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Seoul National University 

 

Russian allows word-initial triconsonantal clusters (#CCC). However, when #CCC 

is formed by a monoconsonantal preposition and a cluster-initial noun, it is often 

avoided through vowel epenthesis in the preposition. The epenthesis displays 

variation across different phonological environments. To analyze the phonology of 

this variation is the goal of this study.  

Most previous studies have regarded the prepositional alternation as categorical 

(Matushansky 2002, Timberlake 2004, Katz 2005). Linzen et al. (2013) was one of 

the first studies that analyzed the alternation as variation, which identified a number 

of phonological and lexical factors that condition the variation. However, its formal 

analysis dealt with only preposition /s/ and did not include all the phonological trends 

found in the study. 

To explore the variation more comprehensively, I collected 641,009 tokens 

from the Russian National Corpus, in which monoconsonantal prepositions (/s/ ‘with’ 

‘from’, /v/ ‘in’ ‘into’, and /k/ ‘towards’) are followed by cluster-initial nouns, with 

or without epenthesis. A number of observations were made from the data. 

Epenthesis is more likely when the preposition and the noun-initial consonant (C1) 

are identical or similar. Epenthesis is more likely when the preposition and C1 have 
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more features in common. For preposition /s/, epenthesis is more likely when the 

preposition and the second consonant of the noun stem (C2) are identical or similar. 

For preposition /k/, epenthesis is more likely when the noun is monosyllabic. On the 

other hand, epenthesis is less likely when the noun-initial cluster has a rising sonority 

slope. Epenthesis is less likely when the preposition or C1 is a stop even if they are 

identical or similar. Excluding preposition /s/, epenthesis is less likely when C1 is a 

sibilant. Finally, the epenthesis rate differs depending on the noun stem.   

These tendencies were confirmed to be statistically significant through mixed-

effects logistic regression analyses. Then they were formalized within the framework 

of Optimality Theory (OT). *#CCCPREP (“No word-initial triconsonantal cluster 

containing a preposition”) and DEP-V (“Do not insert a vowel”) offer the primary 

motivation for epenthesis. The Obligatory Contour Principle (OCP, “No two 

identical or similar units are adjacent”) accounts for the similarity avoidance. 

Specifically, OCP-SIB (“No two adjacent segments that share [+strident]”) and OCP-

ANT (“No two adjacent segments that share [+anterior]”) account for the similarity 

avoidance between sibilants which displays similarity-based and distance-based 

gradience. OCP-LAB (“No two adjacent segments that share [+labial]”) and OCP-

CONT (“No two adjacent segments that share [+continuant]”) account for the 

similarity avoidance between labials which displays similarity-based gradience. 

OCP-DOR (“No two adjacent segments that share [+dorsal]”) is responsible for the 

weak similarity avoidance between dorsals. The Sonority Sequencing Principle (SSP, 

“An onset has a rising sonority slope”) accounts for the low rate before a rising 

sonority slope. DEP-V/C_[-cont] (“Do not insert a vowel between a consonant and a 

stop”) and DEP-V/[-cont]_C (“Do not insert a vowel between a stop and a consonant”) 

ban epenthesis next to a stop, while DEP-V/C_[+strident] (“Do not insert a vowel 

between a consonant and a sibilant”) bans epenthesis before a sibilant. 

A peculiar type of interaction is observed among these constraints. OCP-SIB 

and OCP-LAB effects can be seen only when *CCC is violated. Similarly, OCP-ANT 
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and OCP-CONT are active only when OCP-SIB or OCP-LAB is violated. To model 

these observations, I proposed Constraint Dependence, a new type of constraint 

interaction whereby a subordinate constraint is checked for violation if and only if 

all its superordinate constraints are violated simultaneously.  

Applying this proposal, I conducted a learning simulation through a MaxEnt 

learner (Hayes 2009). The constraint weights returned by the learner successfully 

predicted the relative frequencies of epenthesis observed in the data. Therefore, it 

can be concluded that Constraint Dependence can explain the intricate variation 

patterns in hand. It is not only favorable for explaining phenomena that simple 

addition of constraint weights cannot account for, but also able to capture constraint 

interactions in a more restrictive way than such methods as local constraint 

conjunction (Smolensky 1995, Łubowicz 2002). It remains to be addressed in future 

research whether there are limitations on the type of constraint that can have a 

superordinate-subordinate relationship.  

 

Keywords: Russian phonology, vowel epenthesis, consonant cluster, variation, 

similarity avoidance, OCP, OT constraint interaction 
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1. Introduction 

 

This study aims to determine the phonological conditions for the variable vowel 

epenthesis in Russian monoconsonantal prepositions. In doing so, I will propose a 

novel way of capturing the cumulative effect of Optimality Theory (OT) constraints 

by defining a certain set of constraints as having superordinate and subordinate 

relationships with one another. A subordinate constraint is checked for violation only 

when all its superordinate constraints are simultaneously violated. By analyzing data 

from the Russian National Corpus (RNC) through the MaxEnt (Maximum Entropy) 

model, I will show that the observed variation involving the cumulative constraint 

effects results from the interaction of such superordinate and subordinate constraints.  

Russian allows onset consonant clusters (#CC) that are illegal in many other 

languages (1a-b) or even violate the universally observed Sonority Sequencing 

Principle (1c-d) (Davidson 2003, Ostapenko 2005, Davidson & Roon 2008).  

 

(1) Bi-consonantal onset clusters in Russian 

 a. Stop–fricative  [dvor] ‘courtyard’    [psɪxoɫak] ‘psychologist’ 

 b. Obstruent–nasal  [kniga] ‘book’     [dno] ‘bottom’ 

 c. Sonority plateau  [kto] ‘who’     [zvuk] ‘sound’ 

 d. Sonority reversal  [ɫɡatʲ] ‘to lie’     [ftaroj] ‘second’ 

 

Russian also allows onset clusters that consist of three consonants (#CCC), 

sometimes even four (#CCCC), mostly in the form of ‘prefix + stem’ (2). 
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(2) Tri- and quadri-consonantal onset clusters in Russian1 

a. [s-krɨtj] 

off-cover.INF 

‘to hide’ 

b. [fstretitj] 

meet.INF 

‘to meet’ 

c. [vz-ɡlʲat] 

up-look.NOM 

‘a glance’ 

 

However, when a #CCC sequence is formed by adding a monoconsonantal 

preposition to a cluster-initial noun2, it is often avoided through vowel epenthesis 

in the preposition (3). In contrast, a #CC sequence in the same environment 

(preposition + noun) is always tolerated. In other words, a monoconsonantal 

preposition is always realized without an epenthetic vowel when the following 

noun has a single or no onset.3 

 
1 Russian onset clusters are realized as the following: the overlap between consonants is 

very small (Kochetov 2006); an excrescent vowel is rarely realized (Davidson & Roon 

2008); and stops are almost always released (Wilson & Davidson 2013; see Subsection 

5.2.1 for more detail). Although there is not much work done on Russian clusters consisting 

of more than two consonants, it can be presumed that they are realized in a similar manner. 

2 In Russian, a preposition is cliticized to a noun to form a Prosodic Word (Bickel & 

Nichols 2007, Davidson & Roon 2008). Therefore, adding a monoconsonantal preposition 

to a cluster-initial noun (#C+CC) will result in the same realization as a monomorphemic 

word that starts with a triconsonantal cluster (#CCC). 

3 This C~CV alternation may be seen as either epenthesis or deletion, depending on which 

form is considered to be the underlying representation (UR). If the CV form is considered 

to be the UR, then the alternation will be a process of deletion. On the other hand, if the C 

form is considered to be the UR, then the alternation will be a process of deletion. As the 

terminology of this study implies, I view the alternation as epenthesis. The rationale for 

such a view is discussed in Section 5.1. 
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(3) #CCC variably avoided at preposition-noun boundaries 

a. [sa ʂkoləj]  *[s ʂkoləj] 

with school.INSTR 

‘with school’ 

b. [f ʂkole]  *[va ʂkole] 

in school.PREP 

‘at school’ 

c. [s mnoʐestvəm]  ~ [sa mnoʐestvəm] 

with majority.INSTR 

‘with a great number’ 

d. [sa mnoj]  *[s mnoj] 

with me.INSTR 

‘with me’ 

 

The given epenthesis process shows variation across different phonological 

environments. For instance, two adjacent sibilants followed by another consonant 

(e.g. sʂC) are avoided nearly categorically (3a), while two heterorganic fricatives 

(e.g. vʂC) are tolerated at a higher rate (3b). Also, there is what appears to be “free 

variation” before certain cluster-initial words, e.g. when the initial consonant of a 

noun is sonorant (3c) (Matushansky 2002, Steriopolo 2007). There is also lexical 

variation where certain morphemes categorically choose the epenthesized form of 

the preposition (3d) unlike others with similar phonological conditions (3c) 

(Linzen et al. 2013, 464–472).  

For the purpose of exploring this variation, the present study addresses the 

following questions: What phonological factors affect the rate of the epenthesis? In 

addition, what OT constraints are responsible for the observed variation patterns? 

Most previous studies have regarded the prepositional alternation as categorical 

(Matushansky 2002, Timberlake 2004, Katz 2005 among many others). For example, 
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such generalizations were made that the C form of a preposition surfaces (i.e. 

epenthesis does not occur) categorically before a rising sonority, and that the CV 

form of a preposition surfaces (i.e. epenthesis occurs) categorically before a cluster 

that starts with the same consonant as the preposition. More recently, it has been 

pointed out that the alternation shows variation in certain situations (Steriopolo 2007, 

Gribanova 2009, Blumenfeld 2013). For example, it has been noted that there is so-

called “free variation” before clusters whose first consonant is a sonorant.  

Linzen et al. (2013) was one of the first studies that treated the given alternation 

as stochastic variation. What is noteworthy is that it analyzed this vowel-zero 

alternation as deletion rather than epenthesis (see Section 5.1 for discussion on this). 

The study identified the following phonological and lexical factors that affect the 

variation:  

 

(4) Phonological factors (Linzen et al. 2013, 461–464) 

a. OCP: Adjacent sibilants and adjacent labial fricatives tend to be 

avoided in the beginning of clusters. 

b. Gradient sibilant OCP: Adjacent sibilants that share more features tend 

to be avoided more frequently in the beginning of clusters (ssC < szC 

≤ sʂC < sʐC).  

c. Non-adjacent OCP: Multiple occurrences of sibilants and labials within 

a cluster tend to be avoided, regardless of whether they are adjacent to 

each other or not.  

d. Lack of dorsal OCP: No similarity avoidance effect is found for dorsals. 

e. Stress: Epenthesis is more likely before stressed syllables. 

f. Sonority slope: Epenthesis is more likely before level or falling 

sonority clusters. 
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(5) Lexical factors (Linzen et al. 2013; 464–469) 

a. Lexical idiosyncrasies: Nouns with similar phonological environments 

vary widely in their tendency to prefer the CV form of the preposition. 

e.g. [s mnenijem] ‘with the opinion’ vs. [sa mnoʐestvam] ‘with the 

majority’ 

b. Inflected form idiosyncrasies: Inflected forms of the same noun may 

vary in their tendency to prefer the CV form of the preposition. 

e.g. [z dnjom] ‘with the day’ vs. [sa dnja] ‘from the day’ 

c. Register effect: Ecclesiastical and archaic words tend to prefer the CV 

form of the preposition. 

e.g. [ka kristu] ‘towards the cross’ 

d. Fixed expressions: Certain idiomatic expressions tend to prefer the CV 

form of the preposition. 

e.g. [liʐatj va praxi] ‘be dead (lit. lie in ashes)’ 

 

Despite its immense contributions, Linzen et al.’s (2013) study still has some 

shortcomings. Most importantly, it only covered preposition /s/ and its relevant 

constraints, thereby leaving /v/ and /k/ and their relevant phonological factors short 

of a formal analysis. It also did not incorporate the similarity-based gradience of 

sibilant OCP into the formal analysis although it did point out such an effect exists. 

Last but not least, it addressed the complex cumulative effect of constraints observed 

in the given data by simply resorting to local constraint conjunction (LCC), which 

can be problematic for its descriptiveness and arbitrariness (Hayes & White 2015; 

see Subsection 5.2.2 for discussion on LCC). Moreover, Linzen et al. (2013) used 

local constraint conjunction within a MaxEnt (Maximum Entropy) model, whose 

goal is also to capture cumulative effect. Thus, two different means were redundantly 

used to achieve one thing.  

To make up for these shortcomings and more fully answer the research 
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questions presented above, I used data from the Russian National Corpus. I chose 

this corpus because it is one of the largest corpora of the Russian language, as well 

as being the same data used in Linzen et al. (2013). This way, I can easily compare 

my findings with theirs, as well as confirm, modify or refute their claims. Meanwhile, 

the current study differs from theirs in that I searched for all logically possible types 

of cluster-initial nouns whereas Linzen et al. (2013) made a prior list for search query. 

