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Abstract. The paper presents the results of the corpus-based research of noun cryptotypes in 20 varieties of
English (Englishes). The data for this research collected from Mark Davies’ corpora GloWbE and NOW
enabled us to focus on variation in the covert classification of nouns in modern Englishes. A noun cryptotype
introduced by Whorf is approached as ‘a covert type of classification of nouns, marked by lexical selection in
a syntactical classifier rather than a morphological tag’. The purpose of the study has been to compare and
contrast the covert classification of basic 23 emotions in 20 Englishes (64,702 tokens). 20 Englishes have been
clustered with the help of Data Mining methods (such as k-means clustering and a self-organizing Kohonen
map). There are six clusters that appeared to be corresponding to geographic areas: American cluster (American
and Canadian Englishes); Australian cluster (Australian and New Zealand Englishes); European cluster (British
and Irish Englishes); Asian cluster (Indian, Pakistani, Singapore, Hong Kong, Malaysian, Bangladeshi, Sri
Lankan, and Philippine Englishes); African cluster (Kenyan, South African, Nigerian, Ghanaian, and Tanzanian
Englishes); Caribbean cluster (Jamaican English). The correlation coefficients among Englishes in the Asian
and African clusters (the Outer Circle in the World Englishes Paradigm of Braj B. Kachru) range from 0.74 to
0.8 due to little contact among the varieties inside these clusters. The correlation coefficients between Englishes
in the American, Australian and European clusters (the Inner Circle, Kachru) range from 0.92 to 0.933, which
indicates a high consistency of these varieties owing to the long lasting, enduring linguistic contacts.
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AnHoTanus. B crathe mpencTaBIeHBl pPe3yNbTAThl KOPIYCHOTO HCCIENOBAHHS KPHITOTHIIOB HMEH
cymecTBUTeNbHBIX B 20 numanexrax aHrimiickoro sisbika (Englishes). JlaHHble 71 3TOro MCCIeIOBaHUSA,
cobpanusie u3 koprycoB GloWbE u NOW Mapka J[3Buca, 103BOJIHIM HAM COCPEIOTOUNTHCS HA BApUALIUIX
CKprTOﬁ Knaccudmxaunu CYLIECTBUTCIIBHBIX B COBPEMCHHBIX JUAJIEKTaX aHFHMﬁCKOFO sI3bIKA. KpMﬂTOTl/ll'l
CYIIECTBHTENBHOTO, BBENCHHBI YopdoM, paccMaTpHBaeTCsi KaK «CKDBITBIH THI KIacCHpUKAIHU
CYIIECTBHTENbHBIX, OTMEUCHHBIH JIEKCHIECKAM OTOOPOM B CHHTAKCHYECKOM KiIacCH(UKaTope, a He
Mopdosioru4eckuM Teromy. Llenb ucciaenoBaHus cocTosia B TOM, YTOObI CPABHUTD U CONOCTABUTH CKPBITYIO
ki1accudukanuio 23 OCHOBHBIX SMOLMH B JIBaJLATH JUaJIeKTax aHriuiickoro sizeika (64 702 Tokena). 20
JIMAJIEKTOB aHTJIHHACKOTO SI3BIKOB OBLIM CIPYHIIHPOBAHBI C MOMOIIBIO METOIOB HHTEIIEKTYaIbHOTO aHAIN3a
JIaHHBIX (TAaKUX KaK KJ1acTepusauus K-cpeHux u camoopranusytomascs kapra Koxonena). lllects kiactepos
OKa3aJIuCh COOTBETCTBYIOIIMMH TIeorpauyeckuM oO0JacTAM: aMEpUKAHCKUH KiacTep (aMEpUKAHCKUI U
KaHQJICKUM aHIMIMHCKUN); aBCTPANMMCKUIM KiacTtep (ABCTPAIMHCKUM W HOBO3GJAHJICKUH  JHMIUIEKTHI
AHIIMHCKOTO 5I3bIKa); eBPONEHCKUil KinacTep (OpUTaHCKUI M UPIAHACKUN aHTIIMICKUN); a3MaTCKUN KiacTep
(MHAMMCKUH, TAKUCTAHCKUI, CHHTAIypCKUIl, TOHKOHT CKMH, MaJla3uHCKUii, OaHTIaACIICKUIi, IPU-TAHKUHCKUI
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U (QUIMIIMHCKUH AWANeKThl aHMIMHCKOro); adpHKaHCKui Kkiactep (KSHHICKH, I0)XHOA(QPUKAHCKHI,
HUTCPUICKUM, TaHCKUH W TAH3aHMUCKMUI JMANCKThl aHIVIMHCKOr0); KapuOCKWil Kiactep (sMaiickuit
anrmuiickuil). KoapdumuenTsr xoppemsinuy cpeqy JUaIeKTOB aHITHIICKOTO B a3HaTCKOM H apHKaHCKOM
KJactepax (BHemHMH kpyr B nmapagurme bpamka b. Kaupy) xone6motes ot 0,74 no 0,8 u3-3a HeGob1IIOrO
KOHTAaKTa MKy AUATICKTaMH BHYTPHU 3THX KiIacTepoB. KoadduimenTs Koppemsiuun Mexay AHalIeKTaMu B
aMEPHUKaHCKOM, aBCTPATMHCKOM M €BPOIIEHCKOM Ki1acTepax (BHyTpeHHHH Kpyr) konebmtorest ot 0,92 1o 0,933,
YTO CBUJETEIBCTBYET O BBHICOKOH COITIACOBAHHOCTH JTHX IUAIEKTOB 3a CYET IIUTENBHBIX, yCTONUHMBBIX
SI3bIKOBBIX KOHTAKTOB.

