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QUANTITATIVE CORPUS-BASED METHODS FOR CONSTRUCTION GRAMMAR
RESEARCH

V. V. Zhukovska*

With the rapid proliferation of computerized language corpora, modern linguistics is becoming
more data-driven and corpus-based, and quantitative linguistic research is gaining popularity. The
methodology for linguistic analysis is being improved, and statistically reliable tools are being
actively employed to test scientific hypotheses and theories. Cognitive-quantitative construction
grammar is a new interdisciplinary study field that results from the integration of qualitative and
quantitative linguistic approaches. Drawing on research from various linguistic fields, this
Jframework comprehensively studies general and idiosyncratic features of language constructions —
‘form-meaning’ pairings. This article provides an overview of a number of quantitative corpus-based
methods that can be used in cognitive-quantitative construction grammar research to establish
distinctive linguistic parameters (factors) of form and meaning of complex clause-level constructions.
Clause-level constructions are distinguished by a set of linguistic parameters and factors that
determine the specificity of their form (morphosyntactic, relational, referential, positional, syntactic-
functional, distributive, etc.) and meaning/ function (collostructional, semantic, communicative, etc.).
To determine distinctive parameters of the form of a construction, specialized quantitative corpus
methods can be employed: 1) one-factor analysis of variance (ANOVA), 2) multifactor analysis of
variance (MANOVA) and 3) post-hoc test by Tukey's multiple comparison method. To identify
distinctive parameters of construction's semantics, the method of collostructional analysis can be
utilized. By integrating corpus linguistics and quantitative studies, a new level of comprehension
can be attained, which makes it possible to analyze linguistic data more accurately. Quantitative
corpus-based methods should be considered an effective tool for construction grammar research,
allowing linguists to move beyond intuition and gain a deeper understanding of the complexity of
language phenomena.
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KBAHTHTATHBHI KOPIIYCO-BA3OBAHI METOJH B NOCAIAXEHHSX 13
KOHCTPYKIIIHHOI TPAMATHUKH

XykoBchbka B. B.

