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Abstract

Affixation and allomorphy are often phonologically predictable: thus, the English indefinite
“a” appears before consonants, and “an” before vowels. We propose a theory of phonological
selection that separates rules of morpheme realization from phonological knowledge about the
bases and the derived words. This phonological knowledge is encoded in miniature phonotactic
grammars, which are learned over sublexicons defined by morphological generalizations. Each
sublexical phonotactic grammar determines the likelihood that a new word will follow the asso-
ciated rule. We examine a complex case of suppletive allomorphy in Russian, whose diminu-
tive suffixes define sublexicons differing in constraints on final consonant place and manner,
presence and location of consonant clusters, vowel hiatus, and stress. In elicitation, Russians
choose allomorphs for words without diminutives based on how these words and the derived
diminutives fare in the sublexical phonotactic grammars. In a nonce word study, Russians also
chose allomorphs based on sublexical phonotactic well-formedness, even when the phonotactic
violations were non-local to the affix itself. These patterns are missed by alternative approaches
such as emergence of the unmarked, insertion rules that refer directly to phonological informa-
tion, and the Minimal Generalization Learner.

1 Introduction

Affixes sometimes impose phonological selectional restrictions on bases (Siegel 1974, Carstairs
1988), requiring them to have certain phonological properties for affixation. For example, in En-
glish, the comparative and superlative suffixes attach to monosyllabic words (smart-er) and some
disyllabic ones (silli-er), but not trisyllabic or longer words (*intelligent-er). In Russian, masculine
nouns can form diminutives with three allomorphs, each of which imposes a host of phonologi-
cal selectional restrictions on the location of stress, place and manner of articulation of the last
consonant, and the presence and location of consonant clusters—to name a few:
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(1) Russian diminutive allomorphy, in brief

Unaffixed Diminutive Gloss Some restrictions imposed by suffix:
a. andgiil angiil-ok ‘angel’ stress-initial /stress-final base, no hiatus, no CC#
b. modnstr monstr-ik  ‘monster’  stress-final base, no final dorsal consonants
c. ajfon ajfénjlk ‘iPhone’  stress-final base, no final coronal obstruents, no CC#

There is a debate in the morphological and phonological literature as to how such restrictions
should be stated in the grammar and what people actually know about phonological conditions on
affixation. We propose that these restrictions are learned from the lexicon, much as in the influential
proposals by Albright and Hayes (2003) and Hayes and Wilson (2008), and that the phonological
generalizations about affixation arise from phonotactic learning over sublexicons defined by mor-
phological operations (Becker and Gouskova to appear).

We argue that selectional restrictions are encoded diacritically in morphological realization
rules. Learners figure out which morphemes are marked to combine with which allomorphs; once
the sublexicons are assembled, people learn sublexical phonotactic grammars that characterize
each sublexicon, but the phonological information is not encoded in the insertion rules them-
selves. Thus, we assume that morphological realization is formally separated from phonological
knowledge—but phonological knowledge about the sublexicons can be used in certain situations.
For example, nonce words and loanwords are not tagged for diminutive formation rules, but peo-
ple can consult the sublexical phonotactic grammars to decide on the probability that the item will
follow a particular rule (this can be modeled as grammar inference; see Becker and Gouskova to
appear, Albright 2008).

We argue that both the shape of the base and the shape of the affixed word inform sublexical
phonotactic generalizations. In the terminology of Bybee (1995), both source- and product-oriented
generalizations matter. This has been a matter of some controversy, since the morphological litera-
ture has largely focused on source-oriented generalizations about selectional restrictions (Bobaljik
2000, Paster 2006, Embick 2010), whereas the phonological literature, especially constraint-based
frameworks, focus on product-oriented generalizations (Kager 1996, Mascaré 2007, Bye 2007; see
Nevins 2011 for an overview). We demonstrate that both play a role in the Russian case as well
as in other cases; the key to our solution to this controversy is that rules refer to diacritics only,
but learners keep track of information about both base and affixed sublexicons in deciding which
diacritics to put on new items.

The case of Russian diminutive formation provides some important evidence for our theory.
First, the phonotactic properties of bases that predict diminutive allomorphs do not need to be
local to the suffixes themselves. For example, the presence of vowel hiatus in the base diminishes
its likelihood of combining with [-0k]: thus, words such as [kléun] ‘clown’ do not diminutivize easily
even though the hiatus sequence is not phonologically local to the [-0k] suffix. We identify a similar
effect of medial consonant clusters, which highlights another aspect of selectional restrictions that
our theory captures: restrictions are often orthogonal to the phonology of the affixes and cannot be
reduced to markedness-based explanations that attribute the failure of affixation to the phonological
ill-formedness of the resulting word. We argue that this is because some of the restrictions are
generalized from base phonological words, not affixed words.

Our theory can be distinguished from alternative approaches to selectional restrictions, which
include subcategorization frames, Generalized Alignment, and the Emergence of the Unmarked.
We argue that these theories get some aspects of phonological selectional restrictions right, but
they are not sufficiently powerful for cases such as Russian diminutive allomorphy, which involves



both restrictions on the site of affixation and less local properties of the word. The work on the
typology of phonologically conditioned suppletive allomorphy has established conclusively that se-
lectional restrictions of allomorphs cannot always be reduced to universal phonological markedess
(Paster 2006, Bobaljik 2000, Embick 2010, Nevins 2011), but we suggest they can be described
using phonotactic constraints over word shapes, which often have a language-specific character.

The paper is organized as follows. We start by presenting the proposal in section 2. We next
describe Russian diminutive formation (section 3) and an analysis of the Russian lexicon and the
sublexicons formed by bases and diminutives (section 4). The elicitation study is described in
section 5, and a forced choice nonce word study is in section 6. Our interpretation of the results
is discussed in section 7, and in section 8 we discuss alternatives such as the emergence of
the unmarked, subcategorization frames, and the Minimal Generalization Learner. We discuss
acquisition in section 9; section 10 is the conclusion.

2 Proposal: phonotactic grammars for morphological sublexicons

2.1 Assumptions about selection and morpheme insertion

This section briefly outlines the assumptions about morphological theory that underlie our proposal.
We assume a realizational theory of morphology (Distributed Morphology, Halle and Marantz 1993,
Halle 1994, Embick and Marantz 2008, inter alia). According to this theory, phonological and mor-
phosyntactic information is specified not for lexemes or words but for morphemes. For us, a mor-
pheme is an abstract association between semantic representations, morphosyntactic features,
and phonological representations. The morphosyntactic features are manipulated by the syntax,
which supplies the inputs to morphological realization rules. These realization rules specify which
(allo)morphs are inserted in which contexts. We make three assumptions about the morphology-
phonology interface: first, realization rules can refer to diacritics on inner but not outer morphs.
Second, realization rules are stated on morphemes, and they refer to diacritic features rather than
directly to phonological information. Third, diacritic features are discovered in the process of learn-
ing the lexicon, when phonological words containing an affix are associated with related phonolog-
ical words that lack the affix. Phonological generalizations over words that combine with an affix
are learned from these phonological words.

2.1.1 Morpheme insertion follows scope

We assume that realization rules apply to syntactic trees in the reverse order of scope, from the
most deeply embedded node outward (Bobaljik 2000, Wolf 2008, Myler to appear). Suppletive
allomorphy can be conditioned by diacritic features of morphemes such as declension class or by
syntactic features such as number and aspect (there are some important typological generaliza-
tions about the conditioning of stem vs. affix suppletion, which we discuss in section 8.1). We
illustrate stem and affix suppletion in (2) and (3). The input to the morphology is a morphosyntactic
hierarchical structure; the lexical realization rules specify how to fill the structures out. Insertion
starts with the most deeply embedded node—the root. The Russian roots in (2a—b) have phono-
logically invariant realization (ignoring phonological alternations such as vowel reduction and so
on), but the diminutive in Russian is realized differently depending on the identity of the root (see
(2c—d)). The context is specified in the realization rule as a diacritic feature, so any root that
is marked as a +ik morpheme will condition the diminutive allomorph [-iik], and any root that is
marked as +ok will condition the realization of [-ok]. On the other hand, the English root in (3) has



two realizations, sensitive to the external syntactic context stated as features (plural vs. singular;
see (3a—b)). The plural in English also has several allomorphs, which include the null marking
that appears on nouns such as “sheep” and “goose” and as [-s] on other nouns (among others).
Once the phonological shape of the root is known, its diacritic determines which plural allomorph is
inserted—in the case of “people”, the plural is null. Thus, in the case of Russian affix allomorphy,
the phonological realization of the roots determines that of the diminutive allomorphs. In English,
on the other hand, the syntactic context determines the realization of the roots, which then in turn
determine the realization of the plural allomorphs.

(2) Russian: phonologically conditioned affix allomorphy

Russian: “ik”/“ok”

Input: N N
/\
N DIM N DIM
/\ N
HOUSE N SON N
Root: N N
/\ /\
N DIM N DIM
PN PN
dom N sin N
Aff 1: N N
/\
N DIM N DIM
N PN
dom @ sin o
Aff 2: N N
N Jik N ok
N PN
dom o sin o

To phonology:

/dom-iik/ ‘house-dim’

/sin-ok/ ‘son-dim’

Realization rules for Russian:

v HOUSE «s/dom.x/

vV SON</sin.ik/

[+ik] | {dom., stolb., ...}

DIM</-ok/ N[+0k]7

[+oK] | {sin+ok, Piirog+ok, - - -}

N« o



(3) English: syntactically conditioned stem allomorphy

English “person’/“people” Realization rules for English:
Input: NumP NumP vPERSON<+/piplg/ [__PL
/\ /\
N PL N SG
N N
vVPERSON N VPERSON N
Root: NumP NumP b. +VPERSON<«/p3-sn/
/\ /\
N PL N SG
T PN
pipl N pasn N
Aff 1: NumP NumP c. PL« /-2 N[+Z]7
N/\PL N/\SG [+2] | | {paip+z, SOK+z, ...}
TN N
pipl @ pasn o
Aff 2: NumP NumP d. PL+g/
/\ /\
N & N i TJ'@i .
_ A~ 7 |{ipz, gusg, piplz, .. .}
pipl @ pasn o
To phonology: | /pipl/ /p3-sn/ e. Noo
f. SG& o

2.1.2 Morpheme insertion rules refer to diacritic features

In our analysis of (2) and (3), suppletion is never really phonological. It is syntactic or lexical: the
rules refer to diacritic features of the root, not to its phonological properties. We assume that in all
cases of suppletion, the phonological conditioning is indirect: the lexical representations of affixes
and clitics include information about which morphemes they appear with, but not the phonological
properties that these morphemes share. Even for cases where the insertion rule could refer to a
simple phonological context, actual usage is often variable and complex. For example, the English
indefinite is supposed to be realized as “a” before consonant-initial words and as “an” before vowel-
final words, but there are exceptions in both directions (which we discuss shortly). We would
formulate the rule for “a” insertion as referring to a list of morphemes that share the diacritic [+A],
as in (4). The phonological generalizations are extracted separately.

(4) Our theory: insertion rules refer to diacritics
INDEF < o /___ [+A] | {kaetsa, dag+a, teiblyp, ...}

(5) Alternative: insertion rule that refers to phonological information
INDEF+~ a/__C

The more familiar alternative is (5), where the insertion rule refers to phonological features of the
context. But in many cases of allomorphy, the list of conditioning factors can be quite large, is often
riddled with exceptions, or defines properties that can only be stated as negative constraints that
cannot be elegantly summarized in a simple rule (see Wolf 2008 pp. 106—107). We are particularly



concerned with cases that do not lend themselves to the elegant treatment in (5) because no
one phonological property fully determines allomorph choice—such cases present the clearest
argument for our theory. But our analysis works both for complex and simple types of phonological
conditioning: the formal rules refer to diacritics, and the phonological generalizations are extracted
through phonotactic learning.

We exemplify this approach first on the case of English a/an. We assume that the learner
detects an inconsistency in the realization of the indefinite article. There must be a mechanism for
identifying this alternation as suppletive,! since it lacks a language-wide phonotactic motivation:
other morphemes either alternate differently ([8i]/[6a], Raymond et al. 2002) or do not alternate at
all in the same contexts ([1n] ‘in’ is more or less invariant). In the latter cases, no inconsistency is
going to arise for the learner; the alternations can be ascribed to phonotactics and learned from
surface distributional patterns (Peperkamp et al. 2006, Calamaro and Jarosz 2015, and others).

This morphological inconsistency triggers the creation of lists of phonological words that each
allomorph occurs with—lists that we call sublexicons. Eventually, the learner posits diacritic rules
that refer to morphemes adjacent to the allomorphs (as shown in (6) and (7)), but the learning
procedure starts with phonological words. The sublexicons for each allomorph are quite large,
since the indefinite is fully productive in English and can cliticize onto any NP-initial phonological
word; as we show in the next section, these large sublexicons are almost as diverse as English
words in general—except that in the “A” sublexicon, the words tend to not begin in a vowel, and in
the “AN” base sublexicon, they tend to not begin in a consonant. The size and diversity will allow
the learner to find phonological generalizations about the shapes of words that combine with each
allomorph.

(6) INDEF <8 /__[A]
a. Sublexicon of bases for [A]: {kaeta, daga, te1.bla, bizeta, .. .}
b. Sublexicon of derived [A] forms: {a.keet, 8.dag, a.te1.bl, ...}

(7) INDEF «san/__[AN]
a. Sublexicon of bases for [AN]: {e&e.plan, 0.Jond3an;, i-glan, - - -}
b. Sublexicon of derived [AN] forms: {?a.nee.pl, ?on.o.uzends, an.?i.gl, ...}

Separating the formal statement of the rule from the phonological generalizations allows us to
explain variation and exceptions. The “a/an” alternation is supposed to be a textbook case of
phonologically conditioned allomorphy, but there are exceptions to the “consonant/vowel” pattern.
Even the normative statement of the rule allows for [en] when the following syllable is unstressed
and begins with [h], as in “[en] historical”. Raymond et al. (2002) elicited indefinite forms of En-
glish words, and they found that words beginning in orthographic “u” differ from those beginning in
orthographic “y”: “an united” is more likely than “an yellow”. Moreover, words beginning in a silent
orthographic “h” are significantly more likely to condition “a” than words that begin in orthographic
vowels: “a <h>onorable” is more likely than “a octopus”. Orthography mattered even though the
participants never saw the words written down during the experiment. Further evidence against
encoding people’s knowledge of the “a/an” alternation via a simple consonant/vowel rule is its late

'An important question we do not resolve here is how exactly learners connect suppletive allomorphs to the same
morpheme. The approach in the learnability literature on morphology suggests that learners form expectations about
statistical distributions of morphemes. When these distributions are violated in the learning data, morphemes with
complementary distributions are connected to each other. Something like this procedure can also explain how affixes
such as comparative “-er” in English are identified as having a restricted distribution. For related ideas in phonological
learning of allophones, see Peperkamp et al. (2006), Calamaro and Jarosz (2015), inter alia.



acquisition. Children learn phonologically conditioned suppletion late compared to phonologically
conditioned alternations such as [3i]/[08], which do not require suppletive analysis (see section 9).
This timeline of acquisition makes sense if sublexicons take time to assemble, and if the extraction
of the phonotactic generalizations takes time as well.

2.2 Learning phonological generalizations over sublexicons

We propose that phonotactic learning happens in two stages: first, the learner figures out phono-
tactic generalizations over the whole language, and second, phonotactic learning is restarted for
each sublexicon, identifying structures that are un- or under-attested in each morphologically de-
fined sublexicon. The idea that grammars contain constraints stated over subsets of the lexicon is
not new—it goes back at least to Morpheme Structure Constraints (Chomsky and Halle 1968; see
Booij 2011 for a review). What is new about our proposal is that we reduce both morphophonolog-
ical knowledge (usually thought to involve rules, see Pinker and Prince 1988, Albright and Hayes
2003) and phonotactic knowledge to the same mechanism—constraints.

Language learning starts with general phonotactics. We assume that the phonotactic gen-
eralizations are learned as in Hayes and Wilson’s (2008) proposal:? the learner tracks the co-
occurrence probabilities of certain natural classes in various positions and extracts constraints
against un- and under-attested sequences. The constraints are weighted (using a Maximum En-
tropy procedure, Goldwater and Johnson 2003) rather than ranked, and we will adopt Hayes and
Wilson’s assumption that the phonotactic grammars contain markedness alone. For example, the
learner will notice that while [n] is allowed in English in medial and word-final position, English
phonological words do not begin in [n]. The learner will posit the constraint *[) and give it a weight
proportional to the evidence supporting the constraint.

The constraints within each sublexicon will always be more restrictive than the constraints of
the language in general, since anything that is allowed in a sublexicon has to be allowed in the
language as a whole. Sublexicons themselves can be nested (see Ito and Mester 1995, Fukazawa
et al. 1998) or be in non-overlapping sets (Kawahara et al. 2002, Jurgec 2010). Butin order to learn
restrictions on affixation, the learner has to notice which structures are banned in each sublexicon
even if they are allowed in the language as a whole. For example, in English, both vowel- and
consonant-initial words are allowed, and in Russian, words can end in dorsal obstruents. But
in the sublexicon of bases for the indefinite allomorph [8], vowel-initial words are under-attested;
likewise, in the sublexicon of bases for the Russian diminutive allomorph [-ik], there are virtually
no dorsal-final bases. The phonotactic learning procedure will identify these gaps.

