeneity in the data (see
Grzybek and Kelih 2003, pp. 157-159 for a presentation of a method
for estimating an adequate sample size based on the normal distri-
bution). Against this backdrop, a linguistically grounded selection
of research material is preferable to a study focused exclusively on
large, extensive samples. For a clear overview of sampling methods
in phoneme counting, see Altmann and Lehfeldt (1980, p. 120ff.).
Kubacek (1994) provides an overview of current debates and the cal-
culation of sample sizes using confidence intervals in quantitative

I Trubetzkoj was a pioneer of structural phonology but also of phonological
statistics.

2FEither literary in a dictionary, or in a list of words occurring in a text, a
collection of texts, a corpus etc. (i.e., in word types as opposed to tokens). If a
list of words is used, one must make a decision whether to analyze word lemmas
or all word forms.
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phonology. Ultimately, the decision should be guided less by the sam-
ple size alone and more by the underlying linguistic hypothesis.

From a methodological perspective, it is necessary to distin-
guish between different aspects of phoneme frequencies. On the one
hand, they can be viewed at a descriptive-analytical level, and on the
other, at a modeling level (involving mathematical models). At the
descriptive-analytical level, the focus can be on the frequency of a
particular phoneme (or several phonemes). Various descriptive char-
acteristics can be calculated on this basis, enabling the application
of diverse statistical methods—for instance, to compare frequencies
across different samples or languages. Counting phonemes and de-
termining phoneme frequencies should be viewed as an important
intermediate step in quantitative phoneme analysis. The goal of any
such counting and frequency analysis is to provide a linguistic inter-
pretation of the resulting data or metrics. Ranked frequencies (i.e.,
phoneme frequencies ordered from the highest to the lowest one) rep-
resent another form of presentation. Considering rank-frequency dis-
tributions (as opposed to frequencies of individual phonemes) makes
it possible to compare phoneme frequency behaviour in languages
with different phoneme inventories (see KoS¢ova et al. 2016 for a
short discussion on advantages of using rank-frequency distribution
in grapheme frequency modelling). At the modeling level, the focus
shifts to the mathematical modeling of phoneme ranked frequencies
using appropriate discrete distribution models or continuous func-
tions. A necessary step in an evaluation of goodness-of-fit of a theoret-
ical model (very loosely speaking, it must be checked if the model is
"close enough" to the data), One can choose either a statistical test or
an established rule of thumb (both approaches have their advantages
and drawbacks, see Macutek and Wimmer 2013).

RANK-FREQUENCY DISTRIBUTIONS:
MODELS AND ATTEMPTS AT
INTERPRETATIONS

To begin with, we refer to a selection of key studies in this field.
Swedish linguist Bengt Sigurd made an early attempt to model phoneme
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frequencies using a continuous function. Based on phoneme frequency
data from six different languages (American English, Bengali, Kaiwa,
Samoan, and Swedish), Sigurd (1968, pp. 5ff.) demonstrated that
neither Zipf’s law—so commonly used in quantitative linguistics—
nor its mathematical modifications are able to adequately model the
data. A geometric series was proposed as a model, which—based
on the respective graphical representation—was deemed suitable for
the phoneme frequencies under investigation. Further proposals for
modeling phoneme frequencies using continuous distributions can
be found in Tuldava (1995) and Altmann (1993). Martindale et al.
(1996) and Grzybek et al. (2004) provide an overview of functions
and probability distributions used to model phoneme and grapheme
frequencies.

Needless to say, if a mathematical model (not only of phoneme
rank-frequency distributions) should be relevant for linguistics, not
only a well-fitting distribution (or function, etc.) must be found, but
also its linguistic interpretation. A key desideratum in the modeling of
phoneme frequencies is a plausible interpretation and explanation of
the parameters of the model—or, more generally, the identification of
factors that can influence phoneme frequencies. Another desideratum
in this field is the integration of the model into a general mathematical
model of linguistic phenomena (such as, e.g., the one proposed by
Wimmer and Altmann 2005).

Despite the wide range of distribution models and functions pro-
posed, a satisfactory linguistic rationale regarding the suitability of
individual models is still lacking. Phoneme frequencies are discussed
in various contexts; considering them could potentially yield a lin-
guistic interpretation of the models. In the following we list the most
significant approaches.

One can assume that phoneme frequency is linked to the com-
plexity of a phoneme's articulation. A prominent proponent of this
view is Zipf (1935), who proceeds from the postulate that the easier a
phoneme is to pronounce, the more frequently it occurs (p. 69). For
instance, he examined the frequency of aspirated consonants in the
Chinese and Danish phoneme systems, using his findings as the ba-
sis for the following generalization: "[...] that the magnitude of com-
plexity of a phoneme tends to bear an inverse relationship to its rel-
ative frequency [...]". However, this approach—which addresses the
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complicated interplay between frequency and complexity in general—
has been criticized by various scholars (cf. Trubetzkoj 1939, p. 235
and Nikonov 1963, p. 262). The concept of articulatory difficulty or
phoneme complexity is difficult to quantify and must be regarded as a
relative term. Altmann and Lehfeldt (1980, p. 115) acknowledge the
possibility of a connection between the frequency of sounds and their
phonetic characteristics, yet they also recognize theoretical difficul-
ties in determining phoneme complexity, articulatory difficulty, and
the like. However, a concrete result of analyzing phoneme frequen-
cies is the finding that certain manners or modes of articulation are
indeed utilized more than average across the world's languages (see
also Lindblom 1983, p. 232 and Lindblom and Maddieson 1988). The
human speech apparatus tends to avoid producing "extreme" sounds,
aiming instead to produce phonemes or sounds in a manner that facil-
itates successful communication. There is also reason to suspect that
phoneme frequencies might be linked to the perceptual intelligibility
of sounds or phonemes (cf. Tarnéczy 1961, p. 76). Janson (1986) and
Kawasaki-Fukumori (1992) also link (albeit indirectly) the existence of
a perceptual contrast between individual phonemes that is necessary
for communication to their frequency of occurrence and the forma-
tion of phoneme sequences. In general, these considerations hint at a
close connection of phoneme frequencies with the concept of language
economy.

