Bunyck 25. Towm 1

YK 81'32
DOI https://doi.org/10.32782/tps2663-4880/2022.25.1.47

STATISTICAL METHODS FOR DETERMINING THE DIFFERENTIAL
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The article presents a description of statistical methods for determining units that function in the texts of different fields
of knowledge, but related to the common scientific and technical discourse and having different quantitative values at the
grammatical level. The object to which statistical calculations were applied was the aspect-temporal paradigmatic forms of
finite verbs. Three text corpora, respectively, of three specialties — “Acoustics”, “Chemical Engineering” and “Automation
of Heat and Power Processes” were used as the research material. Each corpus includes 100 thousand tokens each. The
total sample size is thus 300 thousand tokens. The source for the material were articles from scientific journals published in
England and the USA. Text corpora of specialties were used that are not thematically related to each other, which makes it
possible to generalize the results obtained and determine some integral and differential characteristics inherent in the texts
of scientific and technical discourse as a whole. The main research methods were the following: the method of structural
and probabilistic analysis, contextual analysis and elements of distributive analysis, the method of expert assessment,
the method of rank correlation. In addition a quantitative analysis of the studied units was used, explaining the causes of
frequency and taking into account extralinguistic factors that determine some specific features of the scientific style. The
analysis of the frequencies of occuring the aspectual-temporal paradigmatic forms of a finite verb in each text corpus and
their comparison by the overall frequency makes it possible to trace the peculiarity of the paradigmatic forms-of-verb
implementation in specific conditions. The authors have found that although the principle of the statistical parameter of
frequency is rather rigidly preserved in the presented text corpora (meaning they belong to the same type of discourse in
terms of the frequency of usage of the text units under consideration), nevertheless, we can talk about probable cases of
discrepancy in the frequency of occurring of some of them in different text corpora included in the scientific and technical
discourse. In our case, these are some forms of aspect-temporal verbal paradigm that have different statistical parameters
in the texts of these technical specialties.

Key words: aspectual-temporal paradigmatic forms, frequency of occurring, scientific and technical discourse, token,
contextual analysis.

CraTTa npeAcTaBnsie onuc CTaTUCTUYHWUX METOAIB ANS BU3HAYEHHS OAMHMULUb, WO YHKUIOHYIOTb Y TEKCTax Pi3HUX
ranysei 3HaHHs, ane Hanexartb A0 3aranbHOro HayKOBO-TEXHIYHOMO AMCKYPCY Ta MatoTb Ha rpaMaTUYHOMY Pi3Hi KiflbKiCHi
nokasHukn. O6'ekTOM, 0 SKOrO 3aCTOCOBYBANMCH CTAaTUCTMYHI 064MCcneHHs, 6yno obpaHo BUAO-4aCoBi NnapagurmaTuyHi
dopmn  iHITHMX JiecniB. Ak matepian JOCNigpKeHHS Oynu BMKOPWUCTaHI TpW TEKCTOBIi KOpMyCW BiAMOBIAHO TPbOX
cneujanbHocTen — “Acoustics”, “Chemical Engineering” Ta “Automation of Heat and Power Processes”. KoxeH kopnyc
BkntodaB 100 TMCAY CMOBOBXUTKIB KOXeH. 3aranbHuin obcar BUGIpKM CTaHOBWUTL TakuM YnMHOM 300 TUC. CIIOBOBXMTKIB.
Ixepenom ans cpopMyBaHHA KOPMYCiB MOCNYXWNW CTaTTi 3 HAyKoOBUX >XypHanis, BuaaHux B AHrmii Ta CLUA. Bynu
BUKOPUCTaHi TEKCTOBI KOPMYCU CheLiarnibHOCTEN, siKi TEMATUYHO He MOB'A3aHi Mixk cobolo, WO Aae 3Mory y3aranbHUTK
OTPUMaHi pe3ynbTaTi Ta BU3HAYUTU AesKi iHTerpanbHi Ta AudepeHuianbHi XapakTepucTuku, BNacTMBi TEKCTaM HayKoBO-
TexHiyHoro Amckypcy 3araniom. OCHOBHUMM MeTodamu JOChiAXeHHs Oynu Taki: MeTod CTPYKTYpHO-MMOBIPHICHOIO
aHaniay, KOHTeKCTyalnlbHWUI aHani3 Ta enemMeHTn AMCTpUBYTUBHOMO aHanidy, MeETO4 eKCNepTHOI OLiHKW, METOA, PaHroBol
kopensuii. Kpim Toro, BUKOPUCTOBYBABCS KiMbKiCHUIA aHani3 4oCnigXyBaHNX OQVHULb 3 NOSACHEHHSAM NPUYUH YaCTOTHOCTI
Ta BpaxyBaHHAM €KCTPaniHrBiCTUMHUX (paKTopiB, SKi AeTEPMiHYIOTb Aeski crneumdiyHi 0cobnMBOCTI HAyKOBOrO CTUIIO.
AHani3 4acToT BXMBaHHA BUAO-4aCcoBMX napagurmatnyHmx oopM (piHiTHOrO diecnoBa B KOXXHOMY TEKCTOBOMY KOpMyCi Ta
X 3iCTaBNEHHS 3a 3aranbHOK YacTOTOK Aa€ MOXIMBICTE NPOCTEXMUTU CBOEPIAHICTb peanisauii napagnrMaTuiHux opm
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JiecnoBa y KOHKPETHMX ymoBax. byno BCTaHOBNEHO, L0 X04a NPUHLMM CTAaTUCTUYHOIO napameTpa YaCcTOTHOCTI 4OCUTb
XKOPCTKO 30epiraeTbCs y NpeAcTaBneHNX TEKCTOBKX Koprycax (MaeTbCs Ha yBasi iX BigHECEHICTb 4O OAHOro TUNy AUCKYPCY
MO YaCTOTHOCTI BXMBAHHS TEKCTOBUX OAMHWLB), MPOTE MOXHa roBOPUTU NPO MOXMMBI BUNaAKM po3BiXXHOCTI 3a 4acToTo
BMKOPUCTaHHSA AESKMX 3 HUX B Pi3HWX TEKCTOBMX KOPMycax, BKMOYEHUX OO HAYKOBO-TEXHIYHOrO AWMCKYpCY. Y Hallomy
BUNagKy ue Aeski hopMM BMOO-4ACOBOI AiECMiBHOI napagurMu, siKi MalTb Pi3Hi CTaTUCTMYHI NapameTpu B TeKCTax

