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The present paper aims to provide the first analysis of Ukrainian phonotac-
tics and morphonotactics, compare them qualitatively and quantitatively,
and explain the difference between these two perspectives. Further, the paper
explores the morphological complexity of consonant clusters in the Ukrainian
language. The research is limited to consonant clusters in word-initial posi-
tion compared to earlier studies in other Slavic languages, namely Russian and
Polish. With respect to markedness, two hypotheses were tested, suggesting that
morphonotactic clusters are expected to be less preferred than phonotactic, and
that cluster preferability is directly proportional to frequency. Additionally,
there have been discussed predictions of clusters’ preferability derived from the
Net Auditory Distance principle.
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1. Introduction

Ukrainian is spoken by more than 35 million people around the
globe (Lewis et al. 2016). This number is likely to grow as language
learning applications observe the unprecedented interest in acquiring
Ukrainian (von Ahn 2022). Nevertheless, it remains one of the least inves-
tigated languages of the Slavic family in terms of phonetics and phonol-
ogy. Most publications on Ukrainian phonetics date back to the 1970s or
earlier and do not represent the state of the modern language and present-
day investigations. As Vakulenko (2018) highlighted, the central issue of
Ukrainian phonetics is that contemporary judgments about the language
are based on outdated phonetic material obtained from just one speaker
and processed with old-fashioned phonetic methods.

However, there are a few recent descriptions of the Ukrainian
phonetic system, e.g. by Buk et al. (2008) and Pompino-Marschall et
al. (2016). Yet, they have been heavily criticized by Vakulenko (2019)
due to the lack of relevant experimental material and coherent expla-
nations of the assumptions. Thus, the question of phonetic realizations
of variations within the modern Ukrainian language remains open and
heavily depends on various regional dialects. According to the Atlas of
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the Ukrainian language, there are three major dialects that are character-
ized by phonetic, lexical and grammatical distinctions (Matvijas et al.
2001). Most publications dedicated to Ukrainian phonetics present or
only briefly mention a selected group of phonemes in their syntagmatic
organization, but phonotactics (not to speak of morphonotactics) has
never been a subject of a study.

1.1 Ukrainian phonotactics

The monograph Contemporary standard Ukrainian: Phonetics (Bilodid
1969) remains one of the most significant works in Ukrainian phonet-
ics, presenting experimental data on consonants. Although there is no
separate chapter dedicated to Ukrainian phonotactics, the author ana-
lyzes some frequent combinatory possibilities of Ukrainian phonemes
based on the texts of various literary genres. This study’s methodology
relied on counting the frequency of occurrence of phonemes with a view
to differences in voicing, manner of articulation, place of articulation,
and soft vs hard consonant opposition. As concluded by the author, the
Ukrainian language prefers the following combinations of consonants:
plosive + sonorant, fricative + plosive, fricative + affricate, and frica-
tive + sonorant, rather than combinations in which these groups of
phonemes occur in the reverse order. Nevertheless, neither examples nor
quantitative information regarding the inventory of consonant clusters
(CC) were provided.

Another monograph, The History of Ukrainian language: Phonetics
by Zhovtobriuch (1979), outlines combinatorial possibilities of conso-
nants clustered together. The author described only the possible com-
binations of plosive + sonorant, fricative + sonorant, voiced fricative
+ voiced plosive, voiceless fricative + voiceless plosive, affricate +
fricative, bilabials + lateral, affricate + fricative, two sonorants. Among
sequences of three consonants, the author mentioned just combinations
of /z/ and /s/ followed by plosives /d/, /t/, /k/. Quadruple Ukrainian
consonant clusters were not mentioned at all. Zilynski (1979) mentioned
possible combinations of two stops, stops + fricatives, and sequences of
homorganic consonants. Thus, there are a few descriptions of Ukrainian
phonotactics, but the information remains scattered and incomplete.
However, there is no publication which presents a comprehensive pic-
ture of the phonotactic and morphonotactic inventory of the Ukrainian
language.