Martinet (1955) adopts a functional perspective influenced by the
Prague School in his interpretation of phoneme frequencies. For him,
phonemes are meaning-bearing units that serve as "building blocks"
for the formation of words. Therefore, an interrelationship can be as-
sumed between the frequency of phonemes and, for example, their
participation in word formation. Thus, there is a reciprocal relation-
ship between the frequency of occurrence of word forms—determined,
for instance, by stylistic, morphological, or syntactic factors—and the
phoneme frequency in those word forms. It is well known that the
utilisation of specific linguistic units is uneven across all linguistic
levels; this applies equally to the individual phonemes comprising a
phoneme system (see Nikonov 1963 and Hug 1979, pp. 168ff.). The
thesis that phonemes should be viewed primarily as building blocks of
syllables, morphemes, and word forms proves productive for a broader
typological interpretation of phoneme frequencies. It explains, for ex-
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ample, why languages utilise their phoneme inventories differently
based on their morphological characteristics, necessitating an above-
average degree of utilisation for certain phonemes in each case. In a
comparison of phoneme frequencies in Russian and Bulgarian—both
Slavic languages—Nikonov (1963) demonstrates, for instance, that the
phoneme /m/ occurs more frequently in Russian than in Bulgarian be-
cause it plays a crucial role in affix formation in Russian. Conversely,
the phoneme /t/ exhibits a higher frequency in Bulgarian, since this
consonant is employed, among other things, to mark the postpositive
article. Phoneme frequency is closely linked to the functional load of
phonemes (see, e.g., Francescato 1962).

An older approach posits that the well-known variation in phoneme
frequencies across the world's languages stems from the physiologi-
cal nature of the speech organs and the varying ways in which they
are utilized (van Ginneken 1932, 1933; similarly Segal 1972). Start-
ing from two distinct bases of articulation (anterior and posterior),
various mixtures—or "sound crossings"—develop; consequently, the
specific proportioning of different modes of articulation—whether by
the individual speaker or within a language—is cited as a cause for the
observed differences in frequency distributions. Overall, this attempt
should be viewed as an early—albeit unsuccessful—effort to link lin-
guistics, anthropology, and biology. A detailed contextualization and
discussion of the reception of this approach, including references to
phoneme statistics that were conducted, can be found in van der
Stroom (1995). More recent approaches in phonetics and phonology
that deal with the utilization of manners or modes of articulation—
such as the "Quantal Theory of Speech" (cf. Stevens 1972, Stevens
and Keyser 2010)—have not yet demonstrated any links to phoneme
frequency. This also applies to "Maximal Dispersion Theory", which,
based on striking commonalities in the world's sound and phoneme
systems, posits that these systems are shaped by certain general prin-
ciples. According to one such principle, a prerequisite for successful
communication is that sounds must exhibit "maximal perceptual con-
trast" in order to be successfully recognized by a listener. This contrast
is, in turn, responsible for the varying qualities of vowels (cf. Liljen-
crants and Lindblom 1972, Ohala 1983). Here, too, potential links to
usage frequency remain unexplored.

Some scholars assumed a connection between phoneme frequen-
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cies and the relative "age" of the phonemes. For instance, Lotz (1952,
p. 234) points out in his comparative study of Hungarian vowel fre-
quencies that vowels emerging later in diachronic terms exhibit very
low syntagmatic frequency. Nikonov (1963) presents a similar argu-
ment, namely, that observed phoneme frequencies are the result of
historical processes. These remarks are thus to be understood primar-
ily as a pointer towards an explanation of the differences in phoneme
frequencies observable across languages.

In the next Section 4, we follow an empirical approach to mod-
elling phoneme rank-frequency distribution. We present the distribu-
tion which is a general model in the sense that it fits sufficiently well
all data presented in this paper. The results of fitting and hints towards
an interpretation of its parameters are then presented in Section 6.

NEGATIVE HYPERGEOMETRIC
DISTRIBUTION AS A GENERAL MODEL

We use the negative hypergeometric distribution (the NHGD hence-
forth) as a model phoneme ranked frequencies. The distribution is de-
fined as

(M+x—l ) (K—M+n—x—1)
X n—x

K+n—1
Q)
see Wimmer and Altmann (1999, pp. 465--468). Given that the item

with the highest frequency is (conventionally) assigned the rank of 1,
we shift the distribution from (1) to the right by 1, which yields

€N P, = , x=0,1,...,n,

M+x—2\(K—M+n—x
2 sz( | gren ), x=1,2,...,n+1.

Q)

The choice of the NHGD as the model is motivated by two facts.
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First, it was shown to fit well rank-frequency distributions of gra-
phemes in languages that use alphabetic scripts.® There are extensive
studies conducted on Slavic languages (Grzybek et al. 2004, Grzybek
and Kelih 2005a,b, Grzybek et al. 2006a,b, Grzybek 2007b, Grzybek
and Rusko 2009, Grzybek et al. 2009, Koscova et al. 2016). Some other
languages, although investigated far less systematically in this aspect,
display the same behaviour - the NHGD is a model that achieves a good
fit (Celtic languages in Wilson 2013 and Wilson and Macutek 2020,
English in Pande 2021, German in Best 2005 and Grzybek 2007a,
Maninka-Mori in Rovenchak and Vydrin 2010). These results provide
a clear indication that rank-frequency distributions of graphemes are
regularly organised. No other model can claim to be so general.

Moving from graphemes to phonemes, we assume that the phoneme-
grapheme relationship is not arbitrary; rather, there is a tendency to-
wards a systematic graphemic representation of phonemes. Naturally,
there are languages with shallow orthographies and those with deep
orthographies (i.e., the phoneme-grapheme relationship can be close
to 1: 1, or it can be relatively far away from this ratio, see Coulmas
1996, p. 380). We mention Slavic languages as examples of shallow
orthographies, and English and French as languages with deep ones.
But a text in a language with a very irregular graphemic representation
of phonemes would be very difficult to read. Therefore, we assume
that the rank-frequency distributions of graphemes and phonemes
are similar—similar enough to be modelled by the same probability
distribution.

