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AUTOMIZED IMPAIRMENT-BASED LANGUAGE DISORDERS
INTERVENTION APPROACH

Annomayus. B pamkax paboThl NpeANpUHUMAETCS MONBITKA K IpopaboTke yHUDUIHU-
POBAaHHOI'O M0/IX0/1a, BBIPAXXEHHOT'O B aJITOPUTMHUYECKOM PELCHUH, JUIl UHTErpalluy pa3ind-
HBIX METO/I0B IIPEOI0JIEHNS PEUEBBIX PACCTPOICTB. JlaHHOE HeeIeI0BaHUE OCHOBAHO HA METO-
nosornyeckor mkosae A.P. JIypus, KoTopblil paccMaTpuBal S3bIK HA YPOBHE CEMaHTHUECKHUX
npeCTaBiIeHUH, TIyOMHHO-CUHTAaKCUYECKOM U TOBEPXHOCTHO-CUHTAKCHYECKUX CTPYKTYD.
[TpennoxkeH anropuT™, KOTOPBINA MO3BOJISIET PEATTN30BATh IEPCOHATN3ALUIO TEPATUUA U MOKET
OBITH MCIIOJIB30BaH NpHU pa3pabOTKe BCIOMOTaTeNbHBIX TEXHOJOTHI HEMpephIBHOTO BMeEIIa-
TEJNbCTBA JUIsl IPEOI0JIEHUS] PEUYEBOT0 PaCCTPOMCTBA.

Kniouesvie cnosa: pedeBble paccTpoilcTBa, HHTEPBEHLIUS, AITOPUTMHUUECKUI TTOIX O/,

Inability to express own ideas provoked by different types of brain impair-
ments is a significant barrier for a person as a social being which may lead to
desocialization and even isolation. The inability can be expressed in the various
ways from misunderstanding spoken and written speech to generating meaning-
less sentences. Etiology of some language disorders remains unknown, but di-
verse causes are suspected, and therapists have to work with concrete manifesta-
tion of the disorder rather than prevent it before.

The idea of the current research is based on principles of the prominent
Russian neurolinguist A.R. Luria [4]. In this research any language system can be
represented by following levels: the level of semantic representations, the level of
deep-syntactic and  surface-syntactic ~ structures (Russian:  ypoBeHb
CEMAHTHUYCCKUX HpeHCTaBHeHHﬁ, YPOBCHb FJ]y6I/IHHO-CI/IHTaKCI/I‘-IeCKI/IX nu
MOBEPXHOCTHO-CHHTAKCUYCCKUX CTPYKTYP) [4, p.21]. Surface-syntactic structures
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form morphological, phonological and phonetic language levels (Russian:
MOBEPXHOCTHO-CHHTAKCUYIECKHUE CTPYKTYPHI 00pa3yroT MOpPQOIOTHIECKYIO,
dhoHoornyeckyo u hoHeTUIECKyro pa3BepTky) [4, p.21]. The last structures can
differ from one language to another and present the problem for developing a
unified therapy for overcoming speech difficulties in unsimilar languages.

The practices of speech-language pathologists include wide range of ap-
proaches for overcoming the disorders: a set of standardized language tests, a bat-
tery of tests, a language sample of the child’s language analysis [1]. For early
intervention among the main points are screening/evaluation/assessment, goal set-
ting and intervention, consultation with and education for team members, service
coordination, transition planning and advocacy (American Speech-Language-
Hearing Association [ASHA], 2008c) [3]. Screening of speech language disorders
and further intervention is based on principles understandable to humans, but
sometimes ambiguity of some approaches is a barrier for automatically identifi-
cation and treating, this may create the problem for development of the assistive
programs. In the current study, we are attempting to develop such approach that
can be easily represented via algorithms for future language disorders classifica-
tion and following intervention.

The algorithm was developed in the programming language "Python" using
"Os", "Pandas”, "Numpy", "Seaborn" libraries. We take phonological, morpho-
logical, lexical, syntactic, semantic, discourse level of a language as a basis for
input screening. It is assumed that before the analysis the speech would be as-
sessed by specialists with any type of mentioned approaches and results are di-
vided by these levels. Based on the input dataset with randomized values of the
accuracy of a given test, correlations between levels are calculated (fig.1). If the
correlation is greater than the threshold value, then it is replaced by "1", if less
than the threshold value, then the new value is "0" (statistical significance is omit-
ted). For each level, the degree of the vertex of the graph is calculated, i.e. with
how many levels some correlations are greater than the threshold value. Then the
algorithms select a sublevel task that has fewer connections so that the emphasis is
on how much the language level is included in the work of the other levels (fig.1).

