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THE DIGITAL LEARNING ENVIRONMENT AS A MEANS OF OVERCOMING
EDUCATIONAL LOSSES IN MATHEMATICS LEARNING AMONG CHILDREN
WITH HEARING IMPAIRMENTS IN A SPECIAL SCHOOL

I. G. Kravchuk*, L. I. Kravchuk*

The relevance of this study lies in the need to address significant learning losses among pupils
with hearing impairments in special schools, caused by the pandemic and the state of war. In the
current context, special schools need to rethink methodological approaches to teaching mathematics
to pupils with hearing impairments in Years 5-6, where the transition to abstract-logical thinking is
complicated by speech deprivation. Preventing the increase in educational losses and overcoming
thein linguistic competence necessitate a thorough investigation of the potential of digital tools as a
means of remediation and visualisation. This requires a comprehensive scientific analysis of the
capabilities of digital technologies as a tool for overcoming educational losses in mathematics among
students with hearing impairments and ensuring the sustainable development of mathematical
competence.

The aim of this article is to scientifically substantiate and systematise methodological approaches
to the use of digital technologies as a means of visualising abstract mathematical concepts to
compensate for educational losses among students with hearing impairments in Years 5-6 of a
special school.

The methodological basis of the study consists of the analysis and synthesis of scientific works
in the fields of deaf education and digital mathematics didactics; a systemic-structural analysis of
the components of educational deficits (conceptual, operational, applied); didactic modelling of an
interactive visual environment; and a theoretical synthesis of experience in using digital platforms in
special education.

The study identified ways and directions for work to overcome educational gaps among pupils in
mathematics lessons. It provided evidence that digital tools contribute to the development of
communicative competence by transforming problem conditions into interactive models, and
demonstrated the effectiveness of using visual dictionaries and gaming platforms for learning
terminology. It was found that the digital educational environment helps reduce pupils’ fear of
asking the teacher questions, which improves their communication.
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The conclusions state that the use of digital technologies is crucial for overcoming learning losses
in mathematics in a special school. This saves time on mastering terminology, completing tasks,
solving problems, and constructing an individual learning pathway. It ensures the retention of
knowledge and successful socialisation in the face of crisis challenges.

Prospects for further research involve testing the effectiveness of the proposed approaches to
overcoming learning losses in Years 5-6 in mathematics lessons at a special school for children with
hearing impairments, and proceeding to develop methodological recommendations on the
appropriateness of using digital tools in algebra and geometry lessons in Years 7-9.

Keywords: learning loss, pupils with hearing impairments, special school, digital tools.

IH<$POBE OCBITHE CEPEJOBHIIIE 5IK 3ACIB IIOJOAAHHS OCBITHIX
BTPAT Y BUBYEHHI MATEMATHKH ¥V OITEH 3 IIOPYIIEHHSIM CAYXY B
CITIEIIIAABHIH IITKOAI

I. I'. KpaBuyk, A. I. KpaBuyk

LouinbHicmb 00CNi0NEHHS noasieae 8 HeoOXiOHOCMI NOOOAHHSL 3HAUHUX OC8IMHIX 8Mpam & YuHig
3 NOPYWEHHSIM CAYXY, CNeyianvHOi WKOAU, CNPUUUHEHI naHOoemiero ma 60eHHUM cmaHom. B
CYUACHUX YMOBOAX 6 CNeyiaNbHIilL WKoAl HeobXiOHO nepeocmucaogamu memoouuHi nioxoou 00
HABUAHHSL MAMEeMAMUUYL YUHI8 3 NOPYULeHHSIM CAYyxy 8 5-6 knacax, de gidbysaemucsi nepexio 00
abcmpaKkmHo-7102iUuH020  MUCNEHHSL YCKIAOHEeHUll MO8JeHHEBO Oenpusayiero. 3anobizaHHs
3POCMAHHIO OC8IMHIX 8mpam ma NOoOOLAHHS bap'epig JiH28ICMUUHOL KoMnemeHyil 3YyMo8a0ms
nompeby 8 2pYHMO8HOMY OOCNIONKEHHI NOMEHUIANY UUPPOBUX THCMPYMeHmMI8 ik 3acoby Koperkyil
ma eizyanizauii Lle nompebye yinicHo20 HAYKOB020 GHANIZY MOIHKAUBOCMET YUDPOBUX MEXHON02I
SK IHCmMpYyMmeHmy NoOOSAHHSL OC8IMHIX 8mpam 3 MAMEMAMUKU 8 YUHI8 3 NOPYULEHHIM CAYyXy ma
cmilikocmi popMY8AHHS MAMEMAMUUHOL KOMNemeHmMHoCcmi.