Furthermore, linguistics (and science in general) aims at formulat-
ing general laws and theories, as opposed to language specific. Accord-
ing to Altmann (2025, p. 291), linguistic laws are "general statements
in the sense that they apply to all languages (with the same boundary
conditions)". The fact that the NHGD is a well-fitting model in sev-
eral different languages makes it a preliminary candidate for a math-

3In languages that use other scripts, power law-like models are mode re-
alistic, see, e.g., the rank-frequency distribution of graphemes in the Garhwali
language in Riyal et al. (2016). The language uses the Devanagari script, i.e.,
an abugida (see Daniels 1996, p. 4), which has much larger inventory (247
graphemes according to Riyal et al. 2016, as opposed to several tens typical for
an alphabet).
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ematical formulation of another linguistic law, that of the phoneme
rank-frequency distributions.

Second, Wimmer and Altmann (2005) derived a very general
model within the theoretical framework of so-called synergetic lin-
guistics (Kohler 1986, 2005). From a mathematical point of view,
the assumption is that the probability of a class x is a function of its
neighbouring class x — 1, i.e., that

3 Py =g(x)Pe.

The functional relation (3) can be seen as a difference equation. Wim-
mer and Altmann (2005) provide a solution of this equation for
a; a
+ + ,
(x+Dby)r  (x+by)e

with ag, a;, ay, by, by, ¢1, and ¢, being parameters. Solutions for par-
ticular choices of the parameters are models for different properties
of language units, such as length and frequency. The parameters are
interpreted (in very general terms) as requirements of speaker and
hearer? that meet at a point of an equilibrium. Distributions (1) and
(2) are also special cases of this approach, see Wimmer and Altmann
(2005, p. 800). The NHGD is thus embedded into a general frame-
work of mathematically expressed linguistic laws (or of empirically
corroborated regularities in language, at the very least).

The goodness of fit of the NHGD was evaluated in terms of the
determination coefficient

RZ —1_ Z?:nl(fi_N_Pi)zj

Zi:l(fi _f)2
with n being the number of categories (phonemes in this case), f; the
observed frequency in the i-th category, f the mean of the observed
frequencies (i.e., f = 2?21 fi/n), P; the probability of the i-th cate-
gory predicted by the model, and N the sample size. The advantage

of R? is that it is not sensitive to the sample size if relative frequencies
are fixed,® and the Belarusian, Macedonian, and Russian data were

@ g(x)=1+ay

)

4 Again, words speaker and hearer must be understood very generally (e.g.,
the interpretation applies also to written texts).

STt differs in this aspect from the y? statistic used in the Pearson y 2 goodness-
of-fit test.
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published as proportions, not as absolute frequencies (see Section 5).
The fit is usually considered satisfactory if R? > 0.9. See Macutek and
Wimmer (2013) for an overview of the properties of R? and other rules
of thumb used in quantitative linguistics to evaluate goodness of fit of
mathematical models.

LANGUAGE MATERIAL

The NHGD is fitted to phoneme frequencies from 24 languages, rep-
resenting 15 different language families (one of them being language
isolate). In addition, there is one English-based creole language. The
list of languages is presented in Table 1. Together with information on
language, its Glottolog code,® and the language family, we also add
the source of data. The data are either taken from older publications (if
the last column of Table 1 contains only the reference), or we use our
own data from translations of parts of the Bible (the New Testament or
the Gospel of Mark) available online (in that case, we refer to literature
for phoneme inventories and the grapheme-to-phoneme transcription
rules, see tables in Appendix B). Links to the Bible translations can be
found in Appendix A (if the webpage has only links to individual chap-
ters, the link to the first chapter of the Gospel of Matthew is given).
Languages with simple grapheme-to-phoneme relations are chosen to
minimize the risk of errors in the grapheme-to-phoneme conversions.

As older sources contain data from texts (as opposed to dictionar-
ies), we consider in this paper exclusively word tokens, not word types.
Data from already published sources are taken, with some exceptions,
as they appear in the cited works. The exceptions are as follows.

First, phoneme frequencies in Belarusian, Macedonian, and Rus-
sian are presented as percentages, not as absolute frequencies. We
adjusted the data so that we have artificial samples with the size of
approximately 10,000 (due to rounding, the sums of the relative fre-
quencies are not equal exactly to 1).

Second, Slovak has both syllabic and non-syllabic /1/ and /r/.
Bosdk (1965) takes the syllabicity of /1/ and /r/ into account, i.e.,

6https://glottolog.org/
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Table 1: List of languages

language (Glottolog)

language family

source of data

Aymara (aymal253)
Bilua (bilu1245)
Belarusian (belal254)
Bola (bola1250)
Bulgarian (bulg1262)
Cabécar (cabe1245)
Czech (czec1258)
Finnish (finn1318)
Gagauz (gagal249)
Hixkaryana (hixk1239)
Jamamadi (jamal281)
Kadiwéu (kadil248)
Kashibo (cash1251)
Macedonian (macel250)
Pitjantjatjara (pitj1243)
Rapanui (rapal244)
Rotokas (roto1249)
Russian (russ1263)
Slovak (slov1269)
Slovene (slov1268)
Tok Pisin (tokp1240)
Udmurt (udmul245)
Warao (waral303)
Yaqui (yaqul251)

Aymaran
Central Solomon
Indo-European
Austronesian
Indo-European
Chibchan
Indo-European
Uralic

Turkic

Cariban

Arawan
Guaicuruan
Pano-Tacanan
Indo-European
Pama-Nyungan
Austronesian
North Bougainville
Indo-European
Indo-European
Indo-European
creole (English-based)
Uralic

language isolate

Uto-Aztecan

New Testament

New Testament

Kelih (2013)

New Testament

Marinova and Marinov (1964)
Gonzalez Campos (2024)
Ludvikova and Konigova (1967)
Gospel of Mark

New Testament

New Testament

New Testament

New Testament

New Testament

DzZukeski (1955)

New Testament

New Testament

New Testament

Kucera and Monroe (1968)
Bosék (1965)

Kelih and Zornig (2022)
New Testament

Gospel of Mark

New Testament

New Testament
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he has two categories for both of the two consonants (syllabic and
non-syllabic /1/, syllabic and non-syllabic /r/). We disregarded this
distinction and merged syllabic and non-syllabic positions of /1/ and
/1/ (i.e., we have only one category for /1/ and one for /1/).