Likewise, the sublexicons defined by English [a] and [an] are so large that they are mostly
consistent with English phonotactics in general, but there are subset generalizations concerning
the first syllable of the word: in the [8] sublexicon, almost none of the items are vowel-initial,
so a strong constraint against initial vowels will be posited, *[V. The [an] sublexicon motivates
a constraint against initial consonants, *[C. If these are the only properties common to the [8] and
[en] sublexicons, then those will be the only constraints influential when deciding which indefinite
allomorph to use on a new item. In our theory, this requires assigning the new item to one of the
sublexicons.

This procedure might seem like overkill for a simple (and to a linguist, obvious) generaliza-
tion, but it does not appear to be an obvious generalization for learners. Learners do not know a

2There are several approaches to phonotactic learning, such as Albright (2009a) and Adriaans and Kager (2010),
that could be compatible with our proposal. We pick Hayes and Wilson’s proposal because their computational imple-
mentation is particularly convenient to use on our phonological word-based sublexicons.



priori what exactly determines the distribution of suppletive allomorphs. The conditions could be
morphosyntactic or diacritic (conditioned by word class, say), or they might not align with a simple
Onset/NoCoda analysis (see section 8.1 on the latter). While phonological generalizations appear
to be accessible to learners early on compared to semantic ones (Gagliardi and Lidz 2014), it
remains to be seen whether phonologically natural generalizations are learned more easily than
arbitrary ones.

2.2.1 Assigning diacritics to novel items

Sublexical phonotactic grammars characterize the static knowledge that speakers have about
types of words (really, morphemes) that combine with phonologically selective morphemes. The
grammars can also be used to assign the likelihood to nonce words: when the grammar is given
a new input for which the diacritic is not known, each sublexical phonotactic grammar can assign
the probability to the item based on its phonotactic well-formedness in the grammar.

Our realization rules do not encode any phonological factors—rather, the phonotactic gener-
alizations are learned separately. This procedure has the virtue of being quite general, working
for simple and complex generalizations alike. It is also robust against exceptions and variation.
Both exceptions and variation weaken phonotactic generalizations over the sublexicons. In the
case of variation, the item will appear in both sublexicons, and the choice of suppletive allmorph
will be determined probabilistically whenever the grammar applies (see Coetzee and Pater 2011,
Coetzee and Kawahara 2013). If a sublexicon trends towards a generalization but there are some
exceptions, the generalization merely becomes a statistical tendency, something a phonotactic
learner can encode.

When a new morpheme is submitted to the grammair, it does not have a diacritic required for the
application of insertion rules. The phonotactic sublexical grammars can be used to assign diacritics
to wugs using probabilistic inference (Albright 2008, Becker and Gouskova to appear, inter alia).
Phonological generalizations about the affix will be more productive when the affix itself combines
with a large number of morphemes—the larger the number, the more evidence the learner has for
the restrictions (see Plag 1999, Hay and Baayen 2002, Albright and Hayes 2003, 2006, Embick
and Marantz 2008). Take the classic example of an unproductive affix in English, “-thy”, which
attaches to just eight adjectives {broad, dead, deep, long, strong, true, warm, wide} and six verbs
{bear, gird, grow, heal, steal, till} (Baayen et al. 1993). Some generalizations can be made about
these morphemes: for example, they are all monosyllabic, and none of them end in stridents. But
we would not expect monosyllables to combine with the affix just because they do not end in a
strident, since the likelihood of any root combining with this affix is so miniscule to begin with.

Applied to the English “a/an” example, this makes a prediction: overall, both allomorphs of
the indefinite are quite productive, but many more words in English begin in consonants than in
vowels, so [a8] is more productive than [an] (in the Carnegie Mellon dictionary, 81% of all words
are consonant-initial). To the extent that learners might generalize one of the allmorphs beyond
its baseline distribution in the learner input, we would expect that they should extend the use of
[8]. This appears to be correct for the English dialects examined by Gabrielatos et al. (2010): [o] is
becoming more general, and it is used before both consonant-initial words and some vowel-initial
words. The learning input for [8]~[an] suppletion is both variable (“[e]~[an] historical”), and full of
exceptions (“[8] horrendous” but “[en] historical’). The same is true for generalizations over the
derived sublexicons: work on this alternation shows that the nasal of [an] is not always syllabified
with the following phonological word; the glottal stop is variably present but is actually more likely
to be there after function words in English, as in [an.?ze.pl] (Garellek 2012). Since phonotactic
sublexical generalizations are probabilistic, we expect variation, and the use of the indefinite is
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indeed variable in non-standard dialects, which generalize the [a] to vowel-initial contexts (Labov
and Harris 1986, Gabrielatos et al. 2010). For a learner whose [an] sublexicon exceptionlessly
obeys *[C, the constraint will be weighted heavily and be influential in assigning new items to
the [en] sublexicon, but for learners whose sublexicons are variable, generalizing will be harder,
especially when there are many exceptions (Albright 2009b, Albright and Hayes 2003).

2.2.2 Non-local phonological conditioning for suppletive allomorphy

Our theory predicts that some of the phonological conditioning for affixes can be non-local to the
affix itself. This is because phonotactic generalizations are learned over the entire phonological
word, not just the part of it that is adjacent to the affix. Indeed, there are cases of allomorphy
conditioned by factors that are phonologically non-local. For example, Ringen and Heinamaki
(1999) report an elicitation study on Finnish vowel harmony, where people’s choices of suffix in
disharmonic loanwords depend on the sequencing of back and front vowels in the first two syllables
of the word: back-front sequences are produced with back vowel suffixes more often than front
ones (e.g., analyysi-a > &), and front-back sequences are produced with front vowel suffixes more
often than back ones (hiéroglyfi-ae > a). Ringen and Heindmaki analyze this as harmony with the
main stressed vowel, and this interaction is not local. The suffixes themselves are not necessarily
stressed, so their harmonizing with stressed vowels cannot be reduced to representationally local
factors, e.g., by appealing to an autosegmental tier for stressed vowels (see Rose and Walker
2004 for related discussion). The well-studied case of Hungarian vowel harmony also involves
some non-local conditioning by multiple vowels (Hayes et al. 2009), skipping over transparent [i]
and [e]. Suffix vowel harmony in these languages is not suppletive, but it is lexically restricted, with
exceptions characterized by several phonological trends; we assume that lexically restricted rules
and suppletive allomorphy involve extracting phonotactic generalizations over sublexicons using
similar mechanisms (see Gouskova and Becker 2013, Becker and Gouskova to appear).

Another class of non-local cases involves syllable-counting allomorphy (Kager 1996 and oth-
ers). In Warlpiri, the ergative is realized as [-nku] when the stem is disyllabic, as in [napa-nku]
‘water’, but as [-|u] on longer stems such as [kudujarra-|u] ‘child-dual’ (Nash 1980). In Kaititj,
the ergative is realized as [-n] on vowel-initial disyllables such as [aki-n] ‘head’, and as [-]] on
consonant-initial disyllables and longer words such as [aliki-l] ‘dog’, [rari-l] ‘wind’, [|[UNpiri-|] ‘fore-
head’ (Koch 1980:266). The leftmost syllable with an onset is stressed in Kaititj, so the distribution
of [-n] could be described as suffixing to the stressed syllable. But, there are exceptions in both
directions, such as [wari-n] ‘fire’ and [tii-I-at] ‘this’, so lexical listing of bases for each allomorph
is still necessary. English also has several suffixes that are sensitive to the presence of an un-
stressed initial syllable, including the comparative “-er” (light/lighter vs. ?polite/politer, loose/looser
vs. ?obtuse/obtuser). All of these cases would be straightforward for a phonotactic learner that
generalizes over bases: “disyllabic”, “stress-final”, “vowel-initial” and “starts with a primary stress”
are simple phonotactic generalizations. Russian diminutive allomorphy also involves several non-
local conditioning factors, as we describe next.

3 Case study: Russian diminutives

3.1 Overview

We now turn to a complex case of phonologically conditioned suppletion: Russian diminutive allo-
morphy. We start by presenting the background on the morphological and phonological properties



of Russian diminutives. We then show how we constructed sublexicons of Russian diminutive
bases and derived forms, and summarize the phonological properties of each sublexicon in a
statistical study. We then present an elicitation study in which we asked Russian speakers to
diminutivize words that do not have commonly used diminutives, and a follow-up study with nonce
words, where people chose among three suffixed options. In both studies, people’s choices of
allomorphs are largely predictable from whether the bases and resulting diminutive forms did well
in our sublexical phonotactic grammars. We also show that the choice of allomorph was sensitive
not just to features that were local to the suffix, such as the final consonant of the base, but also
to some non-local features. This latter result distinguishes our theory from alternatives such as
subcategorization frames and alignment.

3.2 Background: morphological properties of diminutives

Diminutives are common in Russian speech, and they are productive in the sense that they attach
to new loanwords such as [ajfén] ‘iPhone’ (see (8c)). Russian nouns belong to one of three genders
(masculine, neuter, feminine) and can be further subdivided into declension classes; diminutives
are formed differently for each gender and declension class (Stankiewicz 1968, Olmsted 1994,
Hippisley 1996, Kempe et al. 2003, Steriopolo 2008). We discuss only the masculine nouns that
belong to the declension class that is consonant-final in the nominative singular. Masculines form
diminutives with four allomorphs, as shown in (8). The allomorphs differ in their stress properties
and in whether they undergo vowel deletion when a vowel-initial suffix follows.

(8) Russian masculine nouns form diminutives with four allomorphs: [-(0)k], [-ik], [-tfiik] and

[-()KV/[-(i)K].

Nomsg Dimnomsg Dimgensg Gloss

angiil angiil-ok angiil-k-a ‘angel’
monstr  monstr-ik monstr-ik-e  ‘monster’
ajfén ajfon-fik ajfén-fik-e  ‘iPhone’
riibiének  ribidnetf-ik  ribionatfi-k-a  ‘child, baby’

a0 o

Diminutives do not change the gender of the noun they attach to, and they have only a limited
effect on the declension class. Steriopolo (2008) analyzes Russian diminutives as morphosyntactic
adjuncts to already categorized roots; for example, the Russian masculine noun [monstr] ‘monster’
consists of a root and a null nominalizing head (see (9); we assume that the n; head determines the
declension class). In the vast majority of cases, diminutive words have corresponding bases that
are also free-standing phonological words. When we talk about morphological bases and derived
words below, we mean phonological words such as [ménstr] ‘monster (nom sg)’ and [monstriik]
‘monster-dim (nom sg)’.

(9) The morphosyntactic structure of diminutives, after Steriopolo (2008)

n; n;
N T
n; monstr DIM,;.. n;
\ | P
%] -ik n; monstr
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The [-(8)K]/[-(i)K] allomorph has a morphologically restricted distribution: it occurs after suffixes
that end in [K], including other diminutives. Thus, the double diminutive of [angiil] is [angiil-otf-
ik], as shown in (10). There are a few monomorphemic exceptions ([karman] ‘pocket’ ~[karmags-
ok], [miisok] ‘sack’ ~[miisotf-ik]; see Polivanova 1967). This suffix had the lowest productivity in
our elicitation study (as well as in the sublexicons we collected), and we do not analyze it in the
remainder of the paper, though for completeness, we report the numbers for it in the elicitation
study.3

(10) Restricted distribution for [-(a)K]/[-(i)K]: after k-final morphemes

with affix Diminutive nom. sg. Diminutive gen. sg.
a. rabot-e ‘work’  rabot-niik ‘worker’ rabétniitfl-ik rabétniitf-k-o
b. angil ‘angel’ angil-6k ‘angel-dim’ angiilotf-ik angiilotf-k-o

3.3 Phonological properties of diminutives

As can be seen from the examples in (8), the diminutive allomorphs differ in their stress properties
and the effect on the last consonant of the stem. Russian stress is lexical and contrastive (Halle
1973a, Melvold 1989, Alderete 1999, Revithiadou 1999, Gouskova and Linzen to appear, inter
alia): morphemes differ in the presence of stress, in stress location, and stress mobility. The
location of stress is usually characterized as unpredictable. For example, of the 12726 masculine
nominatives of 3+ syllables in Zaliznjak’s (1977) dictionary, 6241 (49%) have final stress, 899
(7%) have initial stress, and the rest (44%) have stress somewhere in the middle (e.g., [a.ga.rét]
‘garden’, [vi.mi.siil] ‘invention’, [a.séj.niik] ‘collar’). Furthermore, stress can alternate when affixes
attach, as illustrated in (11) and (12). The [-0k] suffix is stress-dominant: even if the stem is
lexically stressed, as in [angiil], the diminutive pulls stress onto itself (as in [angiil6k]) or, when
its own vowel deletes, onto the following vowel (as in /angiil-ok-a/ —[angiilka]). These examples
also show regular features of Russian phonology such as vowel reduction in unstressed syllables
and devoicing of stem-final consonants (both seen in /gorod/ [gérat]~[geraddk]; see Crosswhite
1999, Padgett 2002, and others).

(11) Dominant diminutive suffix [-ok]

Base: fixed Dim: final Base: mobile Dim: final
Nom sg angil angiil-6k gorat gerad-6k
Gensg angiil-a angiil-k-a goérod-o gorat-k-a
Nom pl  angiil-i angiil-k-i gerad-a gorat-k-ii
Gen pl  angiil-of angiil-k-6f gorad-of gorat-k-6f
‘angel’ ‘angel (dim)’ ‘city’ ‘city (dim), town’

The [-ik] and [tfik] allomorphs pattern differently from [-ok]. For the most part, they attach to
stems that have lexical stress on the last syllable, but there are a few examples like [sokal], where

%It may be possible to analyze [-ok] as derived from the same UR as [-ok] if we adopt Gouskova and Linzen’s (to
appear) analysis whereby a suffix can lose stress dominance when another affix with a “regularization factor” is present
in the phonological word—this would make [-0k] conditionally dominant, just like Slovenian [-ats]. Double diminutives
[-otfiik] could be treated as an unanalyzed suffixes in their own right.
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stress moves to the stem-final syllable in the diminutive. All such stems either already follow the
mobile stress pattern or have a fixed and a mobile variant:

(12) Stress patterns in diminutives derived with [-ik]

Base: final Dim: fixed Base: fixed/mobile Dim: fixed

Nom sg krét krét-ik sokal sakol-iik
Gensg krat-a krét-iik-a sokal-a sakél-ik-a
Nom pl  krat-i krét-ik-i soOkal-i, sokal-a sakol-iik-i
Genpl  krat-of krot-iik-of sokal-of, sekal-of  sakol-iik-of
‘mole’ ‘mole (dim)” ‘falcon’ ‘falcon (dim)’

The stress properties of the diminutives are best seen in doublets that can diminutivize with
more than one suffix:*

(13) Stress alternations in diminutive doublets

| Unaffixed | With case suffix | [-ok] | [-iK] | [-ik] | Gloss |
a. golupi golubiéj golubok | — galuptfik ‘pigeon’
b. kavior kavra — kovrik | kaviortlik | ‘carpet’
c. Kklion kliéna kliindk kliéniik | — ‘maple’
d. kolekal kalakala kalakalok | — kalakolifik | ‘bell
e. sokal sokali, sakala sokaldk sakolik | — ‘falcon’

Diminutive affixation brings various changes to the last consonant of the stem. The [-ik] allo-
morph palatalizes stem-final consonants that have palatalized counterparts, including /ts/, which
becomes [tf] (e.g., [palits] ‘finger’ ~[palifik] ‘finger-dim’). The [-ok] allomorph does not generally
alter the last consonant unless it is a dorsal, in which case the dorsal changes to a corresponding
strident: /k, g, x/ become [{f], [z], [s]. As shown in (14), this rule is triggered by only some mor-
phemes and does not apply in the context of other, phonologically similar suffixes (see Padgett
2003, losad and Morén-Duollja 2010, Kapatsinski 2010). Note also that while the diminutive trig-
gers this consonant mutation on the stems, it does not undergo any mutation itself (unless followed
by the diminutive [-ak], which behaves just like [-ok] with respect to mutation). Finally, the [-fiik]
allomorph palatalizes /I/ but not other consonants.

(14) Stem-final consonant mutation in [-ok] diminutives

Unaffixed Inst sg Diminutive Dim Instsg Gloss
a. utiuk utugdbm  utiuzok utiugkém ‘iron’
b. kazak kazakém kezatfok  kezatfkom  ‘cossack’
c. lapux lapuxém  lopugdk lopuskdm ‘burdock’

We already mentioned that [-0k] loses its vowel when a vowel-initial suffix follqws, and so do
some other morphemes (e.g., /kovior/ keeps its last vowel in [kavior] ‘carpet’, [kaviértfik] ‘carpet-dim’

“There is some disagreement in the Slavicist literature as to whether these doublets are all diminutives (Polivanova
1967: fn. 4 on p. 10, Zaliznjak 1985: p. 53); we take the position that people parse them as such, regardless of
etymology. There are definitely some cases that started out as diminutives etymologically but have diverged, e.g., the
diminutive of [I6p] ‘forehead’ is [I6biik], not [labdk] ‘pubis’. In cases such as this, either the string is derived from a
homophonous root, or it has been reanalyzed as morphologically simple.
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but loses it in [kav_ra] ‘carpet (gen sg)’ and [kov_riik] ‘carpet-dim’). Vowel deletion in Russian is
complicated and has been the subject of much study (Lightner 1965, Halle 1973a,b, Melvold 1989,
Yearley 1995, Hermans 2001, 2002, Gouskova 2012, Becker and Gouskova to appear, Gouskova
and Becker 2013). The behavior of vowel deletion stems in our experiment is not discussed in this
paper for lack of space.