Y emammi nocmaenero 3a memy HAYKo8o 0OTpyHMYysamu ma cucmemamusysamu MemooOuuHI
nioxoo0u 00 BUKOPUCMAHHS UUPPOosUX MexHON02i sK 3acoby esizyanisayii abcmpaKkmHux
MAMEeMAMUUHUX NOHSMb O/l KOMNneHcayli oceimHix empam 3006ysauie oceimu 3 NOPYULEHHIM
cnyxy 5-6 Knacie cneyianbHOL UWKoNU.

MemoodonoziuHy ocHO8Y OOCNIONEHHSI CMAHOB/SIMb AHAI3 | Y3A2A/lbHEeHHS. HAYKo8UX Npaub i3
cypoonedazoziku ma uugpogoi OudaAKMUKU MAMEeMAMUKU;, CUCMEMHO-CMPYKMYpPHUL aHAi3
KOMNOHEeHmMI8 O0Cc8imHiIX empam (NOHAMIlH020, ONepayiliHozo, NPUKAAOH020); OudaKmuuHe
MOOEN0BAHHSL THMEPAKMUBHO20 8I3YAbH020 CcepedosULLa A MAKOXN meopemuuHe Y3azalbHeHHs.
00c8i0Y 8UKOPUCMAHHSL YUDPOBUX NAAMPOPM CNEeYialbHIl 0Cc8imi.

Y pesynvmami 00cniOAKeHHST 8USHAUEHO WSAXU Mma HANPSAMKU pobomu no noOOSAHHIO OC8UMHIX
empam 8 yYuHi8 Ha Yyporkax mamemamuxu. HadaHo o06TpyHmyeaHHss mozo, wo Uu@posi
IHCMPYMEHMU CNPUSIIOMb PO38UMKY KOMYHIKAMUBHOI KOMNEMeHYil WSIXOM NepemeopeHHs Ymoa
3adau y iHmepaxmugHi mooeni, eqpeKmu8HOCMI 3ACMOCYBAHHS 8I3YA/bHUX CAO08HUKI8 MaA 2Po8ux
niamgopm OAsL SUBUEHHST MepmMmiHie. BusieneHnHo, wo uyugposuili oceimHiii npocmip cnpusie
3MEHULEHHIO CMPAaxy 8 YUHsl 3a0amu 3aNUMAHHsL 8UUMENI0, U0 NOKPAUYE X KOMYHIKAUTIO.

Y sucHosKkax 8Ka3aHO, Ui0 0151 NOOOJIAHHSL OCEBIMHIX 8Mpam 3 MaAMeMamuKku 8 CNeylanbHill ULKOL
BAKNIUBUM € BUKOPUCMAHHSL YUgdposux mexHosozil. Lle do3gonsie 3eKOHOMUMU UAC HA 3AC8O0EHHS
MepMIiHON02l, BUKOHAHHSL 3080GHb, pPO38°’S3Yy8aHHsL 3adau, nobyoosi iHOueidyanbHoi mpaexmopil
HasuaHHs.. Lle 3abesneuye cmilikicme 3HAHL MA YCNIWUHY COUIANI3AUI0 8 YMO8AX KPU308UX
BUKLUKIB.

INepcnexmusu nodanbuiux 00CNIOI)KEHb NO8 SI3AHL 3 NepesipKolo echeKmusHOCmi 3anPONOHO8AHUX
wsxie Ot NOOONAHHSL OC8IMHIX empam 8 5-6 Knacax HA Yporkax mamemamuku 8 CheyianbHill
WKONL O Oimetli 3 NOPYUEHHAM CAYXY ma npucmynumu 00 po3pobKuU MemoOUUHUX PEKOMEHOAULT
0oUIbHOCMI BUKOPUCMAHHS YWUPPOBUX THCMpPYMeHMI8 0 HA YpoKax anzebpu ma zeomempii y 7-9
Kiacax.

Knrouoei cnoea: ocgimHi empamu, YuHi 3 NOPYULEHHSIM CAYXY, CNEeylanbHA UWKOAA, UUDpOosi
iHCMpYyMeHmu.

