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Abstract. The relationship between frequency and declension of nouns in
Czech is analyzed. The nominative is taken as the basic form of nouns. We
define the measure of morphological change as the number of phonetic changes
in the stem plus the number of phonetic changes in the declensional suffix. Two
approaches were examined: 1) nominative singular as the basic form of a noun
regardless of its grammatical number, 2) nominative singular as the basic form
of a noun in the singular and nominative plural as the basic form of a noun in
the plural. In both cases, the relation “the lesser the change, the higher the
frequency” is observed.
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1 Introduction

The relationship between the frequency and a word form’s “behavior” has been well
known for almost two centuries. As M. Krug noticed in [18], J. Grimm [8] already
observed the correlation between frequency and irregularity: “Auxiliaria, d.h. Verba,
welche sehr hdufig gebraucht werden und statt ihrer lebendigen Bedeutung abstrakte
Begriffe annehmen, tragen gowdhnlich solche UnregelméBigkeiten an sich.*
[Auxiliaries, i.e. verbs which are used very frequently and which take on abstract
notions instead of their vivid meanings, usually display such irregularities] (cited and
translated according to [8], p. 8). However, except for quantitative linguistics [15],
[16], Zipf’s approach [24], [25] and so called usage-based models [1], [2], [3] [4],
[10], where the frequency is considered to be one of the central “powers” shaping
properties of language, the focus on frequency effects on word form (or phoneme,
syllable, sentence, etc.) is rather exceptional among linguists, cf. “A newcomer to the
field of linguistics might be surprised to learn that for most of the twentieth century
facts about frequency of use of particular words, phrases, or constructions were
considered irrelevant to study of linguistic structure. To the uninitiated, it does not
seem unreasonable at all to suppose that high-frequency words and expressions might



have one set of properties and low-frequency words and expressions another” ([2], p.
5).

In the present study, the relationship among frequency, morphology and phonetics
is observed. Particularly, it is assumed that frequency has an impact on the number of
morphonetic changes in a particular word form. We hypothesize that the greater the
magnitude of a morphonetic change, the lower the frequency of word forms with the
magnitude (the number of changes with respect to the nominative is considered, cf.
Section 2). We can find, to our knowledge, two theoretical sources for the reasoning
of this kind: 1) synergetic linguistics [13], [14] and 2) a usage-based cognitive
approach [3]. As for 1), we preliminarily suppose that the relationship could be
viewed as a result of a mutual interaction of so-called requirements, namely
“Minimisation of producing effort”, “Minimisation of encoding”, and “Minimisation
of memory effort” for a speaker, and “Minimisation of decoding”, “Minimisation of
memory effort”, and “Minimisation of inventories” for a hearer. As for 2), from the
cognitive point of view the effects of high token frequency are considered as follows:
“because exemplars are strengthened as each new token of use is mapped onto them,
high-frequency exemplars will be stronger than low frequency ones, and high-
frequency clusters — words, phrases, constructions — will be stronger than lower
frequency ones. The effects of this strength (lexical strength [1]) are several: first,
stronger exemplars are easier to access, thus accounting for the well-known
phenomenon by which high-frequency words are easier to access in lexical decision
tasks. Second, high-frequency, morphologically complex words show increased
morphological stability.” (3], p. 24, italics by the authors of this paper).

2 Language material and methodology

For the testing of a hypothesis concerning morphonetic changes a language with a
rich inflexional system should be used, for obvious reasons. Therefore, Czech has
been chosen; in particular, we focused on Czech nouns.

The system of Czech noun declensional morphology contains seven cases
(nominative, genitive, dative, accusative, vocative, locative, instrumental).
Throughout the paper, we use the following abbreviations for the cases: N —
nominative, G — genitive, D — dative, A — accusative, V — vocative, L — locative, I —
instrumental. The morphology is expressed by inflectional endings (desinences) added
to the stem, cf. the word forms of masculine noun tdata (daddy):

Table 1. An example of declensional morphology of Czech nouns: word tdata (daddy).

case singular plural
N tat-a tat-ové
G tat-y tat-
D tat-ovi  tat-m
A tat-u tat-y
\Y%
L

tat-o tat-ové
tat-ovi  tat-ech



I tat-ou tat-y

The endings do not merely express information regarding case but also number and
gender. Therefore, Czech is typologically ranked among fusional languages (one
ending denotes more than one morphological category). Further, morphonetic
alternations are typical for Czech, e.g. an elision of “e” in the stem of the word pes

(dog)

pes (N, singular) ps-a (G, singular)
or an alternation “k” to “c” in word kluk (boy)

kluk (N, singular) kluc-i (N, plural).

According to a traditional view (cf. [11] and [23]) the alternations (and other changes)
are governed by rules which have no relation to frequency.