3i cmpimMKum NOWUPEHHAM KOMN'IOMEPU308AHUX MOBHUX KOPNYCI8 CYUACHA JiH28iCMuKa cmae
61Ul Kepo8aHO OAHUMU MA KOPNYCOOPIEHMOBAHOW, O KBAHMUMAMUBHL OOCNIONEHHST MO8U
Habyearome yce 6inbuioi nonyasipHocmi. Memooosozisi NiH28ICMUUH020 AHALIZY 800CKOHANIOEMBCSL, A
cmamucmuuHo HAOIUHI IHCMpYMmeHmu aKmueHo 3acmocogytoms 0Jisi nepesipKu Haykosux 2inomes i
meopiii. KoeHimugHoO-K8AHMUMAMUBHA 2PAMAMUKA KOHCMPYKYIU — Ye HOBULL MIKOUCYUNIIHAPHUL
Hanpsim OOCTIOXKEHb, KU € pe3ysibmamom iHmezpayii KeaiimamueHozo ma KeaHmMumamugHozo0
JUH2BICMUUHUX nidxo0ie. I[HmMezpyrouu meopemuuHi ma MmemoOOJ02iUHI HACMAHO8U PIZHUX
JIH2BICMUUHUX 2any3ell, ueli Hanpsam KOMNIEKCHO B8UBUAE 3a2a/bHI ma i0I0CUHKPAMUYHL
ocobueocmi MOBHUX KOHCMPYKUIU — nap "¢popma-sHaueHHs". Y uyili cmammi no0aHo 02/1510 HU3KU
K8AHMUMAaMUBHUX KOPNYco-6a308aHUX Memo0i8, SKi MoXKYymb 6Yymu 8UKOPUCMAHL 8 KOZHIMUBHO-
K8AHMUMAMUBHUX  KOHCMPYKUIUHUX  OOCNIONEHHSIX O/l  8CMAHOBNEHHST  OUCMUHKMUBHUX
JiH28ICMUUHUX napamempig (paxmopis) popmu Ui 3HAUEHHSL CKAAOHUX KOHCMPYKUIU PI8HS KAAY3U.
KoHncmpykuil pisHs Kaay3u 6UpI3HSMbCs: HABOPOM JIH2BANbHUX napamempig i gaxmopis, skKi
8U3HAUAOMb CNeYUPIKy iXHbOI PopMuU (MOPPOCUHMAKCUUHI, PensUiliHi, pehepeHuiliHi, NO3UYILIHI,
CUHMAKCUUHO-PYHKYITHI, oucmpubymueHi mowio) ma 3HaueHHsT / QYHKUIL (KONOCMPYKUYITHI,
CeMAHMUUHI, KOMYHIKamMueHi mowio). [ns eusHaueHHsi OUCMUHKMUBHUX napamempis ¢popmu
KOHCMPYKUii MOoKyme Oymu 30aCmMOCO8AHI CNeylanizog8aHi KEAHMUMAMUBHI Kopnycoba308aHi
Mmemoou: 1) ooHopaxkmopHuii ducnepcilinuti aHaniz (ANOVA), 2) 6azamogaxmopHuli oucnepcitiHuil
ananiz (MANOVA) ma 3)nocmxok-mecm 3a memoOOM MHOIKUHHO20 nopieHsHHS Teroxi. [ns
BUSIB/IEHHSL BIOMIHHUX Napamempis CemMaHmMuKu KOHCMpYKUii moxxe bymu suxopucmaHuili memoo
KoslocmpykuyiliHozo aHanizy. IloeOHaHHSL KOPNYCHOI Ma KeaHMUMAMUEHOI JiHzeicmuku 0ae 3mo2y
docslemu HOB020 PIBHSL PO3YMIHHSL, W0 YMONKAUBAOE MOUHIULUL AHANI3 JIH2ZBICMUUHUX OAHUX.
KeanmumamueHi  kopnycobasoeaHi memodu nompibHo  posensdamu K egpeKkmueHull
iHempymeHmapiii 2pamamuki KOHCMpPYKYii, uo dae 3mozy JNiHzeicmam suiimu 30 mexi iHmyiyil i
2nubwe 3po3ymMimu CYmHicmes MOSHUX SIBULY.

Knwuoei cnoea: kopnyc mo8U, KEAHMUMAMUBHL Memoou, JiH2BANbHUL napamemp,
2pamamuuHa KOHCMpPYKYis

Introduction. The development of with the publication of a large number of
contemporary cognitive linguistics, and linguo-cognitive studies based on a
construction grammar in particular, is broader and more balanced empirical
accompanied by a discussion on foundation, involving large amounts of
enhancing the objectivity of data and a natural language data [3; 30] and
search for methods to improve the employing sophisticated methods of
precision of research. As a result, the inferential statistics [9; 27; 28; 32].
methodology for linguistic analysis is The integration of qualitative and
being refined, and statistically reliable quantitative approaches gives rise to the
tools are being actively employed to new interdisciplinary area of linguistics,
validate  scientific hypotheses and which combines cognitive linguistics
theories [5; 12; 19]. Traditional methods (Langacker (1987; 1991); Janda, (2013)),
of linguistic analysis are supplemented cognitive construction grammar
by quantitative methods developed and (Goldberg (1995; 2006; 2019)), usage-
tested by corpus and experimental based construction grammar (Hoffmann
linguistics [7; 10]. (2016); Hilpert (2019)), quantitative