Introduction of the issue. Hostilities IIocraHoBka mnpobaemu. Ha Ttepuropii
continue across Ukraine, negatively | YKkpaiHu mnIpomoBKyeTbCcs Oo#oBi mii, ki
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impacting the  educational process.
However, even under the difficult
conditions of martial law, special education
in Ukraine continues to develop. Due to the
coronavirus  pandemic and  military
hostilities, pupils with special educational
needs have been forced to study in formats
that are challenging for them: distance and
blended learning. This has affected the
quality of learning and led to learning
losses in mathematics among pupils. In
this situation, one of the most vulnerable
groups is pupils with hearing impairments.
The situation is compounded by speech
deprivation, which limits the verbal
channel for conveying mathematical
abstractions. Mathematics is based on the
principle of strict sequence and hierarchy:
each new topic builds on previously studied
material. The lack of a solid knowledge
base inevitably leads to difficulties in
mastering more complex material. In Years
5-6, there is a transition to studying more
complex material. This is the introductory
period for studying algebra and geometry.
Students with hearing impairments often
experience learning gaps and difficulties in
understanding abstract material at this
stage. Overcoming educational gaps is a
long-term  process and requires the
introduction of adaptive learning
technologies into the teaching process. At
the current stage of educational
development, the traditional approach to
teaching 1is insufficiently effective. In
lessons, it is mnecessary to constantly
maintain a strong motivation to learn.
Digital tools can be used to create visual
aids that engage and stimulate pupils’
cognitive activity. Digital tools used by
maths teachers in their lessons help
develop communication skills, enrich
pupils’ vocabulary and create conditions for
language development. Creating a digital
learning environment in maths lessons
reduces the cognitive load on pupils with
hearing impairments.

Current state of the issue. The issues
surrounding the education of children with
hearing impairments are based on the
works of contemporary researchers in the
field of deaf education. In their research,
S. Litovchenko, O. Vovchenko,
O. Taranchenko, V. Zhuk and V. Litvinova

HETaTHUBHO BIIAUBAIOTH HA OCBITHIH IIpoLec.
AAe HaBITB Y CKAQIHHUX yMOBax BOE€HHOIO

CTaHy CIlellianbHa oOcBiTa B  YKpaini
IIPOZIOBXKYE PO3BUBaTHCHA. Uepe3 HaHAEMilo
KOpPOHaBipyCcy Ta Boe€HHI mii y4HI 3

0COOAVBHUMH OCBITHIMHM IOTpedbaMu 3MyIleHi
OyAn HaBYaTUCA B CKAQIHUX [OAd HHUX
dopMaTax HaBYaHHS: AUCTAHIIWHOIO Ta
amima”Horo, Ilo BHAMHyAO Ha 4KicTh
HaBYaHH4 Ta [I0SIBU OCBITHIX BTpaT B YYHIB
3 MareMaTuku. B maniii curyaiiii onHi€ro 3
HaUbiABIINX  Bpa3AMBHUX  KaTeropii e
3m00yBadi OCBITH 3 IIOPYLIEHHSM CAYXY.
Cutyalis yYCKAQOHIOETBCA MOBAEHHEBOIO
OeTpuBalli€lo, gkKa obMexKye BepOasbHUH
KaHaA rnepenadvi MaTeMaTHIHUX
abcrpakiifi. MaremaTtuka 6a3yeTbcsa Ha
OPUHIUII CyBOpPoi HACTYITHOCTI Ta iepapxii:
KOXKHa HOBa TeMa CIHpPAaEThCS Ha padille
BUBYEHHH Martepiaa. BiacyrHicTs critikoi
0a3u 3HaAHb HEMHHy4Ye I[IPU3BOAUTL [0
TPYZAHOIIIB IIPHU OIIaHyBaHHI CKAaHIIIOTO
Matepiaay. Y 5-6 Kaacax BigOyBaeTbCs
epexia 40 BUBYEHHS CKAAHOTO MaTepiaay.
lle mnponeneBTHUYHUN TIIepion BUBYEHHS
aareOpu Ta reoMerpii. B y4HIB 3
IOPYLIEHHIM CAyXy Ha I[bOMY eTalli 4acTo
BUHHUKAIOTh OCBITHI BTpaTH Ta TPYAHOI Yy