3.4 Phonological predictability and lexical factors

When diminutive affixes attach, bases alternate dramatically. At the same time, the diminutive
itself is not realized uniformly. Figuring out the conditions for these alternations presents a big
challenge to the learner. Fortunately, there is a way to predict how a noun will diminutivize based
on its phonological shape. Polivanova (1967) identifies a number of phonological generalizations
about diminutive formation. She notes, for example, that all of the allomorphs resist attaching to
words that have medial stress (neither initial nor final). The [-ok] allomorph tends not to attach to
nouns that end in a consonant cluster. The [-ik] allomorph happily attaches to CC-final nouns, but it
avoids dorsal-final nouns, and it does not easily attach to nouns that have stress anywhere except
on the last syllable. The [-fiik] allomorph disprefers final clusters, final dorsals, coronal obstruents
[t,d,s,z s, z [, 111], and nouns with non-final stress:

(15) Some of Polivanova’s generalizations about Russian diminutive allomorphy

| | [ik] | [HiK] | [-ok] |
a. Final syllable no final CC — no final CC
b. Final C place no final dorsals, no COR obstr. | no final dorsals | —
c. Stress location | must be final must be final not medial
d. Final C manner | prefers sonorants — —

Recall from (14) that stem-final consonant mutation is affix-specific: the dorsal in /utiug/ spiran-
tizes in [utiuzok] but not [utiug-6m]. The restrictions listed above are similarly affix-specific—the
clearest evidence for this comes from affixes that are homophonous but do not impose such re-
strictions. Both the [-ik] allomorph and the [-ffiik] allomorph have homophones: the borrowed Latin
suffix [-ik] -ic’ (see (16)) and the agentive suffix [fiik] -er’ (see (17)). The latter suffix is an allomorph
of [-fik]. These examples show that it is not the case that the diminutive [-ik] avoids dorsal-final
stems because dorsal-[i] sequences are prohibited in Russian—they are allowed. The diminutive
[-ik] is in fact often followed by the plural [-i] (recall [krotiikii] ‘moles-dim’ and [sakdliikii] ‘falcons-dim’
in (12)). Likewise, sequences of coronal obstruents followed by [-tfiik] are attested, and in fact quite
common, in agentive nouns.

(16) Diminutive suffixes vs. homophones: [-ik] *-ic’

Unaffixed Plus /-ik/ ‘-ic’ and /-a/ ‘fem nom sg’ Gloss
a. psiix ‘psycho’ psiixiike ‘psyche’
b. piidagdok ‘pedagogue’ piidagdgike ‘pedagogy’
c. lingviist ‘linguist’ lingviistiika ‘linguistics’

13



(17) Diminutive suffixes vs. homophones: [-[Jik]/[{ik] ‘-er’

Unaffixed With [-fiik] “-er’ Gloss
a. pulimiét  ‘machine gun’ pulimiotfik ‘machine gun operator’
b. danéds ‘report to the authorities’ danadffiik ‘informant’
c. kavior ‘carpet’ kavior(fiik ‘carpeter’

An important feature of Russian diminutive allomorphy is that some of the generalizations are
source-oriented (Bybee 1995, Kapatsinski 2010): they concern the shape of the base noun, but
not necessarily the shape of the resulting diminutive. Take velar palatalization: dorsal-final nouns
such as [lapux] become strident-final once [-0K] is attached to them, [lopus-6k]. The suffix [-ik]
attaches to [g]-final nouns, [salag] ‘shack’ [salas-ik] ‘shack-dim’, but not if the [g] is derived from /x/:
thus, [lepusdk] and [salagsik] are fine, but /lapux-ik/—*[lapUgik] is impossible. The stress restrictions
are similarly source-oriented. All [-ok] diminutives are stress-final by definition, so why should [-
ok] shirk bases with medial but not initial or final stress? An entirely output-oriented theory of
allomorphy would have difficulty with these facts (see section 8). As we will show, the phonological
shape of the diminutive does matter in selecting allomorphs, but so does the base.

An insight Polivanova brings is that diminutive formation is lexically idiosyncratic: some nouns
have more than one diminutive (recall (13)), and others do not have diminutives at all. The last
category is particularly interesting: in some cases, diminutives are just absent, even though no
phonological constraints preclude their formation (e.g., [son] ‘sleep, dream’ has no diminutive).
In other cases, diminutives are impossible because each allomorph’s phonological preferences
are violated. Polivanova classifies as “difficult” words with medial stress, such as [aftébus] ‘bus’,
which is at best [aftobusiik] in the diminutive. She groups under “impossible” words that end in
consonant clusters and have a dorsal as their last consonant, such as [liémiink] ‘lemming’ and
[maliusk] ‘mollusk’. This distinction between “difficult” and “impossible” is traditional in Russian
linguistics—paradigm gaps are often classified into those categories (Zaliznjak 1977 and others).

It should be kept in mind, however, that Polivanova’s generalizations are based on her own
intuitions and generalizations she identified by examining a dictionary—and it is not clear that Rus-
sian usage obeys these generalizations. Thus, we found examples of diminutives that she judges
to be “difficult” in the Russian National Corpus, e.g., her “impossible” [gl6busiik] has two hits in
the corpus, and the “difficult” [aftobusiik] has 12 hits. For most of the generalizations she identi-
fies, she lists counterexamples—and this is true for phonological as well as semantic and stylistic
factors. Our interpretation is that the list of diminutives in current use informs the phonological
generalizations, but satisfying the phonological trends does not mean a lexical diminutive will au-
tomatically sound good to a Russian speaker. Indeed, it appears that certain stems are specified
as not combining with diminutives at all. But one linguist’s intuitions are not enough to conclude
that diminutive formation is impossible for any given item. This motivates the elicitation study that
we describe in section 5, as well as the lexicon study we turn to next.

4 A study of the lexicon

4.1 Assembling the diminutive sublexicons

To examine the phonological characteristics of Russian nouns that combine with each diminu-
tive allomorph, we need proxies for the sublexicons that Russian speakers would be exposed to.
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| | [ik] | K] | [-0K] \
kazak | kazakffik | *kazakiik | kazaflok | ‘Cossack’
vietier | vetertflik veteriik vietierok | ‘wind’
golubi | golubfflik | golubiik | golubok | ‘pigeon’
pienal | pienalifflik | penaliik | pienalok | ‘pencil box’

Table 1: Examples of constructed diminutives we searched for, in pseudo-orthographic represen-
tation (i.e., stress, vowel reduction and devoicing are not shown)

We constructed sublexicons by doing an exhaustive search for all possible diminutive forms for
each masculine noun in a large electronic dictionary. We started with Usachev’s (2004) electronic
paradigm list, which is based on Zaliznjak (1977). The dictionary lists approximately 20,000 mas-
culine nouns; taking each of them as a base, we constructed three orthographic diminutive forms.
Russian orthography marks palatalization on consonants but does not reflect devoicing, vowel re-
duction, or the location of stress (not reflected at all unless ambiguous in context). We knew where
the “dictionary” location of stress would be in the nouns we searched for since it is marked in Zal-
iznjak (1977), but it is not marked in the corpus we used. Table 1 shows some of our constructed
diminutives, which incorporate some stem-final consonant changes (e.g., k—f in diminutives with
[-ok], or r—riin diminutives with [-ik]). For some affix combinations, Russian has gaps, so it is not
clear what the diminutive forms are supposed to look like (e.g., should the /k/ be spirantized in
/kazak+ik/, [kazatflik], or should it just be palatalized to [ki], as other stem-final consonants?). In
such cases, we searched for palatalized, non-spirantized variants. One such example is marked
with an asterisk in the table. The boldfaced examples got hits in the search for these particular
bases.

We then searched for singulars and plurals of each of the constructed diminutives in every one
of six possible case forms in the Russian 1-gram portion of the Google Ngrams corpus (Michel
et al. 2011). This corpus contains orthographic words obtained by optical character recognition
from scanned books, and it is quite large (11 million words) and downloadable, allowing for quick
offline searches. The corpus is noisy, however, so the results required some cleaning. The total
number of searches we performed was almost a million (20,000 nouns x 4 diminutive suffixes x
12 case/number forms). We eliminated all hits older than 1950, and before cleaning, we got 771
[-fik] words that had occurred in at least one case form, 1319 [-ik] words, and 3626 [-ok] words.
After cleaning (described next), we got 547 diminutive forms with [-fik], 640 [-ik], and 1197 [-ok];
17850 nouns did not occur in what we considered to be diminutive forms in the Ngrams corpus.
This might seem like a low number for what is described as a very productive affix, but the threshold
for inclusion in Google Ngrams is that an orthographic word has to occur in at least 40 books, so
hapax legomena are not included (this actually limits the utility of Ngrams for our purposes, since
a high number of hapaxes is a good measure of an affix’s productivity; see, e.g., Baayen 1994).°

The biggest challenge in cleaning the results was eliminating homographs that were not diminu-
tives. As mentioned in section 3.2, each of the allomorphs is homographous with a non-diminutive
suffix: [-fik] is also an occupational suffix (e.g., [puliemiot] ‘machine gun’, [puliemiottfik] ‘machine

5We searched the Russian National Corpus for diminutives, as well. The corpus allows to search for diminutives
by tag, which appears to be assigned by NLP methods rather than by human checkers; the resulting list of 1800 or so
unique case forms identified as masculine diminutives included many forms that were not diminutive or not masculine.
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gun operator’), [-ik] is also the cognate of the Latinate -ic, which forms abstract feminine nouns
in Russian (e.g., [lingviist]'linguist’, [lingviistiik] ‘linguistics (gen. pl.)’), and [-0k] is homographous
with the suffix [-(8)k], used to make feminine nouns (e.g., [udmurt] ‘an Udmurt man’, [udmurtak]
‘an Udmurt woman (gen pl)’. The latter two types of cases were eliminated if they were attested
in case forms that disambiguate masculines from feminines (e.g., [udmurtk-oj] ‘an Udmurt woman
(inst sg)’ or *[lingvist-k-ov] ‘linguist (masc gen pl)’). As for [-fik], we eliminated all bases that ended
with coronal obstruents, since manual inspection confirmed that all of them were instances of the
occupational suffix.

4.2 Analysis

We converted the Russian orthographic representations from the corpus back into broad phone-
mic transcription. We did not transcribe vowel reduction or voicing assimilation/devoicing, but
we eliminated orthographic artifacts such as sequences of identical consonants in words such
as <kurorpamm> [killogram] ‘kilogram’, which are generally pronounced as singletons (Dmitrieva
2012). We annotated the diminutives for various features such as stress location, presence of
clusters in initial, medial and final position, place and manner of the final consonant, and the pres-
ence of vowel hiatus. For base stress, we followed Zaliznjak (1977); for diminutive stress, we
assumed it was on the last syllable for [-ok] diminutives, and in the same location as in the base in
the diminutives with [-ik] and [-tfik]. Monosyllables were coded as having final stress. The distri-
bution of these phonological features across the sublexicons is plotted in Fig. 1. The figure shows
proportions of each feature in the sublexicons. We start with descriptive observations; a statistical
analysis of some of the trends appears at the end of this section.

4.2.1 Descriptive lexical statistics

Place and manner of articulation of the last consonant. Of all masculine nouns, about 28% end in
dorsals, but the proportion of dorsals in the [-fiik] and [-ik] sublexicons is close to zero. There are
considerably more dorsal-final words among words that combine with [-0k], however. The most
frequent manner of articulation of the last consonant in lexical masculines is stop (43%), followed
by liquid (19%), fricative (17%), and nasal (14%). These proportions do not differ dramatically in
the [-ik] and [-0K] sublexicons, but sonorants are noticeably more frequent than obstruents in the
[-fiik] sublexicon. Partly this is because final coronal obstruents—including stridents—are com-
pletely absent from the [tfik] set, in an OCP-like pattern of dissimilation. Words that end in [j] most
often diminutivize with [-ffiik], and almost never with [-ik] (again, in a dissimilatory pattern). Final
consonant clusters occur in 15% of masculines and in 22% of the nouns that combine with [-ik],
but they are practically unattested in the [-fik] sublexicon (<1%), and they are rare in the [-0k]
sublexicon (4%).

Stress and other non-local properties. There is a strong correlation between syllable count and
combining with all three diminutive suffixes: the shorter the noun, the more likely it is to have a
diminutive form in the corpus. Masculine noun bases as a whole usually have final stress (55.7%,
which includes monosyllables), followed by medial (27.6%) and initial stress (16.6%). Looking at
just words of three or more syllables, the proportions are 49% final, 44% medial, and 7% initial (ex-
cluding words with secondary stress on the first syllable). Stress is overwhelmingly final on nouns
that combine with [-fiik] and [-ik]; words with medial or initial stress are underattested in all of the
diminutive sublexicons, though they are comparatively more common in the [-0k] subset than in
the other two. Hiatus is not particularly rare—it occurs in 8% of the masculines. It is, however, rare
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Figure 1: Diminutive sublexicons: properties of bases
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in the [-fik] sublexicon (4%) and in the [-ik] and [-ok] sublexicons (2% and 1% respectively). These
differences are too small to reach significance in the regression we ran, but when we inspected
the items in each sublexicon manually, we saw only a few words we recognized as real diminu-
tives (e.g., [pauk]/[pautfok] ‘spider’, [idiot])/[idiotik] ‘idiot’, [trotuar]/[trotuartfik] ‘sidewalk’). Medial
consonant clusters occur in 18% of all masculines, but they are far less common in the diminutive
sublexicons. We also considered the distribution of vowels of different quality in final syllables and
identified some trends towards height and rounding harmony (cf. Becker 2009 on a similar trend
in Hebrew noun plurals). Last syllable high vowels are considerably more common among words
that take [-ik], and round vowels are considerably more common among nouns that take [-ok] (this
is not shown on the graph).

There were a few features whose distribution was balanced across the sublexicons and not
statistically different from the set of masculines as a whole: word-initial consonant clusters and
first syllable vowels did not differ significantly (monosyllables’ vowels were counted as last vowels
for the purposes of this analysis).

4.2.2 Statistical model for the lexicon

To assess which trends were statistically significant, we fitted a polytomous regression (Arppe
2013, polytomous package) to the lexicon data in R (R Development Core Team 2013). Poly-
tomous regressions are logistic regressions with dependent variables that have more than two
categorical outcomes—in our case, [tfik], [-ik], [-ok], and “none”. We used the one-vs-rest heuris-
tic, which fits a series of logistic regressions comparing each level of the dependent variable with
the rest of the group (e.g., [-fik] takers vs. [-ik]+[-ok]+“none”). The set of nouns that do not occur
with diminutives is an order of magnitude larger than the diminutive sublexicons, which can skew
the results when the one-vs-rest heuristic is used. Thus, we took a random sample of 900 nouns
from the “none” category for this regression. (We also fit a polytomous regression to the entire
dataset, without sampling, and the results were qualitatively similar to the regression we report.)
Table 2 shows the log odds for each predictor, by suffix. Log odds appear in parentheses for pre-
dictors whose p values exceed 0.05. When a predictor is significant in this model, it means that the
likelihood of ending up in the relevant subcategory increases (positive coefficients) or decreases
(negative coefficients) for bases that have the feature encoded by the predictor compared to the
likelihood of ending up in the category without the feature.

As can be seen from the model, the likelihood of [-0k] increases when the base noun ends in
a dorsal, and the likelihood of the other suffixes (including ‘none’) decreases significantly. As for
manner, nasals increase the chances of [-ffik], approximants (I, r) likewise increase the chances
[-ffik] and decrease the chances of [-ik]. Word-final glides (j, v) decrease the chances of [-ik]. The
quality of the vowel in the last syllable also has an effect: high vowels decrease the likelihood
of [-ik], and round vowels increase the likelihood of [-0k], in a kind of vowel harmony pattern (cf.
Becker 2009 for Hebrew plurals in [-ot]). The presence of a consonant cluster also affects affixation
rates, and this effect is not confined to the last syllable: medial clusters are significantly more likely
in the “none” set than in the [-ik] and [-ok] sets. When stress is final, affixation with [-fik] and
[-ik] is more likely than the baseline, and when stress is medial, affixation with [-0k] is less likely.
Monosyllables are more likely to diminutivize with [-ik] and [-0k] and less likely to diminutivize with
[-fik]; polysyllabic words are in general more likely to have no diminutives at all. Finally, vowel
hiatus was significantly less likely to occur in bases that combine with [-0k] than in the other two
suffix sublexicons; hiatus was significantly more likely in the “none” subsets.

Collinearity is always a concern with modeling any lexicon, since there are correlations between
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] “none” \ [-ik] \ [-ik] \ [-ok] \
Intercept —0.6815 —4.736 —1.366 | (—0.1948)
lastC=dor —0.4743 —3.379 —4.653 2176
lastC=glide (0.4075) | (0.3255) —1.816 | (0.03966)
lastC=nas —0.6685 2.955 —1.32 —0.3231
lastC=approx —0.2752 2.341 —0.7298 | (—0.1582)
final.CC 1.078 —3.593 0.5944 —1.345
medial.CC 1.278 | (0.2861) —1.068 —2.095
hiatus 1.021 | (—0.3324) —0.7363 —1.017
final.stress | (—0.1879) 2.068 0.733 —1.05
medial.stress 1.362 | (—0.9343) | (0.2376) —2.143
monosyllabic —1.266 —1.139 0.7426 0.9465
lastV=high 0.4137 | (—0.1201) | —0.4734 | (—0.146)
lastV=round —0.2382 | (0.2181) | (—0.1535) 0.2845
R? likelihood: 0.28, AIC=6187, BIC=6502, Collinearity measures: 6.66<x<12.695, 1.01<VIF<
2.954688

Table 2: Model for the lexical bases’ likelihoods of appearing with various diminutive allomorphs

phonological properties (though see Wurm and Fisicaro 2014 for a different perspective on this).
For example, Ryan (2014) finds that Russian words are more likely to have initial stress the more
consonants they have in their first-syllable onset; correlations between stress location and word-
final codas would also be unsuprising. Thus, we report the collinearity measures for the models
summarized in the polytomous regression. Since the coefficient table summarizes four separate
regressions, we show the range of kappa (condition number) values and the variance inflation
factors for the models. The values indicate a relatively low degree of correlation between the
predictors (Belsley et al. 2004).