Jas untupoBanus: JJonuna O.B. MeTozp! HHTEIEKTYalIbHOTO aHAIM3a JaHHbIX JUIs CPAaBHEHUS JHAIEKTOB
anrmiickoro s3bika. Tpyast ICII PAH, Tom 34, Bein. 5, 2022 1., ctp. 163-170. DOI: 10.15514/ISPRAS-2022-
34(5)-10

1. Introduction

Due to the universal digitalization observed in the modern information society, a lot of new scientific
fields are emerging, e.g. Digital Humanities (DH) or eHumanities, which is an innovative
interdisciplinary field of research that combines methods of the humanities, social and computer
sciences intending to explore the possibilities of applying new digital technologies in the humanities.
Qualitative data analysis in these sciences can be improved mainly through the digitized texts
available for research. It is worth noting the availability and manufacturability of full-text archives
(for example, various national corpora), which, instead of a small manual sample (n <100), allow to
analyze a statistically representative subset (n> 1,000) or a whole corpus (n> 100,000). The
computational linguistics approach allows the researcher to work with large amounts of data and at
the same time pay more attention to linguistic details by modeling and visualizing the results
obtained.

In sciences, where the object of research is inaccessible to direct observation, such as linguistics, it
becomes necessary to model it using various means of visualizing the object under study. Moreover,
due to the complexity of studying such a dynamic and multifaceted phenomenon as language, it is
advisable, as research in recent years has shown, to use cognitive modeling tools. A review of
modern theories of cognitive modeling in linguistics was made by L.S. Abrosimova [1]. The review
discusses the success of this approach, including the applications in computational linguistics (for
example, in the creation of artificial machine languages and in the improvement of automated
translation). In our current work, we use computer cognitive modeling of unobservable objects,
using a set of Data Mining methods, the essence of which is the process of discovering new
interpretations of knowledge in raw data that are necessary for making decisions in various spheres
of human activity with the help of the methods of mathematical statistics. Data Mining is a
multidisciplinary field that has arisen and is developing based on such sciences as applied statistics,
pattern recognition, artificial intelligence, and database theory.

2. Methodology and related work

Our research methodology of linguistic categories in different linguistic environments is based on
three components: cryptotype analysis, methods of corpus linguistics, and Data Mining. We have
analyzed noun cryptotypes, i.e. the language categories hidden in the English language. These
hidden classes of nouns were described in the works of O.O. Boriskina [2, 3, 4, 5, 6, 7].

A noun cryptotype introduced by Whorf [15] is approached as ‘a covert type of classification of
nouns, marked by lexical selection in a syntactical classifier rather than a morphological tag’ [16].
The purpose of the study has been to compare and contrast the covert classification of basic 23
emotions in 20 Englishes (64,702 tokens).

Noun Cryptotypes represent word classes organized on two main principles: the modeling power of
the Cryptotype Core nouns and the inherent potentialities of the Cryptotype Periphery nouns to
imitate the Core nouns syntactic behavior, i.e. to borrow the cryptotype Core nouns classifiers and
thus to adapt to the Core nouns combinatory characteristics. To illustrate, in context An authentic
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feeling was able to penetrate the structure of the debate, the S-position of the verb to penetrate can
be substituted by a name of a sharp-pointed object. The noun feeling substitutes the above-
mentioned position. This metaphor is meant as the discourse evidence of the noun question
belonging to the periphery of cryptotype ‘Sharp objects’.