CITPUHHATTI abCTpPaKTHOTO Marepiaay.
ITomoaauusa OCBITHIX BTpAT €
OOBTOTPHUBAAUM  IIPOLIECOM 1  BHMAarae
BIPOBa/3KEHHS aJallTUBHUX TEXHOAOTIH
HaBYaHHA B HaBYaABHUH 1poitec. Ha
Cy4acHOMY eTarri PO3BUTKY OCBITH
TPpamguLiHHUHE TaxXiny [0 HaB4YaHHS €
HeJOCTaTHhO e(eKTUBHUM. Ha ypokax

oTPiOHO TMOCTIMHO MHiATPHUMYyBaTH CTiHKYy
MOTHBAIiI0 A0 HaBYaHHS. 3a JOIIOMOTOIO
Ou(POBUX IHCTPYMEHTIB MOKHA CTBOPHTHU
HAOYHICTh, dKa 3alliKaBHTh Ta aKTHUBI3yeE
[Ii3HaBaAbHY [diIABHICTE Yy4HIB. Iludposi
IHCTPYMEHTH, Ki BUKOPHCTOBYIOTH BUHTEAL
MaTeMaTHKH Ha CBOiX ypoKax CIPHSIOTH
PO3BUTKY KOMYHIKaTUBHHUX YMiHB,
30aradyroTh CAOBHHKOBHUH 3allac y4HiB Ta
[oIloMaraloTb  CTBOPUTH  yYMOBH  [OAd
dopMyBaHHS MOBAEHHS. CTBOpeHHH
IU(pPOBOTO OCBITHBOTO CEPENOBHINIA Ha
ypoKax MaTeMaTHUKH 3MEHIIye KOTHITHBHE
HaBaHTaXK€HHd Ha Y4YHIB 3 IIOpPyLIEHHSIM

CAYXY.
AHaaiz ocrTaHHiIX #JocaigxkeHb i
nybOaikaui. IIpoGaemaThka HaBYaHHS

OiTel 3 IOPYIIEHHSM CAyXY I'PYHTYETbCS Ha
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focus on paying close attention to the
psychological state of all participants in the
educational process, establishing effective
communication, reducing anxiety levels,
providing necessary support, and so on. In
their  view, children with  special
educational needs are the most vulnerable
group among learners, requiring special
support and attention [6].

S. Litovchenko, O. Vovchenko,
O. Taranchenko, V. Zhuk, V. Litvinova,
O. Rybak, S. Kulbida, M. Miskov emphasise
that accessibility in the educational process
for children with hearing impairments
involves the removal of obstacles (barriers)
that directly or indirectly prevent or hinder
access to education, communication,
participation in joint activities, etc. [7].

V. Shevchenko draws attention to the
fact that, in the current context, one of the
main ways to improve the effectiveness and
quality of the remedial process for children
with  hearing impairments is the
introduction of modern technical teaching
aids utilising digital technologies. Modern
digital tools correspond to the way of
perceiving information that characterises
the new generation of schoolchildren, in
which a greater need for the visualisation of
information has developed [8].

In his work, S.Kulbida pays close
attention to designing an accessible
educational environment for pupils with
hearing impairments and demonstrates
that the terminological base (particularly
mathematical terminology) is  better
assimilated when a child has the
opportunity to translate a term into their
native sign language, reinforcing this with a
visual image [9].

I. Kravchuk justifies the advisability of
transitioning to a person-centred model in
special schools. In his view, the
digitalisation of education during martial
law helps to adapt complex abstract
mathematical material to the individual
cognitive abilities of pupils with SEN [4].

V. Gladush, I. Kravchuk and
L. Kravchuk conducted a pilot SWOT
analysis of the digitalisation of the special
school. During this analysis, it was found
that there is a need to improve the
methodology and organisation of a
nationwide study to develop a strategy for

npamngax Cy4acCHUX JOCAITHUKIB
CYypOOTIeJaroTiku. C. AUTOBYEHKO,
O. Boruenko, O. Tapanuenko, B. XKyk,
B. AuTBHHOBa Yy CBOiX [OCAiZIZKEHHAX
IPUOIAGIOTE yBary YBaKHOMY CTaBAE€HHIO
[0 IICHUXOAOTIYHOI'O CTaHy BCiX YyYaCHUKIB
OCBITHBOT'O porecy, HaAaro>KeHHs
edpeKTUBHOI KOMYHIKaIlil, 3HUKEHHS pPiBHHA
TPUBOKHOCTI, HaOaHHS Heo0OXiaHo1
pornoMoru Tomro. Ha ix aymky gith 3
0COOAVBHMH  OCBITHIMM  IoTpebamMu €
HaMOIABIII BpPAa3AWBOIO KAaTETOPIEID cepem
3no0yBadiB  OCBiTH  dKi  HOTPeOyIOTH
0COOAMBOI MiATPUMKH Ta yBaru [6].