As a rule, the division into vocalic vs consonantal languages could
be interpreted with regard to to the number of vocalic and consonan-
tal elements in the phonemic inventories or by syllable structure and



(Mor)phonotactics of Ukrainian:The study of word-initial consonant clusters

the number of consonant clusters. According to Isachenko (1963), a
phonemic opposition between plain and palatalized consonants across
different articulation classes implies the consonantal character of the
Ukrainian language. The inventory of consonants compared to the num-
ber of vowels in the Ukrainian phonemic system constitutes 72%, while
Polish has 87.5%, which is the highest ratio among all Slavic languages
(Majewicz 1989). Such classification is connected with the syllabic pat-
terns occurring in particular languages: open syllables are characteristic
of the vocalic type, where the CV and V syllables predominate, the V
syllables being relatively frequent. In the languages of the intermediate
type, syllables closed by a single consonant additionally occur, the CV
syllables being the most frequent. Closed syllables and rich consonant
clusters are characteristic of the consonantal type (Majewicz 1989).
According to these criteria, all Slavic languages could be characterized
as consonantal. Yet the degree of consonantism and the number of con-
sonant clusters present in a language signify gradual typological differ-
ences.

According to Zilynskyj (1979), Ukrainian generally does not toler-
ate long clusters of consonants, and secondary syllables are formed with
sonorant consonants. It either completely eliminates them by dropping
the sonorant or turns them into syllables with full voice by inserting a
vowel. For instance, the Polish language accepts all kinds of combina-
tions of sonorant and obstruent: SO, OS, and OSO in initial, final, and
medial positions (e.g. wiatr ‘wind’, rwac ‘to tear apart’, brda ‘beard’, etc.
pronounced with non-syllabic [r]). The same situation is found in the
Sorbian languages, but also in Russian and Ukrainian. Still, in these lan-
guages, the frequency of the initial SO- and final -OS clusters containing
non-syllabic sonants is lower than in Polish (Sawicka 2001).

The syllable structure of Ukrainian has been analyzed by Czaplicki
(2007) from the Optimality Theory perspective (Prince & Smolensky
1993). The author described selected consonant clusters in word-ini-
tial, medial and final positions according to the Sonority Sequencing
Principle. Another way to analyze consonant clusters could be from
the perspective of markedness (Eckmann 1977). In the markedness
approach, when applied to onsets and codas, it is considered that the
longer the onsets and codas are, the more marked they are. With regards
to morphonotactics, it has been generally hypothesized that morphono-
tactic sequences are more likely to be marked, therefore, dispreferred
(Dressler & Dziubalska-Kotaczyk 2006).
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1.2 Ukrainian morphonotactics

The distinction between morphonotactics and phonotactics has
been introduced by Dressler & Dziubalska-Kotaczyk (2006). While
phonotactics studies permissible combinations of consonants clustered
together, morphonotactics refers to the combinations of consonants that
appear only at morpheme boundaries. Thus, the consonant cluster /dv-/
as in dva ‘two’ is considered phonotactic or lexical, but the consonant
cluster /z+ts/ as in z+cilyty ‘to heal’ comes into being through add-
ing a prefix to the following consonant, therefore it is morphonotactic.
However, some consonant clusters can occur both in phonotactic and
morphonotactic combinations. For instance, /vl-/ in vlada ‘power’ is
phonotactic since the initial phoneme /v/ is part of a word root, but in
v+ lazyty ‘to get in’ it is morphonotactic because v- is a prefix.

Over the previous ten years, an array of scholarly investigations has
emerged, addressing various facets of morphonotactics within different
domains of linguistics, such as language acquisition, psycholinguistics, cor-
pus linguistics, and typological studies. Predominant languages of research
on morphonotactics represent different language families, such as:

. Slavic, e.g. Slovak (Dressler & Hlinicanova 2015), Polish
(Zydorowicz et al. 2016), Russian (Dressler & Kononenko-
Szoszkiewicz 2019), Croatian (Keli¢ & Dressler 2019);

. Baltic, e.g. Lithuanian (Kamandulyté-Merfeldiené 2015);

. Romance, e.g. Italian (Dressler & Dziubalska-Kotaczyk 2006),
French (Kopke et al. 2021);

. Germanic e.g. German (Korecky-Kroll et al. 2014), English
(Zydorowicz et al. 2016).