Analysis of previous research. linguistics (Levytskyi (2007), Perebyinis
Obviously, the synthesis of qualitative (2013)), quantitative corpus linguistics
and quantitative analyses of linguistic (Gries, Stefanowitsch (2004, 2013);
phenomena is becoming a reliable Brezina (2018)), and automatic speech
approach for obtaining objective data processing (Darchuk (2013) into one
about language. This trend has become study field - cognitive-quantitative
especially prominent in recent years, construction grammar (CQCxGr). By
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drawing upon research from various
fields, this new interdisciplinary
framework brings together a variety of
different methods to comprehensively
explore general and idiosyncratic
features of language constructions® -
‘form-meaning’ pairings, holistic semiotic
models of varying degrees of schematicity
and complexity [15; 24; 26]. CQCxGr
aims at providing an explanation for the
semiotic phenomena of language and
speech on their mental basis, with
special focus on usage-based
methodology, extensive exploitation of
linguistic corpus data, and application of
quantitative methods and specialized
computer data processing programs [1;
9; 20; 27]. The quantitative
parameterization of the linguistic
properties of form and meaning of a
construction is among the most
researched areas in the field.

The aim of the article. The purpose
of this article is to discuss the essence
and practical application of quantitative
corpus-based methods for determining
the distinctive linguistic parameters
(factors) of form and meaning of complex
clause-level constructions.

Results. With the rapid spread of
computerized language corpora, modern
linguistics is becoming more data-driven
and corpus-based, and the quantitative
study of language is gaining popularity.
Depending on the proportion of
qualitative and quantitative aspects in
data interpretation, corpus-based
research can be mainly qualitative,
proportionally combine qualitative and
quantitative aspects, or be entirely based
on quantitative principles, merging
methodologically with computational
linguistics and automated information
retrieval. The usage-based approach to
language acknowledges the frequency of
a linguistic unit in a corpus as one of the
operationalizations of  this unit's
conventionality (cognitive entrenchment
[4: 44; 11: 292-293; 36]) in the language
community. On the basis of language

5 The italicized variant of the term 'construction'is part
of the terminology of a specific grammar theory —
construction grammar
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unit frequency, the degree to which
observed data deviate from expected data
and the statistical significance of
deviations are determined. Generally, the
degree of deviation is determined using
mono-factor/multi-factor, or multivariate
analysis.

Complex clause-level constructions are
distinguished by a set of linguistic
parameters and factors that determine
the specificity of their form (plane of
expression) (morphosyntactic, relational,

referential, positional, syntactic-
functional, distributive, etc.) and
semantics / function (plane of meaning)
(collostructional, semantic,
communicative, etc.). To establish
statistically significant linguistic

parameters and factors that determine
the variability of a specific construction in
a constructional network, specialized
quantitative  corpus methods are
employed [8; 21; 32]. The most widely
utilized methods are  multivariate
quantitative data analysis models
(principal component method, multiple
regression analysis, analysis of variance
(single-factor ANOVA, multifactor
MANOVA), linear discriminant analysis,
cluster analysis, factor analysis, etc.),
which permit simultaneous operation
with multiple variables [2: 337] These
methods are employed to establish
relationships between two or more
attributes and to determine which
factors are significant and to what
extent. Multivariate probabilistic
methods overcome the limitations of
conventional approaches to the study of
differences between constructions by
simultaneously analyzing a number of
factors (parameters) that determine the
linguistic characteristics of a particular
construction.

In order to establish statistically
significant indicators that determine the
distinctive linguistic features of a
construction, its functioning in
contemporary English, and can serve as
indicators of speakers' choices among
the nodes of the constructional network
for categorizing their experience, a three-
phase linguistic quantitative procedure
involving the sequential use of a number
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of methods 1) one-factor analysis of
variance (ANOVA), 2) multifactor analysis
of variance (MANOVA) and 3) post-hoc
test by Tukey's multiple comparison
method. The application of the chosen
statistical methods is justified by their
heuristic potential for establishing
statistically significant differences
between constructions.

ANOVA (ANalysis Of VAriance) is a
parametric  statistical method for
comparing multiple samples on a metric
scale. Developed by R. Fisher in 1925
[14: 32], ANOVA aims to detect
dependencies in experimental data by
measuring the significance of differences
in mean values [37: 12]. This method is
intended to test hypotheses regarding
the relationship between a particular
attribute and the factors under study, as
well as to determine the degree of
influence of the factors and their
interaction [31: 23]. ANOVA is employed
to reduce the possibility of the first type
of error when multiple comparisons are
made.