4.3 Training the UCLA Phonotactic Learner on the sublexicons

We next trained the UCLA Phonotactic Learner (Hayes and Wilson 2008) on each sublexicon of
bases and affixed diminutives. The learner is given a lexicon (a list of phonological words) of a
language, and a set of features to describe all the segmental and suprasegmental distinctions
transcribed in the lexicon. The learner then posits a grammar of weighted markedness constraints
that characterize the structures that are unattested or underattested in the lexicon. The constraints
generally refer to n-grams of natural classes and word edges; and for example, given a lexicon of
English, the learner will notice that velar nasals are unattested word-initially and posit a constraint
*#[+nasal, Dorsal]. In order to help the learner identify generalizations about stress phonology, we
supplied it with a stress tier.

One limitation in the computational implementation of the learner is that it needs at least 3,000
phonological words to learn from; we thus multiplied the sublexicons that we got from the N-grams
corpus until that threshold was reached. To describe the Russian sublexicons, we used a feature
set similar to that in Hayes (2009). Since our affixed diminutives come from an orthographic corpus,
we had to add stress to the diminutives following the general rules for stress in words with these
affixes (see Zaliznjak 1985): we placed it on final syllables in all the [-ok] words; in the [-ik] and
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[-fik] words, it was left on the same syllable as in the base and corrected by hand for the few yer
words in which stress moves to the left when the vowel deletes (e.g., [kovior] ‘carpet’ vs. [kovriik]
‘carpet-dim’).

The output of the learner is a sublexical phonotactic grammar of constraints, and it can also
be used to assign probability scores to new items it has not been trained on. These scores reflect
the likelihood that the new item belongs to the lexicon. An example of the constraint set generated
for one of the grammars, the base grammar for [-ik], is given in Table 3. Each constraint is ac-
companied with a brief description. Some constraints worth noting are the constraint against final
lapses and the constraint against initial stress followed by a lapse, which is part of the requirement
that [-ik] bases have final stress, and the constraints against final dorsals—these correspond to
Polivanova’s (1967) observations about [-ik]. Since we obtained six different sublexicons with 30
constraints each, we will not describe the constraints in detail (the full grammars can be viewed on
the project site at https://ffiles.nyu.edu/mg152/public/russian/diminutives/). As we will show, how-
ever, the cumulative well-formedness of each base and derived word in the respective sublexicon
largely predicted how people diminutivized the words in the elicitation study.

5 An Elicitation Study

5.1 Hypotheses to test

We expect that in an elicitation study, people’s choice of affixes will depend on the phonotactic well-
formedness of the base and the derived word in each affix-defined sublexicon. To put it differently,
if a noun sounds like an [-0k] base, and its diminutive sounds like an [-0k] diminutive, then the noun
will combine with [-ok]—and here, “sounds like” means “receives a high probability in the sublexical
phonotactic grammar”. We expect that people will have difficulty diminutivizing words that receive
a low probability from all of the diminutive subgrammars. If a word receives a high probability
from more than one subgrammar, the choice of diminutive affix should vary. The ratings people
assign to their own diminutives should reflect the phonotactic well-formedness of the diminutive in
its sublexical grammar.

Our theory makes a prediction that distinguishes it from approaches to phonologically pre-
dictable morphology that are edge-oriented. In such approaches, the choice of affix is determined
by phonological properties of the word edge that the affix attaches to. For suffixes, the ends of
words should matter; beginnings/middles should not. Examples of such approaches include Align-
ment (McCarthy and Prince 1993) and the affixation rules of the Minimal Generalization Learner
(Albright and Hayes 2003). Such approaches would have difficulty with a pattern in which proper-
ties of the middles or beginnings of words determine suffixation patterns.

5.2 Participants, design, and materials
5.2.1 Participants

There were 14 participants in the study (11 women, 3 men); aged 20-61 years (mean age of 32).
All lived in Moscow at the time of the study and were native speakers of Russian, though most
had experience with at least one foreign language. They were compensated the equivalent of $15
for their time. The experiment was conducted in Moscow by an experimenter who spoke Russian
natively.
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Constraint Description Weight
*[-stress][-stress] Jwq, Stress tier No final stress lapses 5.192
*[+lab,-back] Jwq No final palatalized labials 4.822
*[-syll][+voice,-syll][-approx] Specific CCC constraint 4.623
*[-son,+voice][-voice] Voice agreement 4.567
*[+syll] Twq No final vowels 4.387
*lwg [+son,-syll][-lateral] Specific initial CC constraint 4.24

*[+cons,-back][-syll] *CiC 4.161

*[-back,-syll][-high,-low,+back][-son] Specific sequence constraint 4.13

*[+delrel][+son] Jwq Specific final cluster constraint 4.089
*[+stress][-son][+high] Specific stress sequence constraint 4.05

*[+stress][+stress], Stress tier No stress clash 4.049
*[-voice][+cont,-ant] Specific CC constraint 3.967
*[+son,+back][+voice,-low,-back][+son] | Specific sequence constraint 3.954
*[+delrel,-voice][-son,+voice] Specific voicing sequence constraint | 3.923
*[+back,+syll][+back,+syll] Specific VV constraint 3.898
*[+syll][-low,+syll][+cont] Specific VVC constraint 3.888
*[+stress][+syll] YA 3.809
*[wg [+stress] V'V, Stress tier No initial stress in longer words 3.426
*[+lab][+high,-sylI] Specific CC constraint 2.985
*[-low] Jwad No final dorsals/low vowels 2.918
*[-nasal,+lab][-approx,+voice] Specific CC constraint 2.904
*[-lateral,+voice,-back][-syll] Specific sequence constraint 2.696
*[-approx,-retro][+cons,+lab] Specific sequence constraint 2.666
*[-back,-syll][-nasal,+lab] Specific sequence constraint 2.455
*[+voice,-back,-syll][+voice,-strid] Specific sequence constraint 2.348
*[+lab][-cont,-back] Specific cluster constraint 2.22

*[+dor,-back] lwg No final palatalized dorsals 2.133
*[+voice,-back,-syll][+cont,-back,-syll] Specific cluster constraint 2.088

Table 3: An example sublexical phonotactic grammar for [-ik] bases, generated by the UCLA

Phonotactic Learner
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5.2.2 Procedure

The experimenter explained to the participant that various Russian words would appear on the
computer screen. The task was to say the word out loud first, and then provide one diminutive of
it—the first one that occurs to the participant. We also asked people to rate the diminutives they
produced, on a scale of 1 (worst) to 5 (best). People were given examples of common diminu-
tives ([kabluk]~[keblutf-ok] ‘heel’, [kolokal]~[kalakoli-fik] ‘bell’, [miatf]~[miatf-ik] ‘ball’), as well as
examples of diminutives that were questionable and might get a rating of “3” (e.g., [prafiésar] ~
[prafiésariik] ‘professor’). The word list included 167 real nouns; most do not have commonly used
diminutives. Since the task was difficult, we included a few control words that do have common
diminutives (e.g., [kazak]~[kezatf-6k] ‘Cossack’). Each person saw half of the test words (85); two
of the participants worked through the entire list.

5.2.3 Materials

The words varied along the dimensions that Polivanova’s descriptions predict to be relevant to affix
choice: the place and manner of the last consonant, the presence of a cluster at the end of the
word, and the location and mobility of stress in the base. The number of words in each category is
shown below. No labial-final clusters were included—those tend to be somewhat uncommon, and
we did not expect them to pattern differently from labial-final or cluster-final words (both combine
with [-iK], as in [gorp)/[gorbiik] ‘hump’). We also included 11 words that had vowel sequences in
various positions ([0piium], [aist], [aliandr], etc.). Cells that are either impossible (e.g., Russian
has no dorsal nasals) or have very few members in the lexicon are marked with “NA.”

(18) Place/manner of the last consonant; clusters

Stop Fricative Nasal Lateral Rhotic No cluster Cluster
cor | spagat (19) kamis (25) | biidén (14) ffixdl (31) | abazur (30) biérkut (83) | tsimiént (37)
dor | kazak (21) kozux (4) | NA NA NA batik (18) | tfitviérk (7)
lab | piidiskop (12) | rukaf (1) astranoém (10) | NA NA tférip (22) | O
(19) Stress location in base and stress type
] | Fixed type | Final type | Mobile type \
final avans/avans-i (45) barsuk/barsuki-i (37) | NA
initial atem/atem-i (19) NA parus/parus-a (31)
medial | aftobus/aftébus-i (34) | NA uffitiili/utfitiii-a (1)

5.2.4 An aside on using real words

We used real words because we expected diminutive formation to depend on the lexical stress type
of the base. That is, people might form diminutives differently depending on whether stress is fixed
on some syllable of the stem, is predictably final, or alternates between stem and suffix (Polivanova
1967:11, Stankiewicz 1968). Lexical stress types of real words may vary for some words and for
some speakers, but we could expect all of our speakers to exhibit some consistency in how they
treated real words—on the other hand, establishing that some nonce words have mobile stress
and others have fixed stress would require a complex multi-stage experiment.
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Figure 2: Overall productivity of each suffix in the experiment

But, real words do present a potential problem because they can fail to diminutivize for non-
phonological reasons. This might be the case for words belonging to a formal register or ones that
people find odd or incompatible with a diminutive/expressive suffix. We found, however, that peo-
ple were happy to diminutivize [ajfén]—[ajféon-tfik] ‘iPhone’, [manijak]—[manijitf-k] ‘maniac, serial
killer’ and [keniibal]—[keniibal-fiik] ‘cannibal’, but had trouble with [kléun] ‘clown’ and [6tpusk] ‘va-
cation’. Among established lexical diminutives, we find [paniidiéliniik]— [paniidiéliniii-ok] “Monday”,
but there is no diminutive for [fitviérk] “Thursday”, which is phonologically not compatible with any
of the allomorphs (ends in a cluster so no [-ok] or [-fiik], and it is dorsal-final so no [-ik]). Thus,
we believe that semantic/stylistic factors play at best a minor role in this experiment. The second
experiment (section 6) uses nonce words, which eliminate semantic factors altogether.

5.3 Experiment results: overall patterns of production

We collected 1205 base-diminutive pairs with ratings that we could analyze. People formed 395
diminutives with [-ok], 361 with [-ik], 295 with [-fiik], and 34 with [-ak]. They also produced 97 forms
with other expressive suffixes (such as [-ugka] or [-iska], or [-6nis] ‘offspring of’). We coded these
as “other”. There were 15 gaps, where people could not produce any diminutives at all. The overall
productivity of each pattern is summarized in the bar plot in Figure 2. Since the first three suffixes
are the main focus of our study and they dwarf the other patterns in productivity, we focus on them
in the remainder of the paper.

Figure 3 shows the distribution of phonological properties for the bases that appeared with
each suffix; some illustrative examples of words with and without suffixes are given in (20) and
(21). The entire dataset we collected is available on the supplemental materials page for the
project at https://files.nyu.edu/mg152/public/russian/diminutives/. The top left plot in Fig. 3 plots
the breakdown of properties for all the noun bases in the experiment. The remaining figures show
the distribution of these properties among the bases that people affixed with each allomorph. These
plots allow one to compare the relative proportion of, say, cluster-final nouns that were suffixed with
[-ok] vs. [-ik] or [fik], even though the number of words in each category is different. Thus, out
of the 395 bases that people suffixed with [-ok], 41 were cluster-final, and 354 ended in VC; for
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[-ik], there were about as many CC-final bases as VC-final bases (181 vs. 180). Fewer bases
with hiatus were suffixed with [-ok] than with the other two suffixes. The position of stress in the
base (initial, medial, final) also varies by allomorph: initial bases combined with [-ok] far more often
than with [-ik] or [-fik]. Medial stress bases are less likely to combine with [-ok] than with [-ik] or
[-fik], however. With respect to manner, sonorants preferentially combine with [-fik], whereas
fricatives—which were overwhelmingly strident—tended to avoid that suffix; people suffixed most
of the fricative-final bases with [-ik] or [-0k]. For place of articulation, dorsals were most often
combined with [-ok], somewhat less often with [-tfiik], and almost never with [-ik].

(20) Segmental content/syllable structure: some examples of people’s productions

| Bl ik B |
Cluster | kambajn/kambajn-fik | metatsikl/metatsikli-ik | pdjist/pajizd-6k
Dorsal | giértsek/giértsak-tfik patsélnux/patsélnuxi-ik | manijak/manijatf-ok

Coronal | astiréit/astiréidtflik spagat/spagati-ik xb6bat/xabat-0k
Labial pliriiskop/piiriskoptfik | jipiiskapl/jipiiskap-ik teérip/firip-ok
Hiatus | kléun/kléun-fik anffous/anffousi-ik opiium/apiium-6k

(21) Stress lexical type and mobility, a few examples of people’s productions

| | moved | stayed |
initial [6rdiin] vs. [ardiin-6kK] [konus] vs. [kénus-ik]
medial | [aftdbus] vs. [aftebus-6k] | [tarantul] vs. [tarantuli-{ik]
final [firtioz] vs. [Hirtiiz-0k] [juriist] vs. [juriist-ik]

5.4 Statistical analysis of suffix choice

To understand what conditioned the choice of suffix, we conducted two analyses. First, we used
the probability scores from the sublexical phonotactic grammars trained on base and diminutive
phonological words with each suffix. Since these scores are holistic and do not allow for an easy
examination of the factors affecting suffix choice, we also examined the effects of various hand-
picked phonological predictors. We start with the more successful analysis, the sublexical phono-
tactic model.

5.4.1 The sublexical phonotactic model

The predictors we used in the first analysis are shown graphically in Fig. 4. This figure was
generated as follows. We took all the bases and all the (non-gap) diminutives that people produced
in the experiment, and we tested the phonotactic grammars for each sublexicon obtained from
the Ngrams corpus on these bases and diminutives (recall sections 4.1 and 4.3). The resulting
violations are summed and plotted in the barplots: for example, in the [-fik] subplot on the left,
the shortest column is the one that shows the violations of the bases and diminutives that people
produced with the [tfiik] suffix. The base+diminutive sublexical grammars for [tfik] assigned the
worst violations to those bases and those diminutives that people produced with [-ok]. The taller
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Figure 4: Summed violation scores assigned by grammars trained on base and diminutive sublex-
icons, grouped by people’s production patterns.

the column, the more violations the experimental bases and diminutives got from the respective
sublexical grammar.® As can be seen from these graphs, the corpus-trained sublexical grammars
for a given suffix assign the best (lowest) scores to the forms that people produced with that suffix.
This pattern is consistent with the hypothesis that people are guided by the sublexical phonotactic
well-formedness of the base and the diminutive when they choose a suffix to put on a base.

A polytomous logistic regression model was fitted for the choice of allomorph: [-ik] vs. [-0K] vs.
[-fiik] vs. “none/other”. We used the poisson reformulation heuristic, which accommodates random
slopes and intercepts for predictors. There were six predictors, derived from the scores assigned to
the experimental bases and the diminutives by sublexical grammars. The model with raw scores
produced by the phonotactic learner (plotted in Fig. 1) failed to converge, so we simplified the
predictors to “pass” (0 violations) and “fail” (violations>0). The model structure is summarized as
an R formula under the model coefficient table.

The log-odds from the model are summarized in Table 4. The first two rows show the overall
likelihood of each suffix allomorph compared to the baseline poisson distribution.” Thus, [-fik] and
[-ok] are less productive than might be expected by chance, and [-ik] is more productive. (This
reflects our choice of stimuli, not the productivity of these allomorphs in the language, however.)
The rest of the table shows how the log-odds of choosing a particular allomorph correlate with the
base passing the sublexical grammar trained on bases, and how they correlate with the diminutive
passing the grammar trained on diminutives. Predictors that are significant at p < 0.05 are given
without parentheses; positive log-odds indicate increased likelihood, and negative log-odds indi-

8For example, take the base [slovak] ‘Slovak’ and the diminutives people produced for this form, which included
[slovatf6k], [slovakifik], and [slovatfiska]. Each of the base subgrammars for [ik], [-ok] and tfik] was then tested on the
experimental base [slovak], and each diminutive subgrammar was tested on all the diminutives people produced. The
leftmost column in the [fik] subgraph of Fig. 4 includes the summed scores that the [-fik] grammar assigned to [slovak]
and [slovakifik], and the rightmost column in the same subgraph shows the scores this grammar gave to [slovak] and
[slovatfidk].