Therefore, it can be said that my study has a wider scope of data.  

The organization of the rest of this study is as follows. Section 2 introduces the 

data that this study examines. Section 3 examines the distribution of vowel 

epenthesis observed in the data and draws generalizations on the phonological 

factors conditioning the epenthesis. Section 4 statistically verifies the phonological 

factors discovered in the previous section by fitting mixed-effects logistic regression 

models on the data. Section 5 presents OT constraints for the phonological factors 

and analyzes the variation through the MaxEnt model. Before undertaking analysis, 

two issues are examined: whether the alternation should be analyzed as deletion or 

epenthesis and how the complex interaction of similarity avoidance should be 

incorporated into analysis. Crucially, I make a proposal for Constraint Dependence, 

a new type of OT constraint interaction. Then I train the MaxEnt learner with the 

data, which successfully learns constraint weights and predicts the relative 

frequencies of the data. Section 6 summarizes this study and provides concluding 

remarks on its implications and remaining tasks. 

 

 

2. Data 

 

To explore the research questions of this study, I used the data from the main corpus 

of the Russian National Corpus (RNC). In total, the RNC main corpus is comprised 

of 115,645 documents, which amounts to 23,803,881 sentences or 283,431,966 
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words. It is provided in Russian standard orthography, which transparently reflects 

the vowel-zero alternation of the prepositions in hand. The corpus includes modern 

written texts from the 1950s to 2017, recordings of oral speech from the same period, 

and older texts from the mid-18th to mid-20th centuries. 

I chose the RNC because it is one of the largest corpora of the Russian language 

that is accessible online. Also, it is the same data Linzen et al. (2013) used for their 

analysis. Therefore, using data from the RNC allows my findings to be comparable 

with those of Linzen et al. (2013), which in turn enables me to confirm, revise or 

dispute their findings.  

Specifically, I collected the tokens of all the monoconsonantal prepositions (/s/ 

‘with’ or ‘from’, /v/ ‘in’ or ‘into’, /k/ ‘towards’) in Russian followed by cluster-initial 

nouns. The prepositions were searched for in the forms with and without epenthesis 

([s]/[so], [v]/[vo], [k]/[ko]). The basic characteristics of these prepositions, as well 

as examples of their realizations with inflected noun forms, are given below (6–7). 

 

(6) Basic characteristics of the prepositions /s/, /v/, and /k/4 

a. They assimilate in voicing with the following obstruent according 

to the regressive voicing assimilation in Russian (see Section 4). 

b. They surface as the CV form only, but not always, before clusters; 

and they always surface as the C form elsewhere. 

c. The epenthetic vowel is spelled ‘o’ in Russian orthography. 

d. The quality of the epenthetic vowel is predictable according to the 

vowel reduction rule in Russian: it surfaces as [a] if the following 

syllable is stressed, and as [ə] when the following syllable is not 

stressed (Crosswhite 2000, Padgett & Tabain 2005, Bethin 2006). 

 
4 I will henceforth indicate the prepositions as s, v, k, and the epenthesized realizations as 

so, vo, ko. Except for that, all transcriptions are in IPA, omitting irrelevant elements for the 

present study: vowel reduction, palatalization of consonants before /i/ and /e/, and stress. 
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(7) Case forms of nouns with prepositions s, v, k: examples with [dvor] ‘yard’ 

(Linzen et al. 2013, 459)  

   singular  plural 

k/ko + DAT [g/kə dvar-ˈu] [ɡ/kə dvar-ˈam ‘towards the yard(s)’ 

s/so + GEN [z/sə dvar-ˈa] z/sə dvar-ˈof ‘from the yard(s)’ 

s/so + INSTR [z/sə dvar-ˈom] z/sə dvar-ˈami ‘with the yard(s)’ 

v/vo + ACC [v/va dvˈor] v/və dvar-ˈɨ ‘into the yard(s)’ 

v/vo + PREP [v/və dvar-ˈe] v/və dvar-'ax ‘in the yard(s)’ 

 

As for the following noun, I searched for all the logically possible combinations 

of two consonants in Russian (see Table 1 for consonant inventory of Russian). Here 

stands my data’s difference from Linzen et al. (2013), who made a prior list of 

cluster-initial nouns to search based on a dictionary. As a result, my data covers a 

wider range of words. Since the corpus has too large a number of entries and includes 

too old data, I examined only tokens from the past 30 years (1987-2017). I automated 

the process of searching and saving the results through a Python script. After 

collection was complete, I pruned out abbreviations written in upper-case letters 

because most of them are not pronounced with initial clusters (e.g. MGU [ɛmɡɛu], 

*[mgu] ‘Moscow State University’). Eventually, the total number of tokens in my 

dataset amounted to 641,009. 
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Table 1. Consonant inventory of Russian5, 6 

 labial 
dental/ 

alveolar 
retroflex palatal dorsal 

stop p pj b bj t tj d dj   k kj g gj 

affricate  ts   tɕ   

fricative f fj v vj s sj z zj ʂ ʐ ɕ  x xj  

nasal m mj  n nj    

lateral   ɫ lj    

trill   r rj    

glide     j  

 

As shown in Table 2, v (436,390) has the largest number of tokens in my data. 

S (155,060) follows, while k (76,263) has the fewest tokens. K also displays the 

lowest epenthesis rate, only about 5 percent. The preposition with the highest rate of 

epenthesis is s, with almost 40 percent. V, with 15 percent of epenthesis, takes the 

middle place.  

 

Table 2. Epenthesis rate (%) for each preposition 

preposition rate number / total 

s 39.8 61,755 / 155,060 

v 15.0 65,627 / 436,390 

k  4.8 3,649 / 76,263 

 

Table 3 shows the epenthesis rate for each preposition in more detail. Each row 

represents the first consonant (C1) of the cluster of the noun that follows the 

preposition. The rows are arranged in descending order such that the C1 that shows 

 
5 When a cell is divided into two parts, the left part indicates a voiceless segment, and the 

right part indicates a voiced segment. When a segment is presented as a pair, the right one 

(Cj)indicates the palatalized counterpart of the segment. 

6 The status of /v/ is ambiguous in Russian, and it is often regarded as a labial glide (Coats 

& Harshenin 1971, Pugh 1993, Kavitskaya 1999, Linzen et al. 2013). Here, /v/ is classified 

as a labial fricative following the present study’s treatment of /v/. See Subsection 3.2 for 

discussion on treatment of /v/.  
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the highest epenthesis rate is at the top. Table 3 will be continually referred to in the 

next section while discussing the distribution of vowel epenthesis.  

 

Table 3. Epenthesis rate (%) for each preposition according to C1 of the noun7 

preposition s  preposition v  preposition k 

C1 rate number / total  C1 rate number / total  C1 rate number / total 

s 98.57  40,612 / 41,201  v 99.66  30,982 / 31,087  r 95.90  279 / 291 

z 98.04  4,060 / 4,141  f 98.13  10,196 / 10,390  l 94.87  185 / 195 

l 90.68  360 / 397  r 94.98  1,457 / 1,534  f 39.95  684 / 1,712 

ʂ 89.68  2,130 / 2,375  m 86.15  5,037 / 5,847  m 36.13  207 / 573 

ʐ 74.32  55 / 74  l 77.71  272 / 350  х 23.89  209 / 875 

v 65.15  6,968 / 10,695  d 26.85  6,985 / 26,014  v 14.04  727 / 5,177 

m 54.59  1,278 / 2,341  х 13.54  605 / 4,468  d 11.63  830 / 7,137 

r 48.19  40 / 83  tɕ 13.52  114 / 843  n 5.00  1 / 20 

f 43.50  1,773 / 4,076  ɡ 12.60  4,302 / 34,136  ɡ 2.30  89 / 3,862 

d 31.38  3,586 / 11,428  n 7.32  3 / 41  z 2.36  51 / 2,158 

x 7.48  172 / 2,300  b 4.56  319 / 6,994  k 1.31  52 / 3,981 

k 0.25  32 / 12,568  s 2.94  3,860 / 131,318  b 1.21  18 / 1,490 

tɕ 0.22  1 / 457  ts 2.55  25 / 979  s 1.20  286 / 23,813 

ts 0.10  1 / 986  z 2.29  158 / 6,886  ʂ 0.20  2 / 981 

t 0.09  12 / 12,686  ʐ 1.48  2 / 135  t 0.15  4 / 2,728 

ɡ 0.08  7 / 8,240  p 0.40  344 / 86,146  p 0.10  20 / 19,754 

b 0.07  3 / 4,525  k 0.06  24 / 37,019  ʐ 0.00  0 / 29 

p 0.06  20 / 33,077  t 0.05  6 / 12,814  ts 0.00  0 / 151 

n 0.00  0 / 41  ʂ 0.04  7 / 17,075  tɕ 0.00  0 / 310 

ɕ 0.00  0 / 0  ɕ 0.00  0 / 4  ɕ 0.00 0 / 1 

 

 

3. Distribution of vowel epenthesis  

 

By examining the dataset, I discovered several phonological factors conditioning the 

variation in the Russian monoconsonantal prepositions: intricate similarity 

avoidance effects, a stop effect, a sibilant effect, a sonority slope effect, and a 

 
7 Phonetic symbols in the C1 columns reflect obstruent voicing assimilation. See Section 4 

for detail. 
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monosyllabic noun effect.8 While some of my observations agree with the previous 

findings, others are new or different from them. I also observed some lexical effects 

whereby nouns with similar phonological conditions show different rates of 

epenthesis in the preceding preposition.  

 

 

3.1.  Similarity avoidance 

 

A very complex effect of similarity avoidance is observed in the given alternation. 

The effect of similarity avoidance is so prevalent that it accounts for a great portion 

of variation involved in the epenthesis. Details of how this similarity avoidance 

operates in the given alternation are as follows. 

 

 

3.1.1. Interaction with word-initial triconsonantal cluster 

 

A sequence of two identical or similar segments is avoided at a very high rate if and 

only if a word-initial triconsonantal cluster (#CCC) is formed by a monoconsonantal 

preposition and a cluster-initial noun. This is in accordance with the previous finding 

in Linzen et al. (2013). The word-initial biconsonantal clusters (CiCj) that are 

avoided when a preposition precedes a cluster-initial noun (*Ci-CjC) are tolerated 

elsewhere, i.e. the preposition surfaces as the C form when the following noun begins 

with a single consonant and that consonant is identical to or similar with the 

preposition (Ci-CjV). 

S and noun-initial sibilants are avoided in #CCC environments (the average 

epenthesis rate is 90.15% before C1 /s, z, ʂ, ʐ/ and 22.79% before the other C1s, as 

 
8 I was not able to check the stress effect Linzen et al. (2013) reported because stress 

position is not specified in most of my data. 



12 

can be seen in Table 3). These consonants bear similarity with s in that they are 

coronal fricatives, or more simply, sibilants.  

Similarly, v and noun-initial labials are avoided in #CCC environments (the 

average epenthesis rate is 97.66% before C1 /v, f, m/ and 15.35% before the other 

C1s, as can be seen in Table 3). These consonants all share labial place with v. 

When #CCC condition is not met, i.e. when the following noun starts with a 

single consonant (C) instead of a cluster (CC), the above-mentioned similarity 

avoidance is not observed at all: s and /s, z, ʂ, ʐ/, as well as v and /v, f, m/, freely co-

occur without an intervening vowel inserted between them. In this case, the CV 

(epenthesized) forms of the prepositions never surface (Linzen et al. 2013, 455).  

 

 

3.1.2. Exclusion of stops 

 

Stops in general do not participate in the similarity avoidance process described 

above. To begin with, k, unlike the other prepositions, does not show a higher 

epenthesis rate when C1 is /k, ɡ/ (the average epenthesis rate is 1.80% before C1 /k, 

ɡ/ and 18.15% before the other C1s, as can be seen in Table 3) even though they have 

the same place (dorsal) and manner (stop) of articulation as the preposition. In Figure 

1, we can observe that dorsal fricative /x/ shows higher epenthesis rate for k than 

dorsal stops /k, ɡ/ do, despite the fact that /x/ shares one less feature ([-continuant]) 

with the preposition, and thus is less similar to it. Also note that k is the only stop 

among the three monoconsonantal prepositions and shows the lowest overall 

epenthesis rate (4.8%) in comparison to the other two prepositions (s 39.8%, v 15%; 

see Table 2).  
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Figure 1. Epenthesis rate for k according to C1 (dorsals) 

 

 

Furthermore, neither s nor v shows similarity avoidance with stops that share 

the place of articulation with the preposition (Figures 2–3). First, s and coronal stops 

freely co-occur adjacently (the epenthesis rate is 0.09% before C1 /t/ and 31.38% 

before C1 /d/9). Also noteworthy is that s and coronal affricates can co-occur (the 

average epenthesis rate is 0.14% before C1 /ts, tɕ/) even though they share the 

[+strident] feature (Figure 2). Stops and affricates’ patterning together is not 

surprising since they both accompany closure in the oral cavity, represented by    

[-continuant] feature.  