Two texts were used for the analysis, namely the book of travel “Obrazky z
Holandska” (Pictures from the Netherlands) written by Karel Capek and the short
novel “Krasna Poldi” (Beautiful Poldi) written by Bohumil Hrabal. The language data
were taken from Dictionary of Karel Capek [5] and from Dictionary of Bohumil
Hrabal [6], which are, actually, lemmatized and morphologically tagged authors’
corpora. The lemmatization and morphological tagging allow us to process data
automatically; for example, all forms of the lemma krdva (cow) and their frequencies
can be easily obtained as follows.

Table 2. Morphological tagging in [5] and [6].

word form tag (morphology) frequency
kravy NNFP1----- N 4
kravy NNFS2-----A-----
kravy NNFP4-----A-----
krava NNFS1----- . N—
krav NNFP2----- YL —
kravami NNFP7-----A---1-
kravu NNFS4-----A-—---
kravach ~ NNFP6-----A---1-

—_— = N NN W

A letter in the first column depends on a part of speech (we chose only nouns denoted
by N) The information regarding grammatical number and case, needed for our
analysis, is represented by letters (S= singular, P = plural) in the fourth column and by
digits (1 =N, 2 = G, etc.) in the fifth columns of the tags.

The nominative form was taken as the basic form of each word. Then, for each
lemma the number of phonetic changes/alternations with respect to the nominative in
the stem and the number of phonetic changes/alternations with respect to the
nominative in the suffix were determined manually. The total number of
changes/alternations (i.e., those from the stem plus the ones from the suffix) was used
as a magnitude of the morphological change. For example, let us consider all singular
cases of the lemma stil (table).



Table 3. Magnitudes of change in word stil (table).

case word form number of changes
N stal 0
G stolu
D stolu
A stil
\Y%
L
I

stole
stolu
stolem

W NN O NN

The nominative is regarded as the basic form, therefore it is assigned zero changes (as
well as accusative which is represented by the same word form); genitive, dative, and
locative display one change in the stem (alternation #-0) and the inflectional ending is
represented by one vowel (u), whereas the basic form (i.e., nominative) does not have
any suffix (or it has a zero-morpheme suffix); so, for all these cases two changes are
assigned; instrumental displays one change in the stem (alternation #i-0) and the
inflectional ending represented by a vowel (e) and a consonant (m); therefore, three
changes are assigned to it.

We remind readers that making a suffix longer (or adding it if there was none) is
taken into account (cf. Table 3, the word st/ in the nominative and instrumental
case). The same applies to an elimination of phonemes (cf. the word pes in Table 4).

It should be noticed that we followed the morphonetic approach and phonetic (not
phonemic or graphemic) changes were taken into account; for example, in the case of
the word dub (oak), pronounced [dup], we counted also change of voice (p-b), cf.
Table 4:

Table 4. Magnitudes of change in words dub (oak) and pes (dog), word forms in singular are
presented for both nouns. Pronunciation is given in square brackets, elimination of a phoneme
is marked by .

case dub pes
word form number of changes word form number of changes
N dub [dup] 0 pes 0
G dubu [dubu] 2 p9sa 2
D dubu [dubu] 2 pQDsovi 4
A dub [dup] 0 pQse 2
A" dube [dube] 2 p9sa 2
L dubu [dubu] 2 p9sovi 4
I dubem [dubem] 3 p9sem 3

Two approaches were applied: first, the nominative singular was taken as the basic
form of a noun regardless of its grammatical number; second, the nominative singular
was taken as the basic form of a noun in the singular and the nominative plural as the
basic form of a noun in the plural. We thus analyze six datasets (three for each
author).



3 Results

In the first step, we modeled the relation between the magnitude of change and the
frequency of word forms. We fit all datasets with the function

y=a(x+1)b e_CX, )

where x is the magnitude, y is the frequency of word forms displaying magnitude x,
and a, b and ¢ are parameters. Function (1) is the basic form of the Wimmer-Altmann
model [22]. The parameter a is often interpreted as the value which y takes for the
smallest x, i.e., in this case « is the frequency of word forms which are the same as the
nominative form and they are therefore assigned zero changes. Thus we have

y = y(O)(x +1)b e X, @

The data obtained, together with parameter values » and ¢ from function (2) and

values of the determination coefficient R , can be found in Table 5. Throughout the
paper we use the following notation:
(S+P)/S nominative singular is the basic form for all nouns regardless of
their grammatical number,
S/S nominative singular is the basic form for nouns in the singular,
P/P nominative plural is the basic form for nouns in the plural.
As can be seen, function (2) yields a very good fit in all cases.

Table 5. Magnitude of change and frequency — fitting function (2) to data form [5] and [6].