Typological differences here are of prior interest because the lan-
guages with a richer morphology, predominantly Slavic languages, are
supposed to have more morphonotactic consonant clusters. For instance,
Polish can tolerate up to four-segment initial cluster as in /v+z+gl-/
wzgledny ‘relative’ and maximum of five consonants in word-final posi-
tion as in /-mpstf/ przestepstw ‘crimes’ (only in the genitive case). Thus,
this pioneering work on Ukrainian phonotactics could be a starting point
for future comparative typological studies.

For the purpose of the present research, an alternative approach
for cluster evaluation was applied based on the universal model of pho-
notactics constructed within the Beats-and-Binding phonology model
(Dziubalska-Kotaczyk 2002, 2009). Such a choice is motivated by the
fact that this model goes beyond purely sonority-based models and
is not attached to any of the traditional syllabification models. The
model presents syllabic nuclei as beats and consonants bound to them
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but does not assume syllabic boundaries. By taking into account the
perceptual contrast between beats and non-beats it allows to evalu-
ate cluster preferability and to establish a hierarchy of the preferences
of clusters from the most preferred (unmarked) to the least preferred
(marked). Perceptual contrast of the consonants is measured employing
the Net Auditory Distance principle (NAD) (Dziubalska-Kotaczyk 2009,
2014). A new model of NAD is not only based on the sonority balance
between the phonemes but also includes manner of articulation, place
of articulation as well as sonorant-obstruent distinction. By means of an
online tool, the NAD phonotactic calculator (Dziubalska-Kotaczyk et al.
2007, 2014), there has been established a hierarchy of preferences for
Ukrainian word-initial consonant clusters including the division of pho-
notactic and morphonotactic consonant clusters.

A major source of morphonotactic clusters in Ukrainian is deriva-
tion. According to the Dictionary of affixal morphs of Ukrainian, there
are 145 prefixal morphs. Moreover, 43 prefixes were borrowed into
Ukrainian from other languages (a-, ad-, ab-, ana-, anti-, apo-, archi-,
hyper, hypo-, de-, dis-, dia-, e-, ek-, eks-, ekstra--, en-, epi-, in-, inter-, intro-,
infra-, ipo-, kata-, kon-, ko-, kontr-, meta-, par-, para-, per-, peri-, post-, pre-,
pro-, re-, sin-, sub-, super-, sur-, trans-, ultra-). Ten units belong to the
complex, secondary prefix combinations: za+v-, 2+ ne-, na+v-, ne+ do-,
o+ bez-, po+za-, po+nad-, po+pid-, s+piv-, s+pid- (Klimenko et al.
1998). There are two productive prefixes z- (also assimilated as s-) and
v-, which give rise to the establishment of morphonotactic consonant
clusters. The Old-Russian prefixes s»- ‘off; with’ and j»z- ‘out of have
merged into a single prefix, modern Ukr. z- (Andersen 1969). The prefix
z- also occurs as preposition, but before voiceless consonants (/k/, /p/,
/t/, /h/) due to voice assimilation, it is pronounced as /s/. Such pronun-
ciation has also been reflected in Ukrainian orthography, e.g. s-+pytaty
‘to ask’, s+xodyty ‘to go’, s+kazaty ‘to say’. When it appears in nouns,
it has two semantic sources, one meaning ‘together’, ‘with’ and the other
‘from’, ‘out of’, and in verbs it occurs as a marker of perfective aspect.
Yet formations of verbs in which z- serves as perfectivizing element may
have the original sense of the prefix obscured (Press & Pugh 2015).

