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Frequency, regularity and the paradigm:
A perspective from Russian on a complex relation*

GREVILLE CORBETT, ANDREW HIPPISLEY,
DUNSTAN BROWN, and PAUL MARRIOTT

University of Surrey and National University of Singapore

1. Introduction

The correspondence between irregularity and high frequency is well known (Bybee
1995, Greenberg 1966). What is not always clear is whether the frequency envisaged
is based on the lexeme and all its manifestations, including the irregular word
form(s), or just the irregular form(s) alone.! For example in the case of English went,
isif this single word-form that is highly frequent compared to other past tense forms,
or is it the lexeme go that is highly frequent, in both its regular and irregular mani-
festations, compared to other lexemes? Byhee (1985: 120) suggests the following:

the correlation of irregularity with frequency occurs on two dimensions, The first is the
lexical dimension . . . where irregularily correlates with frequent lexical entries. The
second is within the paradigm.

To investigate further we have examined frequencies of noun lexemes, and their
word forms, in a one million word Russian corpus (the Uppsala corpus), together
with information on reguiarity. So as to more finely locate any correspondence
between frequency and regularity, the types of irregularity we considered range
from full suppletion to minor irregularity in stress.

2. Claims, hypotheses, and statistical method

In Section 2, we briefly discuss the various claims made about the frequency and
irregularity relationship, and outline the hypotheses we test to explore this relation-
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ship. At the end of the section we give an overview of the statistical method adopted
{see also Appendix 1).

2.1 Claims

The most general claim is that there is a relationship between high frequency and
irregularity. This is a claim with which almost any linguist would agree. However,
the nature of the relationship is so vague as to be untestable. Once we begin to clar-
ify the claim, we find an interesting range of possible relationships. Our strategy will
be to suggest that each may be true, and then ook for ways to prove or disprove
them. The initial claim that we investigated was that there might be a straightforward
linear correlation between regularity and frequency; however the data suggested that
in fact it was more appropriate to search for a more complex relationship.

Let us start with irregularity and consider its extent, i.e., the distribution of irregu-
lar forms within a paradigm. Within a given lexeme it might be that every form
could be irregular independently; or else it might be that forms come in groups
which are regular or irregular together. We have looked at Russian, specifically at
nouns. This word class has two numbers and six cases (presented later in Table 1).
We can ask whether irregularity concerns a high level split between singular and
plurat or whether we should consider individual forms. Of course, we shall try both
approaches (this is taken further in Section 2.2).

A second question concerns the degree of irregularity. Russian &'elovek ~ Fud'—i
‘person ~ people’ form an irregular relation, but so do mési-o ~ mest-d ‘place ~
places’.? In the first example we have different stems (suppletion) and in the second
we have the stress unexpectedly on the ending in the plural (where in the singular
it is on the stem). Intuitively, the first type of irregularity is more severe than the
second. If we believe there is a relationship between frequency and irregularity, then
we might claim that it will be sensitive to degrees of irregularity. To test this claim
we set up a ranking of irregularity, devised of course without reference to frequency
(see Section 4).

Turning now to notions of frequency, as hinted at already this can be viewed in
two ways. Suppose we have a noun whose plural is irregular. With what precisely
do we expect to find a relationship? It is easiest to see the alternatives if we consider
a corpus and look at the tests we might apply. We might compare lexemes, one to
another, or we could compare regular and irregular forms within lexemes. For the
first approach, we could count up how many times each lexeme occurs in the plural.
Since we are counting only plurals {(without respect to other formns, i.e., the singular)
we call this the absolute frequency of a lexeme’s plural. We can then compare the
absolute frequency of plural of different lexemes to see if there is a relationship
between irregular plurals and their absolute frequency. There is, however, a quite
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different way to look at the plural {and indeed at any cell or combination of cells in
a paradigm), that is we may compare it, within the lexeme, with the other available
forms. For a given lexeme, we could count how many times it occurs in the plural
as compared to the number of times it occurs in the singular. This is the relative
Jrequency of the plural. We can then compare the relative frequency of the plural
in lexemes where it is irregular with the relative frequency in lexemes where it is
regular. We consider this question further in the next section.

Since the distinction between absolute and relative frequency is important, con-
sider a tiny corpus consisting of four lexemes, as in Figure 1.

Lexeme A Lexeme B Lexeme C Lexeme D

Singular occurrences 10 20 30 40
Plural occusrences 5 5 10 10
Absolute plural frequency 5 5 10 i0
Relative plural frequency 0.33 0.2 0.25 0.2

Figure 1. Absolute and relative frequency

Lexemes C and D occur in the plural 10 times each. Their absolute plural fre-
quency is 10, higher than that of the other two lexemes, But when we turn to relative
plural frequency, we note that lexeme A has 5 plural occurrences out of a total of
15. Its relative plural frequency is therefore 0.33 which is higher than that of any
of the other lexemes.

2.2 Terms and hypotheses

We now set out a number of hypotheses to test the relationship between irregularity
and frequency. The hypotheses are formulated in such a way that their confirmation
or disconfirmation wiil not only determine whether there is a relationship between
irreguiarity and frequency, but will also answer more specific questions as to what
the nature of the relationship is. To determine whether there is a relationship be-
tween regularity and frequency we will look for a particular kind of anomaly in the
corpus. Before looking at the hypotheses, we introduce the terms plural anomaly
and cell anomaly.

2.2.1 Plural anomaly and cell anomaly

The focus of the investigation is specifically on any anomaly in the behavior of the
plurals in the corpus. Before stating the hypotheses, we need to be clear what we
mean by plural anomaly. The definition is given in (1):*
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(1) Plural anomaly

Plural anomaly can be in terms of absolute or relative frequency
a. Absolute plural anomaly
This is an absolute anomalous frequency of plurals for a given lexeme
b. Relative plural anomaly
This is a relative anomalous frequency of plurals for a given lexeme (the
proportion of a lexeme’s plurals is anomalous)

What we are saying in (1) is that the anomaly in the plurals of the corpus can be
viewed in two distinct ways. The first is in terms of an anomalous count of plurals
for a lexeme compared to the amount one would expect for a typical lexeme of the
corpus (absolute plural anomaly). In other words, if a lexeme’s count of plural word
forms is extreme compared to the distribution of counts of plurals, we would have
identified an absolute plural anomaly. This is an absolute anomaly because what is
being compared is an absolute munber of plurals for a lexeme with the distribution
of the absolute number of plurals in the corpus.