"This polytomous regression summary is really the summary of a large hierarchical (mixed effects) poisson regression
that includes the individual predictors and their interactions with suffix type. Thus, when “ok-dim” is shown as having
log-odds of 2.589, it means that the likelihood of a base that passed the “ok-dim” grammar with a score of 0 and had been
chosen with the “ok” suffix is 2.589 times higher than the baseline poisson distribution. The significance is assessed
based on the z-value. We are grateful to Antti Arppe for discussing the polytomous package with us.
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\ other | ik | -ik | -0k |

allomorph | (0.01245) —0.516 0.3987 —1.358
ok-dim (—24.54) (—24.98) (—24.11) 2.589
ok-base (0.1576) | (—0.007772) —0.2988 | (0.1333; p=0.22)
ik-dim —1.352 | (—0.00141) 0.5954 (—21.48)
ik-base (—0.1836) —0.2938 | (0.2277; p=0.067) (0.0001345)
tfik-dim —0.7275 0.6511 (—0.1542) (—22.47)
tiik-base | (0.2793) 0.59 (—0.1964) —0.3127

polytomous(allomorph ~ ok-dim + ok-base + ik-dim + ik-base + tfik-dim + ffik-base + (1 + ok-
dim + ok-base + ik-dim + ik-base + ffiik-dim + ffik-base|participant) + (1|base), heuristic= “pois-
son.reformulation”)
R?likelihood: 0.4654; AIC: 1719; BIC: 1861; VIF=15.493, k=9.245

] Correlation of model’s prediction with people’s choices \

Kendall’'s 7 0.817
Spearman’s p 0.77
Pearson’s product-moment 0.69

Table 4: Model for allomorph choice in the elicitation study, with sublexical phonotactic grammar
predictors

cate decreased likelihood. We also report the correlations between the statistical model’s predicted
allomorph choices and people’s productions.

All predictors have log-odds that go in the right direction, but they do not always reach sig-
nificance at p < 0.05. Thus, passing the grammar trained on lexical [-0k] diminutives, ok-dim,
significantly increases the likelihood of a base appearing with the [-0k] suffix in the production
study. The grammar trained on [-0k] bases, ok-base, trends in the same direction but fails to reach
significance for [-ok]; doing well in that grammar does, however, significantly increase the chances
of being affixed with [-ik]. The words that did well in the [-ik] diminutive grammar were more likely
to end up with [-ik] and less likely to end up suffixed with “other”. The predictor for the grammar
trained on [-ik] bases trends in the right direction for [-ik], but does not reach significance; being
a good [-ik] base is negatively associated with being suffixed with [-fiik]. Getting a good score
from either grammar trained on [-fiik] increases the chances of being suffixed with [-fiik]. Good
[-fik] diminutives are less likely to end up in “other”, and good [-fik] bases are less likely to end up
suffixed with [-0k].

Both the base and the diminutive grammars have an effect in the model, but diminutive gram-
mars carry the lion share of the work. This can be seen from the magnitude of the estimates—
diminutive grammars consistently have larger log-odds estimates than corresponding bases. But
the base grammars are still doing something in the model—the R? likelihood of the full model
is larger than that of the model including only the diminutive grammars (R?=0.456, AIC=1722,
BIC=1803; higher R? and lower AIC/BIC numbers indicate better fit).
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| [ “none” | [Fik | [k | [-oK] |

Intercept —0.9156 | (0.05384) 1.539 2.668
final.CC | (—0.3778) —1.163 | (0.2913) —2.148
lastC=dor | (—0.711) | (—0.2564) | —2.361 | (—0.3146)
lastC=son | (0.4413) 1.606 | —0.7354 | (—0.2002)
final.stress | (0.2288) 0.9206 | 0.6684 —0.6351
medial.stress | (0.1663) | (0.001719) | (0.1441) —1.953
hiatus —1.64 —1.571 —1.805 —3.022

R?likelihood=0.18, AIC=2446, BIC=2587; VIF=20.08, x=11.10
polytomous(final.CC + lastC=dor + lastC=son + final.stress + medial.stress + hiatus + (1+ fi-
nal.CC + lastC=dor + lastC=son+ final.stress+ medial.stress+ hiatus| participant), heuristic= “pois-
son.reformulation”)

] Correlations between model prediction and people’s productions \

Kendall's 7 0.38
Spearman’s p 0.41
Pearson’s product-moment 0.39

Table 5: Polytomous regression table for the elicitation experiment, handpicked predictors

5.4.2 The handpicked predictor model

This section models the elicitation study results with handpicked phonological predictors that en-
code the phonological properties of bases. The purpose of examining this model is 1) to ensure
that the phonological variables we manipulated in choosing the stimuli are actually having an effect,
2) to present a human-readable summary of the effects that the phonotactic differences between
bases have on allomorph choice, and 3) to show how much variance still escapes the hand-picked
predictor model compared to the sublexical phonotactic model in Table 4.

The dependent variable in the model was the choice of suffix ([-fik], [-ik], [-ok] and “other”).
The predictors were analogous to the model for the lexicon reported in section 4.2, except that it
also includes a random intercept for “word” (base noun) and a random intercept for participant, as
well as random slope for all the predictors.

The model log odds are summarized in Table 5. Positive log odds mean the base is more
likely to end up in the suffix’s category with the feature encoded by the predictor than one might
expect given the baseline likelihoods of each suffix. When the log odds are given in parentheses,
their effects did not reach significance at p < 0.05. For example, bases with final clusters, such
as [metatsikl] ‘motorcycle’, are less likely to be diminutivized with [-ok] and [tfik]. Final dorsals
decrease the likelihood of [-ik]. Final sonorants increase the likelihood of [-fiik], but decrease the
likelihood of [-ik]. Final stress increases the likelihood that [-ik] or [tfik] would be chosen (and
perhaps as a result also decreases the chances of [-0k], albeit unexpectedly). The suffix [-0k] is
significantly less likely to appear on words with medial stress, and it is much less likely to appear
on words with hiatus compared to the other suffixes (although hiatus is in general unlikely). This
regression model has some problems, due to the high correlations between lexical properties of
the bases we could choose from, but it still manages to achieve a modest match with people’s
choices. Still, compared to the success of the full model in the previous section (correlations
around 70-80%), the handpicked model is inferior.
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| | [ffik] | [-ik] | [-oK] |

a. Final syllable no final CC v/ not restrictedv’ no final CCv’
b. Final C place no final dorsals no final dorsalsv’ | not restricted
c. Stress location | must be finalv’ must be finalv’ not medialv’
d. Final C manner | prefers sonorantsv’ | not restricted not restricted

Table 6: Support for Polivanova’s observations. A check mark indicates that the effect was sup-
ported in the elicitation study

One of the reasons for this is that the handpicked predictor model encodes only the properties of
bases, not the resulting diminutives. The sublexical model has both. One could include predictors
coding the phonotactic properties of derived words in the handpicked model, as well, but that is a
problematic move: the properties a linguist would choose as characterizing the derived words (e.g.,
stress is final on [-0kK], stress is penultimate and palatalization applies in [-ik] words, and so on) are
just as likely to be the result of adding the suffixes as be predictors of them; the cause and effect
here are difficult to disentangle. In any case, it should be kept in mind that these two models are
in part attempting to explain the same thing. They both use phonological properties characterizing
the overall phonotactics of words undergoing affixation, but in the case of the sublexical model, the
properties were discovered by a machine learner, whereas in the case of the handpicked model,
they were chosen by the analysts.

Finally, our study confirmed many of Polivanova’s (1967) observations, as summarized in the
table below.2 The effects for which we found quantitative support are marked with a check mark.

5.5 Ratings

The experiment asked people to produce a diminutive for each base even if they did not like the
resulting form, and this is reflected in their ratings. We present a summary of the ratings graphi-
cally here. The ratings are consistent with the affix selection patterns: people tended to chose an
affix for a base if it did well in the sublexical phonotactic grammar trained on the bases and the
diminutives with that affix. The plots show the ratings for words that people produced with each
suffix separately, and they show the density plots for those ratings’ distributions along the scale
from 1 (worst) to 5 (best). For example, the leftmost upper plot shows that the forms that people
produced with [-flik] got more ratings of “5” when the base passed the grammar trained on lexical
[-fik] bases—the bean is thickest on top. The average rating was lower for the bases that did not
pass the [tfik] base grammar, shown on the left bean in that plot. The leftmost bottom plot shows
the ratings for how the same forms did in the grammar trained on [tfiik] diminutives.

Since the ratings tell the same story as the affix choice patterns, we do not analyze them
statistically here to save space.

8Polivanova devotes a lot of attention to final [ts], which is supposed to disfavor [-ik]. We did not investigate this.
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Figure 5: Ratings people gave for the words they produced with [-fik], [-ik], and [-ok], grouped by
whether the bases and diminutives passed the respective affixes’ sublexical phonotactic grammars
(true) or failed them (false). The white dot shows the mean.

6 A Nonce Word Study

We next conducted a nonce word study (wug study, Berko 1958) that was designed to test the
effects of nonlocal properties of bases on allomorph choice. The elicitation study identified hiatus
and medial stress as possible nonlocal properties of interest. If this feature of diminutive formation
is productive, we have support for our model that differentiates it from certain alternatives. For
example, the Minimal Generalization Learner (Albright and Hayes 2003) cannot find or characterize
such generalizations about middles of words, as we show in 8.3. We further expect that both the
base and diminutive well-formedness will affect allomorph choice, which distinguishes our theory
from approaches that allot all of the selection to the input or the output, such as input-oriented
subcategorization frames (Paster 2006, Embick 2010), output filter/Control theory (Bye 2007), and
product-oriented schemata (Bybee 2001, Kapatsinski 2011). Some of these models are discussed
in more detail in section 8.

In this experiment, we use a large number of items that are phonotactically diverse, and we
expect that the ones that do better in allomorph-defined sublexicons will be more likely to be chosen
with those sublexicons. We also manipulate the stimuliin a targeted way to compare characteristics
such as the presence or absence of hiatus, the location of stress, and the presence of medial
consonant clusters.
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] | Hiatus | No hiatus |

Medial stress | pudual (30) | pudulal (30)
Final stress siliiar (30) siliinar (30)

Table 7: Stimulus design for the experiment: hiatus

6.1 Methods
6.1.1 Materials

The experiment tested a total of 300 nonce masculine nouns. To study the effects of vowel hiatus,
we used 120 items. Half of these nouns included vowel-vowel sequences, and the other half had
the same vowels separated by a consonant, as shown in table 7. We also manipulated stress: in
half of the nouns, the first of the two vowels was stressed, and in the other half—the second.

We also tested the effects of medial and final clusters, with 180 items. Of these, 90 had a CC
sequence in the middle (e.g., submar), 30 ended in CC (e.g., xiirasn), and 60 had no consonant
clusters (e.g., suniés). The no-cluster group included 30 dorsal-final stems (e.g., razéx) and 30
stems that ended in palatilized consonants (ni,mi, ri, si/tf/s/[f). The main manipulation in this stimu-
lus set was to bias the choice toward certain allomorphs: thus, dorsal-final bases are supposed to
combine only with [-0k], and strident-final bases should combine with either [-0k] or [-ik] but not with
[-fiik]; CC-final bases should combine with [-ik] only. The nonce words with medial clusters had
final consonants that were compatible with any of the allomorphs, but the medial clusters them-
selves were underattested in the sublexicon for at least one of the allomorphs but were allowed
by the sublexical grammar of one of the other allomorphs. For example, the nonce word [biatsxal]
gets a violation score of 4.725 from the [-ffiik] base grammar and a score of 10.69 from the [-0k]
base grammar, but its violation score in the [-ik] grammar is 0. Thus, we would expect this word to
be chosen with [-ik] most often (and indeed it was). For the nonce word [biulibidli], the scores were
[fik]: 0, [-ok]: 24.012, [-ik]: 6.938. We expected people to choose the suffix [{fiik] for this word most
often. To factor out the effects of stress position, we recorded all 180 of these nonce words with
final stress, since all three allomorphs combine with final stress nouns. Finally, we verified that our
stimuli were passable nouns of Russian in two ways: by inspecting them using our native intuitions,
and by training the UCLA Phonotactic Learner on the full list of Russian masculines and having
the resulting grammar rate the stimuli. All of the stimuli received a perfect score (0 violations).

We checked the stimuli for lexical neighbors, using Levenshtein edit distance 1 as our criterion
(1 substitution, 1 deletion, or 1 insertion; see Luce 1986). Two of the 300 items had neighbors in the
[fik] sublexicon: zulpan~tiulipan ‘tulip’, kuvain~kuvsin ‘pitcher’). Four of the items had neighbors
in the [ok] sublexicon: xurak~xriak ‘boar’, zafut~zakut ‘small barn (dialectal)’, saziok~sazok ‘step
(dim)’, biziok~bitok ‘cutlet’. There were no neighbors in the [-ik] sublexicon. This small number
of neighbors meant that neighborhood density did not ultimately correlate with affix choice in the
analysis.

A male native speaker of Russian recorded each word in its base form and with each of the
three diminutive suffix allomorphs, [-ok], [-ik], and [-fik], so the total number of audio files was 1200.
Consistent with the morpho-phonology of the suffix, the [-ok] diminutives were recorded with stress
shifted to the suffix (e.g., [pudual] ~[pudualdk]). On the other hand, [-ik] and [-fik] diminutives were
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HavanbHasi doopma cnosa: Base form of the word:

YyHyan » tfunuap »
BapuaHTbl ymeHbLlInTENBHO-NackaTensHOW ) opMbi: Variants of diminutives:
1. yyHyanoék » 1. lunuapék »
2. YYHYan4mK » 2. flunuaptfiik »
3. YyHyanuK » 3. flunuapiik »
Kakow BapuaHT Bam 6onbLie HpaButca? Which variant do you prefer?
[1112] [3] [1112] [3]
TpyaHo 6o caenatb BoIGoOp? Was it hard to choose?
[na][Her] [yes] [no]

Figure 6: Example of a trial in the experiment

recorded with stress on the same syllable as the base (e.g., [pudualiik], [pudualifik]). The audio
files and a list of the stimuli are available at https://www.nyu.edu/projects/russian/dim_nonce/.

6.1.2 Design

The experiment was conducted on the web using Experigen (Becker and Levine 2010). The par-
ticipants used their own browsers and speakers/headphones. The stimuli were presented in audio
as well as in Russian orthography with stress marked. Each audio file had to be played before
advancing to the next stage of the experiment. The base was always presented first, but diminu-
tive forms were presented in a randomized order, so that none of the three suffixes consistently
appeared first, second, or last. We asked people to select one form of three as their preferred
diminutive and to indicate whether the choice was difficult (yes/no). An example of a trial is shown
below, along with an English translation.

To keep the experiment tolerably short, we showed each person a structured subset of the 300
nonce words, which included 35 items per participant. These 35 items included seven subgroups:
5 trisyllables without hiatus, 5 trisyllables with hiatus, 5 disyllables that ended in VC, 5 disyllables
that ended in CC, and 5 of each of medial cluster words that were expected to combine with [-tfik],
[-ik], and [-0K], respectively.

6.1.3 Participants

We recruited anonymous participants through various Russian social network sites and word of
mouth. Participants volunteered their time and information about their sex, age, and linguistic
background. A total of 219 participants completed 35 trials; we excluded 4 outlier participants who
never selected the [-ok] allomorph, so our data include the responses of 215 participants.

6.2 Results

People overall chose the [-fiik] suffix more often than [-ik], which was in turn chosen more often
than [-ok]. This pattern does not necessarily reflect the productivity of these allomorphs in Russian,
since we chose our stimuli to test specific hypotheses rather than based on overall phonotactic type
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in the experiment
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Figure 7: Overall productivity of suffix allomorphs in the experiment

frequencies in the language. But it is important that the distribution is skewed in the direction of
[-fik] and away from [-0k] because our statistical analysis of people’s affix choices builds on the
baseline distribution of these affixes in the experiment.

As in the elicitation study, we analyze the data in two ways: first, we use the sublexical phono-
tactic grammar violations produced by the UCLA Phonotactic Learner, trained on the sublexicons
we obtained from Google Ngrams and tested on the base and diminutive stimuli we designed for
this experiment. Second, we use handpicked phonological variables. As we will show, the first
method is more successful.

In figure 8 are the Cleveland plots for the nonce words, first shown with all the bases used in
the experiment, and then broken down by affix.

6.2.1 Analysis with sublexical phonotactic grammar predictors

The relationship between the sublexical phonotactic well-formedness of the stimuli and people’s
allomorph choices is shown in Figure 9. This is a bar plot of violation scores assigned by the sub-
lexical grammars trained on the bases and derived diminutives that people saw in the experiment.
As can be seen from the graph, the sublexical base and diminutive grammars trained on [-0k] lexi-
cal bases and diminutives assign the lowest violation scores to those bases that people chose with
[-ok]; the same is true for [-ik] and [tfik]. The pattern is most clear in the [-ok] plot but diminishes in
the [ffiik] plot, because [-ffiik] acts as a default in the study—people seem to opt for it when no other
choices seem good. Thus, the overall pattern of the [-fik] grammar preferring the [-ffik] bases and
diminutives still holds, but it is less pronounced.

To analyze the effects of sublexical phonotactic violation scores on people’s choices of allo-
morphs, we used a polytomous poisson logistic regression model (as in the previous experiment
described in 5.4.1). The model reported in Table 8 includes six predictors: the violation scores of
the bases and the diminutives for each of the three allomorphs’ sublexical phonotactic grammar.
Each cell summarizes the interaction of the predictor with suffix type. The model includes a random
by-participant intercept and slopes for all independent variables, and a random by-base intercept.
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Figure 9: Summed violation scores assigned by sublexical phonotactic grammars trained on [-
#fiik] bases/diminutives (left), [-ik] bases/diminutives (center), and [-ok] bases/diminutives (right)—
plotted against people’s choices (x-axis groupings within each plot). The sublexical phonotactic
grammars trained on [-0k] assign the lowest scores to the bases that people chose with [-0k]; ditto
for [-ik] and [-fiik].