C. AUTOBYEHKO, O. BoBueHko,
O. Tapanuenko, B.2Kyk, B. AutBuHOBa,
O. Pubax, C. Kyanbina, M. MicbKOB
HArOAOLIYIOTH, III0  0Oe30ap'epHicTH B
OCBITHBOMY polieci IIAS miTeit 3
IIOPYIIEHHSIM CAyXy Hepeadadae yCyHEHHS
nepekon (0ap'epin), 1o 6e3mocepeHLO YU
OIIOCEPEeNKOBAHO YHEMOIKAUBAIOIOTH  abo
YCKAQIHIOIOTH OOCTYII 0 3400yTTHd OCBITH,
CITIAKYyBaHHS, y4IacTi y CIIABHIN OiIABHOCTI
Tomro [7].

B. llleByeHKO 3BepTac yBary Ha Te, 110 B
Cy4YacHUX yMOBaxX OOHUM i3 TOAOBHHX
HaIpsMKiB MiABUIIIEHHS e(EeKTHBHOCTI Ta
AKOCTI KOPEKIIHHOTO TIIpomecy mgited 3
IIOPYILIEHHIM CAyXy €  BIIPOBaIXKEHHS
Cy4YacHUX TeXHIYHHUX 3acobiB HaB4YaHHA 3
BHUKOPHUCTAHHAM IIM(PPOBUX TEXHOAOTIH.
CygacHi U PoBi IHCTPYMEHTH
BiMIOBIiAIOTH TOMY CHOOCOOY CIPUHHATTS
iH(popmalrii, gKUM BiApPI3HAETHECA HOBE
IIOKOAIHHS HIKOASIPiB, B SKOMY PO3pP0OAE€HO
GiabIIy rotTpeby y Bidyaaiszartii
iH(popmarrii [8].

C. Kyapbima y cBoiX poboTax mnpumiase
BEAUKY yBary IIPOEKTYBaHHIO MOOCTYITHOTO
OCBITHBOI'O CEpEeNoBHINA A YUHIB 3
IOPYLIEHHSIM CAyXy 1 [OOBOAWUTH, IO
TEepPMiHOAOTIUHA 6aza (3oxpema
MaTeMaTH4YHa) 3aCBOIOETBHCHA Kpallle, KOAU
OUTHHA Ma€  MOXKAUBICTb II€PEKAACTH
TepMiH Ha pigHy Oas Hei MOBY JKECTiB,
3aKPIMTUBIIH IIe Bi3yaaAbHUM 00pa3oM [9].

I. KpaBuyk 0oOI'pPyHTOBYE JOLIABHICTE
epexony B CIIelliaAbHIH IITKOAIL ha o)
ocobucTicHO opieHTOBaHOI Momeai. Ha #oro
OyMKy, IHdpoBizallis B OCBiTi mig yac
BOEHHOIO CTaHy [JoloMarae ajarnTyBaTH
CKAQIHUU abCcTpakTHUHI MaTtepiaa 3
MaTeMaTHUKHN 110 IHAUBIAyaABHUX
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the implementation of information
technologies in the education of children
with special educational needs [3].

The issue of the digital transformation
of education in Ukraine is actively
explored in the works of V. Bykov and
O. Spirin. In their works, they focus on
teachers’ readiness to use digital tools in
the educational process. In his recent
works, O. Spirin examines the issue of
introducing artificial intelligence into
modern education in the context of global
digital transformation. He emphasises the
need to develop digital literacy, create
teaching materials, update assessment
procedures and establish a regulatory
framework [10].

Outline of unresolved issues brought

up in the article. Although digital
technologies are developing rapidly,
overcoming educational losses in

mathematics in a special school for pupils
with hearing impairments requires further
scientific study and rethinking. Most
existing methods for overcoming
educational gaps are geared towards
typically developing pupils. At present,
there is insufficient evidence regarding
the  psychological and  pedagogical
characteristics of mathematical learning
among pupils with hearing impairments
in Years 5-6, particularly within the
context of a digitalised educational
environment. There is a need to
systematise the didactic potential of
digital tools through the prism of their
effectiveness in overcoming educational
losses among students with hearing
impairments. The possibility of adapting
digital maths material for independent
work by  students  with  hearing
impairments requires further research.

The proposed study aims to address the
problem of overcoming educational gaps
among students with hearing impairments
in mathematics lessons through the use of
digital technologies. The development of
adaptive approaches to the formation of
mathematical knowledge using digital tools
creates conditions for improving the level of
knowledge among students with hearing
impairments.

Aim of the research. The purpose of the

KOTHITUBHHUX MOKAUBoOcTeH yuHiB 3 OOII [4].