The second way of thinking about the enomaly is in relative terms. Here the pro-
portion of instances of the lexeme that are plural is examined for an anomaly. The
distribution of plural proportions can be calculated for the lexemes of the corpus,
and if the given lexeme's proportion of plurals is extreme compared o this distribu-
tion, we would have identified a relative plural anomaly. (This may be seen as a
generalisation of Tiersma’s (1982) notion of local markedness.)

So far we have thought of plural anomaly generally in terms of the plural half of
the lexeme’s paradigm. We also wish to allow for the possibility of the anomaly
being due, as it were, to one of the case and number cells, For this we need the idea
of another specific kind of anomaly, which we will term cell anomaly, as defined
in (2):

(2) Cell anomaly
One specific cell has an extreme proportion compared to the distribution of
the proportion of that ceil throughout the corpus. This can only be stated in
relative terms.

In cell anomaly the anomaly is that a given lexeme has a significantly higher (or
lower) than average proportion of word forms for a given cell.' For example, the
lexeme may have a much higher than average proportion of genitive plurals com-
pared to the corpus in general. Note that it is important to define cell anomaly in
relative terms only, because formulating it in absolute terms might mean that we
would be observing plural (or singular) anomaly in disguise, In other words, the cell
may be above or below the average simply as a consequence of the singular or plu-
ral subparadigm being above or below the average.
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2.2.2 Hypotheses to be tested

The relationship between regularity and frequency will therefore be seen in terms
of plural or cell anomaly, as just discussed. We now list four hypotheses which we
will test. The four hypotheses are discussed in turn,

(3) Hypothesis Ia

There is a relation between absolute plural anomaly and irregularity,

If Hypothesis 1a is confirmed, we wil] have shown that there is a relation between
irreguiarity and frequency and the data analysis will tell us the nature of this rela-
tionship.

Note that if we observed absolute plural anomaly in certain groups of lexemes,
this might still be because the lexeme as a whole was anomalously frequent. We
need a test which tells us whether the frequency relationship is with the general
lexeme, or whether it is specifically with the lexeme’s iregular forms. Recall our
original question in the introduction: is frequency related to the lexeme as a whole
or {o its irregular word forms? We address this question using Hypothesis ib:

(4) Hypothesis 1b

There is a relation between relative plural anomaly and irregularity,

We also need to test whether there is a stronger relationship with iregularity
when we combine plural anomaly (either absolute or relative, see (1), with the more
specific cell anomaly (2). In other words, if a lexeme’s plural forms occurred more
frequently than average and a particular cell in the plural was proportionally more
frequent than average, are we right in expecting the form in guestion to be even
more irregular? We address this question using Hypothesis 2, which allows us to
look for a stronger (and more fine-grained) relationship between high frequency and
irregularity:

(5) Hypothesis 2

If Hypothesis 1a or Hypothesis 1b is true, there is a stronger relationship be-
tween irregularity and the combination of plural anomaly and cell anomaly.

A particular case and number may occur more frequently than average either due
{0 the lexeme occurring frequently or to the fact that the cell occurs unusually out
of proportion to all word forms in the corpus (absoluie frequency of the cell).

Note that if Hypotheses 1a and 1b were disconfirmed, we would need to find
out whether there might be any relationship at all between irregularity and fre-
quency. We would do this by looking at the level of individual case and number
cells.



206 CORBETT, HIPPISLEY, BROWN, AND MARRIOTT

{6) Hypothesis 3

There is no relation between iregularity of a plurat cell and the absolute fre-
quency of that cell.

Hypothesis 3 is independent of Hypotheses 1 and 2. It allows us to find the an-
swer to whether or not irregularity of a single cell by itself has a relationship with
absolute frequency. Hypothesis 3 is there for completeness. As we shall see,
Hypothesis 3 proved to be unnecessary and will play only a minor part in the
following discussion.

2.3 Statistical method

Using the data extracted from the corpus (see Section 3}, we investigated the rela-
tionship between irregularity and frequency. This frequency could be in absolute or
relative terms.

We extracted subsets of lexemes from the corpus according to the regularity of
the lexemes. For all texemes an appropriate absolute ot relative frequency is calcu-
lated. If there were no effect between regularity and frequency then we would ex-
pect no statistically significant difference in the measured frequency distributions
in the subset and in the full corpus. In order to compare these distributions a simple
summary statistic—the median—was chosen. Hence all {ests are based on finding
statistically significant differences between the median frequency in the subset and
in the full corpus. Informai exploratory data analysis was done to investigate the
claims. We used box-plots to compare the distributions of frequencies across groups
(Daley et al. 1995). See for example Figure 2 in Section 5.2 where a box plot
is used,

Having formulated the hiypotheses in terms of significant differences in median
values, it is necessary to use an appropriate statistical test. We decided to use a non-
parameiric technique, in which we are assuming that the frequency of lexeme use
in the corpus is a good representation of their use in the general langoage, The quan-
tity and quality of the data is sufficiently high that any loss of efficiency in using
non-parametric {echniques is felt fo be unimportant. This small loss is more than
compensated for by the simplicity and directuess of the non-parametric tests used.
For details of the testing procedure see Appendix &.

3. The data

We tested the hypotheses on the Russian nouns in a corpus. Russian is a good
choice for this type of investigation, because noun paradigms have sufficient cells
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for us to tease apart the irregularity of the lexeme in its entirety and that of one of
its word forms. Also, irregularity in Russian is highly varied, ranging from full
suppletion to shift in stress.