 

 
9 Note that C1 /d/ shows higher epenthesis rate for s compared to C1 /t/. This can be 

attributed to the lexical effect of the noun dvor ‘yard’, which shows high epenthesis rate for 

all the prepositions. See section 3.4 for detail on lexical effects.  
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Figure 2. Epenthesis rate for s according to C1 (coronal obstruents) 

 
 

V and labial stops /p, b/ also freely co-occur sequentially (the average epenthesis 

rate before C1 /p, b/ is 0.71%; see Figure 3). This is contrary to Linzen et al. (2013), 

which claims that there is general labial OCP that avoids multiple occurrences of 

labials within the same cluster regardless of manner distinction.10 

 

Figure 3. Epenthesis rate for v according to C1 (labials) 

 

 
10 This discrepancy can be attributed to the fact that the object of statistical analysis in 

Linzen et al. (2013) was only a subset of data, namely nouns that showed high epenthesis 

rates. 
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Overall, stops appear to be irrelevant to similarity avoidance observed in the 

given alternation, regardless of whether a stop is the first or second member of #CCC.  

 

 

3.1.3. Similarity-based gradience 

 

The similarity avoidance applies gradiently as a function of the similarity of the 

preposition and the following consonant. The more features are shared by the 

preposition and the C1 of the noun, the bigger the effect of similarity avoidance is. 

The epenthesis rate of s is higher when its [+anterior] feature is shared by C1 

(/s/ 98.57%, /z/ 98.04%) than when it is not (/ʂ/ 89.68%, /ʐ/ 74.32%11). Likewise, the 

epenthesis rate of v is higher when its [+continuant] feature is shared by C1 (/v/ 

99.66%, /f/ 98.13%) than when it is not (/m/ 86.15%). In both cases, shared [voice] 

feature does not considerably increase the epenthesis rate. For instance, /s/, which 

shares [-voice] feature with s (and is in fact identical to the preposition) shows an 

epenthesis rate of 98.57%, while /z/, which has a different specification for [voice] 

from s, shows an almost equally high epenthesis rate of 98.04%. V and /v, f/ show a 

similar pattern (see Tables 4–5, and Figures 4–5). 

 

Table 4. Epenthesis rate (%) for s according to the features shared with C1 

C1 [+anterior] [-voice] rate number / total 

s 
yes 

yes 98.57 40,612 / 41,201 

z no 98.04 4,060 / 4,141 

ʂ 
no 

yes 89.68 2,130 / 2,375 

ʐ no 74.32 55 / 74 

 
11 The difference between /ʂ/ (89.68%) and /ʐ/ (74.32%) might lead one to believe [voice] 

contributes to the gradience of similarity avoidance. However, the total number of /ʐ/-initial 

nouns is too small (74; cf. /s/ 41,201; /z/ 4,141; /ʂ/ 2,375) to make a decisive claim about its 

pattern.  
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Figure 4. Epenthesis rate for s according to C1 (sibilants) 

 

 

Table 5. Epenthesis rate (%) for v according to the features shared with C1 

C1 [+continuant] [+voice] rate number / total 

v 
yes 

yes 99.66 30,982 / 31,087 

f no 98.13 10,196 / 10,390 

m no yes 86.15 5,037 / 5,847 

 

Figure 5. Epenthesis rate for v according to C1 (labials except stops) 
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To sum up, my data confirmed the finding of Linzen et al. (2013) that similarity 

avoidance is gradient for sibilants. Meanwhile, I discovered gradience in similarity 

avoidance for labials as well, a departure from the previous study, which claims that 

similarity avoidance for labials applies without reference to the manner of 

articulation. 

 

 

3.1.4. Distance-based gradience 

 

The similarity avoidance applies to non-adjacent sibilants as well, at a lower rate 

than to adjacent sibilants. Specifically, when C1 of the noun is /v/ or /f/, the average 

rate of epenthesis for s is 85.69% if C2 of the noun is a sibilant (cf. the average rate 

is 90.15% when C1 of the noun is a sibilant). See Table 6 for more detail. 

 

Table 6. Epenthesis rate (%) of s according to C1 and C2 of the noun12 

C C1 position C2 position 

s 
98.57  

(40,612 / 41,201) 

70.74  

(353 / 499) 

z 
98.04  

(4,060 / 4,141) 

91.31  

(1,188 / 1,301) 

ʂ 
89.68  

(2,130 / 2,375) 

94.1213  

(16 / 17) 

ʐ 
74.32  

(55 / 74) 

—14  

(0 / 0) 

 
12 The epenthesis rate of s according to C2 is limited to the environment where C1 is /v/ or 

/f/ (both are needed due to voicing assimilation) to control the differences caused by C1.  

13 /ʂ/ is the exception to the overall tendency for sibilants at C2 position to show lower 

epenthesis rate than C1 sibilants. C2 /ʂ/ shows a higher rate of epenthesis for s (94.12%) 

than C1 /ʂ/ does (89.68%). However, the number of /v, f/-initial tokens in which /ʂ/ is in C2 

position is too small (17 tokens) to make any claim based on this observation. 

14 The rate for C2 /ʐ/ is not presented because there is no /vʐ/ sequences at all in the data. 
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Meanwhile, non-adjacent similarity avoidance is not found for labials. In other 

words, the epenthesis rate is not higher when C2 of the noun is identical with or 

similar to v (see Table 7). This is in contrast with the previous claim that a labial 

consonant anywhere in the noun-initial cluster causes a higher epenthesis rate for v 

(Linzen et al. 2013).15 

 

Table 7. Epenthesis rate (%) of v according to C1 and C2 of the noun16 

C C1 position C2 position 

v 
99.66  

(30,982 / 31,087) 

0.64  

(110 / 17,088) 

f 
98.13  

(10,196 / 10,390) 

0.02  

(1 / 4,070) 

m 
86.15  

(5,037 / 5,847) 

0.12  

(6 / 5,055) 

 

 

3.2.  Other phonological factors 

 

The average epenthesis rate of the preposition goes up as the sonority of the noun-

initial consonant (C1) increases: liquid 90.98%, nasal 73.63%, fricative 25.54%, 

affricate 3.78%, and stop 5.12% (Table 8 and Figure 6).17  Note that once again, 

affricates and stops pattern together: affricates do not show a higher epenthesis rate 

than stops, and the difference between them is negligible (1.3%) compared to those 

 
15 As mentioned in footnote 10, this discrepancy can be ascribed to the fact that Linzen et 

al. (2013) only analyzed the nouns that showed high epenthesis rates. 

16 The epenthesis rate of v according to C2 is limited to the environment where C1 is /z/ or 

/s/ (both are needed due to voicing assimilation) in order to control the differences caused 

by C1. 

17 As mentioned in footnote 6, the status of /v/ is ambiguous between a fricative and a 

glide. Here, /v/ is classified as a fricative. The reason for such treatment is discussed later in 

this subsection. 
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between the other groups. Therefore, I will treat stops and affricates as one natural 

class of stops henceforth. 

 

Table 8. Epenthesis rate (%) of prepositions according to C1 sonority 

C1 rate number / total 

stop / affricate 5.12 16,794 / 328,325 

fricative 34.40 103,539 / 300,971 

nasal 73.63 6,526 / 8,863 

liquid 90.98 2,593 / 2,850 

 

Figure 6. Epenthesis rate according to C1 sonority 

 
 

Note that /n/ is an exception to this overall correlation of C1 sonority and 

epenthesis rate. When a noun starts with /n/, it shows a very low epenthesis rate in 

the preposition. When the C1 of the noun is /n/, s, v, k show epenthesis rate of 0%, 

7.32%, 5%, respectively. A couple of remarks are due. First, words with the root 

nrav- ‘character’ take up most part of /n/-initial words in the data (84 out of 102; 
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addition, /nr/ sequence also has a rising sonority slope, a factor that is associated with 
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lower epenthesis rate as I will argue as follows.18 

Why is epenthesis more likely before more sonorous consonants? I consider the 

tendency as reflecting something more complex, namely the effect of sonority profile, 

or sonority slope. Syllable structure has cross-linguistic preferences: the nucleus 

prefers to have high sonority, and sonority prefers to rise gradually from the 

beginning of the syllable to the nucleus and fall gradually from the nucleus to the 

end of the syllable. In other words, the onset tends to have a rising sonority and the 

coda a falling sonority. Since these preferences are universal, rising sonority of an 

onset cluster can be regarded as unmarked (good), while plateau or falling sonority 

of an onset would be regarded as marked (bad). 

Taking this into account, one can infer that the high epenthesis rate observed 

before C1 with high sonority is associated with the marked structure for onset cluster, 

i.e. flat or falling sonority slope. If an onset cluster starts with a sonorant consonant, 

it implies that the sonority profile is bad because the first consonant of an onset 

cluster needs to have low sonority in order to rise along the next consonant(s) up to 

the nucleus. For instance, if C1 of an onset cluster is a glide, it can only have falling 

or plateau sonority slope at most because there is no consonant that is more sonorous 

than a glide.  

Before looking at the epenthesis rate according to sonority slope, the issue of 

/v/ needs to be addressed. A confounding matter in deciding sonority profile is the 

fact that the sonority of /v/ is obscured because of its ambiguous patterning in 

Russian, a representative case being the regressive voicing assimilation process, as 

already mentioned in (6a) and footnote 7 (see Section 4 for more detail on voicing 

assimilation). Therefore, there may be three ways for deciding the sonority of /v/. 

First, /v/ may differ in sonority depending on its position the same way as it does in 

 
18 Also, the number of tokens of /n/-initial nouns is small compared to other sonorants. For 

example, for v, the number of tokens according to C1 of the noun is: /m/ 5,847; /r/ 1,534; /l/ 

350; and /n/ 41. Thus, we cannot be sure that the low epenthesis rate is actually meaningful.  
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voicing assimilation. In other words, /v/ may pattern as a glide when followed by a 

sonorant, and pattern with fricatives when followed by an obstruent. Second, /v/ may 

always act as a sonorant. This is in accordance with the treatment of /v/ by Linzen et 

al. (2013). Finally, /v/ may invariably behave as a fricative. This way of treating /v/ 

would be justified if /v/ conditions similar epenthesis rate as fricatives rather than 

sonorants when it is placed at C1 position.  

To determine the most adequate way of treating /v/, I examined the epenthesis 

rate for the prepositions when C1 of the noun is /v/ (Table 9).  

 

Table 9. Epenthesis rate (%) according to the sonority of C1
19 

sonority consonant type rate number / total 

0 stop / affricate 3.79 4,675 / 123,380 

1 fricative 59.75 50,034 / 83,736 

2 nasal 49.95 1,486 / 2,975 

3 liquid 89.44 864 / 966 

/v/ 

before obs 67.24 1,254 / 1,865 

before son 45.98 6,441 / 14,007 

/v/ total 48.48 7,695 / 15,872 

 

In Table 9, the last three rows relate to /v/. The epenthesis rate that all the tokens 

of C1 /v/ show is 48.48%, which is closer to that of fricatives (59.75%) than that of 

liquids (89.44%). Moreover, if we divide /v/ on the basis of its environment and 

accordingly expected sonority under the assumption that it displays dual patterning, 

/v/ before obstruents (/v/ as a fricative) shows higher rate (67.24%) than /v/ before 

sonorants (/v/ as a glide) (45.98%), which is contrary to the overall tendency that C1 

with higher sonority shows a higher epenthesis rate for the preceding preposition. 

This undermines the hypothesis that /v/ patterns together with either fricatives or 

 
19 Tokens with preposition v are excluded from Table 9 because C1 /v/ shows nearly 

categorical epenthesis after v. 
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sonorants depending on its position. It also lends support to the position that 

considers /v/ as a fricative. If one sees /v/ as a fricative, the tokens where /v/ is 

followed by obstruents should have bad sonority profiles (fricative-obstruent) and 

the tokens where /v/ is followed by sonorants should have good sonority profiles 

(fricative-sonorant). This may have been reflected in the higher epenthesis rate for 

the former group, with epenthesis occurring to repair the marked syllable structure.  