B. 'nagymi, I. KpaBuyk Ta A. KpaBuyK,
IIPOBEAU HiAOTHUH SWOT-anaais
mugposizamii cnemnkoan. Ilixm dac gKoro
OyA0O BHUIBAEHO, IO ICHye HEOOXimHICTH
YIOCKOHAAEHHS METOMOAOTIi Ta opradizartii
IIPOBEIEHHSI BCEYKPATHCHKOI'O MOCAIIXKEHHS
IOA9d CTBOPEHHS CTpaTerii BHIPOBaIXKEHHS
iH(popMaIliMHUX TEXHOAOTIH y HaBYaHHH
OiTedl 3 0COOAMBHUMH OCBiTHIMH IIOTpebaMu
[5].

[Muranna  nudpoBoi  TpaHchopmarlii
OCBiITH B YKpaiHi aKTUBHO PO3POOATIOTHCH Y
npangx B. Bukosa Ta O. CmipiHa. ¥ cBoix

poboTax BOHU HPUOIASTIOTE yBary
FOTOBHOCTI  BYHUTEAIB BHKOPHCTOBYBaTH
mudppPoBi  IHCTPYMEHTH B  OCBITHBOMY
nporeci. B ocrauuix poborax O. Cmipin
po3rasae IUTaHHS BIIPOBAI?KEHHS
HITYyYHOTO IHTEAEKTY y Cy4YacHy OCBiTY B
KOHTEKCTI raobaAbHOI U poBoi
TpaHcdopmMmarii. [limkpecaeHO HeOOXiTHICTH
PO3BUTKY nugpoBoi rPaMOTHOCTI,
CTBOPEHHS METOIUIHUX Marepiaais,

OHOBAEHHS OIIIHIOBAaABHHUX IIpoLieAyp Ta
dopMyBaHHS HOpMaTHUBHOI 6a3u [10].
BunisreHHs HEBHpillleHHX paniure
YaCTHH 3araAbHOI INPOOAEMH, SKHM
IPHCBAYYETBCA CTATTA. Xouda IUQPOBI
TEXHOAOTI1 IITBUIKO PO3BHBAIOTHCH,
IIOOAAHHS OCBITHIX BTpaT 3 MaTeMaTHKU B
CHeLiaAbHIM IIKOAL AAG YYHIB 3 HOPYLLIEHHSIMU
CAyXy, TIIoTpeOye [IoOaTKOBOI  HAyKOBOTO
BUBYEHHS 1 TI€PEOCMUCAECHHS. bBiablmicTs
HAgBHUX METOAUK II0 IIOAOAAHHIO OCBITHIX
BTpaT OPi€HTOBAHI HAa HOPMOTHIIOBHUX Yy4YHIB.
Hapa3zi HemocTaTHBO OOI'PYHTOBAHHX MJaHHX
IIIOA0 IICHXOAOTO-TIE/IATOTIYHUX OCOOAMBOCTEH
3aCBOEHHSI MaTeMaTHYHUX 3HaHb YYHSIMH 3
OPYIIIEHHSIM CAYXY 5-06 KAacCiB camMe B yMOBax

IU(PPOBI30BAHOIO  OCBITHBOIO  IIPOCTOPY.
Bunukae HeoOXimHicTE cUCTeMAaTH3aLlil
OUTAKTHIHOIO OTEHITIaAy MUPPOBUX

IHCTPYMEHTIB Kpi3b IIPHU3MYy iX e(peKTHUBHOCTL
OAsl TIOMOAAHHSI OCBITHIX BTpar V4HIB 3
IIOPYyIIEHHAM cAyXy. [loTpebye mocaimkeHHs
MOXKAUBICTH aranTartii TP POBOTO
MaTeMaTH4YHOIO MaTepiasy Oasd CaMOCTiHHOI
POOOTH YUHIB i3 MOPYIIEHHSAM CAYXY.

3amnpornoHoBaHe JOCAIT?KEeHHSA
CIIpIMOBaHEe Ha PO3B’d3aHHS IIPobAEeMH
IIOJAOAAQHHSI ~ OCBITHIX  BTparT y4HIB 3

IIOPYILIEHHSIM CAYXYy Ha ypoKax MaTeMaTHKHU
3acobaMu TU(PPOBUX TEXHOAOTIH. CTBOpEeHHS
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article is to provide a scientific justification
and generalisation of approaches to the
formation and development of
mathematical knowledge among pupils
with special educational needs in Years 5-6
of a special school, based on the use of
digital technologies.