3.1 Russign nominal inflection

Russian is an East Slavonic language, part of a branch of Indo-European which has
been relatively conservative in terms of inflectional morphology. Nouns distinguish
number and case, and fall into different inflectional classes. These inflectional
classes share some forms between them, so that it is not self-evident how many
inflectional classes should be recognized. The traditional answer is three, but other
views are possible, as discussed in Corbett (1982), where he argues for four basic
inflectional classes. Qur analysis is based on these four classes, as shown in Table 1.
There are several partially overlapping reasons for recognising these four as major
classes. Each is productive, though the productivity of classes III and [V is depen-
dent on a small number of derivational affixes. Each has a significant number of
members (af least several thousand, though again there is some disparity). Each is

Table 1. Major noun classes of Russian™

1 11 I v
zakén gazéta rikop’is’ boléto
‘taw’ ‘newspaper’  ‘manuscript’  ‘swamp’
Singular ~Nom  zakén gazéta rikop’is’ boléto
Acc  zakén gazétu nikop'is’ boldio
GEN  zakéna gazéti rikop’is’i boldta
DAT  zakénu gazéte rikop'is’i bolétu
INST zaké6nom  gazétoj rikop’is’ju bolétom
Loc  zakéne gazéte rikop’is’i boldte
Plural Nom  zakéni gazéti rikop’isi boléla
acc  zakdni gazéti rikop'is’i boléta
GEN  zakénov gazél rikop’is’ej boldt
pAT  zakénam  gazétam mikop'is'am  bolétam
INST zakénam'i  gazétam'i rikop'is'am’t  bolétam'i
Loc  zakdénax gazétax riikopis’ax bolétax

*We usc the following abbreviations: NoM—nominative, AcC—accusalive, GEN-—genitive,
DAT-—dative, INST-——instrumental, Loc—localive,

Notes: (i) forms are given here in phonemic transcription {see note 2}, Palatalization {or ‘soft-
ening') is indicated by °; (ii) there is no overt ending in the nominative/accusative singular in
types I and II1, nor in the genitive plural of types 1 and IV.
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regular, in that there are mutual predictabilifies between certain cells of the para-
digm, And, provided these four classes are distinguished, the gender of aimost every
Russian noun is predictable from information available in the lexicon (Corbett
1982). Thus positing these four classes depends partly on their type frequency, in
other words the number of different lexical items, or ‘types’, found in a dictionary
that they apply to (Bybee and Thompson 1997). However, our main interest is the
relationship between regularity and token frequency, the number of actual occur-
rences of a lexical item in running tex{,

A useful overview of the data can be found in Timberlake (1993: 836-45), and
Network Morphology treatments are available in Corbett and Fraser (1993), Brown
and Hippisley (1994) and Fraser and Corbett (1995},

3.2 Irregularity in Russian nouns

Russian nouns are ideal for our investigation because they provide numerous types
of inflectional irregularity, from the most radical to the very minor. Starting with the
most radical cases, we find instances of full suppletion--nouns whose singular and
piural stems are quite different, Then there are those cases whose stems are clearly
related, but they ditfer in ways which may be unpredictable or only partly predict-
able. Stem augments may be found in the singular, the plural, or in both. Then, on
the other extreme, we find minor inflectional irregularities, such as the use of forms
which typically belong with nouns of another class. And finally we find nouns
which would be fuily regular if we looked only at segmental phonology, but which
are prosedically irregular. There are four main types of stress pattern and then there
are minor iregular patterns in addition (Brown et al. 1996).

3.3 The corpus and the daraset

We use the Uppsala corpus, which is a set of Russian sub-corpora of various genres,
containing in total about one million words, It is considered the best Russian corpus
available, in terms of scope and design. For information on the Uppsala corpus, see
Lonngren (1993) and Maier (1994), The dataset which we created is in the form of
a Microsoft BExcel document where, in addition to regularity information, case, num-
ber (singular and plural), and animacy information about the nouns occurring in the
Uppsala corpus are given numerical values, corresponding to irregularity indexes,
case features, animacy features, and frequency information,

Since we were interested in estimating proportions in different categories, there
would be large standard errors in our estimates where observed numbers in each
category are small. Large sampling errors would complicate detailed cluster analy-
sis, For this reason we recorded only those lexemes which occur at least five times.
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Given this, the dataset contains around 5440 lexemes, accounting for around
243,000 word forms from the entire one mitlion word cr;npus.5

4, Ranking irregularity

As we have said, our aim is to investigate the relationship between irregularity and
frequency; we specifically wish to tease apart the irregularity of a lexeme and that
of one of its inflectional forms. It is important to be clear what we mean by irregu-
larity, and what we view as the paradigm of the lexeme. This is clarified in 4.1.
In 4.2 we outline a number of principles on which an irregularity ranking is based
and in 4.3 we carefully show how lexemes are assigned their rank. Further examples
are given in Appendix 2. Finally in 4.4, we look at irregularity as treated in the
Natural Morphology theory, as a point of comparison.

4.1 Definitions and assumplions

We briefly state what we mean by regularity, and outline our assumptions about the
paradigm of Russian nouns.

4.1.1 Regularity and irregularity
We start by giving a notion of regularity for an infiectional language.

Regularity., 'We expect a regular noun to have;

{1} asingle (unchanging) stem
(ii) a fixed stress (whether fixed with respect to the stem or with respect to the
word-edge)
(iii} a consistent set of endings (i.e., a set of endings which predict each other)®

Trregularity.  We treat each irregular type as a numerical step away from regular-
ity. Suppletion is the most severe type of irregularity. However, even this does not
define an end point, since a noun with suppletive stems and irregular inflections is
more irregular than a noun with suppletive stems but regular inflections. The ques-
tion is how much structural difference there is between a given irreguiar noun and
the prototypical reguiar noun, forexample guzéta ‘newspaper’. How much, and how
drastic, is the change required to bring an item 1o a state of regularity? An irregular-
ity type is therefore viewed in terms of distance from the regular type, and the dis-
tance itself is viewed in terms of the nature of the adjustment required to ‘restore’
the item,
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‘Structural irregularity’.  We are investigating *structural irregularity’, i.e., irregu-
larity determined by comparing forms according to a set of principles. Since we
wish fo investigate the relationship with frequency, we must exclude any frequency
consideration when determining regularity. Thus a noun with a small deviation from
the regular pattern counts as almost regular, even if it is the only noun to behave in
that way.

4.1.2 Assumptions about the paradigm and irregularity

We treat all cells of the paradigm as equal (though it might be argued that, say, an
irregularity in the nominative singular should be treated as more important than a
similar irregularity in another ceil). More difficulf is the number of cells to recog-
nize.