For Udmurt, we have two versions of phoneme frequencies, as
there are Russian loanwords with Russian phonemes (that do not oc-
cur in Udmurt) in the Udmurt Bible translation. We decided to con-
sider both the "pure" version (without foreign phonemes; whole words
containing the foreign phonemes are disregarded) and the version as it
appears in the translations. This approach gives us the opportunity to
check the influence of the phoneme inventory size on the parameters
of the model (see Section 6).

Complete datasets (from older sources as well as the ones ana-
lyzed for the first time in this paper) are in Tables 3-27 in Appendix
B.

RESULTS

If we accept the usual threshold (R? > 0.9), the NHGD achieves a satis-
factory fit for all languages under analysis. The fitted parameter values
of the NHGD and sample sizes are presented in Table 2. The NHGD
thus can be considered a candidate for a new statistical language uni-
versal, at least in a very general sense (see, e.g., Zhou et al. 2025,
where the distribution of sentence length is spoken of as a language
universal).

Russian clearly has the lowest value of the determination coef-
ficient, with R?> = 0.9165. However, there are two facts to notice.
First, two vowels, /i/ and /i/, are merged into one category in the
data from Kucera and Monroe (1968). Second, /i/ ranks second in the
rank-frequency distribution, and there is a huge gap between the sec-
ond and third most frequent phoneme (see Table 20). If /i/ and /i/
are considered two different phonemes as e.g. in Yanushevskaya and
Bunci¢ (2015), the frequency of /i/ would be lower and the decrease
in the rank-frequency distribution smoother. Consequently, one can
expect a better fit in that case.

[ 14 ]
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Table 2: Values of fitted parameters of the negative hypergeometric distribution
(K, M, n), determination coefficient R?, sample size N (RF if source presents
only relative frequencies), relative frequency of most frequent phoneme fr,
and relative mean rank RMR. Udmurt (RUS) denotes Udmurt with three Russian
phonemes

language K M n R? N fr RMR
Aymara 2569 0.474 31 0.9763 800,561 0.254 0.348
Belarusian 1.843 0.457 42 0.9519 RF 0.190 0.479
Bilua 4.345 0720 39 0.9914 1,043,938 0.165 0.340
Bola 1.901 0.515 17 0.9855 823,757 0.241  0.543
Bulgarian 4.898 0.827 41 0.9871 18,212 0.138 0.343
Cabécar 3.326 0.893 26 0.9928 111,710 0.111 0.531
Czech 2964 0.799 37 0.9879 156,580 0.097 0.542
Finnish 5.404 1.010 36 0.9921 58,479 0.101 0.328
Gagauz 4.109 0.802 40 0.9941 669,905 0.120 0.399
Hixkaryana 3.850 0.880 22 0.9796 1,603,302 0.146 0.460
Jamamadi 2.621 0.587 19 0.9903 936,438 0.238 0.443
Kadiwéu 3.797 0.814 22 0.9862 1,244,533 0.167 0.458
Kashibo 4601 0861 20 09776 1,129,601 0.193 0.421
Macedonian 3.840 0.802 30 0.9869 RF 0.139 0.428
Pitjantjatjara 2.664 0.543 22 0.9821 1,245,660 0.247 0.412
Rapanui 2.734 0.692 19 0.9892 977,691 0.192  0.506
Rotokas 3.924 0871 15 0.9721 1,322,879 0.214 0.434
Russian 2326 0.509 37 0.9165 RF 0.176  0.492
Slovak 3.450 0.745 43 0.9514 19,842 0.104 0.455
Slovene 3.867 0.989 38 0.9954 150,257 0.073 0.517
Tok Pisin 3.873 0909 26 0.9985 1,043,460 0.125 0.472
Udmurt 3.967 0981 32 0.9934 54,043 0.090 0.496
Udmurt (RUS) | 4.366 1.000 35 0.9997 54,947 0.089 0.457
Warao 1.720 0.493 15 0.9574 891,775 0.255  0.567
Yaqui 3.120 0.765 24 0.9657 1,274,595 0.157 0.492




frequency

frequency

Anonymous

We present the results of fitting for Bulgarian and Hixkaryana
also graphically in Figures 1 and 2, respectively. The sample sizes for
these languages are the smallest (Bulgarian) and largest (Hixkaryana)
among the languages under study.

Bulgarian

2500 1

B frequency in corpus
@ fitted NHGD frequency

2000 4

1500

1000 4

500

B ol o o
123 45 6 7 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

phoneme rank

Figure 1: Phoneme rank-frequency distribution in Bulgarian (data and model)

Hixkaryana

250000 4

I frequency in corpus
I fitted NHGD frequency

200000 4

150000

100000 -

50000

phoneme rank

Figure 2: Phoneme rank-frequency distribution in Hixkaryana (data and model)

For the time being, only parameter n can be interpreted with-
out any doubt, n + 1 is the inventory size (the shift by 1 is caused
by the fact that according to the usual definition, the NHGD has the
support 0,1,...,n rather than 1,...,n). However, Table 2 contains

[ 16 ]
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also two empirical statistical characteristics that provide some pre-
liminary hints towards a possible linguistic interpretation of the the
other two model parameters. The relative frequency of the most fre-
quent phoneme is obvious. We define the relative mean rank RMR
as

I f.
_ Qi ni—1
(6) RMR = ﬁ’

2

with N being the sample size, % the empirical relative frequency of the
i-th most frequent phoneme, and I the phoneme inventory size. The
RMR can, in theory, take values from O to 1. These extreme values of
RMR represent two extreme cases of a rank-frequency distribution. If
a text contains only one phoneme and all other phonemes from the in-
ventory have zero frequencies, the mean rank (i.e., Zle %) is equal to
1 and it holds RMR = 0. On the other extreme,” if all frequencies are
equal, we have the uniform distribution with the support 1,2, ...,I; its
mean is % and in such a case RMR = 1. The RMR characterizes the
uniformity of a distribution; or, from the opposite point of view, dom-
inance of the most frequent phonemes. If there are several phonemes
with high frequencies and some marginal phonemes, the value of the
RMR will be closer to 1. If a language exploits its phonemes relatively
uniformly, the value will be small.