The non-syllabic consonantal prefix v- is the most productive in
verb formation. The meaning of the verb prefixes v- (also vi-, u-, u+vi-)
is ambiguous and can convey various meanings. For instance, it is a
special-objective as in v+ bigaty ‘to run in’, time-objective as in v+ topyty
‘to drown’, it can also signify an effect as in v+ movyty ‘to persuade’ (lit.
‘to say to’). Thus, all Ukrainian morphonotactic consonant clusters are
derived due to the prefixation of s-, z-, v- attached word-initially.
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1.3 Data and methodology

The corpus linguistic research is based on the data extracted from
The General Regionally Annotated Corpus of Ukrainian (GRAC - in Ukr.:
T'eHepaJIbPHUI perioHaJIbHO aHOTOBaHUE KOPIyC yKpaiHChbKOI MOBHU) by
Shvedova et al. (2017-2022). The corpus design has been inspired by the
model of existing reference corpora such as Czech, Russian, or Polish
national corpora, and the British National Corpus. This is the first and
so far, the only corpus of the Ukrainian language which contains texts
annotated by regional markup. The corpus encompasses the timespan
between 1816 and 2022 and includes over 90 thousand texts of differ-
ent genres by about twenty-six thousand authors. For present research
analysis there has been used the GRAC-14 version of the corpus which
encompasses about 860 million tokens. Running the corpus query lan-
guage (CQL) operations allowed to automatically generate a list of word
types containing a specific consonant cluster along with its frequency in
the corpus. During the data selection process, different lemmas of the
same word have been counted as one-word type. The word type count
has been limited to words with at least five tokens.

2. Results

2.1 Word-initial double consonant clusters

Double consonant clusters constitute the largest group of word-
initial consonant clusters in Ukrainian. There are 112 word-initial con-
sonant clusters (Table 1). The table below represents the combinatorial
inventory of word-initial double consonant clusters. Based on previous
assumptions of Bilodid (1969), the data from the corpus confirmed that
the most frequent combination according to lemma type is a stop fol-
lowed by a sonorant. There are overall 23 consonant clusters of that
type. The three lexical clusters /pr-/, /kr-/, /tr-/ represent the most
frequent consonant combinations in the corpus. Also, the three most fre-
quent triple consonant clusters begin with the voiced velar stop /g/ and
four consonant clusters begin with the voiced glottal fricative /f/.

The list of word-initial double consonant clusters is provided in the
Appendix (Table 5). All clusters are exemplified by the most frequent
lemma type in the corpus, transliterated, translated into English, speci-
fied by the type of clusters, i.e. phonotactic, morphonotactic or both.
Among 112 word-initial clusters, the majority — 81 — of clusters are pho-
notactic, and six consonant clusters are exclusively morphonotactic with
no lexical counterparts: /vt-/, /v3-/, /VX-/, /23-/, /2§-/, /Vts-/. Eighteen
consonant clusters occur both as morphonotactic and phonotactic,
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namely /sp-/, /st-/, /sk-/, /zn-/, /zv-/, /zm-/, /zd-/, /2b-/, /vs-/, /zr-/,
/vn-/, /vr-/, /vI-/, /vp-/, /SX-/, /vz-/, /vd-/, /vi-/. For instance, sp- as
in sp + osib ‘a way’ (phonotactic) but s+ pytaty ‘to ask’ (morphonotactic).

2.2 Word-initial triple consonant clusters

There are less than half of word-initial triple consonant clusters
as doubles. The overall number of triple clusters is 69, out of which 52
clusters are morphonotactic (Appendix, Table 6). Only three consonant
clusters, namely /spr-/, /zbr-/, /zfir-/ occur both as morphonotactic
and phonotactic: /s+pr/ in s+prava ‘business’, /spr/ in sprytny ‘agile’
/z+br/ in z+brehaty ‘to lie’, /zbr/ in zbroya ‘weapon’, /z+ fir/ in
z+ gribaty ‘to shovel, /zfr/ zgraya ‘flock’.

2.3 Word-initial quadruple consonant clusters

Ukrainian allows strings of four phonemes in an initial position.
Thus there are some word-initial quadruple clusters in Ukrainian such
as /vzdr/ in the dialectal perfective verb v+z+driv ‘s(h)e has seen’,
/vpxn/ in the vocative case v+pxny ‘shove something in’, in the dia-
lectal perfective verb /vstr/ in v+striv ‘s(h)e has met’ similarly to the
Standard Ukrainian zu+ strity ‘to meet’, /vfkv/ in v+ skvaryty ‘to strike’,
/vitr/ in v+Stryknuty ‘to prick’. All quadruple consonant clusters are
morphonotactic due to the morphological concatenation of the prefix
/v/ with the following consonants. There is only one quadruple cluster
beginning with /s/ as in /sfkr/ in s+ Skrebty ‘to scrape off’.