Objectives of the article:

1) to investigate the psychological and

pedagogical conditions and  didactic
possibilities of a digitalised educational
environment in the development of
mathematical knowledge among pupils
with SEN in Years 5-6 of a special school;

2) to substantiate methodological
approaches to the formation and

development of mathematical knowledge
among pupils in Years 5-6 of a special
school using adaptive digital teaching tools,
taking into account the main scientific and
practical limitations;

3) to develop practical
recommendations for improving the
effectiveness of pupils’ mathematical

training and overcoming educational losses
in mathematics lessons in Years 5-6 of a
special school.

Results and discussion. Learning losses
among pupils with hearing impairments are
of a specific nature. They relate not only to
gaps in the acquisition of terminology, but
also to the gradual breakdown of the
conceptual framework. Mathematics
teaching in Years 5-6 involves a transition
from concrete-visual to abstract-logical
thinking. For pupils with hearing
impairments, this process is slower
compared to typically developing pupils.

The issue of educational loss should be
examined through the lens of cognitive
development and the specific ways in which
pupils in Years S5 and 6 with hearing

impairments perceive mathematical
content. From Year 5] onwards,
mathematics becomes more abstract,

creating additional barriers for children
whose visual-imaginative thinking has not
yet fully transformed into abstract-logical
thinking due to speech deprivation.
Mathematics in Years 5-6 is overloaded
with terminology: percentages, negative
numbers, the coordinate plane. Pupils with
hearing impairments must not only hear a
mathematical term but also understand its

alanTUBHUX IIAXOAIB A0 (OopMyBaHHS
MaTeMaTHYHUX  3HaHb 3a  JI0IIOMOIOIO
mUPPOBUX IHCTPYMEHTIB CTBOPIOIOTH YMOBU
A MiABUINIEHHS PiBHA 3HaAHb Y4YHIB 3
IIOPYIIIEHHSIM CAYXY.

MeTa ctrarTti. Mera crarti moasrae B
HayKOBOMY OOIPYHTYBaHHi Ta y3arasbHEHHi
oigxomiB g0 ¢opMyBaHHS W PO3BUTKY
MaTeMaTU4YHUX 3HaHb y4HIB 3 OOIl 5-6
KAAQCIiB CIIelliaAbHOI IIIKOAM Ha OCHOBI
BUKOPUCTAHHS ITU(PPOBUX TEXHOAOTIH.

3aBnaHHs cTaTTi:

1) mocaigmTu IICUXOAOTO-IIearoTiyHi
YMOBH TAa  OUAAKTHYHI MOXKAWBOCTI
Ou(POBI30BAHOTO OCBITHBOTO CEpeIOBHUILA
y hopMyBaHHi MaTeMaTHUYHUX 3HAHb YYHIiB
3 OOII 5-6 KAaciB creliasbHOI IITKOAH;

2) OOrpyHTYBaTH METOAWYHI MiAXOOAU 10
dopMyBaHHA W pPO3BUTKY MaTeMaTHYHHUX
3HaHb YYHIB 5-6 KAACiB CIIeiaABHOI IITKOAU
i3 3acToCcyBaHHSM aaIlTUBHUX ITHU(PPOBUX
3acobiB HaBYaHHA 3 ypaxyBaHHSIM
OCHOBHHUX HAYKOBO-IIPAKTUYHUX OOMEKEeHE;

3) po3poOUTH MHpPaKTUYHI peKoMeHaArll
jan(eYile} T ABUIIIEHHI PE3yABTATUBHOCTI
MaTeMaTUYHOI [IiTOTOBKY y4HIB Ta IIOI0AAHHS
OCBITHIX BTpaT Ha YpOKax MaTeMaTHKU B 5-6
KAACaxX CIIEIaABHOI IITKOAH.

Buraan ocHoBHoro marepiaay. OcBitTHi
BTpPaTH B Y4YHIB 13 MOPYIIEHHAM CAyXY
MaTh crnenu@iyHUE xapakTep. BoHu
CTOCYIOTBCSI HE AUIIIE IIPOTAAMH y 3aCBOEHHI
TepMiHIB, a ¥ NOCTYIIOBOMY pPyHHYBaHHI
IOHATIHHOI CHUCTEMHU. HaBuannsa
MaTeMaTHKH y 5-6 Kaacax mnepenbdadae
mepexi Bil KOHKPETHO-0Opa3HOro A0
abCTPaKTHO-AOTIYHOTO MMUCAEHHS. YYHI 3
IIOPYIIIEHHSIM CAyXy Ie#l mporec OiabIn
OBIABHINITNH B HOPiBHAHHI 3
HOPMOTHUIIOBUMH yYHSIMU.