To justify the treatment of /v/ as a fricative, I calculated sonority profile in all 

of the three ways stated above and looked into the concomitant epenthesis rate for 

each sonority slope (Table 10). Whenever /v/ is treated as a sonorant, either in dual 

patterning hypothesis or in sonorant hypothesis, /v/ was assigned the highest score 

(4; cf. liquid is assigned the score of 3) in sonority scale, following the existing view 

that regards /v/ as a glide (e.g. Linzen et al. 2013, 490). This is why the range of 

sonority profile score is wider for “dual patterning” and “sonorant” columns.  

 

Table 10. Epenthesis rate (%)  

according to sonority profile measured in three ways 

sonority profile /v/ dual patterning /v/ as sonorant /v/ as fricative 

1 —20 29.19 98.72 

2 98.72 90.57 44.26 

3 63.13 63.13 25.73 

4 38.42 38.43 31.44 

5 50.88 45.03 32.29 

6 33.93 33.93 46.64 

7 24.22 24.22 1.88 

8 3.01 3.01  

9 27.48 27.48  

 

 
20 This cell is empty for the following reason: Under the assumption that /v/ patterns as a 

glide before sonorants and as a fricative before obstruents, the lowest sonority profile score 

(1) would result from a sequence of glide-stop. However, /v/ is assumed to behave as an 

obstruent before obstruents. Thus, such a sequence is by definition impossible.  
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In the column for /v/ as sonorant, epenthesis rate for the worst sonority profile 

(score = 1) is too low, namely 29.19%. This is in opposition to the general 

observation made above. Likewise, the best sonority profile (score = 9) shows only 

a moderate rate of epenthesis in both dual patterning and sonorant columns (27.48% 

for both columns). On the contrary, in the fricative column, the worst sonority profile 

shows the highest rate of epenthesis and the best profile shows the lowest rate. 

Therefore, I choose to treat /v/ as a fricative in my analysis when it comes to sonority. 

In conclusion, the higher the sonority slope of the noun-initial cluster, the less 

likely epenthesis is for the preceding preposition. This tendency, in accordance with 

the similarity avoidance discussed above, allows us to make the following prediction: 

when C1 of the noun is not affected by similarity avoidance with the preceding 

preposition, the epenthesis rate of the preposition will be negatively correlated with 

the slope of sonority profile of the noun. In other words, when similarity avoidance 

is not relevant, epenthesis is more likely before rising sonority slopes and less likely 

before flat or falling sonority slopes.  

Finally, when the noun consists of only one syllable (1σ), the preposition is 

more likely to epenthesize a vowel than when the noun consists of more than one 

syllable. When the noun is monosyllabic, s and v show epenthesis rates 

approximately twice as high as when the noun is multisyllabic. K demonstrates an 

extreme case: even though it generally shows a low epenthesis rate, it chooses the 

epenthesized form at a rate as high as 78.11% when cliticized to a monosyllabic noun 

(Table 11, Figure 7). 21 

 

 

 

 
21 However, statistical analysis reveals that the monosyllabic noun effect is marginal or 

insignificant for most data. See Section 4 for the results of regression analyses. 
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Table 11. Epenthesis rate (%) according to the noun length 

preposition noun = 1σ noun > 1σ 

s 
74.72 

(4,706 / 6,298) 

38.79 

(56,404 / 145,393) 

v 
26.61 

(8,800 / 33,067) 

14.67 

(55,898 / 381,013) 

k 
77.94 

(1,293 / 1,659) 

3.20 

(2,351 / 73,579) 

 

Figure 7. Epenthesis rate according to noun length 

 
 

 

3.3.  Lexical effects 

 

Although this study’s focus is to elucidate the effects of phonological constraints, I 

did find some lexical effects involved in the variation of the prepositions. As reported 

in Linzen et al. (2013), there exist lexical effects where words with similar 

phonological conditions show different epenthesis rates. A notable example is 

inflected forms of denʲ ‘day’: the genitive case form dnja prefers the so variant, 

whereas the instrumental case form dnjom almost always takes the s variant. Linzen 

et al. (2013) pointed out that the CV form is preferred in idioms and ecclesial words, 
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e.g. Xrist ‘Christ’. Another example is dvor ‘yard’, which starts with a stop. Even 

though stops generally show very low rates of epenthesis for the preceding 

preposition, dvor shows such a high epenthesis rate that this noun accounts for most 

of the epenthesized tokens before d-initial nouns. 

 

 

4. Statistical analysis 

 

I conducted statistical analyses to verify the effects of phonological factors observed 

in the previous section, most of which turned out to be statistically significant. Using 

the lmer() function from the lme4 package (Bates et al. 2015) in R (R Core Team 

2015), I fitted a mixed-effects logistic regression model to the data with each 

preposition separately.  

Before proceeding to the results of regression analyses, a few notes on coding 

are in order. First of all, noun-initial clusters were coded in such a way that reflects 

the obligatory regressive voicing assimilation in Russian as mentioned in Section 3.2. 

In the given process, only obstruents trigger and undergo voicing assimilation. 

Sonorants do not participate in this process, neither triggering nor undergoing 

voicing assimilation. When /v/ is involved, the process becomes more complicated, 

for /v/ behaves differently depending on its position. When preceding a sonorant, it 

behaves like a sonorant; i.e. it does not trigger voicing assimilation on the preceding 

obstruent. For instance, a sequence of /sva/ would be realized as [sva] (*[zva]), and 

/svra/ as [svra] (*[zvra]) because /v/ is followed by sonorants such as /a/ and /r/. On 

the other hand, when followed by an obstruent, /v/ patterns with obstruents; i.e. it 

becomes the target of regressive voicing assimilation as well as activates it. 

Therefore, a sequence of /vka/ would surface as [fka]; /zvka/ as [sfka]; and /svɡa/ as 

[zvɡa] because /v/ is followed by obstruents such as /k/ and /ɡ/.  

In addition, the independent variable Sonority profile needs further elaboration. 
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It is a continuous value that indicates the sonority profile of the noun-initial 

consonant cluster, ranging from 1 to 7. It was calculated as follows. First, C1 and C2 

of the noun-initial cluster were rated according to the following sonority scale: stop 

and affricate (0) – fricative (1) – nasal (2) – liquid (3). Stops and affricates are 

grouped together because they do not show noticeable difference in epenthesis rate 

(see Section 3.2). Next, the value of C2 sonority minus C1 sonority is assigned to 

Sonority profile, which yields higher score when the profile is rising (3-0=3 for the 

most steeply rising profile) and lower score when the profile is falling (0-3=-3 for 

the most steeply falling profile). The score was recoded as 1 (the most steeply falling) 

to 4 (plateau) through 7 (the most steeply rising) by adding 3 to the original score for 

the convenience of regression analysis. 

First, I fitted a mixed-effects logistic regression model on the data with s. The 

dependent variable was binary, namely epenthesis or lack thereof. The noun form 

was included as a random intercept. The independent variables were the following 

fixed factors: C1 type (forward difference coding; levels: anterior sibilant, non-

anterior sibilant, other22, stop); C2 type (forward difference coding; levels: sibilant, 

non-sibilant)23; and Sonority profile (numeric value ranging from 1 to 7). The levels 

of C1 type and C2 type were contrasted using forward difference coding. It is one of 

the coding methods for categorical variables in logistic regression analyses, which 

allows one to compare each level of a categorical variable to the next level. On the 

 
22 In this section, the level ‘other’ indicates all the consonants that are not included in the 

specified levels. Here it refers to the consonants that are neither sibilants nor stops.  

23 The levels ‘anterior sibilant’ and ‘non-anterior sibilant’ for C2 type were collapsed into 

one level of ‘sibilant,’ for the level ‘non-anterior sibilant’ was not significantly different 

from the next level, i.e. ‘non-sibilant’. This was presumably because the total number of 

tokens with non-anterior sibilants (/ʂ/ or /ʐ/) at C2 position is small, 727 out of 151,691 

tokens containing preposition s, in comparison to anterior sibilants (/s/ or /z/) at C2 position, 

2,844 tokens out of the same. I collapsed the levels ‘anterior sibilant’ and ‘non-anterior 

sibilant’ rather than collapsing the levels ‘non-anterior sibilant’ and ‘non-sibilant’ because it 

is more reasonable from the perspective of natural classes.  



27 

other hand, dummy coding, the default coding for categorical variables in R, allows 

one to compare every level with one reference level; and sum coding allows one to 

compare each level to the mean of all the levels. Since forward difference coding is 

used for C1 type and C2 type, the relevant coefficients in the regression results 

indicate if the mean of each level bears a significant difference in epenthesis rate 

from the next level. The factor Monosyllable (dummy coding; levels: multi-syllable 

(reference level), monosyllable) was removed from the model because the addition 

of this factor did not significantly improve the model (likelihood ratio test using the 

anova() function in R). Also, the AIC (10,124) of the model including Monosyllable 

was a little larger than the AIC (10,040) of the model without the factor, which means 

the former model was assessed as worse. The results are shown in Table 12.  

 

Table 12. Mixed-effects logistic regression results for preposition s 

fixed effects estimate SE p (>|z|) 

(Intercept) 4.3943 0.6367 <0.001*** 

C1 (anterior sibilant vs. non-anterior sibilant) 1.2232 0.4738 0.010** 

(non-anterior sibilant vs. other) 20.3144 0.5840 <0.001*** 

(other vs. stop) 3.8902 0.6341 <0.001*** 

C2 (sibilant vs. non-sibilant) 3.5670 0.5872 <0.001*** 

Sonority profile -0.3958 0.1317 0.003** 

C1 type has 4 levels (forward difference coding): anterior sibilant [s, z], non-anterior sibilant 

[ʂ, ʐ], other (non-sibilant consonants excluding stops and affricates) and stop (stops and 

affricates). C2 type has 2 levels (forward difference coding): sibilant and non-sibilant. 

Forward difference coding was used in order to discover each level’s difference with the next 

level. Sonority profile has numerical values ranging from 1 to 7 (1 for the most steeply falling 

profile, 4 for the plateau, and 7 for the most steeply rising profile).  

 

The results show that epenthesis is encouraged when s is followed by sibilant-

initial clusters compared to when it is followed by clusters that start with other 

consonants. The estimate reflecting the difference between non-anterior sibilants and 

other consonants is very large (20.3144; p < 0.001) compared to those between the 

other levels of C1 type (the estimate is 1.2232 for anterior vs. non-anterior sibilants, 
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and 3.8902 for other consonants vs. stops). This confirms the strong tendency of 

similarity avoidance between sibilants. Also, epenthesis is discouraged when s is 

followed by stop-initial clusters compared to when it is followed by clusters that 

begin with other consonants. This verifies the resistance of stops to epenthesis.  

In addition, the gradient nature of similarity avoidance is also confirmed. The 

difference between anterior sibilants [s, z] and non-anterior sibilants [ʂ, ʐ] at C1 

position of the noun is small but significant (1.2232; p = 0.01), which verifies that 

epenthesis is preferred slightly more when s is followed by an anterior sibilant 

compared to when it is followed by a non-anterior sibilant. Meanwhile, when the 

second consonant of the noun-initial cluster (C2) is a sibilant, epenthesis is more 

likely compared to when C2 position is occupied by a non-sibilant consonant, 

although the size of the effect (3.5670; p < 0.001) is smaller than when a sibilant is 

at C1 position. At first, I fitted a model with three levels for C2 type: anterior sibilant, 

non-anterior sibilant, and non-sibilant. Although anterior sibilant was significantly 

larger than non-anterior sibilant, the difference between non-anterior sibilant and 

non-sibilant did not turn out to be significant. Thus, I collapsed the first two levels, 

anterior sibilant and non-anterior sibilant, into one level of sibilant, to verify non-

local similarity avoidance for sibilants in general.24 

Finally, Sonority profile turned out to be significant, although the size of its 

effect is very small (-0.4574). The negative coefficient indicates that the higher the 

sonority slope is for the noun-initial cluster, the less likely epenthesis is.  

On the other hand, the effect of Monosyllable was insignificant, as well as 

headed toward the opposite direction from the observation: its coefficient was a 

negative number (-0.9770), which means epenthesis is less likely before 

monosyllabic nouns. The seeming positive effect of Monosyllable on epenthesis is 

 
24 The significant difference between anterior sibilants and non-anterior sibilants in C2 

position suggests that there is gradience in the similarity avoidance tendency even for non-

local environment. 
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likely due to lexical effects, as a model without a random intercept for nouns does 

show a positive coefficient for Monosyllable. I excluded Monosyllable factor from 

the model after verifying through likelihood ratio test that adding it did not 

significantly improve the model. 