2.4 The NAD preference

The phonotactic calculator is a software designed by Dziubalska-
Kotaczyk et al. (2007, 2014) for measuring the auditory distances
between the neighbouring phonemes as defined by the NAD principle.
The calculator allows measuring the preferability of the cluster accord-
ing to its position in a word (initial, medial or final) as well as to build
up the hierarchy of preferability of clusters from the most preferred
to the least defined by the NAD product. The NAD product indicates a
mean number of all the distances between the neighbouring phonemes
in the cluster. It was introduced to the calculator in order to assign a
preferability index which is “a number denoting a degree to which a
given preference is observed” (Dziubalska-Kotaczyk 2019).

The settings for English, German and Polish were previously imple-
mented in the calculator, but the parameter values for Ukrainian were
not specified. Therefore, the values for Ukrainian were adopted by the
author in accordance with the International Phonetic Alphabet. The
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phonetic description of Ukrainian is based on the illustration of the IPA
compiled by Pompino-Marschall et al. (2017).

Following the study on Polish and English (Zydorowicz et al. 2016)
the purpose of the present research is to analyze the phonotactic inven-
tory of Ukrainian regarding the composition of clusters, the degree of
preferability and frequency. Hypothesis 1, previously formulated by
Dressler & Dziubalska-Kotaczyk (2006), suggests that the degree of pho-
nological preferability is inversely proportional to morphological com-
plexity. Thus, morphonotactic consonant clusters are expected to be less
preferred than phonotactic ones. Hypothesis 2 states that the degree of
cluster preferability is directly proportional to frequency. Preferred clus-
ters are expected to be more frequent than dispreferred.

3. Discussion

To verify hypotheses, the status of word-initial double clusters has
been calculated with the help of the NAD calculator. As demonstrated in
Table 2, among 112 word-initial double consonant clusters, 61 clusters
are preferred, and 51 are dispreferred.

Regarding the consonant clusters’ inventory, the majority of word-
initial double clusters are phonotactic. For word-initial doubles, the data
strongly supports Hypothesis 1 since phonotactic consonant clusters are
twice as much preferred than dispreferred, also having a high degree of
word-type frequency (Table 3).

PREFERRED DISPREFERRED

N =9 (zh-, vt-, vm-, vb-, zff-, zts-, z3-, z{-,

Morph |N=4 (vk-, v3-, vf-, VX-) ots-)

N =53 (pr-, kr-, tr-, hr-, br-,
dr-, sl-, pl-, sv-, bl-, do-, hl-,
kl-, xr-, sm-, zl-, fr-, ko-, xl-, N=28 (ft-, In-, fk-, {p-, mn-, sn-, ml-, pt-,
kn-, to-, xv-, hn-, fl-, sr-, gr-, sf-, sts-, ks-, b&-, xt-, pf-, tk-, {n-, r3-, px-,
fo-, {I-, tsv-, xm-, {m-, vh-, mr-, | {x-, 3n-, tsn-, tx-, &eb-, mtf-, &h-, &h-, rt-,
dn-, hvo-, &v-, fo-, 3m-, ro-, tl-, | x-)

Sr-l gl" gv-, tfm', 3t t_ﬂ" 30,
3l-, tsm-, dm-, lv-, tm-, xn-)

Phon

N =14 (sp-, st-, sk-, zn-, zd-, zb-, vs-, vn-,

Both N =4 (zv-, zm-, zr-, vtf-) or-, ol-, op-, §x, vz, vd-)

Table 3. NAD preferences of word-initial doubles.
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For triple consonant clusters, the majority of clusters are morpho-
notactic and strongly dispreferred, which again supports Hypothesis 1.
The second prediction regarding frequency and cluster preference has
been confirmed partially, since generally there are more dispreferred
morphonotactic clusters (N=41) than preferred (N =28). However, the

five most common consonant combinations are of a morphonotactic type
and preferred according to the NAD. (Table 4).