One can observe a strong correlation between the frequency of
the most frequent phoneme f r; and the fitted values of the parameter
M (the Pearson correlation coefficient r = —0.802) in Figure 3.

The correlation between the RMR and the fitted values of the
parameter M is admittedly weaker (r = —0.594), but the decreasing
trend is still visible (see Figure 4).

There is also a strong correlation between the fitted values of the
parameters K and M, with r = 0.842 (see Figure 5). It suggests that the
fit could remain good if one of the parameters could be expressed as a
linear function of the other. However, that would bring into play an-
other two parameters, those of the linear regression. Such an approach

7 We remind that we consider rank-frequency distributions, i.e., the sequence
of frequencies must be non-decreasing (consequently, the mean rank cannot be

I+1
greater than —-).

[ 17 ]



Figure 3:
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distribution

Figure 4:
Relationship
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and parameter K
of NHGD
distribution
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can contribute to the scientific explanation only if the parameters of
the linear regression themselves can be interpreted linguistically.

o
1.0 o
o
°
0.9 1 - :
® °
o o
0.8 1 ° e o
°
°
= o
0.7 1 5
0.6 R
°
°
°
051 o
°
°
i i i i i i i i
2.0 2.5 3.0 35 4.0 45 5.0 5.5

Phoneme inventory size also has an influence, although its char-
acter is not yet clear (there is no obvious relationship between inven-
tory sizes and the fitted parameter values). But the two versions of
Udmurt ("pure" and with additional three Russian phonemes) differ
quite clearly in the values of the parameter K. See Grzybek (2007b)
for a similar study of Russian graphemes. Officially, <é&> is a letter
of the Russian alphabet, but it is almost always replaced with <e>.
There are thus two versions of grapheme frequencies that differ in
their inventory sizes by 1. Grzybek (2007b) showed that this differ-
ence is mirrored with a difference of the fitted parameter values in the
NHGD.

CONCLUSION AND DISCUSSION

Rank-frequency phoneme distributions from 24 typologically diverse
languages display one pattern of statistical behaviour, all of them can

[ 19 ]

Figure 5:
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distribution
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be modelled by the NHGD. The NHGD (applied also to modelling
grapheme ranked frequencies, a "close relative" of phonemes) can be,
at least preliminarily, considered a general model and a candidate for
a new statistically understood language universal.

Naturally, phoneme frequencies from more languages must be in-
vestigated before one can be more certain. While we include in this
paper some languages with very small phoneme inventories (Bola, Ro-
tokas, and Warao), languages from the other side of the spectrum must
be studied in future (e.g., recently extinct Ubykh had 84 consonant and
3 vowel phonemes, see Fenwick 2011; some analyses of Taa suggest
even more than 160 consonant phonemes, depending on how conso-
nant clusters containing clicks are treated, see Naumann 2016).

In this paper, we present some regularities in the parameter be-
haviour. However, in order to be able to speak of a language law,
a more linguistically straightforward interpretation of the model pa-
rameters must be achieved. The interpretation does not have to be
limited to the characteristics of the phoneme frequencies themselves.
Phoneme frequencies are not isolated from other language properties
(see, e.g., a synergetic language model by Kohler 2005 in which lan-
guage properties are interconnected). Phonotactics (which limits fre-
quencies of phonemes that are not allowed to combine with many
others) and distinctive features (very similar phonemes, such as short
and long vowels of the same quality, should not have similar frequen-
cies, as they are easy to be confused) come to mind in the first place.
Properties of syllables and words will have to be considered as well.

Finally, the question of a sufficient sample size must be solved.
Most probably, it will strongly depend on the phoneme inventory size.
Homogeneity of samples could serve as a useful criterion, e.g., if in-
creasing a sample would not lead to significant changes in phoneme
frequencies, such a sample can be considered sufficient.
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APPENDIX A: LINKS TO BIBLE
TRANSLATIONS

Aymara
https://live.bible.is/bible/AYMBSB/MAT/1

Bilua
https://www.bible.com/en-GB/bible/2979/MAT.1.BLBNT

Bola

https://www.bible.com/bible/333/MAT.1.BNP
Finnish
https://www.wordproject.org/bibles/fi/41/1.htm

Gagauz
https://www.bible.com/en-GB/bible/2554/MAT.1.GAGNTL

Hixkaryana
https://www.bible.com/bible/587/MAT.1.HIX

Jamamadi
https://live.bible.is/bible/JAAJAM/MAT/1
Kadiwéu
https://www.bible.com/bible/584/MAT.1.KBC
Kashibo
https://ebible.oxrg/pdf/cbxNT/cbxNT_all.pdf
Pitjantjatjara
https://ebible.org/pdf/pjt/pjt_ad.pdf

Rapanui
https://www.bible.com/bible/2164/MAT.1.RAP

Rotokas
https://live.bible.is/bible/ROOWBT/MAT/1

Tok Pisin
https://www.bible.com/bible/3481/MAT.1.TPIPNG

Udmurt
http://finugorbib.com/bible/udmurt/40_Mat0l_na.html

Warao
https://live.bible.is/bible/wbabiv/mat/1
Yaqui
https://www.bible.com/bible/799/MAT.1.YAQ
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APPENDIX B: PHONEME FREQUENCIES
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rank | phoneme frequency || rank | phoneme frequency
1 a 203,003 17 tf 10,640
2 i 73,937 18 n 10,616
3 u 55,171 19 1 7,484
4 53,944 20 t 4,752
5 n 53,871 21 i: 4,463
6 t 51,749 22 Kb 4,409
7 s 40,680 23 gt 3,136
8 p 35,857 24 X\ 2,420
9 ¢ 30,768 25 tf 1,823
10 m 27,888 26 K 1,391
11 X 27,542 27 th 1,273
12 % 23,801 28 q 946
13 w 22,437 29 ph 943
14 j 18,722 30 T 675
15 q 12,950 31 u: 473
16 a: 12,436 32 P 361