Next, Table 13 shows the results of a mixed-effects logistic regression fitted on 

the data that consists of tokens with v. The dependent variable was the same: 

epenthesis or lack thereof. The independent variables were C1 type (forward 

difference coding; levels: labial fricative, labial nasal, other, sibilant and stop) and 

Sonority profile (numeric value ranging from 1 to 7). C1 type was coded using 

forward difference method to compare the effect of each level to that of the next 

level. C2 type and Monosyllable were removed from the model because their 

inclusion did not bring significant improvement to the model. Finally, a random 

intercept was set for each noun form. 

 

Table 13. Mixed-effects logistic regression results for preposition v 

fixed effects estimate SE p (>|z|) 

(Intercept) -13.12053 0.43158 <0.001*** 

C1 (labial fricative vs. labial nasal) 24.55441 0.51309 <0.001*** 

(labial nasal vs. other) 5.02372 0.76103 <0.001*** 

(other vs. sibilant & stop) 2.69835 0.84377  0.001** 

Sonority profile -0.19717 0.08541 0.021** 

C1 type has 4 levels (forward difference coding): labial fricative, labial nasal, other (non-

labial consonants excluding sibilants and stops), and sibilant & stop. Forward difference 

coding was used in order to compare each level with the next level. Sonority profile has 

numerical values ranging from 1 to 7 (1 for the most steeply falling and 7 for the most steeply 

rising profile). 

 

Table 13 demonstrates that similarity avoidance does exist between the 

preposition v and labial consonants in C1 position of the cluster-initial noun that 

follows the preposition, as in the case of s and sibilant consonants. However, they 

differ in detail. Recall that in the model for s, similarity avoidance of sibilants as a 
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whole had a large effect (the coefficient representing the difference between the 

levels ‘non-anterior sibilant’ and ‘other’ was 20.3144), while the degree of similarity 

among sibilants played a smaller role (the coefficient representing the difference 

between the levels ‘anterior sibilant’ and ‘non-anterior sibilant’ was 1.2232). In 

contrast, the model for v shows a larger difference between labial fricatives [v, f] and 

the labial nasal [m] (the coefficient representing the difference between the levels 

‘labial fricative’ and ‘labial nasal’ was 24.55441) than between the labial nasal [m] 

and other consonants except for stops and sibilants (the coefficient representing the 

difference between the levels “labial nasal’ and ‘other’ was 5.02372). In other words, 

for v, the degree of similarity among labials was more important than whether a 

segment was labial or not. This may reflect the different natures of the similarity 

avoidance of sibilants and the similarity avoidance of homorganic (labial) segments.  

There was an even more remarkable peculiarity regarding C1 type: when I 

included the labial fricative, labial nasal, other, and stop levels in C1 type, the ‘stop’ 

level turned out to be associated with more epenthesis than the ‘other’ level (the 

difference between ‘other’ and ‘stop’ was -0.8030, and it was only marginally 

significant) despite the fact that stops in general show very low rates of epenthesis 

for the prepositions. This can be attributed to the extremely low rate of epenthesis 

for v when C1 of the noun is a sibilant. Thus, the bottom level was modified so that 

it includes both stops and sibilants. As expected, the ‘other’ level showed a 

significantly higher rate of epenthesis compared to the ‘stop & sibilant’ level 

(2.69835; p = 0.001). This result is in stark contrast with the pattern of sibilants 

following s. Recall that sibilants in C1 position show a very high rate of epenthesis 

for the preceding preposition when they have a [+strident] feature in common. Since 

sibilants at C1 position generally show an extremely low epenthesis rate (see Table 

3), their patterning with stops seems to be the overall tendency, while the 

conditioning for a high epenthesis rate is the result of a very strong effect of 

similarity avoidance between sibilants outdoing the across-the-board tendency.  
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Besides similarity avoidance, Sonority profile also proved significant. The 

negative coefficient value (-0.19717) indicates that higher sonority slope reduces the 

probability for epenthesis. On the other hand, C2 type and Monosyllable factors were 

excluded after finding out they did not significantly improve the model for v. A 

likelihood ratio test showed that adding C2 type does not significantly improve the 

model. This was in accordance with the observation made in the previous section 

that there seems to be no non-local similarity avoidance for labials. Similarly, adding 

Monosyllable not only obscured the coefficients of other factors but also increased 

the AIC.  

Now let’s move on to the last preposition, k. Table 14 shows the results of a 

mixed-effects logistic regression analysis on data with k. Again, the dependent 

variable was epenthesis or lack thereof. The independent variables were: C1 type 

(forward difference coding; levels: dorsal fricative, dorsal stop, other, non-dorsal 

stop), Monosyllable (dummy coding; levels: multi-syllable (reference level), 

monosyllable), and Sonority profile (numeric value ranging from 1 to 7). C1 type was 

coded using forward difference method to compare the effect of each level to that of 

the next level. Finally, a random intercept was set for each noun form. 

 

Table 14. Mixed-effects logistic regression results for preposition k 

fixed effects estimate SE p (>|z|) 

(Intercept) -11.86 0.0002584 <0.001*** 

C1 (dorsal fricative vs. dorsal stop) 0.1892 0.0002502 <0.001*** 

 (dorsal stop vs. other) 0.1656 0.0002502 <0.001*** 

(other vs. non-dorsal stop) 1.013 0.0002502 <0.001*** 

Monosyllable 3.894 0.0002502 <0.001*** 

Sonority profile -0.112 0.0002502 <0.001*** 

C1 type has 4 levels (forward difference coding): dorsal fricative, dorsal stop, other (non-

dorsal consonants excluding stops), and non-dorsal stop. Forward difference coding was 

used in order to compare each level with the next level. Monosyllable has 2 levels (dummy 

coding): multi-syllable (reference level) and monosyllable. Sonority profile has numerical 

values ranging from 1 to 7 (1 for the most steeply falling and 7 for the most steeply rising 

profile). 
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According to Table 14, similarity avoidance exists even for dorsal. Epenthesis 

for k is more likely when C1 of the noun-initial cluster is /x/, a consonant that shares 

[+dorsal] and [-sonorant] features with k. Surprisingly, even dorsal stops /k, ɡ/ show 

a slightly higher epenthesis rate for k than the level ‘other’, namely heterorganic 

consonants that are not stops. This is unexpected from the observation of the data, 

where /k/ and /ɡ/ both show extremely low epenthesis rates for preceding k. 

Performing a logistic regression analysis without the random effect for the noun gave 

a result where dorsal stops did not condition a higher epenthesis rate for k. This 

means that when lexical effects are ruled out, even the stops /k, ɡ/, which generally 

discourage epenthesis in the data, show a positive tendency for similarity avoidance. 

Independently of dorsal stops, non-dorsal stops and affricates reduced the epenthesis 

rate for k.  

Across-the-board factors such as Monosyllable and Sonority profile proved 

significant. Note that Monosyllable is retained in this model unlike in the two 

previous models. Even after including random effect of Noun, the effect of 

Monosyllable remained significant and was in the expected direction (positive). It 

appears that the length of the noun can only have an effect when the influence of 

similarity avoidance is not too powerful.  

In summary, epenthesis was more likely when the preposition and the following 

consonant (C1) shared [+strident] or place features such as [+labial] and [+dorsal]. 

In particular, for s and v, epenthesis was more likely when the preposition and C1 

shared an additional feature: [+anterior] for sibilants, and [+continuant] for labials. 

As far as k is concerned, C1s that shared more features with the preposition (/k, ɡ/ 

that share [+dorsal] and [-continuant] features) had a smaller impact on epenthesis 

rates than C1s that shared fewer features with it (/x/ that shares [+dorsal] but not    

[-continuant]). This appears to be due to the tendency of stops to decrease the 

probability of epenthesis for prepositions. For v, not only stops but also sibilants in 

C1 position had a negative effect on epenthesis. Meanwhile, similarity avoidance 
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between sibilants existed even in non-local environments: when the C2 of the noun 

shared [+strident] feature with the preposition, the probability of epenthesis rose, 

although the effect size was smaller than that of C1 sharing the same feature. For all 

three prepositions, epenthesis was less likely when C1 was a stop. Overall, similarity 

avoidance was stronger for sibilants and labials than for dorsals.  

Besides similarity avoidance, sonority profile had an effect on the probability 

of epenthesis for prepositions as well. The better the sonority profile of the onset 

cluster, i.e. the more steeply rising the sonority slope of the onset cluster, the less 

likely epenthesis was. A monosyllable effect was found only for k: when the noun 

was only one syllable long, epenthesis for k was more likely. The negative effect of 

stops in general on epenthesis was also confirmed: when either the preposition or C1 

was a stop, epenthesis was less likely. Finally, including random intercepts for the 

noun always improved the models significantly, indicating that lexical effects firmly 

exist in the data. 

 

 

5. Analysis 

 

This section provides an explanation for each of the observations made in the 

previous sections, and proposes constraints accounting for them. First, I examine two 

positions that view the given alternation as deletion or epenthesis, and support the 

latter view. Then, I give an account for the generalizations made above regarding the 

data, with a particular focus on the complex effect of similarity avoidance, or the 

OCP. I argue for a special type of constraint interaction where a certain set of 

constraints have superordinate-subordinate relationships: a subordinate constraint is 

checked for violation if and only if all of its superordinate constraints are violated. 

After proposing constraints accounting for the given phenomenon, I exemplify how 

the constraints interact to account for the observed variation through an OT tableau. 
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Since the data in hand shows variation, I analyze it through a MaxEnt model that 

assigns each candidate a probability rather than choosing one winning candidate.  

 

 

 

 

5.1.  Deletion vs. epenthesis 

 

Before getting down to analysis, we must consider the following issue: should this 

C~CV alternation of the monoconsonantal prepositions be analyzed as deletion or 

epenthesis? Linzen et al. (2013), the main existing study on the given alternation, 

analyzes it as deletion. The study’s arguments are as follows.  

First, the CV forms were historically the only forms of the prepositions (Vlasto 

1986). This is reflected in the conservative contexts (idioms, ecclesiastical words) 

that favor the CV form.  

Second, the alternating vowel can sometimes surface as [o]. The vowel 

generally surfaces as [ə] or [a], which are typologically common epenthetic vowels 

(e.g. Kitto & de Lacy 1999, Hall 2011), but [o] is far less common (Hall 2011), thus 

suggesting it comes from the underlying form.  

Lastly, they claim that a constraint requiring a lexical word and a phonological 

word be aligned (ALIGN) accounts for deletion. Their argument is as follows: the 

prepositional vowel surfaces with a higher probability in a footed position, 

suggesting it is retained in prominent positions (e.g. /so vdóxa/ → [(savdó)xə] ‘from 

an inhale’) and gets deleted in non-prominent positions (e.g. /so vdaftsá/ → 

[(svdaftsá)] ‘from a widower’) to satisfy ALIGN.25 

 
25 The assumption here is iambic (weak-strong) footing for Russian. The prepositional 

vowel surfaces as [a] when immediately followed by a stressed syllable, and as [ə] 

otherwise. The authors make the given generalization based on the fact that the CV forms 
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In contrast, I argue for the epenthesis account. My view is mainly based on the 

fact that when the noun starts with a single C, the preposition always surfaces in the 

C form, not CV form; the CV form appears only to avoid #CCC, a very restricted 

environment.26 This relates to the notion of derived environment effects, or non-

derived environment blocking (NDEB), which means that some phonological 

processes repairing marked structures are permitted only in derived environments 

(e.g. Kiparsky 1993, Łubowicz 2002). Taking this into account, the epenthesis 

account appears to be more natural because NDEB of markedness constraints is more 

general than ‘derived environment blocking’ of such constraints. In our case, marked 

structures are repaired through epenthesis only in derived environments 

(preposition-noun boundary). On the other hand, the deletion account posits a 

situation where the UR (CV form) surfaces only in marked structures. 

Equally important, the vowel quality is always predictable for all the three 

prepositions (Matushansky 2002, Gribanova 2009). Concretely, all Russian 

prepositions have vowel-final variants, and the alternating vowels are always 

[+back]. This may be contrasted with jer vowels in lexical morphemes, which vary 

unpredictably between front and back (e.g. Yearley 1995, Steriopolo 2007). 

Contrary to Linzen et al. (2013), the historical fact that the monoconsonantal 

prepositions originally had the CV form cannot be evidence for Russian speakers’ 

psychological knowledge of the prepositions because younger generations 

constantly reanalyze their parents’ original grammar (Tagliamonte & D’Arcy 2009, 

Labov 2001). Therefore, even if the prepositions had the CV form in the past, the 

speakers of the present time may have the prepositions stored as the C form in their 

mental grammar. Likewise, lexical idiosyncrasies reflecting such a historical fact 

 

are more likely to show up as [a] than [ə], i.e. the CV form surfaces with higher probability 

when it is immediately followed by a stressed syllable. 