PREFERRED

DISPREFERRED
N =237 (vst-, vpr-, vtr-, vkr-, vkl-, vpl-, vsp-,
N =15 (skl-, spl-, zdr-, sto-, vxl-, vzd-, vsl-, vsm-, vxr-, vsk-, vzr-, vdo-,
Morph zbl-, zxl-, sxr-, zdv-, zxn-, shl-,
stl-, zxv-, zdm-, stfl-, zdzv-)

vzn-, vdr-, vxn-, vbr-, vzL-, LXUL-, sft-, vzl-,
vzb-, vzx-, zmr-, sftf-, vbl-, vtfp-, vdm-, vpn-,
UpX-, vtl-, vzm-, vtn-, vxl-, vtk-)
N=10 (str-, skr-, ftr-, skv-, _
Phon {kr-, skn-, [pr-, {ki-, sfr-, tkn-) N=4 (vftf-, smr-, pxn-, vtfv-)
Both N=3 (spr-, sbr-, zhr-)

Table 4. NAD preferences for word-initial triples.

To validate Hypothesis 2, statistical analysis has been performed
in Orange, which is an open-source data mining toolbox for Python
(Demsar et al. 2013). Linear regression allowed to investigate the rela-
tionship between selected variables, notably NAD Product and frequency
per million (FregMil). Due to the several outlying values in the FreqMil,

a logarithmic transformation (FreqLog), specifically the natural log, was
applied before performing linear regression. (Figure 1).

am

Distribution of FreqLog for double clusters
(red = preferred; blue = dispreferred).

Distribution of FreqLog for triple clusters
(red = preferred; blue = dispreferred).
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Distribution of NAD Product for double clu- Distribution of NAD Product for triple
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Figure 1. Distribution FreqLog and NAD Product for double and triple clusters.

For word-initial double clusters, the relationship between NAD
Product and Freqlog is statistically significant only for the preferred
clusters. Still, the correlation is low (r = 0.23). At the same time, there
is no relationship between NAD Product and FreqLog for dispreferred

clusters (r = 0). For triple clusters, the relationship between NAD
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Figure 2. Linear regression analysis for double and triple consonant clusters.

Product and Freqlog is statistically significant for both, however the
correlation for preferred and dispreferred consonant clusters is still low
(r=0.26). The scatter plots are demonstrated in the Figure 2. Therefore,
Hypothesis 2 has been validated only partially.

4. Conclusions

The general purpose of this pioneering research was to present,
differentiate, and explain an overview of consonantal phonotactics of
Ukrainian, contrasting it with morphonotactics. This is the first attempt
to give a quantitative view of the state of morphological composition,
preferability, and frequency of consonant clusters in the Ukrainian lan-
guage. This corpus-based study relied on data from the huge electronic
corpus GRAC, which allowed the author to provide the first quantitative
generalizations about the distribution of morphological and lexical pat-
terns of Ukrainian consonant clusters. Based on the quantitative analysis
confirming a great inventory of consonant clusters, it can be concluded
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that Ukrainian is a consonantal language, but in the word-initial posi-
tion there are fewer consonant clusters compared to Russian (Dressler &
Kononenko-Szoszkiewicz 2020) and Polish (Zydorowicz et al. 2016). The
main focus of the study was based, for the first time, on the phonologi-
cal theory of Beats-and-Binding phonotactics developed by Dziubalska-
Kotaczyk (2002), which allowed to include an analysis of the existence
of consonant clusters. Two hypotheses were tested, which confirmed a
general presumption that morphonotactic clusters tend to be marked
and therefore dispreferred. Yet, the statistical analysis showed only a
weak correlation between consonant clusters’ frequency and their pref-
erence according to the NAD. The results of this study serve as a starting
point for extending the research on Ukrainian morphonotactics in word-
medial and word-final positions. The present study could be used as a
foundation for comparative typological studies, research in the language
acquisition, and processing of Ukrainian morphonotactic vs phonotactic
consonant clusters.
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Appendix

Table 5. Word-initial double consonant clusters.
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Table 6. Word-initial triple consonant clusters.
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