3a3Ha4yeHnX TEXHIYHMX creLianbHOCTEN.

Knio4yoBi cnosa: B1o-4acosi napagurmaTtnyHi popmMu, 4acToTa BXUMBAHHS, HAYKOBO-TEXHIYHUIA AUCKYPC, CIIOBOBXUTKM,

KOHTEKCTyarnbHWUI aHanis.

Formulation of problem. Analysis of the latest
articles. One of the most frequently described types
of discourse at present is the one that includes sci-
entific and technical text corpora. Modern computer
information processing tools make it possible to cre-
ate corpora of almost any field of knowledge, which,
of course, is very important for satisfying the needs
of applied linguistics [5; 6; 7; 8; 9; 10].

But at the present stage of the development of lin-
guistic science a simple representation of text sets is
no longer enough. Researchers strive to get answers
that can only be provided by the analysis of text units,
their lexical, grammatical and other characteristics
that give a clear understanding of their functioning.
The results of such an analysis allow not only to
draw conclusions about the current state of scientific
discourse, but also to anticipate possible changes in
future scientific works.

In addition some problems remain in discourse
studies that have not been resolved in previous stud-
ies i.e. those that until recently remained outside the
field of attention of researchers. This concerns, first
of all, such a question as the differentiation of text
corpora of various technical fields at the grammatical
level. The reason for this situation can be considered
the conviction of scientists that the belonging of a
text to one or another technical (or non-technical)
specialty can only affect lexical-semantic features,
but not its grammatical characteristics [1; 2; 3; 4].

However now linguists using statistical data
obtained as a result of a survey of text corpora [11;
12; 13; 14] note certain quantitative differences in
the implementation of grammatical units in the texts
belonging to scientific and technical discourse but
referring to various specialties. For example, there is
a different frequency of use of some syntactic and
morphological units. Thus, along with specific lin-
guistic phenomena that are characteristic for all texts
of the same type of discourse and which are used with
almost the same frequency in these texts, there is a
limited number of units (language means), the statis-
tical parameters of which may differ significantly in
text corpora of various specialties, although belong-
ing to the same common type of discourse.

Formulation of task. The purpose of the article is
to describe statistical methods for determining units
that function in the texts of various fields of knowl-

edge, but referred to scientific and technical dis-
course and having different quantitative values at the
grammatical level. The aspectual-temporal paradig-
matic forms of finite verbs were chosen as the object
to which statistical calculations were applied.

Basic material presentation. Three text cor-
pora, respectively, of three specialties — “Acoustics”,
“Chemical Engineering” and “Automation of Heat
and Power Processes” are used as research material.
Each corpus includes 100 thousand tokens each. The
total volume of the material is thus 300 thousand
tokens. Articles from scientific journals published in
UK and the USA served as a source for the compila-
tion of corpora. The author should stress that the use
of text corpora dealing with specialties that are not
thematically connected to each other makes it pos-
sible to generalize the results obtained and determine
some integral and differential characteristics inherent
in the texts of scientific and technical discourse as a
whole.