We also tried to prepare special exercises and write the logic of their order,
"Pymorphy2", "NItk", "Re", "Sklearn" libraries were used. The table consists of
the title, description language level and requirements for the length of linguistic
material (one word, two words, the sentence) columns. For automizing processing
of database of the intervention exercises and finding the most appropriate ones,
description and language level table columns were transformed with the bag of
words method and logistic regression was applied (fig.1).
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Fig.1 Correlations between language levels for finding damaged dependencies

precision recall fl-score support

discourse .00 .00 .00
lexical ~75 .00 .86
morphology .50 .00 .67
phonology .00 .50 .67

semantic <33 .00 .50
syntax .00 e33 .50

accuracy =73
macro avg 5 - .70
weighted avg s . <73

Fig.2 Logistic Regression intervention tasks classification performance

We took the extract from the English fairy tale “GEMMA” by Daniel Errico
(4721 words) [2] tokenized and lemmatized it, deleted stop words, and then split
the text into one, two words and sentences. By cosine similarity algorithms 5 the
most similar intervention exercises were found with the label of damaged lan-
guage level and language material length was chosen by the table column.

As a result, this approach along with algorithmic ideas can provide person-
alization for speech therapy and deal with comorbidity of language disorders. The
described algorithm can be used in the development of assistive technologies for
continuous intervention.
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WHHOBALMOHHDII MOJIXO0/ B MOATOTOBKE
K MEXXKYJbTYPHOI KOMMYHUKALIUU:
AJIATITUBHBIE TPEHUMHT YA, METO/IbI PA3PEIIEHMS
KOH®JIMKTOB 1 COBPEMEHHBIE TEXHOJIOTUH

Annomayus. B cratbe paccMaTpuBaeTcsl IPUMEHEHNE HHHOBAIIMOHHBIX METO/OB B MOJI-
TOTOBKE K MEXKYJIbTYpHOU KOMMYHHUKalMu. OnucaHbl aAalTUBHbIE TPEHUHTH U METObI pa3-
pelieHns KOH(IUKTOB, KOTOPbIE MOTYT IIOMOYb B Pa3BUTHH HABBIKOB MEXKYJIBTYPHOTO B3aU-
MozelcTBus. IlpruBeneHsl mpuMepsl HHHOBAIIMOHHBIX MOIXO0B B MPOLECCE MOATOTOBKH K
MEXKYJIbTYPHON KOMMYHUKAIIUY U TIPEJICTaBICHbI IPEUMYILECTBA UX UCIIOJIb30BaHUs. Takxke
oOpaiiaercsi BHUMaHHE Ha BaKHOCTb COYETAHNSI MHHOBAIIMOHHBIX METO/I0B C UCIIOJIb30BaHUEM
TPaJMLIMOHHBIX METOAMK, YTOOBI IOCTUYb MAaKCHMaJIbHOTO MMO3UTUBHOTO Pe3yibTaTa MpH B3a-
UMOJIEHCTBUU MeXAy KynbTypamu. OOCyxkaaemMble METO/IbI MOT'YT ITIOMOYb B PEIIEHUHU IPO-
0J1eM, CBA3aHHBIX C MEKKYIbTYPHBIMU KOH(DIUKTAMU, CO31aHUEM 3D (PEKTUBHBIX MEKKYIBTYP-
HBIX KOMaHJl U COTPYAHUYECTBOM C 3apyOeKHbIMU apTHEPAMH.

Knrouesvie cnosa: VHHOBAIMM, MEXKYJIbTypHas KOMMYHHKAIUs, aJlaliTUBHbIE Tpe-

HUHTHU, METOJbI pa3spCUICHUA KOH(i)J'H/IKTOB.

B ycnoBusix riobanuzaiuy u yBeIHUYCHUS] MEKITYHAPOTHBIX CBSI3EH, MEXK-
KYyJbTypHasi KOMMYHHUKAIIUS CTaja BaXXHbIM ()aKTOPOM B SKOHOMHYECKOM, TTOJIH-
THUYECKOM U COLIMOKYJIbTYPHOM Pa3BUTUH MHOTHUX CTpaH. MexXlyHapOIHbIE KOH-
(IUKTBI, 5)KOHOMUYECKHE B3aMMOOTHOIIICHUSI, aKTUBHBIC TIPOLIECCHI MUTPAIIUU U
W3MEHEHHS B MOJUTUYECKON CTPYKTYpE YCHIIMBAIOT HEOOXOIUMOCTh TIEPETOBO-
POB, COTPYJIHUYECTBA, a TAKKE Pa3pelieHs] KOHPIUKTOB MEXIY KyIbTypaMHu.

O} heKTUBHOCTh MEXKKYIHTYPHOH KOMMYHUKAIIMH OIPEAEIICTCS Halu-
yueM TMOHUMaHUsSI OCOOCHHOCTEH M TpaauIui KaXIou KyJIbTyphl. st aToro
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