Assumptions about cells and frregularity

We start with a distributional criterion, that is, we determine how many distinctions
are justified by the syntax (Comrie 1986, 1991). We accept the traditional view of
six cases and two numbers, hence twelve cells in all.” However, if we were simply
to assume that each paradigm has twelve cells, this would lead to a counter-intuitive
result. The problem is that there are certain cells whose forms must be identical
within one or another inflectional class. Consider the contrasting paradigms of
zetkon *law’ and dom ‘house’ in Table 2.

Table 2. Contrasting paradigms in Russian

Singular Plural Singular  Plural
NoMm  zakén zakon-i NoMm  dom dom-4
Acc  zakén zakdn-i acce  dom dom-d
GEN  zakdn-a zakdén-ov GEN  dém-a dom-év
DAT  zakén-u zakdén-am DAT  ddém-u dom-dim
INST zakdén-om zakén-am't  insT  ddm-om  dom-dm'i
Loc  zakdén-e Zakdn-ax Loc  dom-e dom-ix

The relevant point is that the accusative plural cannot be a distinct form, in these
or any other paradigms; it must be the same as the nominative plural, as here, or as
the genitive plural, for animates.” We treat zakén ‘law’ as the regular noun (see
Table 1, and the points made in Section 3.1). The noun dom ‘house’ has the irregu-
lar form dom-a *houses’: the inflection is not predictable given the other forms in
its paradigm, and forms in another of the classes established in Section 3.1 are
wrongly predicted given the ending. If we count twelve cells, then domr ‘house’ is
irregular in two cells. However, if the accusative plural were regular dom-i while
the nominative plural were irregular domr-a, that would actually be much more irreg-
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ular. It would be breaking a fundamental pattern which extends to every noun {and
adjective and pronoun) in the language, according to which the accusative plural is
identical to the nominative or genitive, It therefore appears more logical to treat the
nominative and accusative as one cell here. We do this because there is a ‘whole
word’ referral, that is to say, the forms must be absolutely identical, including in
respect to stress {(see Brown ef al. 1996). In a similar way, we do not count the accu-
sative singular for nouns of classes I, IIf, and I'V and we treat the dative and locative
singular of class II as syneretic. The result is that there is a maximum of ten distinct
cells for any given noun.

Assumptions about number and irvegularity.  There are several instances in which
singular and plural are contrasted in Russian. Consider the paradigm in Table 3,
from a different inflectional class, class IV (see Table 1), in terims of its stress,

Table 3. Paradigm with singular!
plural split

Singular  Plural

NOM  mést-o mest-4
ACC  mést-0 mest-a
GEN mést-a mest

DAT  mési-u mest-am
INST mési-om mest-am’i
LOC mést-e mest-ix

A perfectly regular paradigm would have the same stress position throughout. In
this case, however, we have fixed stem stress in the singular and a different fixed
stress in the plural (on the ending). Here it is counter-intuitive to count up cells; the
point is that there is a single difference between singular and plural.” We treat this
as less irregular than a single cell being ‘out of line’. We shall see this same pattern
in various types of irregularity at different points below.

4.2 Principles

There are six principles on which the irregularity ranking is based and these will
be treated in turn. In the examples, the nominative singular is contrasted with
the nominative plural unless otherwise stated, with the gloss given for the singular
form only.
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Principle 1
Stem irregularity ranks above inflectional irregularity:
stem irregularity > inflectional irregularity

v

Example: sosed ~ sosed'-i ‘neighbor’ > pled-o0 ~ pled-'f ‘shoulder’

The first example sosed displays stem irregularity in that the stem final consenant
/d/ alternates with/d’/in the plural. The second example ple¢’-o displays inflectional
irregularity: the item switches from class IV in the singular to class I in the plural,
as seen in the nominative (refer to Table 1), One motivation for this ranking is that
inflectional irregularity may be treated as an abstract (featural) difference in stems.
John McCarthy (personal communication) suggests other evidence for the primacy
of stems: in vowel harmony systems, either the stern may determine the vowel pos-
sibilities of the ending or stem and ending may determine each other, but it is never
the case that the ending alone determines the properties of the stem,

Principle 2
Segmental irregularity ranks above prosedic irregularity:
segmental irreguiarity > stress irregularity

Example: sosed ~ sosed’-i ‘neighbor’ > éz’er-0 ~ 07'dr-a 'lake’

In the first example the stem final consonant /d/ alternates with palatalized /d’/, a
segmental irregularity. In the second example, the alternation concerns stress, from
initial to predesinential syllable, a prosodic irregularity.” The justification for this
principle is that typically there are greater phonological differences available
through segmental means than through prosodic means. Note that though stress has
a greal effect on vowel quality in Russian, such that stress affects the entire word,
this effect is ‘automatic’.

Principle 3

Within stem irreguiarity, specifically of the segmental kind, suppletion ranks

above irregularity involving augments and angment irvegularity, in turn, ranks

above simple alternations in the stem;

suppletion > augments > stem aliernations

Example: #elovek ~ Fud'~i ‘person’ > tatar’in ~ tatar-i ‘Tatar’ > sosed ~
sased’-f ‘neighbor’

Note that ratar'in represents a noun with an augment in the singular, namely ~’in, but
no augment in the plural. This ranking is based on the degree of similarity among
the alternates; augments are closer to full suppletion than alternations, which can be
accounted for by rules of allomorphy. In terms of stems, this reflects the difference
between indexed stems (‘morphomically’ distinct, see Aronoff 1994), and stem
alternants {morpho-phonologically distinct).
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Principle 4

Within segmental stem alternations we distinguish motivated alternations (i.e.,
mobile vowels) and non-motivated alternations. Unmotivated alternations
rank higher than motivated:

unmotivated stem alternation > motivated stem alternation

Example: sesed ~ sosed'’-i ‘neighbor’ > kn'iZk-a ‘book (diminutive)” ~ kn'iZek

{genitive plural)
Note that in the second example, a mobile vowel appears in the genitive plural, but
given the structure of the lexeme this is where it is expected to occur, and is there-
fore ‘motivated’. This principle is based on phonology; motivated aliernates are
those which are in accord with a phonological principle of the language (sonority
in the case of mobile vowels),

Principle 5

Within unmotivated segmental stem alternations we distinguish two broad

classes of alternations, those affecting the segment of the stem adjacent to the

inflection and others;

non-adjacent segment alternation > adjacent segment alternation
Example: Fort ~ Fert’-i 'devil’ > sosed ~ sosed’-i ‘neighbor’

In the first example, the alternation concerns the vowels /fof and Je/, appearing
within the form, and not at the edge. Note that this example also has alternation of
the stem final segment /t/ and /t'/. This ranking is expressed by treating examples
such as &ort, which show ablaut, along with stems which have an augment x in the
singular and anavgment y in the plural (see Principle 6). The justification for Princi-
ple 5 is that the adjacent stem segment is more easily associated with the inflection
than is the non-adjacent stem segment.