The following methods were used: the method of
structural and probabilistic analysis, contextual anal-
ysis and elements of distributive analysis, the method
of expert assessment, the method of rank correlation.
In addition, a quantitative analysis of the studied
units was used, explaining the causes of frequency
and taking into account extralinguistic factors that
determine some specific features of scientific and
technical discourse.

The topicality of the presented study is due, on the
one hand, to the functional significance of the con-
sidered grammatical phenomenon in language and
speech, on the other hand, to the insufficient knowl-
edge of the features of its functioning in the engineer-
ing texts. The authors try to prove that the assign-
ment of texts of different profiles or specialties to the
same type of discourse does not mean that the fre-
quency of the use of certain morphological and syn-
tactic phenomena in these texts should be the same
(or approximately the same). It can vary within the
same discourse depending on the types or genres of
texts which can differ significantly from each other in
terms of the degree of abstraction, information con-
tent, and specific goal setting.

Thus, the present work is in some contradiction
with the already generally accepted statements that
only statistical parameters can serve as a sufficient
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basis for including the exact text corpora in this or
that type of discourse [1; 2; 3; 4].

As already mentioned in order to be able to judge
the integral and differential features of different texts
of this discourse, and in particular, texts referred to
different areas of scientific and technical knowledge,
the text corpora of three specialties have been cre-
ated: “Acoustics”, “Chemical Engineering ” and
“Automation of Heat and Power Processes”.

The homogeneity of the text corpus is ensured
by the belonging of all the texts included in it to the
common discourse (scientific) and one genre (scien-
tific article).

The content of individual articles of each corpus
was determined in accordance with the specific share
and number of subject areas of the semantic space of
each specialty, determined by interviewing special-
ists in these fields of technology when compiling fre-
quency dictionaries of these specialties [5; 7].

The sufficiency of the sample size was checked
according to the formula adopted in linguistics:

2
- [1]
e-f

where N — is the minimum size for obtaining the
reliable information of the total text corpus (in word
forms);

f — is the relative frequency of the analyzed
grammatical phenomena (the number of occurrences
divided by the number of words in the text corpus);

€ —relative error;

Sp — is a coefficient used in linguistic research,
equal to 1.96 [1].

When examining the text sets (corpora)
“Acoustics”,  “Chemical  Engineering”  and
“Automation of Heat and Power Processes”, it was
found that the relative frequency (f) of the aspect-
temporal paradigmatic forms of a finite verb is 0.06
since the size of one continuous text totality is 100
thousand tokens. Therefore, out of 25 journal articles
on which the content of each corpus of three special-
ties is based, 6126 5607; 6084 finite forms of verbs
were selected respectively. The relative error with
such a size of each corpus is equal to:

1,96 1,96
&= =
JN-f {/100000-0,06

=0,025=2,5%

The obtained data (f, €) are substituted into the
formula

z6? 1,96°

N=="_= . = 96000
&-f 0,025°-0,06

In other words the selected number of examples
at € = 2.5% covers 97.5% of the text, i.e. with an
accuracy of 97.5% it ensures the reliability of
statistical characteristics in a text corpus with a size
of 96 thousand words.

At present it is commonly accepted that the total
corpus is considered quite sufficient if it covers
70—60% of the entire set of texts and the relative error
in the analysis of linguistic phenomena is taken in the
range from 3% to 25% [1; 6].

The units of counting in our research were the
paradigmatic forms of the verb-predicate.

The selected elementary sentences were analyzed
from the point of view of the implementation of voice
and aspectual-temporal paradigmatic forms of the
finite verbs of the indicative mood and their structure.
Thus each verb was endowed with a certain set of
characteristics to be calculated.

After processing each text corpus the tables were
compiled, then summary tables and generalized lists
of fixed units in descending order of frequencies were
compared both within the same specialty and between
different specialties, i.e. the method of correlation of
signs and rank correlation were used.

The identified aspectual-temporal paradigmatic
forms were divided according to their frequencies
into high-frequency ones (which occurred more
than 100 times in the texts of these specialties) and
low-frequency ones. All the aspectual-temporal
paradigmatic forms of the finite verb with low
frequencies were combined into one group of “low-
frequency” forms for the convenience of calculations
and to ensure statistical reliability.

Using the quantitative and qualitative parameters
of the verbal paradigm implemented in the texts of the
studied scientific fields of knowledge, and identifying
high-frequency and low-frequency aspectual-
temporal forms, we studied the syntactic conditions
for the functioning of only high-frequency aspect-
temporal paradigmatic forms of the finite verbs of the
active and passive voices, which show the specificity
of “behavior” of the morphological categories of the
verbs in finite forms in the texts of different fields of
scientific discourse.