Notably, the ANOVA method is
recognized as a special case of regression
analysis [31: 171]. Regression analysis is
used to analyze observational data such
as corpus data, questionnaires, and
surveys, whereas ANOVA is primarily
employed in experimental research
(pedagogy, psychology, and sociology).
Nevertheless, we believe that ANOVA as a
type of regression analysis has
considerable potential for analyzing the
variation in the manifestation of
linguistic features of grammatical
constructions in a corpus.

ANOVA methods include 1) one-factor
ANOVA, which allows testing the
hypothesis that the independent variable
under study has an effect on the
dependent variable; 2) multivariate
ANOVA, which is designed to study the
effect of multiple independent variables
on the dependent variable; 3) repeated
measures ANOVA, used when different
values of the independent variable
correspond to different groups of objects;
and 4) multivariate ANOVA, which is
applied to study the effects of
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independent  variables on  several
dependent variables rather than one.
One-factor ANOVA is utilized to

estimate the impact of a particular factor
on a construction. The F statistics is
calculated to determine the ratio of
variance attributable to the factor and
"random" variance. One-factor ANOVA
calculates the significance level p, which
is used to conclude that the analyzed
samples are homogeneous, i.e., that the
factor has no effect, or vice versa. The
preliminary stage is to test the null
hypothesis that there is no effect of the
factor(s) under study, i.e., the hypothesis
that differences in the attribute values of
compared samples are due to random
chance and all data come from the same
general population.

MANOVA (Multivariate ANalysis Of
VAriance) is a multivariate analysis of
variance similar to ANOVA, except that
instead of testing group differences with
respect to a single dependent variable,
MANOVA tests group differences with
respect to multiple dependent variables
[37: 385].

When statistically significant
differences (p<0.05) exist, it is essential
to determine the groups that differ. For
this purpose, a post-hoc comparison
procedure is conducted. The Tukey test,
the Kruskal-Wallis H-test, and the
Mann-Whitney test are utilized for post
hoc comparisons [5: 195; 37: 680]. In
our research, posterior testing is
performed wusing the Tukey's multiple
comparison method

The outlined three-phase linguistic
quantitative procedure is the most
efficient for determining  distinct

parameters of the form of a construction,

such as morphosyntactic, positional,
relational, referential, distributional,
syntactic-functional, etc. For

identification of distinctive parameters of
construction's meaning, the procedure of
collostructional and frame analysis is
suggested.

The lexical and semantic properties of
the lexemes that fill the constructional
slots are defined as a construction's
collostructional parameter. The semantic
(conceptual) properties of the lexemes-
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fillers of a construction's core slots are
defined, wusing of highly specialized
quantitative corpus methods, with the
method of collostructional analysis being
the most influential.

The method of collostructional
analysis is based on inferential statistical
measures and is intended to provide a

more refined set of procedures for
investigating the interaction between
lexis and grammar  (the  blend

"collostruction” combines the nominations
"collocation” and 'construction”). The
studies conducted by the method's
creators, A. Stefanowitsch and St. Gries
[16; 17; 34; 35] provide a comprehensive
explanation of the procedure and
implementation details.

Collostructional analysis combines a
number of corpus-based quantitative
techniques for determining the meaning
of a grammatical construction by
quantifying the degree of mutual
attraction and repulsion between the
construction and the lexemes that fill a
specific constructional slot [16; 17; 22;
34; 35]. The Ilexemes that show
statistically significant indicators of
attraction to a particular construction’s
slot are construction's collexemes. Based
on a usage-based approach to language
study, this corpus-driven, quantitative,
and mathematically appropriate method
aims to: 1) improve the quality of
grammatical description by providing an
objective means of establishing the
meaning of a grammatical construction
and determining the degree of preference
(attraction) or vice versa restriction of the
use (repulsion) of certain lexical items in
certain slots of this construction; and 2)
provide competent data for building a
theory of language [34: 209].