Principle 6

Finally, we impose a ranking on the various kinds of augmentation, The sev-
eral possible outcomes outlined in Section 3.2 are ranked with respect to one
another as follows:

augment x opposing augment y >
augment in singular opposing lack of an augment in plural >
augment in plural opposing lack of augment in singular
Example:
kot'onok ~ kot'at-a ‘kitten' > tatar'in ~ tatar-i “Tatar’ > brat ~ braf'j-q ‘brother’

Principle 6 could be interpreted in terms of classical notions of markedness
(Jakobson 1932). The principles outlined above yield the ranking in (7)."
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(7) Irregularity ranking"
suppletion irregularity>
pluralia tantum irregularity>
stern augments irregularity>
segmental stem irregularity >
stress stem irregularity >
segmenltal inflectional irregularity >
stress inflectional irregularity >
full regularity

4.3 Natural Morphology and the ranking of irregularity

It should be mentioned that a number of the principles we propose bear sone resem-
blance to those developed independently {and for an entirely different purpose)
within the Natural Morphology theory. Indeed, the notion of a scale to express the
nature of word structure can be found in Dressler’s (1985: 59) scale of ‘phonologi-
cal naturalness’. Here (morpho)phonotogical rules are distributed on a scale depend-
ing on how closely they match a universal setof phonological processes.* Moreover
there are a number of naturalness principles which have an affinity with our struc-
tural principles of irregularity. In other words, to some extent Natural Morphology
views structural distance from the norm in terms of naturainess. For us, greater
structural distance corresponds to greater irregularity; for Natural Morphology it
corresponds to greater unnaturalness. Perhaps the most important principle is that
of Morphotactic Transparency, i.e., the less one disturbs the perceptual segmenta-
tion of stem and ending, the more transparent the item is {Dressler 1985: 316; 1987:
102—10). The hierarchy is given in (8} with least transparent first.

(8) Morphotactic Transparency
total suppletion >
partial suppletion >
madification by MPRs >
modification by MPRs {morph. boundary intact) >
modification by PRs (allophonic) >
no modification

Another principle found in the Natural Morphology literature is that of System
Congruity {Wurzel 1987: 65--6; 1989) which states that it is more natural for a given
item to follow generalizations in the morphological systenm: than not to do so. Once
inflectional classes have been established, the expectation is that nouns will not
deviate from the pattern. Closely connected fo this principle is the idea of
‘implicative paradigm structure conditions’ (Wurzel 1987: 76-7). The example
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Warzel gives is that if in Russian a noun in the nominative singular ends in /a/, its
genitive singular will end in /i/. Finally, the Principle of Constructional Iconicity
states that ‘what is more semantically ought to be constructionally more as well’
{Mayerthaler 1987: 25-8). For example, SINGULAR is formally unmarked and
‘non-featured’, and -SINGULAR is formatly marked and therefore ‘featured’. For
further discussion of Naturalness Principles, see Wheeler (1993),

5. Discussion of results

Our results prove interesting. We find relations between frequency and irregularity
and a certain degree of correspondence with the irregularity ranking we outlined in
Section 4, We also find evidence for a split between prosodic and non-prosodic
morphology. Finally we find one intriguing area related to particular cells, where
it appears that there might be a relationship between cell anomaly and irregularity
of the nominative plural, In fact, this turns out to be plural anomaly in disguise.

5.1 Absolute plural anomaly

The first of our hypotheses, Hypothesis 1a, is confirmed. There is arelation between
absolute plural anomaly and irregularity. Below we give eight groups of nouns from
the corpus divided up according to our irregularity ranking in (7). In addition, we
make a distinction between two stress patterns which divide the singular and plural
and would both, therefore, share the same irreguiarity ranking. These patterns are,
according to the classification in Zaliznjak {197 7): pattern C (stem stress throughout

Table 4. Absolute plural anomaly in eight groups of nouns

Median  Observed
Stress  plural number of

Type of irregularity pattern  count  lypes p-value™

Group 1 end stress pl C 9 64 < 0.001
Group 2 end stress sg b 5 80 < 0.05
Group 3 stem stress alternation  n/a 22 2 0.25
Group 4 stem alternation nfa 96 3 < 0.001
Group 5  stem augment in pl nfa 10 24 <{.001
Group 6 stem augment in sg nfa 15 10 <0.05
Group 7  stem augiment in both  n/a 14 14 <0.05

Group 8 suppletion n/a 935.5 3 <0.001




216 CORBETT, HIPPISLEY, BROWN, AND MARRIOTT

singulaz, ending stress throughout plural); pattern I (ending stress throughout sin-
gular, stem stress throughout plural). The eight groups are given in Table 4.

For each of the groups in Table 4 the median value for plural occurrences is
significantly higher than for the corpus as a whole, with the single exception of
Group 3 (see p-values in the table).

If we were to rank each group in increasing order according to the median value,
we would get ihe following: Group 2, Group 1, Group 5, Group 7, Group 6,
Group 3, Group 4, Group 8. The data do not support irrefutably such an ordering
because, despite the fact that the anamalies for seven of the groups are significant,
the differences between the groups are in soine cases insignificant, This also means
that the ordering in (7) has not been disproved: the data here could still be consistent
with the principled ordering of the irregularity Ranking, which is an interesting
result. Groups 3 and 4 have simall sample sizes which means their place in the order-
ing suggested by Table 4 should be treated with seme scepticism,

What is conclusively shown from our investigation is that both singular augments
and plural augments are related to absolute plural anomaly. This is significant,
While we might argue that singular augments mark the unexpected number with
plural anomaly, this cannot be the case with plural augments, which mark what is
ihe expected number, In other words, it appears that having an augment throughout
a particular number (irrespective of whether it is singular or plural) is related to a
lexeme having a high plural anomaly. We might have expected an angment in the
plural to be associated with higher occurrence of singuiars than the average for the
corpus. The opposite is the case. In sum there is a relationship between frequency
and irregularity in absolute terms, but we must now test our Hypothesis 1b in order
to see if this is true in relative terms.