The absolute violation scores produced by the UCLA Phonotactic Learner are not comparable be-
tween sublexical grammars, so we transformed the scores into pass (score=0)/fail (score>0) to
allow the model to converge.

The baseline likelihood of the allomorphs is in the first two lines of Table 8. The [-fiik] allomorph
is significantly more likely than the other two, which do not differ from chance (i.e., the baseline
poisson distribution). As for the sublexical predictors, they have the expected effect: for example,
if a base passes the [-ik]-base sublexical phonotactic grammar, it is more likely (log odds 0.11) to
be chosen with the [-ik] suffix, whereas its likelihood of ending up in the [-ok] or [-ffiik] categories
is not different from the baseline poisson distribution. The same is true to an even larger extent
for the [-ik]-diminutive sublexical phonotactic grammar—if a diminutive passes that grammar, its
likelihood of being chosen is increased by 0.77, whereas its chances of ending up with [-0k] are
unaffected, and its chances of being chosen with [-fiik] are significantly decreased (-0.23). All
six phonotactic grammars have an expected positive effect on the choice of their allomorphs, and
they affect the choice of other allomorphs either negatively or not at all. The only small exception
is the [-ok]-base grammar, passing which slightly increases a base’s chances of being chosen with
the [-ffiik] allomorph. This is unsurprising, since this allomorph serves as a kind of default in the
experiment, and the effect itself is rather small.

We report three measures of model fit. First, the R? likelihood, which is a measure of model fit
for a logistic regression model; second, the Akaike Information Criterion (AlIC) and the Bayesian
Information Criterion (BIC), measures of entropy unaccounted for by the model, and third, the
correlation between people’s choices of allomorphs and the statistical model’s predictions of these
choices. For the latter method, we used the predict function in the polyfomous package.

We next examine the role of source-oriented and product-oriented phonotactic generalizations.
We cannot compare the full model with a model that contains just base or just derived sublexical
predictors using ANOVA model comparison, since the models would not be properly nested. We
can, however, fit models with only base or only derived predictors, using the same random ef-
fect structure as for the full model. When we did this, we found that the fit of the full model was
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| ik | ik | ok |
allomorph 1.099 | (0.05169) | (-0.0201)
fik-base | 0.1726 | (-0.02213) | -0.2547
fik-dim | 0.7363 | -0.5391 | (-23.13)
ik-base | (-0.0241) 0.1126 | (-0.0331)
ik-dim | -0.2252 0.7697 | (-23.48)
ok-base | 0.07312 | -0.3123 | 0.2439
ok-dm | (-23.6) | (-23.02) 1.113

R? likelihood: 0.392; AIC: 9795; BIC: 9940, VIF=5.95, x=7.64
polytomous(allomorph~tfik-base+ ffiik-dim+ ik-base+ ik-dim+ ok-base+ ok-dim+ (1+ ffik-base+ tfik-
dim+ ik-base+ ik-dim+ ok-base+ ok-dim|participant) + (1| base), heuristic=poisson.reformulation)

] Correlation of model prediction vs. people’s choice \

Spearman’s p 0.63
Kendall’s 7 0.59
Pearson’s product-moment 0.68

Table 8: Polytomous regression model with sublexical phonotactic predictors for allomorph choice
in the nonce word study

better based on R? likelihood and AIC/BIC than the fit of the other two models: for the base-only
model with the predictors ok-base, ik-base, ;ﬁik—base, the numbers were 0.017, 15780, 15870 re-
spectively; for the derived-only model with the predictors ok-dim, ik-dim, fik-dim, the numbers
were 0.378, 10010, 10090 respectively. While the contribution of the derived diminutive sublexical
phonotactic grammars is larger than the contribution of base grammars, both types of grammars
matter.

6.2.2 Regression model with phonological predictors

The other way to analyze the results would be to test the individual phonological predictors that
we manipulated in designing the stimuli—these are the properties that appeared to be relevant
for allomorph choice in the production study. We report a model that includes a number of binary
predictors, all characterizing the bases: finalC=dor: [tiandx] vs. [suniés], finalC=son: [siipir] vs.
[suniés], final.CC: [xiirasn] vs. [suniés], medial.CC: [siubmar] vs [suniés] (residualized against fi-
nalC=son), hiatus: [pu.dud.al] vs. [pudu.lal], medial.stress: [ba.vii.lup] vs. [ffu.nu.rép] (residualized
against hiatus).

As can be seen from this model summary, each predictor has an effect on the choice of at least
one allomorph. For example, final clusters are more likely to combine with [-ik] and less likely to
combine with [-tfik] compared to the baseline poisson distribution. There is also an unexpected
small increase in the likelihood of [-0K] for final cluster words, although this could be due to the
forced choice nature of the study (the dispreference of [-flik] against clusters might be stronger
than that of [-0k], in a trade-off). Medial clusters are less likely to combine with [-ik]. Following
the lexical trends, final dorsals combine most freely with [-ok], and final sonorants with [-fik]. Me-
dial stress increases the chances of [-ok]—unexpectedly, given the lexical trends. But bases with
hiatus are less likely to be suffixed with [-ok] and more likely to be suffixed with [-tfiik]. One pos-
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\ - ik \ -ik \ -ok \

allomorph 0.945 | (0.05451) —0.8178
final.CC —1.39 0.6474 0.2444
medial.CC (0.1098) | —0.1456 | (—0.03824)
finalC=dor —0.4044 —1.936 1.452
finalC=son 0.2907 —0.4047 0.1722
medial.stress | (—0.09861) —0.3935 0.7198
hiatus 0.2429 (—0.14) —0.409

R? likelihood=0.09633, AIC=14540, BIC=14680, VIF=6.349, x=8.241454
polytomous(allomorph~final.CC + medial.CC + finalC=dor +finalC=son+ medial.stress +hiatus +
(1 + final.CC + medial.CC + finalC=dor +finalC=son+ medial.stress +hiatus | participant) + (1|word),
heuristic=poisson.reformulation)

Table 9: Model for allomorph choice in nonce word study, with handpicked phonological features
for the bases

sible explanation for the medial stress effect is that the other two suffixes have an even stronger
dispreference for medial stress.

We were unable to calculate correlations between this model’s predictions and people’s choices
for this model, but for a slightly pared down analogous model, we got correlations from .27 to .29—
hovering around chance, given a 1 in 3 likelihood of any allomorph being chosen randomly. Thus,
the fit of this model is poor compared to the model we reported in the previous section. (This is also
visible from its low R? and high AIC/BIC compared to the sublexical phonotactic predictor model.)
The handpicked predictor model performs worse on all measures of fit, although it does verify that
people are sensitive to the properties we manipulated in the stimuli—they just appear to be using
more information than our model includes.

6.3 “Was the choice difficult?”

Forced choice experiments artificially limit people’s options, and they might actually prefer an option
that is not available to them (such as “no diminutive would be better than any of these”). There-
fore, we asked our participants whether the choice was difficult, using “yes/no”. A choice can be
difficult because there are multiple good options, not just because there are multiple bad ones.
The results suggest, however, that people tended to find the choice difficult when all the options
were phonotactically bad. The following plot shows the number of difficulty ratings for each suffix.
People hit the “yes” button about the same number of times for each suffix, but they hit the “no”
button much more often for the [-fiik] allomorph:

We analyzed the difficulty response in a hierarchical logistic regression model (g/imer function in
Ime4in R, Bates 2005, R Development Core Team 2013), which is reported in Table 10. The model
includes the pass/fail scores from sublexical phonotactic grammars for each suffix and random
intercepts for participant and base. As can be seen from the negative intercepts, people are less
likely to find the choice difficult when the base and the diminutive pass the respective sublexical
phonotactic grammars—if the base or the diminutive passes the grammars, the choice is easy. The
only exception is the diminutive grammar for [-ok], passing which meant a more difficult choice for
participants. The reasons for this are not entirely clear—it is possible that people find it harder to
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Figure 10: Was the choice difficult?

] | Estimate | Std. Error | z value | Pr(>[z|) \

(Intercept) | —1.02555 0.11193 | —9.162 | < 2e — 16™**
tlik-base | 0.04731 0.07699 | 0.614 | 0.5389

fik-dim | —0.40887 0.07833 | —5.220 | 1.79¢ — 07***

ok-base | —0.33170 0.08067 | —4.112 | 3.93¢ — 05***

ok-dim | 0.47566 0.09594 | 4.958 | 7.13e — 07***
ik-base | —0.08010 0.07740 | —1.035 | 0.3007

ik-dim | —0.23527 | 0.08493 | —2.770 | 0.0056 **
VIF=1.35, k=3.97

Table 10: Logistic regression model for people’s answers about choice difficulty

choose between [-ok] and [-fiik], which appears to be the default at least in this study’s context.
Finally, two of the base grammars, [ik] and [{fik], did not have a significant effect in the regression.

7 Discussion

7.1 How people do the elicitation task

We investigated the hypothesis that people’s choices of allomorphs depend on the well-formedness
of the bases and the diminutive forms in sublexical phonotactic grammars. Both the elicitation
study and the nonce word study support this hypothesis. People learn the sublexical phonotactic
grammars over subsets of the lexicon defined by each allomorph of the diminutive, and when asked
to assign a diminutive allomorph to a word that does not already have a lexical specification for
diminutive formation, they consult the sublexical phonotactic grammars to make the decision.

We can model the elicitation task as follows. When a word is presented for diminutive forma-
tion, the speaker first consults the rules for diminutive formation to check if a diacritic is specified.
The stem [barsuk] ‘badger’ is in the [+ok] sublexicon, so its diacritic is [+ok] and the decision is
straightforward:

(22) If the stem is specified for a diacritic, the lexical rule applies:
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Input: [barsuk]

Lookup: DIM<«[-ok] /[+oK] | {barsuk.o, . ..}
To phonology: /barsuk-ok/

Phonological output: [barsutfék]

On the other hand, if the item is not in a sublexicon, people need to decide on a diacritic for
it. To do this, they run each base through the sublexical phonotactic grammars for bases, and
they construct diminutives with each allomorph and run them through the sublexical phonotactic
grammars for diminutives. In order to do the latter, they need to force the realization rules for each
diminutive allomorph to apply to the base and phonologize the resulting stem-affix combinations.
There are three possible scenarios: (i) the stem does well in more than one grammar, in which
case we expect variation; (ii) the stem does well in the grammars for one allomorph, in which case
it will get that allomorph; (iii) the stem does poorly in all of the grammars, in which case expect
either no output or an output that people rate poorly. Let us illustrate each scenario with examples.

A word from the elicitation study that did well in just one of the subgrammars is [manijak] ‘serial
killer’. Of the 8 people who got this prompt, seven produced [menijatfok], rating it an average 4.12.
One person produced [manijatfik] and rated it a 3. Our subgrammars predict that [-ok] should be
the allomorph for this word—it does rather well in both the base and the diminutive subgrammars
(simulated by the UCLA Phonotactic Learner; the numbers in the tables below are the violation
scores it assigned). The [-ik] form does poorly in the [-ik] base grammar and in the [-fiik] base
grammar.? The success in the [-ok] grammar determines the course pretty clearly, despite the
good performance of [manijatfik] in the diminutive grammar for [-ik]. There are diminutives in the
[-ik] sublexicon that sound like this (e.g., [miatfik] ‘ball’), just none that are derived from dorsal-final
stems. Our analysis captures this by allowing both the base grammar and the diminutive grammar
to contribute to the decision to give this stem the [-0k] diacritic.

(23) A stem that does well in just one subgrammar: [manijak]

[-ok] [-ik] [-ffik]
Base subgrammars 0 14.211 9.302
forms evaluated: [manijak] [manijak] [manijak]
Derived subgrammars | 0 0 0
forms evaluated: [manijaffék] | [manijatfik] | [manijakifik]
Cumulative 0 14.211 9.302

The most likely rule: DIM «[-ok]

The stem [aliiandr] ‘oleander’ exhibits a bit more variation. Of the seven people who got it as a
prompt, five people diminutivized it with [-ik] (mean rating 4), and two gave it the [-fiik] allomorph
(mean rating 3). This is in line with how the sublexical phonotactic grammars evaluated the bases
and corresponding diminutives that people produced. The [-0k] base grammar assigned it a high
violation score; the base grammar for [-ik] liked it, but it got some violations in the [tfik] base
grammar.’® Since people did not produce any [-ok] diminutives for [aliandr], we do not have a
subgrammar score for it, but both of the other derived subgrammars assigned good scores to the
corresponding diminutives. The end result is that the most likely diacritic for this base is [-ik]:

%In the [-ik] base grammar, [manijak] fails several medial cluster constraints and *[—low]#, which penalizes final
dorsals. It fails very similar constraints in the [tik] base grammar.

®The key violations in the [-ok] grammar: *[—high][—high] for the [ea] vowel sequence, and *[—approx][+cont]# and
*[—syll][+son] for the final cluster. The one violation in the [-fik] grammar is for the vowel sequence; the constraint is
also *[—high][—high].
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(24) A stem that does well in one of the grammars: [aliandr] ‘oleander’

[-oK] [-iK] [-Pik]
Base subgrammars 11.515 0 4.292
forms evaluated: [olieandr] [olieandr] [olieandr]
Derived subgrammars | 3.29 0 0
forms evaluated: [olieandrok] | [olieandriik] | [olieandrtfik]
Cumulative 14.805 0 4.292

The most likely rule: DIM «[-ik]

Let’s now consider bases that people found difficult to diminutivize in elicitation. One such base
is [liémiink] ‘lemming’. It has all the properties that Polivanova (1967) associates with “impossible”
diminutives: a word-final consonant cluster that ends in a dorsal and non-final stress. Ten people
got this prompt, and they produced a variety of forms, all of which they rated poorly (mean rating
2.4). One participant produced no form at all, and the remaining productions were one each of
[liémiingiik] and [liemiingdk], two [liémiingtflik], and a number of “other” productions ([liemiingatfok],
[liémiingiiska], [lemiingotfik], [iémiinguska], [limiingfék]). The subgrammars for the actual produc-
tions with these affixes generally give this base poor scores, with the exception of the [-0k] base
grammar.

(25) A stem that has no diminutive diacritic and does poorly in all the sublexicons: [liémiink]

‘lemming’

| | [-oK] | [-ik] | [-ik] |
Base subgrammars 0 5.138 6.854
forms evaluated: [iémiink] [iémiink] [iémiink]
Derived subgrammars | 4.439 0.905 2.167
forms evaluated: [limiingok] | [liémiingiik] | [liémiinktlik]
Cumulative: 4.439 6.043 9.021

A form Polivanova predicts to be “difficult” rather than impossible is [aftébus] ‘bus’. Our partici-
pants mostly converged on [aftobusiik] (7 people, mean rating 4.375), with one person contributing
[aftebusok] (rated 1). This outcome is not surprising, considering how poorly the base does in the
sublexicons for [-0K].

(26) A stem that has no diminutive diacritic and does poorly in all the sublexicons: [aftébus] ‘bus’

| | [-oK] | [-ik] | [-fik] |
Base subgrammars 8.738 4.05 5.2
forms evaluated: [aftébus] [aftébus] [aftébus]
Derived subgrammars | 19.509 0.905 2.167
forms evaluated: [aftobusok] | [aftobusiik] | [aftobustfik]
Cumulative: 28.247 4,955 7.367

It should be kept in mind that the numbers generated by the UCLA Phonotactic Learner sub-
grammars cannot be compared or interpreted in absolute terms. The numbers merely indicate
that there are violations—but not whether these violations are critical to the success of an indi-
vidual base or diminutive form. Thus, the violations of [aftobusdk] in the [-ok] subgrammars, at
28.247, dwarf the violations of [llemiingdk], at 4.439. Conversely, the violations of [liémiingiik] are
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only slightly higher than those of [aftobusiik], and yet the latter form is clearly far less problematic
for people. We believe this is a side effect of this particular implementation rather than a prob-
lem for the theory, however. The first possible implementational bug is that our training sets are
based on automated searches of a written corpus—not actual sublexicons that people have in their
heads. Partly, we did this to minimize our own biases; it is apparent that the intuitions of linguists
can diverge from what people actually do (cf. Polivanova’s labeling of [aftobusiik] as “bad” even
though it is attested in the Russian National Corpus, and our participants rated it 4.375 out of 5).
Thus, our sublexicons are not a perfect model of what people learn. The second source of imple-
mentational artifacts is the UCLA Phonotactic Learner itself, which is based on a specific theory of
phonotactic learning. We did not assist the learner in any way, so it actually missed some of the
generalizations about the sublexicons that we identify in our statistical analyses in section 4.2. This
problem is connected to the first problem—the grammars are only as good as the sublexicons they
are trained on, and if the sublexicons are small, some generalizations are going to go unnoticed
by this learner even if they are psychologically real to people.

A reviewer suggests that the comparative distance between the competitors within each base
set might be a factor in deciding between allomorphs.