[ 23 1]

Table 3:

Phoneme frequencies

in Aymara (phoneme
inventory from Hardman
et al. 2001)



Table 4:

Phoneme frequencies
in Belarusian (phoneme
inventory from Burlyka
et al. 1989)

Anonymous

rank | phoneme frequency rank | phoneme frequency
1 a 1,879 23 s 158
2 i 547 24 1 143
3 e 448 25 s 142
4 i 445 26 z 140
5 > 432 27 X 129
6 j 425 28 v 106
7 r 412 29 b 105
8 n 386 30 ts 105
9 u 364 31 K 79
10 t 359 32 7, 74
11 302 33 m 74
12 d 283 34 dz 59
13 o 259 35 p 53
14 s 249 36 7 43
15 m 247 37 b 38
16 p 246 38 ¥ 16
17 L 214 39 f 13
18 v 208 40 i 8
19 w 195 41 x 6
20 ¥ 177 42 dz 3
21 ts 170 43 dz 2
22 is 160

[ 24 ]
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rank | phoneme frequency rank | phoneme frequency
1 a 172,700 21 d 10,907
2 o 106,616 22 ia 8,898
3 k 100,152 23 ou 7,174
4 e 87,465 24 j 5,931
5 i 63,918 25 oa 4,929
6 t 52,524 26 ui 4,274
7 | 50,844 27 ae 3,727
8 m 47,670 28 ea 3,377
9 u 41,289 29 ue 3,194
10 B 39,720 30 eu 2,671
11 s 37,920 31 au 2,448
12 n 35,700 32 oi 1,736
13 r 33,308 33 ie 1,553
14 p 25,180 34 iu 1,523
15 b 16,606 35 ua 1,402
16 n 16,473 36 oe 1,323
17 io 13,140 37 ei 1,011
18 g 11,949 38 ao 684
19 ai 11,872 39 eo 646
20 z 11,150 40 uo 334

[ 25 ]

Table 5:

Phoneme frequencies
in Bilua (phoneme
inventory from Obata
2003)



Table 6:

Phoneme frequencies
in Bola (phoneme
inventory from van den
Berg and Wiebe 2019)

Anonymous

rank | phoneme frequency
1 a 198,418
2 i 107,846
3 u 59,914
4 r 56,165
5 € 53,695
6 n 46,938
7 b 44,564
8 t 38,271
9 k 36,480
10 m 36,118
11 1 32,588
12 v 29,314
13 ¥ 25,957
14 8 14,109
15 g 13,215
16 D 12,472
17 p 10,790
18 d 6,903

[ 26 ]
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rank | phoneme frequency || rank | phoneme frequency
1 a 2,508 22 g 230
2 i 1,601 23 f 146
3 e 1,600 24 X 140
4 > 1,518 25 3 109
5 t 1,450 26 ts 106
6 n 1,125 27 K 51
7 s 994 28 p 38
8 r 843 29 ) 35
9 744 30 tj 35
10 k 626 31 g 27
11 1 569 32 d 18
12 d 538 33 i 16
13 p 507 34 bl 13
14 o 425 35 d 11
15 m 409 36 x 11
16 z 368 37 m 9
17 u 328 38 s 5
18 f 285 39 p 4
19 j 264 40 ts] 4
20 b 263 41 7 2
21 tf 235 42 ds 2

[ 27 ]

Table 7:

Phoneme frequencies
in Bulgarian (phoneme
inventory from Scatton
1993)



Table 8:

Phoneme frequencies

in Cabécar (phoneme
inventory from Gonzéalez
Campos 2024)

Anonymous

rank | phoneme frequency
1 a 12,393
2 k 10,242
3 d 8,942
4 i 8,558
5 a 7,870
6 t 6,580
7 6,265
8 5,821
9 ¥ 5,795
10 s 5,355
11 h 4,909
12 e 4,660
13 1 4,237
14 i 3,360
15 I 3,321
16 dz 3,124
17 £ 2,197
18 f 1,963
19 i 1,556
20 v 1,027
21 > 999
22 5 878
23 p 854
24 Kb 574
25 th 147
26 ph 65
27 by 18
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rank | phoneme frequency || rank | phoneme frequency
1 e 15,236 20 z 3,027
2 o] 10,739 21 b 2,856
3 a 10,379 22 ts 2,145
4 I 9,358 23 f 1,982
5 t 7,415 24 e 1,939
6 s 7,316 25 I 1,919
7 n 7,092 26 T 1,878
8 | 6,760 27 X 1,861
9 i: 6,275 28 tf 1,495
10 k 6,260 29 ou 1,366
11 v 6,038 30 (¢ 1,331
12 m 6,333 31 3 1,301
13 r 5,627 32 f 1,139
14 p 4,838 33 u 905
15 j 4,502 34 bi 747
16 u 4,289 35 g 633
17 d 4,263 36 au 392
18 a: 3,733 37 o: 103
19 n 3,108 38 eu 0

[ 29 ]

Table 9:

Phoneme frequencies

in Czech (phoneme
inventory from Sima¢kova
et al. 2012)



Table 10:

Phoneme frequencies

in Finnish (phoneme
inventory from Karlsson
2015)