Capek Hrabal
(S+P)/S S/S P/P (S+P)/S S/S P/P
magnitude
of change frequency
0 738 711 426 821 778 295
1 849 456 181 639 395 120
2 566 235 140 382 183 86
3 70 33 44 72 34 25
4 10 3 2 7 1 4
parameters and determination coefficient
b 2.953 1.57 0.25 1.836 0.98 -0.353
2 8 1
c 1.857 1.50 0.57 1.484 1.33 0.575
6 9 7
R? 0.959 ?'99 2'97 0.983 2'99 0.985




The data and the respective functions for Capek’s book from Table 5 are presented
also in Figures 1, 2 and 3.
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Fig. 1. Fitting function (2) to data from [5], method (S+P)/S.
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Fig. 2. Fitting function (2) to data from [5], method S/S.
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Fig. 3. Fitting function (2) to data from [5], method P/P.

The data and respective curves for Hrabal’s short story are quite similar (cf. Table
3).

We also paid attention to a similar hypothesis introduced by Fenk-Oczlon in [7]
(cf. also a collection of open problems in quantitative linguistics [21]): “the more
frequent a case in a particular language, the more it tends toward zero coding”.
Frequencies of cases in the texts by Capek and Hrabal can be easily determined from
the morphological tags (cf. Table 2). The magnitude of coding was defined as the
mean number of changes with respect to the basic form (cf. Section 2). We applied
two approaches from Section 2 again, i.e., first, the nominative singular was taken as
the basic form of a noun regardless of its grammatical number; second, the
nominative singular was taken as the basic form of a noun in the singular and the
nominative plural as the basic form of a noun in the plural. The mean number of
changes per case was then computed as the total number of changes per case (i.e., the
sum of all changes per case) divided by the frequency of the case. Results are
presented in Tables 6 and 7.

Table 6. Case frequency and magnitude of coding in the text by Capek [5] (f— frequency, mc —
magnitude of coding).

S+P/S S/S P/P
c f m f m f m
ase c c c
N 7 0 4 0 2 0
07 45 62 .00 45 .00




G 5 3 2 1
70 21 52 .01 18 .31

D 6 4 2 2
2 .63 0 23 2 23

A 3 0 2 0 1 0
82 68 37 34 45 .14

v 3 1 2 1 1 0
.67 .50 .00

L 2 1 1 1 5 2

39 61 83 43 6 .00

70 76 62 77 06 .25

Table 7. Case frequency and magnitude of coding in the text by Hrabal [6] (f— frequency, mc —
magnitude of coding).

(S+P)/S S/S P/P
c f m f m f m
ase c c c

N 7 0 4 0 2 0
07 45 62 .00 45 .00

G 5 1 3 1 2 1
70 21 52 .01 18 31

D 6 1 4 1 2 2
2 .63 0 23 2 .23

A 3 0 2 0 1 0
82 68 37 34 45 14

\Y% 3 1 2 1 1 0
.67 .50 .00

L 2 1 1 1 5 2

39 61 83 43 6 .00
I 2 1 1 1 1 1
70 76 62 77 06 .25

The tendency from Fenk-Oczlon’s hypothesis can be seen (it can be tested, e.g., by
the Kendall correlation coefficient, the p-values are higher than 0.05 in all cases).
Nevertheless, the data are not “smooth” and therefore they are difficult to model.
Function (2), e.g., does not fit them well (which is true especially for the text by
Capek). Figure 4 presents the data from Capek’s text, with nouns in the singular being
considered, i.e., S/S. One obtains a very low value of the determination coefficient

(R® =0.486).
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Fig. 4. Case frequency and magnitude of coding, Capek S/S (cf. Table 6).

This is the most irregular behavior among the datasets from Tables 6 and 7, but
only two of the datasets achieve a determination coefficient higher than 0.8 (for

Capek’s text one obtains R” <0.7 for all three approaches). However, applying a
different methodology (i.e., a different definition of the magnitude of change/case
coding, e.g., the length of the suffix only) could lead to different results.

3 Conclusion and ideas for further research

The paper shows that declensional morphology of Czech nouns is clearly related to
frequency — if the nominative is taken as the basic form, it holds that “the lesser the
magnitude of change, the higher the frequency” (or, in other words, the more similar
the word forms are to their nominative case, the more frequently they occur).

This line of investigation should be broadened in two directions. First, similar
studies must be undertaken also for other (and not only Slavic) languages with a rich
inflexional system. Second, other parts of speech, especially adjectives, should be
studied. Results obtained should be in future interpreted within the synergetic
linguistics framework [13], [14]. We suppose that especially connections and
interrelations with other properties of morphology and syntax will be established.

The data presented in this paper, especially Tables 6 and 7, can serve as material
for building a model for case frequencies (a study on case diversification [20]
contains rank-frequency distributions of cases from many texts in German, Russian,
Slovak and Slovene).

Relations among the case frequency, the frequency of inflexional suffixes and the
length of inflexional suffixes (which can be understood as a measure of



inflexion/change) are exploited in psycholinguistics (we mention works [17] for
Polish, [12] and [19] for Serbian, and [9] for Slovak). A theoretically based model
would therefore also be useful in this research area.
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