26 This is comparable to a similar case of Polish proclitics (Pająk and Baković 2010, 

Czaykowska-Higgins 1988, Yearley 1995). 
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cannot prove that the URs of the prepositions still have the CV form, for exceptional 

forms may be simply stored in the lexicon (e.g. Pinker & Prince 1994, Pinker 1999), 

especially if they appear only in idiomatic or fixed expressions. 

In addition, the s~so, v~vo, and k~ko alternation should not be essentially 

different from prepositions such as pod~podo ‘under’, which always violates ALIGN, 

the constraint requiring alignment of a lexical word and a phonological word, which 

provides the motivation for deletion of prepositional vowels in Linzen et al. (2013). 

Since pod~podo always has at least one vowel, it never satisfies ALIGN.27 However, 

the preposition still shows vowel-zero alternation.  

These facts lead to the conclusion that it is simpler and more reasonable to 

analyze the C~CV alternation of the prepositions as epenthesis rather than deletion.  

 

 

5.2.  Proposal 

 

In this subsection, I will propose constraints for the phonological factors observed in 

Section 3, namely, similarity avoidance, and the C1 sonority effect.28 Then I will 

elaborate on the concept of Constraint Dependence, the main proposal of this study. 

 

 

 

 

 

 
27 It should be noted that pod and podo will differ in the degree of violation if ALIGN is 

violated gradiently, thereby rendering the form podo worse than the form pod. 

28 The monosyllabic noun effect was not formalized into an OT constraint because the 

effect turned out to be insignificant for most data (prepositions v and s). See Section 4 for 

more detail. 
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5.2.1. Constraints 

 

To begin with, for similarity avoidance, we need the Obligatory Contour Principle 

(OCP).  

 

(8) OCP “No two identical or similar units are adjacent.”  

 

In the given data, the OCP operates only when a word-initial triconsonantal 

cluster is formed at preposition-noun boundary, so we also need *#CCCPREP. Also, 

the marked structure is repaired through epenthesis, so we need to adopt DEP-V.  

 

(9) *#CCCPREP “No word-initial triconsonantal cluster is allowed for 

prepositions.” 

 

(10) DEP-V “A vowel in the output has a correspondent in the input (Do not 

insert a vowel).” 

 

This is the main motivation for epenthesis in general, for epenthesis only occurs 

before cluster-initial nouns and never occurs when the noun starts with a single 

consonant or a vowel. Note the constraint is indexed with the category of preposition: 

I adopt Pater’s (2007) morpheme-specific Markedness constraint in order to capture 

the fact that Russian generally allows a triconsonantal cluster word-initially but 

avoids it when a prepositional boundary is involved. This can be readily captured by 

the ranking of *#CCCPREP >> DEP-V >> *#CCC. 

Now, let’s turn to the question of specifically what type of OCP should be 

applied to the present data. To begin with, do both s and v alternate due to OCP-place, 

or is s subject to a separate OCP, namely OCP-SIBILANT? Linzen et al. (2013) 

attribute the alternation of s to coronal OCP that distinguishes manner and thus 
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applies to coronals that have the same manner of articulation as the preposition, in 

contrast with the more general labial OCP of v that ignores the difference in manner 

and applies to all labial consonants. Therefore, they are implicitly taking the former 

position. This paper, on the contrary, argues for a distinct sibilant OCP for s. The fact 

that only s displays non-adjacent similarity avoidance suggests that a different type 

of OCP is at work. Also, positing OCP-SIBILANT makes it much simpler to explain 

why only sibilants are avoided at a very high rate after s, while excluding other 

coronals such as /t, d, n, l, r/. Thus, I propose a distinct constraint for similarity 

avoidance of sibilants and another constraint for similarity avoidance of sibilants that 

share [+anterior] feature.  

 

(11) OCP-SIBILANT “No two segments that share [+strident] feature are in the 

same cluster.” 

a. Assign one violation mark for any sibilant pair in the same cluster. 

b. Assign another violation mark for an adjacent sibilant pair. 

 

(12) OCP-ANTERIOR “No two segments that share [+anterior] feature are     

adjacent.” 

a. Assign one violation mark for any anterior pair in the same cluster. 

b. Assign another violation mark for an adjacent anterior pair. 

 

OCP-SIBILANT and OCP-ANTERIOR are evaluated gradiently so that more 

violations are incurred when relevant segments are closer to each other. The double 

violation for adjacent sibilants and single violation for non-adjacent sibilants can 

account for the higher epenthesis rate for #SSC sequences than for #SCS sequences, 

where S denotes a sibilant consonant.  

Next, let us move on to v. There may be two ways of approaching similarity 

avoidance of v with labial consonants /v, f, m/ excluding /b, p/. One is ascribing it to 
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the interaction of OCP-PLACE (labial) and OCP-MANNER (fricative and sonorant): 

only when two segments share both labial place and fricative or sonorant (if one 

assumes /v/ is a sonorant) feature at the same time are they avoided in a #CCC. The 

other is positing a labial OCP and simply excluding stops from the process of 

similarity avoidance. I support the latter position because it can specifically capture 

the different behavior of stops, not just for labials, but across the board. Also, it is 

more plausible than positing an interaction of place OCP and OCP concerning 

incoherent features such as [+sonorant] (the shared feature between preposition v 

and /m/) and [+continuant] (the shared feature between preposition v and /v, f/). 

Further, it is more sensible to explain that k does not show substantial similarity 

avoidance because it is a stop than to assume that only dorsal place has a weak 

tendency for similarity avoidance. Although coronals have been reported to behave 

heterogeneously among themselves (e.g. Coetzee & Pater 2008, McCarthy 1994), 

there are few such reports on dorsals. Excluding stops is also preferable for the sake 

of simplicity to positing interaction between OCP-PLACE and OCP-MANNER, 

especially when we already have an interaction between *#CCC and the OCP. I 

propose context-sensitive DEP-V constraints to account for the low rate of epenthesis 

before a stop as well as following a stop. Below, I propose place OCP for labials and 

dorsals, another constraint for the similarity avoidance of labial fricatives, and 

faithfulness constraints banning epenthesis next to a stop.  

 

(13) OCP-LABIAL “No two segments that share [+labial] feature are adjacent.” 

 

(14) OCP-CONTINUANT “No two segments that share [+continuant] feature 

are adjacent.” 

 

(15) OCP-DORSAL “No two segments that share [+dorsal] feature are 

adjacent.” 
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(16) DEP-V/C_[-continuant] “A vowel in the output has a correspondent in 

the input when it follows a consonant and precedes another consonant with 

[-continuant] feature (Do not insert a vowel between a consonant and a 

stop).” 

 

(17) DEP-V/[-continuant]_C “A vowel in the output has a correspondent in 

the input when it follows a consonant with [-continuant] feature and 

precedes another consonant (Do not insert a vowel between a stop and a 

consonant).” 

 

A similar constraint as DEP-V/C_[-cont] has been proposed by Zuraw (2007): 

DEP-V/S_T, where S indicates a sibilant and T indicates a stop. She introduces this 

constraint to explain the low separability of sibilant-stop sequences in comparison 

with, for example, sibilant-sonorant sequences (DEP-V/S_R, where R indicates a 

sonorant). Zuraw (2007) grounds the ranking of DEP-V/S_T >> DEP-V/S_R on 

perceptual similarity: a vowel inserted before a stop is perceptually dissimilar from 

the original form, while a vowel inserted before a sonorant does not yield a big 

difference from the original form. The same explanation holds for DEP-V/C_[-cont].  

DEP-V/[-cont]_C is justified by the way Russian stops are phonetically realized. 

Specifically, the release between consecutive stops obviates the need for epenthesis. 

As briefly mentioned in footnote 1, the first stop in a sequence of two stops, as well 

as word-final stops, is almost always released with an audible release burst. This 

observation has been made not only across word boundaries (Kochetov et al. 2007, 

Zsiga 2003, Zsiga 2000), but also in onset clusters (Wilson & Davidson 2013, 

Davidson & Roon 2008, Kochetov 2006). Because of the demarcation achieved by 

the release burst, listeners can identify each segment in a stop-initial cluster even 

when the cluster is produced without an epenthetic vowel. 

Another context-sensitive faithfulness constraint is proposed to account for the 

low epenthesis rate before sibilants: DEP-V/C_[+strident]. Recall that when C1 of the 
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noun-initial cluster was a sibilant, the epenthesis rate was very low except for 

preposition s, which showed a very high rate of epenthesis before sibilants due to 

OCP-SIBILANT. This makes the effect of OCP-SIBILANT even more striking: it 

overrides the overall tendency of sibilants to block epenthesis.  

 

(18) DEP-V/C_[+strident] “A vowel in the output has a correspondent in the 

input when it follows a consonant and precedes another consonant with 

[+strident] feature (Do not insert a vowel between a consonant and a 

sibilant).” 

     

The special status of sibilants in consonant clusters have been reported cross-

linguistically (e.g. Steriade 2009, Morrelli 1999, Hoberman 1989). Specifically, 

works on articulatory phonology have observed that a word-initial cluster with a 

sibilant in the C1 position shows coordination patterns as if it were a simple onset 

and not a complex one (Pastätter & Pouplier 2014, Hermes et al. 2013). Ostapenko 

(2005) suggested a similar pattern for sibilants in Russian onset clusters by pointing 

out the regular position of sibilants in tri- and quadri-consonantal clusters. 

Finally, let us proceed to the sonority profile effect. This can be explained 

through Sonority Sequencing Principle (SSP) as proposed in Linzen et al. (2013).  

 

(19) SSP “An onset must be constituted by a sequence of consonants with 

progressively increasing sonority values, and a coda must be constituted by 

a sequence of consonants with progressively decreasing sonority values.” 

a. Sonority scale: stop and affricate 0 < fricative29  1 < nasal 2 < 

sonorant 3 

 

 
29 /v/ is included in the fricative group, following the conclusion made in Subsection 3.2. 
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b. Sonority profile: C2 sonority minus C1 sonority, ranging from 3 (3 

minus 0, thus the most steeply rising) to 0 (meaning C2 and C1 

sonorities are the same, thus plateau) to -3 (0 minus 3, thus the 

most steeply falling) 

c. Since SSP requires an onset have a rising sonority profile, SSP is 

marked for violations as the reverse function of sonority profile. It 

is also violated gradiently to reflect the gradient nature of sonority 

profile. 

 

(20) Calculation of sonority profile scores and SSP violation numbers 

Sonority profile 3 2 1 0 -1 -2 -3 

SSP violation 0 1 2 3 4 5 6 

 

The SSP motivates resyllabification of bad sonority profiles. If the sonority 

profile of an onset cluster is bad (falling), epenthesis can repair it by resyllabifying 

the first consonant of the cluster as coda. On the other hand, if the sonority profile of 

an onset cluster is good (rising), it does not necessitate resyllabification. Since 

epenthesis does not occur in order to obey SSP unless *#CCC is violated at the same 

time, it is also subordinate to *#CCC.  

 

 

5.2.2. Cumulative constraint effects 

 

Last but not least, how can I reflect the peculiar interaction of *#CCC, OCP-

SIBILANT / OCP-LABIAL, and OCP for the subsidiary features? OCP-SIBILANT and 

OCP-LABIAL effects can be seen only when *#CCC is active. Similarly, OCP-

ANTERIOR and OCP-CONTINUANT effects emerge only when one of OCP-SIBILANT 

or OCP-LABIAL can be active. I incorporate this dependence of a constraint upon 
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another into the grammar by proposing Constraint Dependence whereby certain 

constraints have superordinate-subordinate relationship between themselves. The 

relevant constraints’ relationships are illustrated in (21). 

 

(21) Illustration of superordinate-subordinate relationships among constraints 

*#CCCPREP 

 
OCP-SIB OCP-LAB 

OCP-DOR SSP 
 OCP-ANT  OCP-CONT 

 

A subordinate constraint is checked for violation only when its superordinate 

constraint is violated. I postulate this relationship as reiterative, thus a constraint that 

is superordinate to another constraint may be subordinate to yet another constraint, 

forming a hierarchical relationship. This relationship is also posited to be transitive; 

therefore, if Constraint1 is subordinate to Constriant2 and Constraint2 is subordinate 

to Constraint3, then Constraint1 is subordinate to Constraint3 as well. In regard to 

constraint violation, a subordinate constraint can be checked for violation marks if 

and only if (all of) its superordinate constraint(s) is/are violated. In summary, 

Constraint Dependence depicts a hierarchical relationship among constraints, 

whereby a violation of one constraint serves as a precondition for violation checking 

of another constraint. 