Collostructional analysis techniques
can be applied to linguistic units of any
level of abstraction (words, fixed
expressions, argument structures,
grammatical categories of tense, aspect,
or mood) in order to solve a variety of
linguistic problems by establishing the
attraction, repulsion, and mutual
distribution of units in the context of
different constructions. In other words,
collostructional analysis is applied to
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linguistic phenomena that open up
grammatically defined slots for the use of
specific lexemes. The method is based on
the principle of semantic consistency,
which states that a lexeme can be used
in a construction if it is semantically
compatible with the meaning of the
construction itself (or, more precisely,
with the meaning that the construction
ascribes to a specific slot in which this
lexeme appears [34: 213]. The method of
collostructional analysis does not rely on
pre-formulated  hypotheses and is
entirely based on corpus and statistical
data. The method has already been
proven successful by linguists from other
countries [6; 12; 25; 39; 40], but
domestic linguistics has not yet given it
the attention it deserves.

Collostructional analysis includes
three interconnected quantitative
techniques: 1) simple collexeme analysis
[34] measures the degree of attraction/
repulsion of a lexeme in relation to a
construction's slot; 2) distinctive
collexeme analysis [16] determines which
of the two constructions a lexeme
prefers; and 3) co-varying collexeme
analysis [22; 35: 7] measures the
interdependence between lexemes filling
two different slots of the same
construction [5; 16; 22: 7; 35:] (Fig. 1).

The simple collexeme analysis is the
most commonly used technique of the
collostructional analysis. The technique
is applied to establish the attraction/
repulsion between a lexeme and a slot in
a construction by comparing the
frequency of the lexeme in the slot to its
frequency in other contexts outside the
construction (i.e., in the corpus). This
technique provides objective evidence as
to whether a lexeme that is frequently
used in a construction's slot is actually
attracted to it, or whether this lexeme is
a high-frequency unit in the corpus and
thus frequently occurs in the given
construction. The results of the simple
collexeme analysis provide important
insights into the meaning of a
construction by identifying the semantic
properties of lexemes that exhibit
statistically significant attraction to a
specific slot.
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distinctive collexeme analysis

collexeme analysis
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collexeme analysis collexeme analysis

co-varying collexeme

\

co-varying collexeme analysis

co-varying collexeme
analysis

(item-based)

analysis

(system-based)

Fig.1 Techniques of collostructional analysis (adopted from: [17: 506])

The simple collexeme analysis is based
on the frequency of occurrence of
language wunits in a corpus, as
determined by the statistical evaluation
of the observed frequencies of lexemes/
constructions in relation to the total
frequency of occurrence of other
lexemes/ constructions in the corpus.
For the collexeme analysis to be applied,
the corpus must yield four types of
frequency indices for the lexical item
under study (L) and the construction
under study (C): 1) the frequency of the

lexical item (L) in the analyzed
construction (C), 2) the frequency of the
lexical item (L) in all other constructions,
3) the frequency of the analyzed
construction (C) with lexemes other than
the lexical item under study, 4) the
frequency of all other with lexemes other
than the lexical item under study. The
obtained indices are entered into a
contingency table or a four-field table for
calculating x2 (chi-square) (see Table 1).

Table 1
Data for the simple collexeme analysis
+ lexeme (L) - lexeme (L)
+ construction (C) frequency of the frequency of the total
analyzed lexeme (L) analyzed construction (= frequency of
in in the analyzed (C) with lexemes other the analyzed
construction (C) than the analyzed construction (C)
lexeme in the corpus)
- construction (C) frequency of the frequency of all other total
analyzed lexeme (L) constructions with
in other other lexemes than
constructions (C) in the analyzed lexeme
the corpus (L)
total total Total
(=frequency (L) in the
corpus)
Table 1 provides the data for more information on the advantages and
statistical calculations that measure the disadvantages of different methods of
degree of relationship between calculating association measures, see

constructions and lexemes. The Fisher's
exact test or the Fisher-Yates exact test
is the most suitable for this purpose. In
fact, a number of association measures
can be used to calculate the strength of
the association, such as MI (Mutual
Information), t, z) [17: 508; 34: 217] (for
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[38]), but for practical purposes, the
Fisher's test is accepted by default, since
it provides accurate results even on
small samples and for low-frequency
tokens and is recognized as the most
accurate collocation test [20]. The
probability value (p-value) indicates the