5.2 Relative plural anomaly

Groups 1-8 were tested for the next of our hypotheses. Evidence for Hypothesis 1b
turns out 1o he not as strong as that for Hypothesis la. It involves groups of a spe-
cific type. We find evidence for Hypothesis 1b for two groups and, arguably, for a
third. The stronger evidence is for group 6 (where there is a stem augment in the
singular), and group 5 (where there is a stem augment in the plural). The weaker
evidence is for group 4 (where there is a stem alternation). In each case the irregu-
larity is segmental rather than prosodic. The resulls are given in Table 5.

As the data in Table 5 show, there is some evidence that the frequency of occur-
rence of the irregular forms, and not just frequency of occurrence of the lexeme as
a whole does relate to irregularity of the fonms in question. However, if the irregu-
larity affecting an entire subparadigm is a prosodic one, there is no evidence for a
relationship between this irregularity and high relative frequency. In the box plot in
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Table 5. Relative plural anomaly

Group Type of iregularity Median plural proportion  p-value

1 end stress pl 0.2 0.1

2 end stress sg 0.15 0.54

3 stem siress alternation  0.18 0.54

4 stem alternation 0.68 0.06

5 slem augment in pl 0.36 0.03

6 stem augment in sg 0.82 < 0.001
7 stem augment in both  0.32 0.4

8 suppletion 0.62 0.16

Figure 2 the prosodic groups (Groups 1, 2, and 3} have much lower medians than
the others."”

The median is represented by the white line in the middle of the box; the box
itself represents a range of proportions covering the middle 50% of the lexemes in

Relative frequency

!.0 T T+ I - r‘]"1 I
0.8 1 T i 1 I
0.6 - _L ’
0.4 1
0.2 1 E E l
0.0 4 ! ! ‘_I_'

0 2 4 3 6 7 g

Figure 2. Irregularity type and relative pluval anomaly.

Key: y axis = proportion of plurals, x axis = irregularity type: 0 = regular,
I = stress C, 2 = stress D, 3 = stem stress alternation , 4 = stem segment
alternation, 5 = stem augment in plural, 6 = stem augment in singular,
7 = different stem augment in singular and plural, 8 = suppletion
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the category; the whiskers cover the remaining 50%, except outliers which are indi-
cated separately with horizontal bars (Daley ef al. 1995). It is an extremely interesi-
ing and important result to find the answer to the question we posed at the beginning
of this paper is that relative frequency of occurrence in the plural appears to be
important where non-prosodic irregularity is concerned, but not where prosodic
irregularity is concerned. Thus degree of irregularity is important,

Prosodic irregularities involve a high absolute plural anomaly but no relative
plural anomaly. This means that there is a high number of plurals (absolute plural
anamaly} and also a high number of singulars to match the plurals (no refative plu-
ral anomaly). Thus the prosodic irregularity may relate to the frequency of occusr-
rence of the lexeme as a whole (the lexeme’s plural must be frequent to give the
absolute anomaly, and its singular most also be frequent, otherwise it would show
relative plural momaly). In contrast, the fact that certain non-prosodic irregularities
have significant relative plural anomalies indicates that these may be related to the
frequency of occurrence of a subparadigm, namely the plural.

Hence we have identified an effect which applies to the lexeme as a whole, and
one which applies to the plural subparadigm. Having found effects applying to the
highest level {the lexeme) and a middle level (the subparadigm), we look to see
whether we can find any effect relating to the lowest level, that of the single cell.

5.3 Cell anomaly

Delving deeper into the paradigm, we look to see if frequency of occurrence of
individual case and number cells can be related to their irregularity, as we had
gauged it according to the ranking. We look at the abselute frequency of occur-
rences for all cells of given lexemes with one individual irreguiar cell.'®

We look at Hypothesis 2. Having confirmed Hypothesis 1, recall that Hypo-
thesis 2 is testing for a stronger relationship based on cell irregularity and cell anom-
aly, Since we are looking for an effect not caused by high lexeme frequency, we
must concentrate on cells which do not have a significantly high lexeme frequency.
From Table 6 we see that the nominative plural is the only candidate with which to
test the hypothesis: in terms of lexeme frequency those inanimate lexemes with a
cell irregularity in the nominative plural are not significantly more frequent than in
the corpus in general.'” From Table 6 note that for other lexemes with observed
forms of cell irregularity there is a significant effect, and in these instances instead
of cell anomaly we may be seeing lexeme frequency in disguise. We therefore
concentrate on the nominative plural cell anomaly as a good candidate to test
Hypothesis 2,

In order to compare like with like, we test for cell gnomaly in the nominative
plural of inanimates only. There are two tests. For the first test we find that in the
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Table 6. Cell irregularity and lexeme frequency

Irregular cell Median Lexeme Frequency  p-values
Accusative singular 838 < 0.001
Instrumental singular 158 < (.01
Nominative plural (animates) 5 0.477
Nominative plural (inanimates) i4 0.34
Genitive plural 50 < 0.05
Instrumental plural 2,70 <0.01

nominative plural cell there is a significantly higher (p < 0.01) proportion of in-
stances of that cell in those lexemes with the celi irregularity. We then need fo test
if this is due to relative plural anomaly. In fact, the increase in the proportion of the
nominative plural cell can be explained by the increase in the total plural proportion
for those lexemes which have the irregularity. There is ne evidence {p = 0.5) for an
increase in the cell frequency as a proportion of the plural frequency.™ In sum, this
means that having an odd nominative plural cell seems to be connected with having
proportionally more plurals than expected. In other words, we are not observing a
cell anomaly. Thus we found littie evidence confirming Hypothesis 2.

As was expected, Hypothesis 3 is disconfirmed: there is a relationship between
irregularity and the absolute frequency of the cell which is irregular, See Table 7.