At the moment, 6 cryptotypes of the English language have been identified and described (they
correspond with explicit lexical and grammatical categories of some other world languages
according to a typological research): the cryptotype Res Liquidae (a class of liquids, the prototype
is 'water'), Res Acutae (a class of sharp objects, the prototype is 'thorn'), Res Filiformes (a class of
thin objects of unstable form, the prototype is 'thread'), Res Rotundae (a class of round objects, the
prototype is 'ball'), Res Parvae (a class of hand-fitting objects, the prototype is 'apple'), Res Longae
Penetrantes (a class of solid, long, pointed objects, the prototype is 'stick’) [8, 11, 12]. For example,
the nominal cryptotype of the English language Res Liquidae includes such nouns as water, blood,
milk, and other nominations of objects of reality that exist in a liquid state. These nouns are the
prototypes of the cryptotype. At the same time, this cryptotype also contains nouns denoting abstract
concepts. Concepts such as life, goodness, or passion do not occur in a liquid state, but a person
often categorizes them by analogy with a liquid one. Thus, the names of abstract semantics in
metaphorical use can be included in the nominative cryptotypes distinguished in the English
language, so that the names of concrete and abstract semantics coexist in the same language class.
Cryptotype analysis was carried out on the names of emotional state and sensory experience (such
as anger, fear, love, etc.) in 20 varieties of the English language (Englishes) presented in the Mark
Davis’ corpus [9]. Along with British and American, it also features rare varieties (for example,
Kenyan or Tanzanian Englishes). The volume of the research corpus, formed based on the results of
semi-automatic processing of corpus queries, amounted to 65,000 tokens. Previously, to visualize
the results of a cryptotype study, Chernov's faces were used [10]. But in our research, given the
rather large volume of the resulting research corpus and the need to bring together parameters of
different quality (namely, 20 variants of the English language under consideration, 23 names of
emotions, and 6 nominal cryptotypes), the use of this method turned out to be impossible. That is
why we decided to try to apply the methods of Data Mining and computer-cognitive modeling to
achieve our goal.

3. The used approach

First of all, to determine the significance of the factors and the possible reduction of the input
parameters before clustering using the Deductor Academic 5.3 program, a factor analysis based on
the "varimax" method was carried out. Six currently allocated cryptotypes were used as input data.
The next step was the k-means clustering, as well as the construction of a self-organizing Kohonen
map, which is a type of neural network algorithms. Clustering is used to distribute a set of objects
into classes that are not initially specified, with the k-means algorithm being the most commonly
used. Artificial neural networks, which arose as a model of the biological nervous system, consist
of input, hidden and output layers of neurons, and for the input and output layers the parameters are
known, while implicit signal transformations take place in the hidden one. In linguistics, neural
networks are used in neural network models of a language, in machine translation, automatic
clustering of vocabulary (Kohonen maps), etc.

Having employed factor analysis, it was shown that as a result of the performed rotation, there were
no significant changes in the structure of the factor space (i.e., the factors set automatically
correspond to six cryptotypes by 96.09% - 99.51% (Table 1)). Thus, we can talk about the stability
of the data, which indicates the independence of the factors reflected in the correlation matrix, i.e.
the high explanatory significance of all factors (cryptotypes) and the possibility of using them for
further clustering were proved.
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Table 1. Results of factor analysis

Final factors (Varimax method)

Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5 Factor 6

Res Acutae 0,9951

Res

Filiformes 0.9841

Res

Liquidae 0,9609

Res Longae

Penetrantes 0,9769

Res Parvae 0,9851

Res
Rotundae

0,9849

Using the Kohonen neural network, the input maps of the neurons of six cryptotypes were generated,
i.e. the internal structure of the input data was visualized by adjusting the weights of the neurons of
the maps, where the areas containing approximately the same inputs for the analyzed examples are
marked with a certain color. As a result of vector quantization, individual varieties of the English
language were grouped into six clusters corresponding to geographic areas (Fig. 1): 1. American
area (American English and Canadian English), 2. Australian area (Australian English and New
Zealand English), 3. European area (British English and Irish English), 4. Asian area (Indian
English, Pakistani English, Singapore English, Hong Kong English, Malaysian English, Bangladeshi
English, Sri Lankan English, and Philippine English), 5. African area (Kenyan English, South
African English, Nigerian English, Ghanaian English, and Tanzanian English), 6. Caribbean area
(Jamaican English).
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Fig. 1. Kohonen self-organizing maps