Zhytomyr Ivan Franko State University Journal. Philological Sciences. Vol. 1 (99)
BicHux 2Kumomupcekozo deprkasHozo yHieepcumemy imeHi leana dpaHka.
dinonoziuni Hayku. Bun. 1 (99)

degree of collocation strength. Fisher's
test and x2 (chi-square) both test the null
hypothesis that the mutual occurrence of
L and C is independent. This can be
interpreted as follows: the smaller the p-
value, the higher the probability that the
observed frequency distribution of the
studied units is not random, and the
stronger the force of attraction between
the lexeme and the construction. The
lexemes that showed a statistically
significant attraction to a particular slot
of the construction exhibit semantic
coherence with it, based on general
knowledge about the surrounding reality,
which is reflected in semantic frames
[17; 29; 33: 26; 35: 23]. The semantic
properties of filler lexemes serve as
indicators of the construction's
conventional use and determine its
semantics [6: 280; 23].

The need to analyze large amounts of
linguistic data is no longer possible
without specialized software, which in
turn encourages linguists to use complex
computer-assisted quantitative methods
that open up new ways of studying
language and have great potential for
solving numerous theoretical and
practical problems in language research.
The statistical data analysis platform R
can be used to calculate the statistical
methods for linguistic parameterization
of clause-level constructions (one-factor
analysis of variance (ANOVA), multifactor
analysis of variance (MANOVA), post-hoc
test by Tukey's multiple comparison
method, collostructional analyses).

The statistical data analysis system R
is one of the most widely used analytical
tools for quantitative processing of
empirical data in  corpus-oriented
linguistics. It is an extremely powerful,
freely distributed statistical software
environment for data analysis that
provides the researcher with the entire
set of methods necessary for qualitative
linguistic and statistical analysis, as well

as visualization of the results. The
software environment enables the
handling of large amounts of
multidimensional data and the
application of various methods of

processing them, such as visualization
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methods and primary data analysis, the
creation of matrix plots, scatter plots,
and icons, along with Cclassification
methods including data ordering and
ordination, statistical verification, and
mathematical modeling. Today, support
and development of new versions of R is
provided by a united team of developers
from all over the world. R software is
freely available as open source from the
R project website (https://www.r-
project.org/). Typically, additional
specialized software, such as R Studio, is
used to facilitate the writing of R codes,
installation and connection of additional
modules, creation and storage of graphs
of statistical distributions, etc. The main
advantages of R are the ability to repeat
and reproduce the analysis data, the
availability of a large number of ready-
made packages for various statistical
data analyses, and the capability to
generate high-quality graphics. The
algorithm for applying R packages to
identify distinguishing linguistic factors
of clause-level constructions using
ANOVA, MANOVA, and Tukey's post-hoc
test is described in the article [43], and
the procedure for applying
collostructional analysis using the R
script written by St. Th. Gries [18] to
measure the degree of attraction/
repulsion between lexemes and core slots
of a construction is presented in the
studies [41; 42].

Conclusions. In summary, it can be
concluded that the application of
quantitative corpus-based methods for
establishing distinctive linguistic
parameters/ factors of clause-level
constructions provides reliable data on
their internal dynamics and variability,

which cannot be obtained through
intuition or analysis of raw corpus
frequencies. By combining the

techniques of corpus linguistics and
quantitative studies, a new level of
understanding can be attained, allowing
for more precise analysis in construction
grammar studies. At the same time,
quantitative methods cannot completely
replace other linguistic methods, but
they can supplement them with reliable
and objective quantitative data, thereby
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enhancing the descriptive and construction grammar research, helping
explanatory reliability and validity of the grammarians go beyond intuition and
obtained results. Consequently, better understand the complexities of
quantitative = corpus-based  methods language phenomena.

should be regarded as a valuable tool for
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