Table 7. Irregularity and absolute frequency of cell

Irregular cell Median cell frequency  p-value
Accusative singular 172 < 0.001
Instrumental singular 16 <0.01
Nominative plural 2 <0.01
Genitive plural 2 <0.05
{nstrumental plural 99 <0.001

Given that Hypothesis 1a is true, our result for Hypothesis 3 is not surprising. The
relationship simply falls out from the relationship specified in Hypothesis 1. It was
formulated to cover for the case where Hypothesis 1a was disproved.

6. Conclusions

Our Hypothesis 1a, that these is a relation between absolute plural anomaly and
irregularity, is strongly confirmed. More specifically, nouns which have an irregu-
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larity involving a split between singular and plural will tend to be nouns which
occur frequently in the plural. There is a less dramatic but stili significant effect
when only stress is involved. The only instance where we did not find a significant
effect was where there was a stress alternation involving the stem only. Apart from
that, there are some indications of a relation between the degree of irregularity, as
postulated in advance independently of frequency, and the degree of plural anom-
aly, with cases of suppletion being an extreme case.

Hypothesis tb, that there is a relation between relative plural anomaly and
irregularity was less strongly confirmed. Recall that here we are concerned with
the ploral forms of a lexeme as a proportion of all occurrences of the lexeme. For
those types where we did observe an effect, where the plural was used in propor-
tion to the singular significanily more frequently than found generally through the
corpus, the irregularity was always a segmental one—stress irregularity was not
sufficient to produce an effect here. Furthermore whether the irregularity concerns
the singular or the plural, we still find a high relative plural frequency {for in-
stance nouns with an augment in the singuiar still have a high plural relative
Sfrequency).

When we moved down to examine single cells (Hypothesis 2), we found no evi-
dence that irregularity is related to a high relative frequency of a specific celi in the
paradigm, once the effects discussed under Hypothesis 1a and b are factored out.
This is an interesting resuit, since it implies a structuring of lexical items. It suggests
that an individual irreguiar cell does not stand out from its subparadigm (singular
or plural) in terms of frequency. (Hypothesis 3 was included to cover outcomes
which did not arise and so needs no further discussion here.)

There are three morphological levels which might be relevant for frequency ef-
fects. The first is the level of the lexeme as a whole; the second is the level of the
subparadigm of the lexeme; and the third is the level of the individual cell. We
found no evidence for an effect relating to the third of these levels. We did find
evidence for a relation with the other two. This relation may be sensitive to the type
of the irregularity. For the relation with the first level, the lexeme as whole, the
clearer evidence comes from prosodic iregularities {as we argued in Section 4.2).
For the second of these levels, the number subparadigm, there is evidence from non-
prosodic types of irregularity (Figure 2). This shows the importance of looking at
languages such as Russian with extensive paradigms. In languages where there is
Justa singular/plural split, with no other category distinction, we could not separate
sub-paradigm from individual cell. Given this we see that the relation between irreg-
ularity and high frequency is more intricate than we imagined once we pull apart the
notion of irregularity on the one hand, in term of a ranking of irregularity, and fre-
quency on the other, in ferms of a distinction between absolute and relative fre-
quency. The conclusion we draw is that there is a relationship, but the relationship



FREQUENCY, REGULARITY AND THE PARADIGM 221

is a complex one which depends on the type of frequency concerned and the degree
of irregularity in question.

Appendix 1: Statistics methedology

Testing differences between median values.
In order to test the differences between the median values of two groups, bootstrap
testing was used, see Efron and Tibshirani (1993).

Let us suppose that a subset of lexemes S has been extracted from the corpus C
according to some linguistic criterion, usually based on regularity. We calculate the
median frequency of the distribution of the required frequency. Let us denote this
to be m(8) in the subset § and m(C} in the full corpus, C. We need to see if m(S) is
significantly different from m(C) assuming the Null Hypothesis that there is no
relationship between the extraction criterion (irregutarity) and the measure quantity
{frequency).

Under this assumption we can evaluate the distribution of m($) by randomly
selecting (with replacement) samples of equal size to S from C, and calculating their
median, This procedure is repeated many times and an estimate of the underlying
distribution of the median is constructed. This will be the bootstrap distribution of
the median under the assumed hypothesis. The actual value of m(S) can then be
compared to this bootstrapped distribution to see if it is significanily higher or lower
than expected. A p-value can then be directly calculated from the bootstrap distribu-
tion. For details of this procedure see Efron and Tibshirani (1993: Ch. 13).

Appendix 2; The Irregularity Scale with examples

The table gives a small number of examples with their irregularity scores.

0 komnata | fully regular

0.1 sad singular-plural stress difference

0.2 " |polosd ... |{stress different in one form L

03 . |volk - |singular-plural stress difference and inegi:lgrnomi_na_l'i_ve'
L o0 plural form e PRI s P

0.4 | borodd | stress differs in two forms

1O

.1 li¢‘iko different inflection (segmentat) singular versus plural

E 11 glaz different inflection (segmental) singuiar versus plural;

and inflectional stress difference singolar versus plural
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1.2 soldat irregular inflection (segmental) in one cell (genitive plu-
ral}

1.21 dom irregutar inflectional form in one cell (nominative plural);
and inflectional stress difference singular versus plural

21 6z'oro - | different stem stress singolar versus plural ;.

3.0

3.1 ofec motivated stem alternation in expected cell

3.201 koleno unmotivated stem alternation in singular versus plural;
different inflection in singular versus plural

34 pesn’a motivated stem alternation in expected cell; plus unmoti-

vated stem alternation in one cell {genitive plural)

. steim augment in pIural only, sangu!ai_ versus plurai m«
ﬂecuonal stress ddfereuce : ' i

4 2004

- kfe_stjan'in
ST  onal form in two cc]ls (nommauve piural and accusa—

stem augment m smgu]ar and not plural 1rreguEar mﬂec-

twe/gemtwe plural)

43001 xoz'ajin ' stem augment both in smguhr and plural dlfferent in-
S flection singular versus plural - -
440002 . {do¥”. .-: .|stem augment throughout except for one cell (nomma—

PR I tivelaccusativesmgular),mﬂectlonal stressureguiantym
jone cell (nominative plural)
50
5.1 vorota plurale tantum
6.0 .. ' i
61 _ o _ .
6. 100{)()2 Lelovek suppletmn singular vs plural segmental inflectional i ir-
' regularity in one cell (instrumental plural) :
6.2 god suppletion in one cell {genitive plural)
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June 24, 1998 and at the Linguistics Asscciation of Great Britain, University of Manchester, April
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references to our attention, and Maria Polinsky for sharing her judgements on certain Russian forms.
Finally we wish to thank Joan Bybee, Paul Hopper, and Catie Berkenfield for their helpful conuments.