The peculiarity of scientific text is generally
determined by the purpose for the most economical
and at the same time the most accurate presentation.
This factor, which lies outside the actual linguistic
sphere, to a large extent affects the syntactic
characteristics, the use of certain grammatical classes
of words, and the frequency of their occurrence in
the text.

Since the verb can be combined with nouns,
adjectives, adverbs, infinitives, gerunds the behavior
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of high-frequency aspectual-temporal paradigmatic
forms of finite verbs was studied in terms of their
immediate environment on the right (words and
phrases), associated with the studied verbs by a
syntactic or semantic links.

Almost 50 syntactic constructions were registered
with verbs in the active voice, with verbs in the
passive voice — only 20 constructions; for verbs in the
active and passive voice, lexical units were identified
that are characteristic of these syntactic constructions.
Only high-frequency syntactic constructions were
used for the further research.

The statistical approach to the study of text
involves the use of a certain mathematical
apparatus, the purpose of which is to obtain
objective data on the discrepancy between the
frequencies of language units in the same array or
in different arrays of texts.

In this work the following mathematical
calculations have been carried out. When performing
the statistical analysis for each aspect-temporal
paradigmatic form, the average frequency was
calculated for the 1000 token text set according to
the formula

x==N4 [15]

where a — is the total text set size

n — the number of text sets

x, — is the absolute frequency of the given shape

a,— is a size of each text (set).

Then after calculating the average frequency the
standard deviation (o) and the value of the change in

the average frequency (o-) were found using the
formulas:

a)sz@i?%

where the (x, = x) — is the difference between
each of the absolute and average frequencies;

n, — is the part of the text set with absolute
frequency

N — the amount of the researched text corpora

(¢}
b) 0. =—
) x \/ﬁ

In addition, using the value of fluctuations in the

average frequency (o), a relative research error was

revealed for each aspectual-temporal paradigmatic
form:

1,96-cx

X

The comparison of the percentages of the
frequencies of the compared values was carried out
according to the formula

_B-p
SEd%

[16, p. 61]

where P, — is the percentage indicator of the first
group;
P, — is the percentage indicator of the second

2
SEd% = /PQ(i+L)’ p:M
n,on, n +n,

group.
where P — is arithmetical mean of the percentage
indicator of the both groups:

0=1-P

n, — is the absolute feature frequency in the first
group;

n, — is the absolute feature frequency in the com-
pared group abcomnroTHasi;

The number of degrees of freedom is determined
by the formula:

f:(nl _1)+(n2 _1)9

where n, —is the number of text corpora compiled
for one specialty;

n, —is the number of text corpora compiled for the
compared specialty.

The degree of freedom indicator is used to deter-
mine the critical value of the Student's criterion
according to the table. Values above the critical point
indicate significant frequency discrepancies.

The correlation analysis was carried out according
to the formula:

6y’

oD [17,p. 8]

where ¢ — is the rank correlation coefficient

d — is the difference between the frequency ranks
of two features in one set of texts

N — the number of rows (features).

To assess the nature of frequency fluctuations we
calculated (for each paradigmatic form of the verb)
the coefficient of variation (V)

V=L-100
X

[17, p. 36]

which shows the ratio of the standard deviation
to the average frequency expressed as a percentage.
The critical threshold of the coefficient of variation is
40%, above which the frequency variation in the text
corpora is not random but regular.
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Conclusions. The analysis of the frequencies of
the use of aspectual-temporal paradigmatic forms of
finite verbs in each text corpus and their comparison by
the common frequency makes it possible to trace the
originality of the implementation of the paradigmatic
forms of the verb in specific conditions. It was
found that although the principle of the statistical
parameter of frequency is rather rigidly preserved in
the presented text corpora (meaning they belong to
one type of discourse in terms of the frequency of use
of the text units under consideration), nevertheless,
the value of the coefficient of variation — 40% — is
high enough to be able to talk about probable cases of
discrepancy in the frequency of use of some of them
in different text corpora included in the scientific
and technical discourse. In our case these are some
forms of the aspectual-temporal verbal paradigm that

have different statistical parameters in the texts of the
above technical specialties.

The study of modern works devoted to this
issue has led to the conclusion that the best
for research of this nature is a combination of
methods of continuous text analysis, structural
and probabilistic analysis, elements of distributive
analysis, comparative analysis at the morphological
and syntactic levels using mathematical methods to
establish the reliability of the results obtained. Such
kind of combination allows the most complete and
comprehensive presentation of the results of text
corpora analysis, which is carried out in order to
detect the integral and differential characteristics of a
particular linguistic phenomenon that has manifested
itself in texts of various specialties referred to the
same type of discourse.
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