This type of idea is not completely new. It has been modeled e.g. in Wilson and 

Obdeyn (2009) with regard to OCP-Place and its relationship with subsidiary 

features. Based on the observations of co-occurrence restrictions of homorganic 

consonants in several languages, they formulate OCP-Place as equal to two segments’ 

similarity, which is determined by the shared features and their weights. However, 

since the features are “parasitic” on OCP-Place, i.e. they can take effect only when 

OCP-Place is already violated by the presence of two homorganic segments, Wilson 
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and Obdeyn (2009) formulate OCP-Place so that the place feature serves as the 

prerequisite for subsidiary features to constitute the weight of OCP-Place. The 

constraint is formalized as in Figure 8. 

 

Figure 8. Formulation for OCP-Place in Wilson and Obdeyn (2009) 

𝑂𝐶𝑃 − 𝑃𝑙𝑎𝑐𝑒𝐰(𝑥, 𝑦) = {
𝑠𝑖𝑚𝐰(𝑥, 𝑦)    𝑖𝑓∃𝑃 ∈ 𝜌 such that 𝛿𝑃(𝑥, 𝑦) = 1

0                      otherwise                                        
 

 

In Figure 8, w denotes the vector of feature weights; x, y two relevant segments; 

simw(x, y) the sum of the weights of the features shared by x and y; P a place feature; 

and ρ set of place features. Finally, δP(x, y) is equal to 1 if x and y agree on P and 0 

otherwise. This means that the violation count for OCP-Place is equal to the sum of 

weights of features shared by two segments if and only if the segments share a place 

feature. In other words, place features act as “gating factor” in OCP-Place. However, 

my proposal essentially differs from Wilson and Obdeyn (2009) in that, while they 

apply the idea to the internal mechanism of one constraint, I modify the relationship 

or interaction of multiple constraints.  

The proposed constraint interaction allows us to explain the patterns observed 

in the given data. Namely, constraints such as OCP-ANTERIOR and OCP-

CONTINUANT, which are clearly at work when two adjacent segments are sibilants 

or labials, have no effect on their own. For example, preposition s and /t/-initial 

clusters almost never cause epenthesis even though they share [+anterior] feature. 

Likewise, preposition v and /s/-initial clusters are hardly ever avoided despite the 

shared [+continuant] feature. This can be readily accounted for if OCP-ANTERIOR 

and OCP-CONTINUANT are marked for violations only when their superordinate 

constraints, OCP-SIBILANT and OCP-LABIAL respectively, are violated.  

More crucially, the proposed relationship captures the pattern that is the main 

focus of this study: epenthesis occurs when, and only when, a marked sequence—
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such as two similar segments or a falling sonority profile—is present in #CCCPREP 

environment. When a preposition is added to a cluster-initial noun to form a #CCC 

across a preposition-noun boundary and there is no other marked structure, the 

preposition does not epenthesize a vowel. Similarly, epenthesis does not occur when 

a preposition precedes a noun that starts with a single identical or similar segment to 

the preposition. This can be captured with ease by positing a superordinate-

subordinate relationship between #CCCPREP and the relevant markedness constraints. 

These patterns can be generalized as showing a cumulative effect of OT 

constraints, which in turn suggests Constraint Dependence is useful for capturing not 

only the specific phenomena analyzed in the present study, but also cumulative 

effects of constraints in general. Such an effect is called a gang effect, which refers 

to when the effect of violating two lower-weighted constraints beats the effect of 

violating a higher-weighted constraint (e.g. Itô & Mester 1986, Keller 2005, Kager 

& Shatzman 2007). Various attempts have been made to account for the gang effect, 

such as local constraint conjunction (LCC; Smolensky 1995, Łubowicz 2002; e.g. 

Crosswhite 2000 on Russian, Itô & Mester 2003 on German), Harmonic Grammar 

(Legendre et al. 1990, Smolensky & Legendre 2006), and the Maximum Entropy 

(MaxEnt) model (Goldwater & Johnson 2003, Hayes & Wilson 2008).  

More recently, the super-gang effect of constraints has been reported (Kim 2020, 

Shih 2017). It refers to when the effect of violating two constraints surpasses the 

mere addition of the weights of the constraints. Super-gang effects cannot be 

explained through solutions for simple gang effects, except for LCC.30  LCC is 

conjoining two constraints as one constraint that receives one violation mark each 

time both of the original constraints are violated within a certain domain. Although 

it is able to capture super-gang effects precisely, LCC is problematic because it is 

 
30 There have been other attempts to account for super-gang effects, mostly by modifying 

the MaxEnt model: employing constraint conjunction in MaxEnt (Shih 2017) and using 

power function in MaxEnt (Kim 2020). 
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unrestricted and overpredicts (Hayes & White 2015). 

The relationship between constraints proposed in the present study can be seen 

as a type of LCC. However, I argue that Constraint Dependence has advantages over 

LCC in that it is more restrictive. In LCC, virtually any pair of constraints can be 

conjoined to form a conjunction, and the conjoined constraints do not have 

directional relationship with each other. Moreover, since the conjunction constraint 

is a separate constraint independent of the original constraints, it should be able to 

be positioned anywhere in the constraint ranking in the framework of standard OT 

(Prince & Smolensky 2004) or assigned any weight in the framework of Harmonic 

Grammar. On the contrary, the superordinate-subordinate relationship, as the term 

itself implies, ensures a directional relationship between constraints: a subordinate 

constraint is dependent on its superordinate constraint(s) in that it can be visible only 

when the superordinate constraint(s) is/are first violated. The weight of relevant 

constraints is also determined in more restrictive way. The penalty of violating both 

superordinate and subordinate constraints depends on the penalty of each of the 

component constraints.  

 

 

5.3.  MaxEnt Analysis  

 

The Maximum Entropy (MaxEnt) model is one of the probabilistic variants of OT 

(Goldwater & Johnson 2003, Hayes & Wilson 2008). In standard OT, constraints are 

strictly ranked, and one optimal candidate is chosen as the output. Thus, standard OT 

cannot account for variation whereby more than one output may surface. On the 

contrary, the MaxEnt model assigns each constraint a numerical weight, which 

serves as a measure of the importance of the constraint. The weight assignment is 

done based on the probability distribution of the candidates. For instance, if one 

candidate is less frequent than another one, the constraints violated by the less 
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frequent candidate are assigned higher weights than the constraints violated by the 

more frequent candidate. Through weighted constraints, a MaxEnt grammar predicts 

the probability of each candidate instead of choosing one winner. Thus, it is well 

capable of modeling variable phenomena. Since Russian vowel epenthesis in 

prepositions also shows variation, I employ the MaxEnt model to analyze it.  

Let us first examine through an OT tableau how the proposed constraints can 

interact in a way that exhibits Constraint Dependence. The tableau in (22) illustrates 

how some representative examples in the dataset may be explained by the constraints. 

 

(22) OT tableau with representative forms 

 DEP-V/ 

{stop, sib} 
31 

*#CCCPREP 
DEP- 

V 
 OCP-SIB OCP-LAB OCP-

DOR 
SSP 

 OCP-ANT  OCP-CONT 

a. input: s sV /s sobakoj/ ‘with a dog’ 

☞ s 100%          

so 0% *        *! 

b. input: s sC    /s slovarjom/ ‘with a dictionary’ 

s 0%  * ** **!    1  

☞ so 100% *        * 

c. input: s zC    /s zvukom/ ‘with a sound’ 

z 0%32  * ** **!    3  

☞ so 100% *        * 

d. input: s ʂC    /s ʂljapoj/ ‘with a hat’ 

s 5.3%  * **!     1  

☞ so 94.7% *        * 

e. input: s Cʂ /s vʂami/ ‘with lice’ 

s 9.1%  * *!     3  

☞ so 90.9%         * 

 
31 DEP-V/[-continuant]_C, DEP-V/C_[-continuant], and DEP-V/C_[+strident] are simplified 

as DEP-V/{stop, sib} for the sake of readability of the tableau. 

32 Here, the competing candidate against [so] is [z] instead of [s] because of the regressive 

voicing assimilation that applies categorically in Russian. It can be captured through a very 

highly ranked constraint AGREE-[voice] that always dominates IDENT-[voice]. 
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f. input: v vC /v vzjatkax/ ‘in bribes’ 

v 0%  *   * *!  3  

☞ vo 100%         * 

g. input: v mC /v mnjenii/ ‘in the opinion’ 

v 28.2%  *   *!   3  

☞ vo 71.8%         * 

h. input: v bC /v brakje/ ‘in marriage’ 

☞ v 99.9%  *   *   0  

vo 0.1% *!        * 

i. input: v sC /v storonɨ/ ‘in directions’ 

☞ v 99.7%  *      4  

  vo 0.3% *!        * 

j. input: k xC /k xristu/ ‘toward the Christ’ 

k 17.1%  *     *! 1  

☞ ko 82.9% *        * 

k. input: k kC /k klasu/ ‘toward the class’ 

☞ k 99.7%  *     * 0  

ko 0.3% **!        * 

l. input: k lCV /k lbu/ ‘toward the forehead’ 

k  0.5%  *      6!  

☞ ko 99.5% *        * 

 

In the tableau, a fatal violation mark (!) indicates that the given violation plays 

a significant role in conditioning the rate of epenthesis for a given input.  

When there is a sequence of two adjacent sibilants across a preposition-noun 

boundary, epenthesis is very likely. This is captured by OCP-SIB, which should have 

a larger weight than DEP-V and thus facilitates epenthesis in sacrifice of DEP-V (22b-

e). On the other hand, when a noun starts with a simple onset, the preposition always 

surfaces in C form and never CV form. Even when a sequence of two identical 

sibilants is formed across a preposition-noun boundary, epenthesis does not occur 

because OCP-SIB is marked for violation only when *#CCC is violated (22a).  

When the two segments are more similar in terms of shared features, the 

epenthesis rate rises even more. (22b) and (22c) show higher epenthesis rate 
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compared to (22d), which does not violate OCP-ANT. Note that (22b) and (22c) show 

equally high rate of epenthesis because difference in [voice] does not play a role in 

this phenomenon. Non-adjacent sibilant OCP is also captured by OCP-SIB, which 

gives two violation marks to a sequence of adjacent sibilants and one violation mark 

to a pair of non-adjacent sibilants, thus resulting in a lower epenthesis rate for (22e) 

compared to (22d).  

Similarly, OCP-LAB, which is violated only when *#CCC is also violated, 

accounts for the high rate of epenthesis when v meets a labial C1 (22f, g). When an 

additional feature (continuant) is shared, the epenthesis rate is even higher because 

OCP-CONT is also violated (22f). When only OCP-LAB is violated, the rate goes 

down (22g). Note that (22h) shows almost zero rate of epenthesis even though it 

violates OCP-LAB. This is due to DEP-V/C_[-continuant], which should be assigned 

a large weight to forbid epenthesis before a stop. Likewise, (22i) is a case where 

epenthesis almost never occurs even though SSP is violated 4 times. DEP-

V/C_[+strident] accounts for the low rate before a sibilant-initial noun stem.  

K generally shows a low rate of epenthesis because it always violates DEP-V/ 

[-continuant]_C that forbids epenthesis after a stop. However, OCP-DORSAL does 

exist, as can be seen in the high rate of epenthesis in (22j) where k is followed by a 

dorsal fricative. In (22k), the form without epenthesis surfaces almost categorically, 

as the CV form violates both DEP-V/C_[-continuant] and DEP-V/[-continuant]_C. 

However, when SSP is violated many times because of an extremely bad sonority 

profile, k also shows high epenthesis rate (22l). 

Next, I conducted a learning simulation using a MaxEnt learner that learns 

grammar on training data by implementing the MaxEnt model (Hayes 2009). For the 

training data, I transformed the tokens in the whole dataset into types based on the 

preposition and the noun-initial cluster. For instance, all the tokens that included 

preposition s and any /vl/-initial noun forms were categorized into ‘s_vl’, which in 

its turn has two candidates: a faithful form and an epenthesized form. Subsequently, 
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the aggregated frequency of tokens that fall into each type was assigned to it. The 

total number of types was 440, each having two candidates, resulting in the total of 

880 candidates in the training data. The constraint weights returned by the learner 

are shown in Table 15. 

 

Table 15. Constraint weights returned by the learner 

constraint weight 

DEP-V 1.07 

DEP-V/[-continuant]_ 1.02 

DEP-V/_[-continuant] 2.04 

DEP-V/_[+strident] 4.30 

*#CCCPREP 0.00 

OCP-SIBILANT 2.50 

OCP-ANTERIOR 1.26 

OCP-LABIAL 0.00 

OCP-CONTINUANT 5.28 

OCP-DORSAL 0.19 

SSP 0.55 

 

Let us consider how these constraint weights can account for the observed 

pattern for Russian prepositions. The weight of *#CCCPREP is lower than DEP-V, 

reflecting the fact epenthesis generally does not occur when the combination of a 

monoconsonantal preposition and a cluster-initial noun forms a word-initial CCC. 