Anonymous

rank | phoneme frequency || rank | phoneme frequency
1 a 5,930 20 t: 716
2 n 5,702 21 y 642
3 i 5,585 22 e: 463
4 e 4,914 23 d 430
5 t 4,259 24 i: 399
6 s 4,100 25 & 382
7 S 3,378 26 S: 252
8 k 2,755 27 u 239
9 0 2,570 28 n: 228
10 u 2,295 29 o) 225
11 h 2,149 30 0 218
12 j 1,843 31 k: 146
13 | 1,796 32 m: 126
14 m 1,514 33 o: 73
15 v 1,514 34 p: 66
16 p 981 35 y: 35
17 L: 971 36 r: 33
18 r 802 37 a: 12
19 a: 768
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rank | phoneme frequency || rank | phoneme frequency
1 a 80,665 22 g 7,966
2 n 66,857 23 tf 6,649
3 i 57,383 24 p 6,399
4 r 45,662 25 dz 5,655
5 e 39,191 26 v 5,422
6 1 38,008 27 [} 5,397
7 d 34,301 28 a: 4,553
8 w 29,969 29 it 3,352
9 S 27,658 30 f 2,297
10 k 26,755 31 e: 2,277
11 m 22,571 32 y: 1,732
12 u 18,222 33 ) 1,478
13 o} 18,078 34 o: 1,122
14 @ 18,036 35 a&: 884
15 t 17,968 36 o 620
16 b 16,717 37 wr 518
17 Z 14,243 38 u: 359
18 j 14,239 39 a: 59
19 h 9,503 40 ts 28
20 y 8,908 41 3 4
21 i 8,200

[ 31 1]

Table 11:

Phoneme frequencies

in Gagauz (phoneme
inventory from Pokrovskaja
1964)



Table 12:

Phoneme frequencies

in Hixkaryana (phoneme
inventory from Derbyshire
1979)

Anonymous

rank | phoneme frequency
1 b) 233,984
2 ;] 225,519
3 h 156,116
4 e 135,226
5 k 114,563
6 n 110,274
7 m 101,177
8 r 92,065
9 w 90,428
10 t 64,069
11 j 60,557
12 w 48,533
13 tf 34,052
14 30,013
15 u 25,772
16 n 24,767
17 s 24,465
18 I 23,764
19 P 5,935
20 ¢ 1,082
21 b 613
22 d 268
23 3 60
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rank | phoneme frequency Table 13: .
Phoneme frequencies
1 a 223,096 in Jamamadi (phoneme
9 ; 135,002 inventory from Dixon and
Vogel 2004)

3 ) 84,421
4 n 71,162
5 e 68,856
6 m 54,991
7 j 47,777
8 t 45,275
9 d 33,357

10 k 31,565

11 h 28,689

12 b 27,677

13 s 25,417

14 r 24,185

15 w 21,410

16 ¢ 10,308

17 a: 2,200

18 e 637

19 i 290

20 o 33

[ 33 1]



Table 14:

Phoneme frequencies
in Kadiwéu (phoneme
inventory from Griffiths
2002)

Anonymous

rank | phoneme frequency
1 i 208,153
2 a 169,180
3 o 128,836
4 e 115,851
5 n 90,415
6 G 83,581
7 d 83,306
8 t 62,400
9 g 36,820
10 1 36,694
11 m 34,473
12 dz 33,866
13 k 31,050
14 a: 25,656
15 w 25,535
16 q 19,122
17 e: 12,585
18 b 12,406
19 j 10,056
20 p 9,411
21 i 6,702
22 tf 5,133
23 o: 3,302

[ 34 ]
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rank | phoneme frequency Table 15: .
Phoneme frequencies
1 a 217,779 in Kashibo (phoneme
9 i 166,157 inventory from
Zariquiey Biondi 2018)

3 n 161,474
4 u 99,072
5 k 92,032
6 i 77,624
7 ? 46,350
8 m 46,183
9 8 34,426

10 S 34,392

11 t 27,584

12 s 26,008

13 kW 20,422

14 r 20,189

15 p 18,073

16 o 9,984

17 n 9,631

18 ts 7,829

19 i 7,196

20 tf 3,924

21 e 3,272

[ 35 1]



Table 16:

Phoneme frequencies

in Macedonian (phoneme
inventory from Friedman
1993)

Anonymous

rank | phoneme frequency || rank | phoneme frequency
1 a 1,389 17 J 208
2 € 1,107 18 z 175
3 > 1,018 19 b 145
4 i 790 20 j 145
5 t 705 21 tf 108
6 n 636 22 f 69
7 s 443 23 c 61
8 k 404 24 3 52
9 r 400 25 ts 52
10 d 361 26 12
11 v 353 27 n 12
12 t 340 28 dz 8
13 m 296 29 X 3
14 P 249 30 1 2
15 u 243 31 dz 2
16 g 222

[ 36 1
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rank | phoneme frequency Table 17: )
Phoneme frequencies
1 ® 352,414 in Pitjantjatjara (phoneme
2 219,446 inventory from Tabain and
Butcher 2014)
3 k 112,103
4 1 100,634
5 p 75,244
6 ) 73,884
7 c 69,600
8 1 60,616
9 n 59,109
10 n 58,358
11 r 45,924
12 m 37,443
13 w 35,875
14 1 29,517
15 t 25,695
16 j 19,163
17 t 15,997
18 I, 13,980
19 1 11,776
20 X 7,161
21 © 1,063
22 1 437
23 U 221

[ 37 1]
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Table 18:

Phoneme frequencies rank | phoneme frequency

in Rapanui (phoneme 1 a 188,063

inventory from Du Feu 2 e 112,758
1996)

3 t 88,175

4 i 87,691

5 ? 77,607

6 0 67,930

7 u 52,716

8 r 50,409

9 h 48,424

10 k 44,925

11 m 32,311

12 n 32,218

13 a 21,915

14 iy 16,849

15 p 16,736

16 o: 13,079

17 B 8,056

18 u: 7,448

19 i 5,590

20 e 4,791

[ 38 1]
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rank honeme frequenc Table 19:
p q Y Phoneme frequencies
1 a 283,232 in Rotokas (phoneme
2 o 184.277 inventory from Stebbins
’ et al. 2018)
3 r 176,758
4 i 147,568
5 v 133,923
6 e 91,555
7 t 89,541
8 u 85,978
9 ) 68,301
10 k 22,383
11 g 14,643
12 a: 11,000
13 i 7,856
14 o 2,686
15 u 1,905
16 e 1,273

[ 39 1]



Table 20:

Phoneme frequencies

in Russian (phoneme
inventory from
Yanushevskaya and Buncié¢
2015)