The coincidence of the cryptotype categorization with the geographical one emphasizes the
importance of the areal influence noted in the work of V.N. Polyakova and E.I. Yaroslavtseva [13].
Within the framework of this work (on the material of the database "Languages of the World"), the
phenomenon of a typological shift is studied, the essence of which is that languages in the process
of areal contacts acquire new typological features and lose some of the existing ones. At the same
time, widespread signs tend to further spread, and low-frequency ones tend to wash out [13: 114-
115].
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According to the cryptotype analysis for all 23 names of emotions in 20 Englishes, statistics on
cryptotypes were calculated, which reflected the general trends characteristic of the research corpus
as a whole (Fig. 2). The data obtained showed that in 92.3% of cases the share of the cryptotype Res
Rotundae does not exceed 5.6%, which is the lowest value among the cryptotypes, i.e. this class is
the least represented in our research corpus. In 93.6% of examples, the representation of the
cryptotype Res Longae Penetrantes is in the range from 0% to 11.1%, i.e. it appears next to last in
terms of representation. The fourth most common cryptotype is Res Filiformes: in 96.1% of cases,
the share of this cryptotype varies from 0% to 22.2%. The cryptotype Res Acutae is the third in
frequency: in 79.3% of cases its share of representation does not rise above 22.2%, but at the same
time in 3% of examples it is one of the most represented with a value of the cryptotype activity of
some emotion names from 88, 9% to 100%. The second place is taken by the cryptotype Res
Liquidae, whose share of representation in 94.2% of cases ranges from 0% to 55.6%. The leader in
the prevailing majority of word usage is the cryptotype Res Parvae, which share of representation in
55.2% of cases exceeds 55.6%.
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Fig. 2. Frequency of cryptotype representation in the research building

The next step in our research was to create rules based on a decision tree that would allow us to
write a computer program capable of establishing the areal affiliation of a language dialect. Decision
trees are a method of automatic data analysis that forms a sequential structure of rules, where each
object corresponds to a single node that gives a solution. The results of such an analysis can be
presented both in the form of a hierarchy (Fig. 3) and in the form of a set of rules describing classes.
In the future, thanks to the compiled rules and descriptions of clusters, it becomes possible to trace
the dynamics of the influence of language varieties/language areas on each other, conducting a
similar study in 10-15 years.
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Fig. 3. Fragment of a decision tree

2. Results and conclusion

Data Mining Methods helped to obtain the following main results:
1) All emotions are attributed to one of the six noun cryptotypes in all Englishes:

)

2)

3)

4

5)
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e Res Parvae — a class of hand-fitting objects (prototype: stone),

e Res Liquidae — a class of liquids (water),

e Res Filiformes — a class of thin objects of unstable form (thread),

e Res Rotundae — a class of round objects (ball),

e Res Longae Penetrantes — a class of solid, long, pointed objects (spear),

e Res Acutae — a class of sharp objects (thorn).

20 Englishes have been clustered with the help of Data Mining methods (such as k-means
clustering and a self-organizing Kohonen map). There are six clusters that appeared to be
corresponding to geographic areas: American cluster (American and Canadian Englishes);
Australian cluster (Australian and New Zealand Englishes); European cluster (British and Irish
Englishes); Asian cluster (Indian, Pakistani, Singapore, Hong Kong, Malaysian, Bangladeshi,
Sri Lankan, and Philippine Englishes); African cluster (Kenyan, South African, Nigerian,
Ghanaian, and Tanzanian Englishes); Caribbean cluster (Jamaican English).

The correlation coefficients among Englishes in the Asian and African clusters (the Outer Circle
in the World Englishes Paradigm of Braj B. Kachru [14]) range from 0.74 to 0.8 due to little
contact among the varieties inside these clusters.

The correlation coefficients between Englishes in the American, Australian and European
clusters (the Inner Circle, Kachru [14]) range from 0.92 to 0.933, which indicates a high
consistency of these varieties owing to the long lasting, enduring linguistic contacts.

The most relevant to the metaphorical categorization of emotions in all Englishes is Res Parvae.
Notably, there is a grammatical category of hand-fitting objects in the grammar systems of some
indigenous languages of African, American and Australian clusters, and there is a classifier for
counting hand-fitting objects in some Asian languages.

Res Liquidae is the second cryptotype frequently associated with emotions for English-speakers
of Australian, American, African and Caribbean clusters, whereas for Asian and European
clusters it is the class of sharp objects. Presumably, it could be due to close contacts of the
English language with the languages of the indigenous population.
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