The high weights of context-sensitive Faithfulness constraints (DEP-V/[-cont]_, 

DEP-V/_[-cont], and DEP-V/_[+strident]) indicate that epenthesis is even more 

discouraged when the second consonant of #C-CC (C1 of the noun-initial cluster) is 

a sibilant or either the preposition or C1 of the noun-initial cluster is a stop. 

Meanwhile, OCP-SIBILANT and OCP-ANTERIOR are violated once for a non-

adjacent pair and twice for an adjacent pair of sibilants and anterior sibilants, 

respectively. Thus, an anterior sibilant at C1 position, for example, would strongly 

encourage epenthesis because the combined weights for violated OCP constraints 
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would be 2.50 (OCP-SIBILANT) times 2 plus 1.26 (OCP-ANTERIOR) times 2. 

Weights of OCP constraints for labial and dorsal places were also learned. OCP-

DORSAL has the lowest weight among the OCP constraints, correctly reflecting the 

observation that k and dorsals show only a scant rate of epenthesis. It should be noted 

that OCP-LABIAL is assigned zero weight. This may be ascribed to the fact that, as 

shown in Table 13, labial fricatives and the labial nasal have a large difference in 

epenthesis rate, while the labial nasal and the other consonants differ in epenthesis 

rate by only a small amount. This pattern is different from that of sibilants, where 

OCP-SIBILANT has a strong effect and additional similarity among (anterior) 

sibilants has only a small contribution to epenthesis rate (Table 12). It may be the 

case that OCP-LABIAL is not as strong as OCP-SIBILANT such that it can have 

substantial effect only with the help of additional similarity. In line with low-

weighted OCP-DORSAL, this may suggest OCP constraints for place features are 

generally weaker than OCP for the strident feature. Finally, SSP has a relatively low 

weight; nevertheless, its cumulative violation allows it to discourage epenthesis 

when the sonority profile score is substantially low.  

With the learned weights, the learner successfully predicted the relative 

frequency of each candidate for most input types. The correlation between the 

observed epenthesis rate in the data and the predicted epenthesis rate by the learner 

was 70.64%. When I excluded types having a total frequency of 10 or lower, the 

correlation rose to 82.83%. I presume that a majority of the observations that do not 

correlate with the learner’s predictions would be accounted for by the lexical effects 

discussed above. Table 16 shows illustrative types of training data and their actual 

frequency and predicted frequency by the learner.  
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Table 16. Epenthesis rates (%) in the learning simulation:  

comparison of the corpus data (observed) with the Maxent grammar (learned) 

input observed  predicted 

a. s sk 98.55 98.74 

b. s ʂk 80.92 86.45 

c. s vz 91.31 98.73 

d. v vl 98.55 99.15 

e. v mn 93.57 64.35 

f. v st 0.08 4.09 

g. v lb 97.21 90.46 

h. s rt 70.37 90.46 

i. k lʐ 82.35 66.26 

j. k bl  2.36  1.58 

 

Overall, similarity avoidance between two sibilants and two labial fricatives is 

captured by the model (Table 16a–d). The gradience of similarity avoidance based 

on similarity is particularly well captured for sibilants: two anterior sibilants 

condition a higher epenthesis rate than an anterior sibilant and a non-anterior sibilant, 

and this gradience is correctly predicted by the model (Table 16a–b). Moreover, non-

local similarity avoidance for sibilants is also predicted by the learner (Table 16c), 

although the prediction is somewhat higher than the observed rate. The high rate of 

epenthesis when v is followed by a labial fricative is closely captured by the learner 

(Table 16d). On the other hand, the lower but still considerably high rate of 

epenthesis for v when it is followed by labial nasal /m/ is not captured closely (Table 

16e), presumably because the model has not learned OCP-LABIAL. Still, the relative 

frequency between the two candidates is correctly predicted, favoring the CV form 

of the preposition. This should be ascribed to the effect of SSP, which assigns three 

violation marks for a plateau sonority profile such as /mn/. Meanwhile, the general 

low rate of epenthesis before sibilants is correctly predicted (Table 16f). Table 16g–

i illustrates the high rate of epenthesis when the noun-initial cluster has a bad (falling) 

sonority profile, which is correctly predicted by the model. It is noteworthy that even 

k, which generally shows a low epenthesis rate because of DEP-V/[-cont]_, displays 
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a considerable rate of epenthesis when it is followed by /lʐ/ cluster, which incurs five 

violation marks for SSP. In contrast, when k is followed by a cluster with a good 

(rising) sonority profile, it shows a strong preference for the faithful form, which is 

very closely captured by the learner (Table 16j).  

 

 

6. Conclusion 

 

Russian allows word-initial clusters that consist of three consonants (#CCC). 

However, when a #CCC sequence is formed by a monoconsonantal preposition and 

a cluster-initial noun, it is often avoided through vowel epenthesis. The epenthesis 

shows variation across different phonological environments. For instance, two 

adjacent sibilants are avoided nearly categorically, while two fricatives of different 

places of articulation are tolerated at a higher rate. 

For the purpose of exploring this variation, the present study addresses the 

questions of what phonological factors affect the rate of the epenthesis, and what OT 

constraints are responsible for the observed variation patterns. I used data from the 

Russian National Corpus, specifically, the tokens where monoconsonantal 

prepositions, with or without epenthesis (s~so, v~vo, k~ko), co-occur with a cluster-

initial noun. The following observations were made:  

First, when #CCC is formed across the preposition-noun boundary, a sequence 

of two identical or similar segments are avoided at a high rate. In addition, the 

similarity avoidance applies gradiently according to the number of features shared 

by the preposition and the following consonant (C1). For sibilants, similarity 

avoidance applies to the non-adjacent consonant (C2) as well. For k, epenthesis is 

more likely when the noun is monosyllabic. On the other hand, epenthesis is less 

likely when the noun-initial cluster has a rising sonority profile. Epenthesis is also 

less likely when the preposition or C1 is a stop even if they are identical or similar. 
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Similarly, the epenthesis rate decrease when C1 is a sibilant, except for when the 

preposition is s. Finally, certain nouns prefer epenthesis for the preceding preposition 

regardless of their phonological structures. All these factors were confirmed to be 

statistically significant through a mixed-effects logistic regression analysis.  

To account for the observed patterns, I proposed the following constraints: OCP 

constraints for sibilants, labials, dorsals, and subsidiary features (anterior and 

continuant); *#CCCPREP; DEP-V; DEP-V/C_[-cont]; DEP-V/[-cont]_C; DEP-

V/C_[+strident] and SSP. A peculiar type of interaction is observed for some of these 

constraints. Sibilant and labial OCP are not active unless *#CCC is simultaneously 

violated. Similarly, anterior and continuant OCP are relevant if and only if sibilant 

or labial OCP is also violated. To incorporate this dependence of a constraint upon 

another into a grammar, I propose a new type of constraint interaction, namely 

Constraint Dependence. According to my proposal, certain constraints have 

superordinate-subordinate relationships among themselves in a way such that a 

subordinate constraint is checked for violation only when its superordinate constraint 

is violated at the same time.  

Using the constraints proposed above and applying Constraint Dependence, I 

conducted a learning simulation using the MaxEnt learner, a software that learns a 

grammar with weighted constraints that assign each candidate the probability that 

matches the observed frequency most closely. The learned grammar successfully 

predicted the relative frequencies of epenthesis in the corpus data.  

The implications of this study are as follows. Foremost, I analyzed all the three 

monoconsonantal prepositions of Russian for the first time, using a larger dataset 

than previous research. In addition, I analyzed phonological factors that were not 

given a formal analysis before. For example, the additional role of subsidiary 

features in similarity avoidance among sibilants and labials is captured through the 

interaction of OCP-SIB and OCP-ANT, and OCP-LAB and OCP-CONT, respectively. 

I also discovered phonological factors that are novel or different from the previous 
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research. For instance, I identified the general irrelevance of stops in similarity 

avoidance, and accounted for it by DEP-V/C_[-cont] and DEP-V/[-cont]_C. Also, 

unlike the claim by Linzen et al. (2013) that OCP for labials applies to all labial 

consonants, I observed that similarity avoidance among labials distinguishes the 

manner of articulation. In addition, the resistance of noun-initial sibilants to 

epenthesis was discovered, which is in line with the literature on the unusual 

behavior of sibilants in clusters. Overall, I conducted a more extensive study than 

the previous research in the sense that I analyzed a dataset of much larger size; 

conducted statistical analyses on the whole dataset whereas Linzen et al. (2013) did 

so only on a subset of nouns; and covered all three monoconsonantal prepositions in 

formal analysis. Furthermore, I disputed the view that the vowel-zero alternation in 

the Russian prepositions is a process of deletion, a position adopted by Linzen et al. 

(2013). Most importantly, I proposed Constraint Dependence, which depicts a 

hierarchical relationship of constraints where a violation of one constraint is a 

precondition for violation checking of another constraint. It not only is favorable for 

capturing phenomena that simple addition of constraint weights cannot account for 

(e.g., super-gang effect), but also provides a more restrictive way of constraint 

interaction than LCC.  

The broader implications of the present study follow from its position in Russian 

phonology and in the literature on the OCP effects. First, the vowel epenthesis is 

consistent with the general tendency in Russian to preserve and enhance contrast 

among consonants. Such a tendency appears to serve perceptual recoverability 

(Zsiga 2003) because Russian has very few positional restrictions, making it hard for 

listeners to rely on mere phonotactic knowledge to distinguish consonants (Davidson 

& Roon 2008). Consonantal contrast in Russian is facilitated in various ways: Except 

for voicing, consonants are rarely neutralized, even in the coda that usually has more 

restrictions than the onset (Steriade 1997). Russian is also known for consonant 

coordination with little overlap, which has been confirmed by phonetic studies 
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reporting long lags between Russian consonants (e.g. Marin et al. 2015, Kochetov 

2006, Davidson 2003). Furthermore, Russian stops in the coda or in a cluster are 

almost always released (Wilson & Davidson 2013, Davidson 2006, Zsiga 2003; see 

Subsection 5.2.1). Coming back to the main phenomenon, the vowel epenthesis can 

be said to be a strategy for remedying marked syllable structures. Epenthesis in place 

of other strategies such as cluster reduction is in line with the general tendency in 

Russian to maintain consonantal identity and contrast. In terms of OT, MAX-C is 

ranked very high in Russian.  

Second, the present study adds a noteworthy case to the literature on the OCP, 

specifically consonant co-occurrence restrictions (Wilson & Obdeyn 2009, Coetzee 

& Pater 2008, Frisch et al. 2004). In the previously studied cases, there were general 

tendencies to avoid homorganic consonants within roots, and other features as 

[sonorant] and [continuant] merely added to the tendency. However, in the present 

case, homorganic consonants co-occur very often, e.g. [kk], [st], and [vp]. 

Meanwhile, sibilant OCP plays an equally important role as place OCP in the present 

case. Similarly, the peculiarity of k is analyzed as resulting from the traits of stops 

and not dorsals, again emphasizing the role of manner features in similarity 

avoidance. Novelty of the present study also lies in the fact that it deals with a case 

of alternation, whereas the literature has mainly focused on phonotactics. 

Future tasks that remain to be addressed are as follows. Regarding data, my 

analysis would be more valid and well-founded if I were to include tokens of nouns 

that start with a single consonant. Following Linzen et al. (2013), I simply assumed 

that epenthesis does not occur in #C-CV environment even when the two consonants 

are similar. However, if I verify that OCP-SIB or OCP-LAB is never active in such 

an environment, my proposal for Constraint Dependence would gain more support. 

In addition, it will shed more light on the given variation if I analyze data that include 

the canonical form and the stress position of each noun, for the tokens analyzed in 

the present study are inflected forms without lemma information and stress marks.  
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In regard to analysis, the obvious lexical effects observed in the given variation, 

as well as the limited effect of the noun length, also need to be incorporated into the 

grammar in future research. It will be also informative to discuss the phonetic aspects 

of the epenthesis. Finally, my proposal for Constraint Dependence needs to be 

developed further. Crucially, are there restrictions on which constraints can have 

superordinate and subordinate relationships? For example, Wilson and Obdeyn 

(2009) argue that only place agreement can act as a precondition, or gating factor, 

for other features. If one follows their view, the similarity avoidance for sibilants 

analyzed in the present study would have to be accounted for by OCP-CORONAL and 

two subordinate constraints (OCP-CONTINUANT and OCP-ANTERIOR) rather than by 

OCP-SIBILANT and one subordinate constraint (OCP-ANTERIOR). In order to answer 

these questions, a survey of other languages demonstrating similar patterns would 

be necessary.  
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