Anonymous

rank | phoneme frequency || rank | phoneme frequency
1 a 17,586 20 d 1,665
2 i 14,132 21 tff 1,633
3 t 4,266 22 I 1,564
4 j 4,137 23 d 1,381
5 n 4,100 24 z 1,367
6 0 4,026 25 g 1,304
7 3,495 26 b 1,096
8 3,175 27 @ 1,038
9 s 3,093 28 vl 1,016
10 v 2,978 29 X 987
11 r 2,907 30 3 951
12 1 2,664 31 f 948
13 e 2,614 32 m 805
14 m 2,317 33 ts 562
15 p 2,309 34 K 534
16 o 2,297 35 p 475
17 p 2,081 36 b 368
18 t 1,885 37 7 322
19 s 1,863 38 i 59

[ 40 ]
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rank | phoneme frequency rank | phoneme frequency
1 a 2,058 23 c 334
2 2 2,056 24 i: 322
3 e 1,656 25 tf 242
4 i 1,196 26 | 288
5 t 818 27 3 254
6 s 786 28 1 252
7 v 760 29 ie 176
8 m 710 30 X 158
9 r 700 31 ts 142
10 n 680 32 u: 126
11 | 676 33 ia 88
12 k 654 34 g 76
13 ) 616 35 e 72
14 d 530 36 f 58
15 u 478 37 dz 28
16 n 458 38 uo 26
17 X 440 39 ® 16
18 b 414 40 r: 10
19 j 398 41 dz 8
20 A 390 42 iu 2
21 z 354 43 L: 0
22 a: 336 44 oy 0

[ 41 ]

Table 21:

Phoneme frequencies

in Slovak (phoneme
inventory from Hanulikova
and Hamann 2010)



Table 22:

Phoneme frequencies

in Slovene (phoneme
inventory, including
graphemic representations
of vowels, from Kelih and
Zornig 2022)

Anonymous

rank | phoneme frequency rank | phoneme frequency
1 e 10,924 21 6 2,490
2 o 10,305 22 tf 2,177
3 a 9,416 23 g 1,801
4 n 9,028 24 u 1,767
5 i 8,542 25 / 1,743
6 r 7,811 26 ts 1,363
7 1 7,784 27 0 1,264
8 s 7,716 28 h 1,190
9 j 6,874 29 a 1,170
10 t 6,511 30 3 1,073
11 v 6,103 31 ) 886
12 p 5,426 32 é 749
13 | 5,355 33 a 570
14 k 5,251 34 & 512
15 d 4,872 35 d 383
16 m 4,721 36 f 268
17 i 4,172 37 o} 239
18 é 3,662 38 i 84
19 z 3,384 39 u 21
20 b 2,650

[ 42 ]
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rank | phoneme frequency
1 i 130,169
2 a 107,950
3 1 95,709
4 o 89,608
5 m 79,908
6 e 67,203
7 n 64,335
8 S 57,540
9 t 51,911
10 p 46,978
11 1 38,385
12 k 37,222
13 b 32,118
14 u 25,687
15 r 21,122
16 ai 20,726
17 g 16,691
18 14,169
19 j 12,670
20 9,128
21 h 6,462
22 au 5,931
23 v 5,866
24 ds 3,151
25 ia 1,485
26 f 762
27 oi 574

[ 43 1]

Table 23:

Phoneme frequencies
in Tok Pisin (phoneme
inventory from Smith
2008)



Table 24:

Phoneme frequencies

in Udmurt (phoneme
inventory from Vakhrushev
and Denisov 1992)

Anonymous

rank | phoneme frequency || rank | phoneme frequency
1 i 4,853 17 d 1,242
2 o 4,500 18 A 975
3 a 4,041 19 p 892
4 e 3,871 20 f 881
5 s 3,392 21 g 532
6 i 3,279 22 b 420
7 k 3,025 23 A 397
8 n 2,871 24 2 391
9 t 2,612 25 n 356
10 u 2,564 26 z’ 336
11 1 2,395 27 te 260
12 z 2,334 28 182
13 m 1,797 29 dz 157
14 ¢ 1,774 30 d 133
15 r 1,768 31 tf 98
16 j 1,611 32 t 70
33 dz 34

[ 44 ]
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rank | phoneme frequency || rank | phoneme frequency
1 i 4,868 19 p 905
2 0 4,551 20 [} 881
3 a 4,145 21 g 537
4 e 3,972 22 b 420
5 s 3,450 23 £ 401
6 i 3,367 24 ° 391
7 k 3,028 25 n 367
8 n 2,897 26 7 336
9 t 2,625 27 ¢ 262
10 u 2,574 28 3 182
11 1 2,414 29 dz 157
12 z 2,345 30 d’ 134
13 r 1,854 31 ) 98
14 m 1,815 32 t 70
15 ¢ 1,803 33 X 59
16 j 1,715 34 f 44
17 d 1,254 35 d3 34
18 v 989 36 ts 3

[ 45 ]

Table 25:

Phoneme frequencies

in Udmurt (with three
Russian phonemes /x/, /f/,
and /ts/)



Table 26:

Phoneme frequencies
in Warao (phoneme
inventory from
Romero-Figueroa and
Rybka 2023)

Anonymous

rank | phoneme frequency
1 a 227,003
2 i 81,693
3 b} 73,817
4 € 73,225
5 t 64,780
6 n 60,538
7 r 54,316
8 k 51,205
9 h 44,087
10 u 42,871
11 m 35,888
12 b 32,691
13 S 20,748
14 j 17,180
15 w 8,857
16 kW 2,876
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Rank-frequency distribution of phonemes across languages

rank | phoneme frequency
1 a 200,075
2 e 116,026
3 i 109,317
4 t 98,685
5 ? 86,413
6 u 84,003
7 n 81,543
8 k 80,684
9 o 68,106
10 m 64,041
11 h 64,013
12 8 33,749
13 w 29,983
14 j 26,268
15 s 26,241
16 p 21,153
17 a: 16,641
18 tf 16,080
19 1 15,408
20 r 14,382
21 e: 9,863
22 bW 4,749
23 o: 3,062
24 i 2,798
25 u: 1,312

[ 47 ]

Table 27:

Phoneme frequencies

in Yaqui (phoneme
inventory from Trueman
et al. 2018)



Anonymous
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