1. Using Schreuder and Baayen’s terms, do we base the frequency on the ‘stem-frequency’, i.e,, the sum
of all word forms, or the “surface frequency’, i.e., the sum of one of the word forms (1997)? They
were looking at the effect of subjective frequency and visual perception times, and for them it was
important to distinguish a number of different counts: ‘surface frequency’, ‘stem frequency’, ‘mor-
phelogical family size’ (the number of members of a derivational family}, and ‘cumulative family
frequency’ {the stem frequency of all members of the derivational family apart from the base), In their
work onderivation, they found that this last frequency had surprisingly no effect, whereas morpholog-
ical family size did.

2. Russian orthography closely follows phonentic representation and the phonemic transcription we use
is, therefore, close to standard transkiteration, with a few minor points of difference (based on Corbett
and Fraser 1993:1n. 2). For an cutlinte of Russian phonology, see Timbertake (1993: §28-32), The
main points are sununarized as follows:

Consonarnts

The set of paired palalatized ¢(soft) and unpalatalized (hard) consonants are distinguished by an acute
(") which marks the soft member of the pair. For example, in the minimal pair l'uk ‘hatchway’, and
luk *onion’ the frst form has the soft /i, Note that consonants are always soft before the phoneme
fe/, hence there is no need to mark them with an acute in this context. For example, the focative singu-
lar of zakdn ‘law’ is represented as zakdne since the stem final /n/ is automaticalty soft.

‘The velars /g/, /k/, and /x/ are hard except when preceding the £/ and /fef phonemes; in these con-
texts they are automatically softened. We therefore do not use an acute on the velars in these contexts
since they are automatically softened. Compare the nominative singular form ruéka *handlie” with the
genitive singutar ric'ki, where the /k/ is soft before the -i ending, but not indicated as such. Note that
unpaired soft /&7 and /88 are redundantly marked with an acute when preceding a vowel, but un-
paired soft /j/ is never marked with an acute.

Vowels

We recognize five vowel phonemes (under stress) which are fa/, fe/, i/, Jo/, and /u/. The phoneme fi/,
standardly transliterated as /", has an allophone [1], standardly transliterated as ‘y', The allophone [i]
is automatically used when following a hard consenant, The correct version of /il will therefore be
implied by the nature of the preceding consonant.
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10.

I

12.

13,

14.

15.

. Absolute singular and relative singular anomaly are defined analogousty.

. In this instance and throughout the paper we use the word “significant™ to mean statistically signifi-

cant.

. The basic dataset is available on the world wide web and can be found at hitp:/surrey.ac.uk/LIS/

SMG, along with a readme file.

. This notion is akin to Wurzel’s concept of “implicative paradigm structure conditions™ (Wurzel

1987: 76-8).

. For simplicity the few instances of the second genitive in -1 and the second locative in -1, available

for class [ nouns only, were treated with the corresponding named cases, These can be thought of
as ‘sub-cases’ realized by a small minority of nouns in specific contexts. The second locative occurs
with the locational prepositions v 'in’ and na ‘on’, as for example in v sneg-# ‘in the snow’; the
second genitive is used in partitive constructions such as ja ne vip'if ¢aj-u ‘1 didn't drink any tea’.
See the discussion in Timberlake (1983: 838) for details,

. In these paradigms the nominative and accusative singular are also identical, but this is not so for

all inflectional types in Russian (see Table 1),

. Where stress is expected on the ending, and yet there is no ending {as in the genitive plural mest

‘places’}, the stress automaticatly falls on the tast syllable of the stem. Since this is fully antomatic
we do 10t count it as an ireegularity.

We nse ‘prosodic’ to cover tone, pitch, and stress. Of these only stress is relevant for Russian.

. It should be noted that in order to investigate a more fine grained relationship between imregiarity

and high frequency, the ranking in (7) was converted into a numerical scale to provide for all in-
stances of irregularity, including combinations such as stress and inflectional irregularity. Though
nothing significant emerged from the finer-grained rankings, we include the scale with examples in
Appendix 2 for completeness.

We take suppletion, pluralia tantum, and stem augments to be irregular by definition,

For example one such universal process is assimilation, phonologically naturat because it “eases
articulatory effort by allowing inertia to prevail and smoothing transition from one segment to an-
other” {Dressler 1985: 49). Russian word final devoicing matches this universid process perfectly,
and therefore receives the score 1 for phonological naturalness (1985: $9). For full details of all
scores, see Dressler (1985: 59-66).

The p-value represents the probability that a median value more extreme than that observed could
have occumred purely by chance. A value < 0.05 is reasonable evidence that there is a relationship
between anomaly and irregularity. A value < 0.01 is strong evidence that there is a relationship.

Recall that for Hypothesis 1a this does not exclude a refationship between absolute frequency and
irreguiarity for these prosodic irregularilies.



FREQUENCY, REGULARITY AND THE PARADIGM 225

16. This includes lexemes for wiich the cell in question is the only irreguarity, as welt as lexemes for
which the cell iregularity is accompanied by a singular-plural irregularity defined independently
of that cell irregutarity. For example, the lexeme dewn *house’ has a change in stress between the
singular and plural (a singular-plural irregoiarity). In addition, it has an unexpected nominative
phural ending -a. This is an imegularity in a single cell which accompanies another irregularity.

17. Asdiscussed in Section 4.1.2 we treat nominative plural and accusative plural of inanimates as one
cell. This means that we must resirict our comparison to inanimates only, and excluede animates,
When we use the terms ‘nominative plural’ for inanimates we mean the cell which includes what
are, in fact, distributionally accusative plurals,

18. We have also checked the ten inanimates from this group which only have the cell irregularity. There
is no significant difference between these and the inanimates as a whole with regard to cell anomaly
(p=0.2).
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