Note, however, that quite a lot of what happened in the elicitation experiment suggests that
our analysis is on the right track. People produced many odd forms, some that arguably should
not even be generated by the grammar of diminutive formation if it uses rules with phonological
contexts. If rules of the form DIM «[ok] / Vk___ really existed, then [manijatfiik] should never have
been generated. We interpret such productions as a stage in the diacritic assignment procedure:
in order to decide how to diminutivize a word that isn’t listed in a diacritically defined sublexicon,
people have to generate some forms by forcing the rules to apply. The productions were particularly
diverse with forms that fail multiple subgrammars, like [liémiink] ‘lemming’ and [sufiiks] ‘suffix’; more
often than not, people produced each of [-ik], [-ok], and [-ffiik] in addition to gaps and forms with
other suffixes for these stems. This creativity is partly due to the high-pressure nature of the
elicitation task—but our theory of generalization of phonological selectional restrictions accounts
for this behavior rather than writing it off as metalinguistic or uninteresting.

7.2 Non-local conditioning in the nonce word study

The main prediction we tested in the nonce word study was that well-formedness in each sublexical
phonotactic grammar for bases and affixed diminutives should correlate with people’s choices of
allomorph in a forced choice task. This prediction is confirmed: people were more likely to choose
nonce words with a particular affix if the base and the diminutive pass the respective sublexical
grammars.

We were more specifically interested in testing non-local phonotactic conditioning of supple-
tive allomorphy in this experiment. The lexicon of Russian provides some mixed support for the
effects of hiatus and medial stress placement on allomorphy. In Zaliznjak’s dictionary (1977),
only one word is listed with the [-ok] suffix and a hiatus sequence: [pauk]/[pautfok] ‘spider’. We
found somewhat more words with hiatus in Google Ngrams, but most of them are not recognizable
diminutives. However, both the elicitation study and the nonce word study turned up a result of
hiatus: [-ok] was significantly less likely to combine with hiatus words than the other two suffixes.

The results for medial stress are more complicated. According to Polivanova’s (1967) gener-
alizations, medial stress is supposed to make diminutivization difficult in general—in part this is
because [-ik] and [tfiik] just have a strong preference for final stress. The lexical trend is for [-ok]
to combine with initial and final stress words but not medial stress words. In the elicitation study,
this is exactly what we found, but in the nonce word study, the medial stress effect went in the
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opposite direction. Our explanation for this is that the preferences of [-ik] and [tfiik] for final stress
are stronger than than the dispreference of [-0k] against medial stress, at least for the stimuli we
used. We believe that the best explanation of people’s behavior here is sublexical phonotactic
well-formedness; it may be a mistake to focus on individual phonological properties when it is the
overall shape of the words that matters.

7.3 Is there anything the model cannot do?

The model we propose is powerful: it can identify conditioning factors in either the source or the
product of affixation, and these factors may even be non-local to the affix itself. We have argued
that this power is necessary to handle the Russian case. A fair question, however, is whether there
are any patterns that this model cannot characterize.

One of the patterns that would be impossible to characterize is covert conditioning based on
underlying representations that are cobbled together from multiple surface forms. For example,
consider a language in which vowels delete word-finally (e.g., /badu/—[bad], but /bag/—[bag]) and
are only seen in affixed forms (e.g., /badu-k/—[baduk]). Suppose also that this language has syn-
cope: medial vowels delete, as in /badu-nik/ —[badnik] (a language that has both of these rules
is Tonkawa). We would not be able to account for suppletive allomorphy between [-nik] and [-lik]
where the [-nik] suffix selects for underlyingly vowel-final words, and [-lik] selects for underlyingly
consonant-final words. This is because the learner would presumably assume that [bad] and [bag]
are the bases for [badnik] and [baglik], and they both end in consonants in the unaffixed form. The
allomorphy in such cases would have to be treated as completely lexical and arbitrary, and the “un-
derlyingly vowel-final” generalization would not be extended to new forms. Some purported cases
of this sort have been discussed in the literature (Paster 2006, inter alia), but we are skeptical of
the productivity of the generalizations. In our theory, source-oriented phonological generalizations
about output bases can be captured, but input-oriented ones cannot.

Another type of pattern that our model does not predict is extension through variegated simi-
larity, as in analogical models (see Albright and Hayes 2003 for an in-depth discussion). In these
models, words that share a similar substring can pattern together: for example, because “render”
has “end” as its substring, “render” would form its past tense with [-ad] (incorrectly). In our model,
it is possible for middles of words to matter, but similarity is more structured: patterns are defined
by underattestation of various phonological strings and structures, not on shared substrings. Thus,
there is an exceptionless generalization that all verbs that combine with [ed] end in a coronal stop
in the unaffixed form, and a phonotactic learner will notice it; just having a shared string is not
enough to motivate a phonotactic constraint.

Relating to this, consider the following hypothetical example of an implausible pattern, sug-
gested to us by a reviewer: an “allomorph A is suffixed to stems that have a vowel [i] or [a] in
the second syllable, whose base begins with a voiced fricative only if it ends in labial stop, whose
initial stress in the base changes to penultimate stress in the derivative in two syllable words, and
remains the same in three syllable words, otherwise allomorph B is prefixed to the stem.” This
type of case cannot exist given our assumptions about phonotactic learning, which are shared
with Hayes and Wilson (2008). Computationally plausible phonotactic learners can easily discover
constraints on feature co-occurrence in segments (e.g., “no voiced stops”), or bigram constraints
(e.g., “no voiceless stops after nasals”, or “no voiced stops word-finally”), or trigram constraints
(e.g., “no voiceless stops between two vowels”). Past trigrams, the search space becomes much
harder to explore. Hayes and Wilson demonstrate that certain generalizations, such as the dis-
tribution of vowels in Shona, require representational tiers, so that constraints on vowel harmony
can be stated in a quasi-local way. Now, two MaxEnt constraints can gang up because constraint
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weights are additive, but these types of interactions would not result in conditional affixation of the
type whereby, say, words that start in voiced-fricatives and end in labials exclusively combine with
a special allomorph. In our system, the co-occurrence of phonotactic violations in a single base
makes affixation less likely, not more—and this accords with informal observations by linguists
such as Polivanova (1967), who observe that dorsal-final bases ending with consonant clusters
that have medial stress are virtually impossible to diminutivize in Russian. Thus, another type of
pattern that would be difficult for our theory to characterize is one in which the mere co-occurrence
of phonological properties in a base defines the affixation pattern. This is in stark contrast with
the updated version of the Minimal Generalization Learner (Albright and Hayes 2006), which can
indeed discover at least some accidental generalizations of this sort (see section 8.3).

Another reviewer asks how our theory would account for phonological conditioning of supple-
tive allomorphy by bound stems.!" Even output-oriented theories do not need to preclude bases
from being bound (see Benua 1997 for a particularly clear discussion). We do not want to make
a firm commitment on this issue without a deeper exploration of at least one clear case of such
conditioning. A marginal example of this might be English learned plurals (syllabus/syllabi), which
people seem to generalize based on some phonological properties.'® Presumably, people no-
tice the atypical plural and group such items into sublexicons, at which point they can notice the
Latinate stress patterns and other phonological features such as the extremely restricted final con-
sonant inventory. If the presence of a derived form with a special affix is enough to trigger the
creation of sublexicons, then bases can be bound, in a way that is completely consistent with our
theory. Bound bases do not stymie implemented morphophonological learners such as the Min-
imal Generalization Learner or the Sublexical Learner (Becker and Allen submitted), the latter of
which shares our assumptions about the nature of phonological generalizations in phonologically
conditioned affixation.

A natural question to ask is whether learners really do search for generalizations exhaustively
after a relatively simple one has been found. We argued that they do even in simple cases such as
a/an, and we cite some evidence from the timeline of their acquisition in section 9. But it appears
that learners can be oblivious to statistical trends in the lexicon when a phonologically relevant
generalization suffices to figure out an irregular alternation (Becker et al. 2011, 2012). We want
to emphasize that this issue is far from settled and requires further scrutiny: recall that vowels in
affixes in Finnish and Hungarian can be conditioned by factors other than vowels (section 2.2.2,
and Ringen and Heinamaki 1999, Hayes et al. 2009). We can speculate that cases like that, as
well as the Russian case, represent the results of reaching the later stages in a stepwise search
procedure. This procedure might start with the simplest and most local conditioning environments
(consonants vs. vowels, say) and proceed to non-local enviroments that can be reduced to lo-
cal via abstract representations (autosegments, feet, etc.). If none of these suffice, then full-on
phonotactic learning over sublexicons is deployed. Even such learning is not guaranteed to find a
useful generalization in cases where the allomorphy is not phonologically conditioned, and in such

"The same reviewer asks how our theory would deal with ‘process-based morphology’. This includes patterns such
as umlaut, stress/accent shift without an overt affix, and featural changes. We do not have much to say about them
here, but there is no shortage of analyses of such patterns from a formalist phonological perspective that assumes item-
based morphology (Benua 1997, Alderete 2001, Wolf 2007, Gouskova and Linzen to appear, inter alia). There are also
accounts of the generalization of such patterns to novel items in the literature on inductive morphophonological learning
(Albright and Hayes 2003, Becker and Allen submitted) and some heated debate in the morphological literature about
analyzing such cases with readjustment rules (Gribanova 2014, Siddigi 2009, Haugen and Siddigi 2013).

2S0me evidence for this comes from the treatment of s-final Greek words, which English speakers have some uncer-
tainty about pluralizing. Witness “octopus”, prescriptively “octopodes” in the plural, but often “octopi” in normal usage.
The same is true for “nemesis”:. “We've always been each other’s greatest nemesises. .. uh, [sesai1]... neme[si].. .
wh-what’s the plural on that?” (Mystery Men, Universal Pictures, 1999).
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cases, sublexical phonotactic grammars would not improve the fit to the learning data and would
be discarded. This is not the model we justified in this paper, but it is a plausible refinement of the
learning procedure that is the subject of our future work.

8 A comparison with alternatives

There are many approaches to phonological selectional restrictions, phonologically conditioned
suppletive allomorphy, and phonologically predictable morphology—both in formal/generative tra-
ditions and in connectionist and language use-based approaches. We focus on formal theories in
this section.

8.1 The emergence of the unmarked

The first approach we consider is cast in Optimality Theory and uses Universal markedness con-
straints in an emergence of the unmarked ranking (TETU, McCarthy and Prince 1994, Mascaré
1996, Kager 1996). For English indefinite allomorphy, the choice would be handled by Onset, which
disprefers “a” before “apple”, and NoCoda, which disprefers “an” before “pear”. These constraints
dominate no faithfulness in English but still have an effect in the grammar by selecting between
allomorphs. The main problem with this approach is well-known—there are many cases that are
markedness-neutral or go contrary to markedness (see Paster 2006, Wolf to appear, Embick 2010,
Nevins 2011). An example of the latter type is Haitian Creole definite allomorphy, conditioned in
the opposite way of the English indefinite: [papa-a] ‘the father’ but [pitit-la] ‘the child’ (Klein 2003).
Onset and NoCoda cannot make the right decision in such a case. On the other hand, in our
approach, the generalization about vowel-finality for [-a] and consonant-finality for [-la] should be
quite easy to state in terms of phonotactic constraints on bases.

Equally problematic for the emergence of the unmarked approach are cases of homophonous
morphemes that impose distinct selectional restrictions. Consider the English comparative in “tall-
er”, agentive in “work-er”, and the demonym suffix in “New York-er”. The comparative suffix prefers
monosyllabic or disyllabic trochees and disfavors bases that end in consonant clusters (Hilpert
2008, Mondorf 2009, LaFave 2012, inter alia). On the other hand, the demonym “-er” does not
avoid cluster-final bases and does not impose a size maximum on the base (cf. “New England-er”,
“Budapest-er” vs. “Ohio-an”, “San Franciscan”)."

Accounting for allomorphy and morpheme-specificity in the same constraint hierarchy would
be a challenge for this approach. One of the technical problems is that the crucial violation sites
are somewhere other than in the morpheme that needs to be singled out for special treatment. For
example, Onset is violated by both “a” and “an”, but the violation that matters is the one incurred by
the following morpheme. The learner must figure out that the crucial violation is contributed by the
following noun (i.e., the second syllable of *[a.emi.ba]), but that this volation is only crucial when the
indefinite appears nearby. There is no learning algorithm that works for indexing constraints with
this locality profile—worked out proposals such as Pater (2008) rely on violations being contributed
by the morphemes that require indexation, not the morphemes that are adjacent to them.

The dispreference of the Russian allomorph [-ik] against dorsal-final stems raises this issue, as
well. It could be explained by invoking a constraint against dorsal-[i] sequences—this constraint
might even be independently motivated in Russian, since other [i]-initial suffixes cause dorsal mu-
tation (see Padgett 2003, Kapatsinski 2010). The problem is that the suffix itself is routinely a

BUnlike the comparative suffix, English demonym allomorphy does not appear to be nearly as well studied. Gordon
(2014) and Raffelsiefen (1999) do identify some generalizations.
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part of such sequences in plurals: if [kii] is prohibited in *[kulaki-ik] ‘fist-dim’” (actually [kulatfék]),
why is it allowed in [Kiirpiitf-iki-i] ‘brick-dim-pI'? In general, it is not clear how to capture the vari-
ous restrictions seen in Russian diminutive formation in an emergence of the unmarked account.
For example, the [-0k] suffix tends to avoid cluster-final bases—and yet the significant effect of
medial cluster avoidance that we found was for the [-ik] suffix, not for [-0k]. Likewise, there is
no markedness-based reason for why [-0k] should avoid bases with medial stress; stress always
moves in [-0k] diminutives, so it shouldn’t matter where it moved from.

This highlights a general difficulty for this markedness-based approach, noted by Paster (2006)
and others: surface constraints cannot capture source-oriented selectional restrictions. In Haitian
Creole, a glide is inserted between a tense vowel and [-a]: [papjel/[papjej-a] ‘the paper’, but stem-
final glides condition [-la], like other consonants ([bagaj)/[bagaj-la] ‘the thing’). In English “a/an”,
the surface syllabification does not necessarily follow the Onset/NoCoda generalization (Garellek
2012). The properties relevant for affix insertion hold only of bases and are bled by affixal phonol-
ogy, so some generalizations need to be stated over bases. This is why in our theory, base sublex-
ical phonotactics can play a role just as derived sublexical phonotactics, and insertion rules really
only make reference to specific lexical items, via diacritics. The phonological generalizations are
important for extending the rules to new items, but the morphological grammar is robust even when
the phonological generalizations are opaque.

Yet another problematic aspect of the Emergence of the Unmarked as a theory of supple-
tive phonologically conditioned allomorphy arises from combining this theory with parallelism (see
Bobaljik 2000, Embick 2010, Nevins 2011). TETU with parallelism predicts that the roots can condi-
tion the choice of affixes, but the properties of affixes can also condition the allomorphy of roots—if
both types of morphemes have multiple URs. For example, suppletive allomorphy of stems such
as go/went can be conditioned by whether the following suffix begins in a vowel or a consonant,
as in *go-ed vs. *went-ing. But it appears that cases like this are unattested.'* The explanation
for this typological gap in our version of Distributed Morphology is sequential inside-out insertion:
roots are realized first, and their diacritic features can condition the insertion rules of outer mor-
phemes. But the phonological shapes of outer morphemes cannot determine the shapes of inner
ones. In our theory of phonological conditioning, the well-formedness of the entire derived word in
its sublexicon can determine the likelihood of an allomorph being chosen for a novel item, but the
overall phonotactic well-formedness of the derived word matters only in deciding whether the stem
can be assigned a particular diacritic—since the stem is already given, its shape cannot be retroac-
tively altered after consulting the sublexical grammar for derived phonological words containing a
particular suffix.'®

This generalization, due to Bobaljik (2000), is occasionally questioned—for example, Wolf (2013) identifies some
cases that he argues involve outer conditioning. But these cases could be analyzed as involving morphosyntactic
conditioning, or restricted morphophonological rules. See also Myler (to appear) for a case of apparently outward
conditioning that actually arises because the conditioning environment is obscured by syntactic movement.

SSuppose, however, that the learner is exposed to a language with ubiquitous morphosyntactically conditioned stem
allomorphy of the person/people variety, and she forms sublexical phonotactic grammars over the types of items that
display this allomorphy. We speculate that this is how people extract generalizations that have been captured by stem
readjustment rules in Distributed Morphology: if there are phonological generalizations to be found and the context for the
alternations is morphosyntactic, sublexical grammars should be able to capture them. Readjustment rules have come
under criticism recently (Harley and Tubino Blanco 2012, Haugen and Siddigi 2013, Gribanova 2014) so alternatives to
them are a welcome result.

45



8.2 Subcategorization frames and alignment

Another approach to selectional restrictions casts morpheme realization rules in terms of subcat-
egorization frames that reference phonological and lexical information (Lieber 1980, Paster 2006,
Bye 2007, Embick 2010). When the realization of an affix is phonologically predictable, the rule
specifies the context. For the Haitian Creole definite allomorphy, the rule would look as in (27);
for English indefinite allomorphy, the contexts would be similar (recall (5)). This approach can be
recast in OT using Generalized Alignment constraints (McCarthy and Prince 1993), which may
state that an affix prefers to be adjacent to a particular structure such as a stressed syllable, or
a consonant. Klein (2003) uses alignment for Haitian Creole, noting that in [liv-la], the stem can
be aligned to the syllable boundary, whereas in *[liv-a], Onset would favor resyllabification and
alignment to syllables would be lost.

(27) Subcategorization frames (following the discussion of Haitian Creole in Embick 2010)
a. DEF-a/V __
b. DEF«~la/C __

(28) Generalized Alignment for Haitian Creole (Klein 2003)
R-Align-Stem-Syll: ‘Align the right edge of the stem with the right edge of a syllable’

The virtue of this approach is that it divorces phonological selection from universal markedness.
But it has problems, as well. They mainly come down to dealing with lexical variability and stating
complex phonological contexts. The issue of lexical variability arises even in the simple case of
English “a”/”an” allomorphy: there are exceptions, which may or may not be phonologically sys-
tematic depending on speaker and dialect. To deal with sporadic exceptions, the subcategorization
approach could add item-specific rules (e.g., DEF<«+»an/__historical) and assume that these rules
take precedence over the more general rules (see Halle and Marantz 1993, Halle and Idsardi 1997).

But when such exceptions form a phonological class, the rules become harder to state. The rule
for English [an] would refer to a disjunctive context: before vowel-initial words and [h]-initial words.
The second problem arises when such rules are attempted for complex conditioning environments.
The environment for Russian diminutive allomorphs [-ik] is relatively easy to state in rule format: it
occurs after stressed syllables that do not end in dorsals (although there are, of course, exceptions
to the stress generalization). The environment for the diminutive allomorphs [-ok] and [-fiik], on
the other hand, is hard to state in this form. Recall that [-ok] tends to favor initial or final stress but
not medial stress; it also imposes restrictions on vowel hiatus. The unwieldy rule in (29b) does not
even succeed in capturing these environments, since they are constraints on what cannot occur in
these bases rather than a list of what can occur. To wit, specifying that the penultimate vowel must
be unstressed is actually wrong, since it could be the first vowel of the word, in which case it can
be stressed (there are lexical diminutives such as [sokal]/[sekaldk] ‘falcon’). Likewise, capturing
the hiatus restriction would require listing the entire string, since it can be somewhere other than
the last two vowels of the stem. The rule for [ffiik] fares no better. We can capture the avoidance
of final consonant clusters and the preference for final stress, but the prohibition against stridents
and coronal obstruents is difficult, since final consonants can be coronal ([liméntfik] ‘lemon-dim’,
[piinialifik] ‘pencil box-dim’) as long as they are not obstruent. Thus, subcategorization frames have
a hard time capturing negative constraints on insertion (see Wolf 2008:106—7 for discussion).

(29) Russian subcategorization frames for diminutives (straw man)
a. DIM[-iK]/V [+stress] Cp—dor—
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b. DIM<[-0K]/C+V|_gtress) C+VC__
c. DIM< [fiik]/ Vi+stress] Cpstr, -cor—

Alignment constraints do not fare much better, since they are inherently edge-oriented in their
formalization. What is the prosodic constituent that [-ok] is aligning itself to? There is no general-
ization that would unify o6 and oo to the exclusion of c6o. The same problem comes up in other
cases where prosodic constituency is thought to be important, like the English comparative affix.
If the comparative affix is aligning itself to a trochaic foot, then an initial unstressed syllable or an
extra foot before the main stress foot should not prevent suffixation. Alignment to a foot is satisfied
equally well in the impossible *concreter (kan)(kiir)s and in the attested bigger (big)s. On the other
hand, the generalization about adjectives that combine with “-er” is easy to state phonotactically:
they may not have unstressed initial syllables, and they may not have more than one stress per
word.

8.3 The Minimal Generalization Learner

The final alternative we consider is The Minimal Generalization Learner (Albright and Hayes 2003).
This learner shares a few features with our approach. It learns by keeping track of lexical examples
of affixation, and it looks for phonological generalizations over bases that follow the same pattern.
The learner further relies on type frequencies within each class to decide how reliable the gener-
alizations are. Unlike our approach, the learner induces rules that codify changes from bases to
affixed forms, and it has no way of generalizing about sequences that are absent from certain sub-
lexicons. When we trained the learner on Russian lexical diminutive formation and tested it on our
nonce words, it failed to generalize in the way that people do, for reasons that bear investigating.

The basic workings of the learner are sketched in (30). Given a list of base-derivative pairs, it
identifies the changes in the string based on an alignment algorithm (e.g., the addition of substring
“ik”, and the palatalization changes). The learner posits individual rules summarizing the changes
for each pair, and then generalizes over these rules if the contexts have phonological features in
common. Here, there are some labial-final stems and coronal-final stems; the learner will spot
the generalization and posit a palatalization+suffixation rule for each natural class. The learner is
“‘minimal” in that it looks for the smallest environment that will suffice for a generalization about
where the change happens.

(30) How the Minimal Generalization Learner works

a. skelét skeletik ‘skeleton’ [—hi, —lo, —back][cor, —voice, —cont, +back]—[—back]ik

b. klion klioniik ‘maple’ [—hi, —lo,+back][cor, +nas, —cont, +back]—[—back]ik

c. klop klopiik ‘bedbug’ [—hi, —lo, +back][lab, —voice, —cont, +back]—[—back]ik

d. komar komarik ‘mosquito’ [—hi, +lo,+back][cor, +son, —nas, —lat, +back]—[—back]ik

e. krém  krémik ‘cream’ [—hi, —lo, —back][lab, +nas, —cont, +back]—[—back]ik
More general rules: [cor, +back]—[—back]ik

[lab, +back]—[—back]ik

This approach works well for English past tense formation in Albright and Hayes (2003). In
this case, [vout]/[voutad], [n1t][nited], and [nid]/[nided] are unified under a rule that inserts [ad]
after [+coronal, —continuant, —nasal]. This rule covers a large number of cases in English, but
not [h1t]/[h1t], [put)/[put], or [stt])/[seet]; these would motivate their own rules (“do nothing after a lax
vowel followed by [t]” and “change [1] to [ee] before [t]”, respectively). Each rule is evaluated based
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on a confidence score—rules that apply to a large proportion of eligible forms have higher raw
confidence scores, and rules that apply to a large proportion and a large absolute number of forms
also have higher adjusted confidence scores. These scores can be used to decide which rules to
apply when generalizing the grammar to new words; rules that are more general are generalized
more readily. This matches people’s behavior in wug tests fairly well.

When trained on Russian diminutives, the Minimal Generalization Learner encounters prob-
lems, some of which are due to its inherent design, and others—to the implementation of the
rule component. At a minimum, the learner should be able to discover rules for final consonant
palatalization and mutation for all three suffixes and stress assignment in diminutives. To be fully
successful, the learner also should match people’s fine-grained discrimination of base phonotactic
properties that are not local to the suffix: the role of hiatus, medial clusters, and final clusters. It
has trouble with all of these tasks.

We trained the Minimal Generalization Learner on our sublexicons and tested it on the stimuli
from the elicitation and forced choice experiments. The learner posited many rules for [-ik] and
[fik]. None of the rules were as general as the one given in (30); most were specific to individual
consonants. One of the problems for the learner is the stress shift in [-ok] diminutives. For a human
linguist, the rule is rather simple to state: move stress to the final syllable. The rule is equally easy to
capture as a product-oriented generalization over words suffixed with [-ok]—they always have final
stress. The UCLA Phonotactic Learner identifies this generalization via two constraints formulated
on the Stress tier, *[—stress]# and a constraint against stress anywhere except word-finally. The
constraint against unstressed final syllables has the highest weight in the [-ok] diminutive sublexi-
con. On the other hand, the Minimal Generalization Learner defines its sublexicons operationally
by treating each stress shift operation as its own rule; it is so focused on the source-oriented part of
diminutive formation that it fails to capture the simple product-oriented generalization that stress is
always final in [-ok]-derived diminutives. In part, this problem is implementational, since the learner
treats the entire changed portion of the string as undergoing the rule—thus, for [sékol]/[sokoldk], it
posits a rule whereby [6kol]—[okolok]/s__, and the entirety of [Uziel]/[uzielok] is encoded in a sep-
arate rule. If the learner had the rule vocabulary to state a stress flop operation more elegantly, it
might do better. Nonetheless, a significant part of the problem stems from the focus on how stress
is moved rather than on where it ends up—the sublexicon approach succeeds here precisely be-
cause it is given the product of [-0k] affixation and can find the phonotactic generalization about
stress quite easily.

Final consonant changes present a problem of a different sort: it is easier to summarize the
negative constraints on palatalization than to encode them in positive rules. In [-ik] diminutives, all
stem-final consonants that aren’t already palatalized become palatalized, except for the dorsals
[KI/[9)/[x], which do not occur in the sublexicon, and the retroflex sibilants [s] and [z], which lack
palatalized counterparts and do not alternate. (The affricate [ts] becomes [tfl] in this morphological
context.) The UCLA Phonotactic learner captures the lack of dorsals with a constraint *[—low]#
in the base grammar, and it captures the lack of palatalized retroflex sibilants with *[+retroflex,
—back] in the diminutive grammar. On the other hand, the Minimal Generalization Learner never
manages to formulate general rules for palatalization before [-ik], because the complement of [k
g x s Z] in the Russian consonant inventory is not a natural class that can be easily defined in
terms of phonological features. What the learner does instead is posit several consonant-specific
palatalization rules, missing a fairly simple generalization.

In [-ok] diminutives, the problem of final consonant alternations is of a different nature. Quite
generally, the dorsals [K], [g], [x] become [tf], [Z], [s] (see Lubowicz 2002, Padgett 2003, and others).
The Minimal Generalization Learner would be able to deal with [g] and [x] were stress out of the
picture, and indeed, when we removed stress from the learning data, it found rules for this subclass
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of dorsals. But it still mistreats the change affecting [k] as infixation: for [bik]/[bifok] ‘bull’, it posits
a rule whereby [i] becomes [itf¢d], since only the underlined part of the string is changing. This
implementational issue can be addressed by biasing morphological learners against infixation (see
Becker and Allen submitted on hypothesis reduction).

The biggest problem with the learner, however, is that it has a hard time identifying non-local
conditioning environments. Albright and Hayes (2006) address the problem in the case of Navajo
sibilant harmony, where the anteriority of an affix strident depends on the anteriority of stridents
in the stem—whether adjacent to the affix or not. Their solution is to generalize over the entire
string, looking for featural commonalities in all the sounds of the base. Given a sufficiently diverse
training set, the learner will home in on stridents being the predictor of harmony. Unfortunately,
this solution also identifies many other, unwanted generalizations that Albright and Hayes argue
to not have any psychological reality for speakers. It should be apparent that, psychological real-
ity nonwithstanding, this solution would not find the right predictors for Russian diminutives—for
the simple reason that all Russian words have vowels and stress in them, but it isn’t the pres-
ence of vowels and stress that predicts which affix appears but rather their positions. It is not
clear how the learner can ever discover that words combining with [-0k] tend to not have hiatus
in them—there is no feature-based generalization covering strings of consonants and vowels as
opposed to vowels and vowels in the words that do combine with [-0k]. In order to notice that
sequences of two [—consonantal][—consonantal] segments are underattested in the [-0k] sublex-
icon, the learner would have to generalize over sequences of [—consonantal][+consonantal] and
[+consonantal][—consonantal]; it is impossible to find such a generalization in the learner’s setup.
It does not look at n-gram constraints because it is not equipped to look for constraints in the first
place. Ultimately, Albright and Hayes conclude that constraints are a necessary part of the learning
process, implemented in the UCLA Phonotactic learner (albeit for phonotactic learning only, not
for morphophonemic learning).

Unsurprisingly, there was no correlation between the Minimal Generalization Learner’s predic-
tions for the Russian three-way forced choice experiment and people’s behavior (0, meaning it
was right about 1/3 of the time). The learner never generalized [-0k] to any of the nonce words.
It did generalize the suffix to some elicitation stimuli, if only because they were lexical words of
Russian and some of them ended in the same sequences as the words in the sublexicons. But
the correlation between its choices and people’s productions was again poor, and the same held
for confidence ratings.

9 Acquisition of diminutive formation and other suppletive alterna-
tions

The last topic we discuss before concluding is the acquisition of sublexicons. Research on the
acquisition of morphophonology suggests that it takes children a long time to attain adult mastery
(Berko 1958 et seq.). It is well-known that younger children often overgeneralize a rule or an
allomorph that is restricted in the adult language to items that are not supposed to undergo the
rule (see, for example, Graziano-King and Cairns 2005 on English comparatives, or Képcke 1998
on German plurals). Only fairly late do children start using adult-like forms correctly, and being
able to apply rules to nonce forms comes even later. This late acquisition of adult-like use patterns
receives a ready explanation if we assume that it takes time to assemble sublexicons of sufficient
size, and that it takes time to extract phonotactic generalizations from them.

If the procedure we assume in our theory is applied to all suppletive allomorphy, then we would
expect even the “simple” patterns like “a’/“an” suppletion to take a long time to learn correctly. And
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indeed, Newton and Wells (1999) find that English-learning three-year olds produce “an” before
vowel-initial words less than 30% of the time; the proportion increases to just 80% for seven-
year-olds.'® By comparison, the alternation [8i]/[8a], whose conditioning environment is similar,
increases from 35% at age 3 to 80% by age 5—adult-like patterns are learned much earlier for this
alternation (which, while variable, is more robustly phonological in English; see Raymond et al.
2002).

When it comes to Russian diminutives, there are no studies that we know of that investigate
the phonological aspects of their acquisition. The focus has been on their morphosyntax. What
we do know is that diminutives are far more ubiquitous in child-directed Russian speech than in
adult-directed speech (Kempe et al. 2007). This is consistent with the pragmatics of diminutive use,
but it also has the happy side effect of simplifying certain properties of the Russian gender/noun
classes and its stress system (this is an insight originally due to Olmsted 1994; see also Kempe
et al. 2003, 2005, who demonstrate that diminutives actually facilitate the acquisition of gender).
One longitudinal diary (Kempe et al. 2003, Protassova and Voeikova 2007) shows that the parent
often refers to an object using both non-diminutive and diminutive nouns (e.g., the feminine noun
[naga)/[ndska] ‘leg (+dim)’), supplying the material for the sublexicons that the child would need to
learn the generalizations.

Because the focus has so far been on the morphosyntax of diminutive formation rather than
on the morphophonology, not much is known about the process by which children acquire the
phonological generalizations about diminutive formation. Olmsted (1994) collects a few anecdo-
tal examples suggesting that children’s diminutives are not entirely adult-like, even though some
rules and generalizations may already be in place. For example, children may expect words that
end in a sequence analyzable as a diminutive to have a base (see (31)), opting for the simplest
morphological analysis. Likewise, in forming their own diminutives, children apply some of the gen-
eralizations that we identified: thus, the medial-stressed [palkévniik] follows the pattern of words
ending in [k]-final suffixes and is affixed with [-ak] (see (32a)). More interestingly, an anecdotal
child diminutivizes /ovrag/ [avrak] ‘ravine’ with [-0Kk] (see (32b)) and mutates the final consonant
to [tf], assuming it is [k]-final, even though it is really /g/-final (cf. [avragu] ‘ravine-dative’). This
noun happens to belong to the small sublexicon of [-ak] bases, which contains both [k] and [g]-final
nouns (recall section 3.2), but presumably the child has not heard or noticed the relevant data yet.
This example reinforces the point that learners need to be exposed to examples such as [avragu]
and [avrazak] to know that the base consonant is supposed to mutate to [z] and that the more
productive [-ok] suffix does not attach to this particular base.

(31) Some anecdotal backformations in Russian child speech

“Diminutive” form  Child’s backformation Correct adult base Age
a. [aduvantfik] [aduvan] — (pseudodiminutive) 5;0 ‘dandelion’
b. [agurtfik] [agur] aguréts — ‘cucumber’
c. [lunatiik] [lunat] — (-ic loanword) — ‘lunatic’

"®Marjorie Pak reports similar findings in an unpublished handout from an LSA talk, http://www.marjoriepak.com/LSA-
pak-allomorphy-phonology.pdf.
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(32) Some anecdotal diminutive formations in child speech

Base form Child’s diminutive Correct adult diminutive Age
a. palkovnik palkévniitiak palkovniitiok — ‘colonel’
b. avrak avratfok avrazak (/ovrag+ak/) 4y3mo ‘ravine’
C. zviéri zvieriik zviriok 6yémo ‘animal’
d. glas glaziikii (pl) glaski, glazok (irregular stress) 6y5mo  ‘eye’

What has not yet been done is a systematic investigation of how children treat words that
present phonological difficulties for diminutive allomorph choice, or whether children can generalize
the rule to new items in the way that adults do.

10 Conclusion

We argued that knowledge about phonologically conditioned suppletion is represented via phono-
tactic generalizations over subsets of the lexicon defined by morphological rules. The morpho-
logical rules refer to sets of bases via diacritics, and people learn what words in each diacritically
defined subset sound like. People extend morphological rules by checking whether the base and
the derived word could belong to the diacritically defined set. They do this by using sublexical
phonotactic grammars to assign probabilities to bases and derived words. This approach is pow-
erful and can handle cases in which there is variation between allomorphs, as well as cases of
ineffability, where no good suffixed forms can be constructed for a base. The approach also pre-
dicts that generalizations about affix distribution can be made over the locus of the affix—for ex-
ample, phonologically selective suffixes will be picky about word ends, not necessarily about word
beginnings—but it is also possible for the phonological predictors of affixation to be non-local.

We demonstrated this approach on a case that has not received much attention from western
phonologists, Russian diminutive allomorphy. We showed that people can generalize the suffixes
to bases that lack a lexical specification for diminutive formation, and that people’s decisions about
affix formation mirror the generalizations that the UCLA Phonotactic Learner extracted over sub-
lexicons of Russian bases and derived diminutives. We discussed alternatives to our theory that
rely on the emergence of the unmarked and subcategorization frames, which have difficulties with
certain aspects of this complex pattern. We also demonstrated that the Minimal Generalization
Learner fails for cases such as Russian, where the generalizations are not minimal.
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