ITpobaema OCBIiTHIX BTpAaT BapTO
po3rAgAaTH 4Yepe3 IMPHU3MY KOTHITHBHOTO
PO3BUTKY Ta CHeHUdiku copuiMaHHS
MaTeMaTH4YHOI'O MaTepiasy y4YHAMU S5-6
KAaCiB 3 IOpyIIeHHSIM cayxy. [lounHarouu 3

S5 kKaacy MareMaTHKa crae  OiAbId
abCTpaKTHOIO, II0 CTBOPIOE [0JATKOBI
Oap'epu mag miTed B SIKUX HaO4YHO-0OpasHe
MHUCACHHS 1ie HETIOBHOIO Miporo
TpaHcopMyBasocd B abCTpPaTHOAOTIYHE
Jepe3 MOBA€HHEBY AETIPUBALIIIO.
MaremaTuka B 5-6 KAaacax

mepeBaHTa’keHa TEPMIiHOAOTIE€I0: BiJCOTKH,
Biml'eMHI 4YwMcCAa, KOOpAWHATHA IIAOIIIHMHA.
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meaning. They often fail to grasp the
problem’s conditions, but this should not
be regarded as a lack of mathematical
knowledge. This arises due to the linguistic
incompetence of such pupils. The child
loses the ability to solve problems
independently due to an inability to
understand verbal text and construct a
mathematical model.

In maths lessons in Years 5-6, problems
appear that consist of several sequential
steps. Due to the nature of auditory
perception, short-term memory capacity
may be limited. In this case, explanations
cannot be given orally alone. Visual aids
must be used to avoid misunderstanding
the sequence of operations. The pupil
must know how to perform individual
operations and the sequence in which they
are carried out.

Y4Hi 3 HDOpyLIEHHAM CAyXy MaTeMaTHYHUN
TEepPMiH MalThb HE I[IPOCTO IOYyTH, a
3po3yMiTH Horo 3HadeHHs. BoHH YacTo He
PO3yMiIOTE YMOBY 3azadi, ase Iie He Mae
po3ragmaTucda SK HE3HaHHd MaTeMaTHKH.

e BUHHUKAE qyepes AIHTBiCTHYHY
HEKOMIIETEHTHICTh TaKUX V4YHiB. duTuHa
BTpadae MOXKAUBICTb CaMOCTIiHHO

pPO3B'd3yBaTU 3a7adi 4Yepe3 HEMOXKAUBICTH
3pO3yMiTU BepOaAbPHUE TEKCT i CTBOPEHHS
MaTeMaTUYHOI MOEA].

Ha ypokax mareMaTuku y 5-6 Kaacax
3'9BAGETbCA 3aBIAAHHH, SKi CKAQOAIOTHCA 3
IIEKIABKOX IIOCAITOBHUX IIiH. Yepes
OCOOAMBOCTI CAYXOBOTO CIIPHHHSATTS 00CST
KOPOTKOYaCHOI aMm 'aTi MOXKeE OyTu
obMexkeHUM. B maHoMy BUIIaAKy He MOXKHA
IIPOBECTH IIOSICHEHHS AUWIlle yCHO. Mae OyTu
ollopa Ha Bi3yaaizallifo, 106 YHHKHYTH
HepPO3yMiHHHA AATOPUTMY  IIOCAIIOBHHUX
orepaliii. Y4eHb Ma€ 3HaTHU 9K BUKOHYBaTHU
OKpeMmi omepamii 1 mToOCAigoBHIiCTE  iX
BUKOHAHHSI.

Buxoxaid aomaRaHHS

|
%

AHAXOAWMD CNiNbHEE
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AHANOIUMD A0GATHORI
MHOMEHARM A KOHHOTD

12

=3
12 2

cd
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Fig. 1. Adding fractions with different denominators

Due to martial law, military operations
and the coronavirus pandemic, students
with hearing impairments are experiencing
learning losses. During distance learning
for students with hearing impairments,
communication between participants in the
educational process and visual articulation
cues has decreased. Acoustic distortions of
sound were observed during distance
learning. The number of errors made by
pupils whilst completing tasks has
increased, and their pace of work has

Source: created by the author
Yepe3s BOEHHHH CcTaH, BOEHHI mii Ta
aHAEeMil0 KOpOHaBipycy B V4YHIB 3
IIOPYILIEHHAM CAYXy 3'9dBASIOTBCH OCBIiTHI
BTpartu. llig yac aucra”HmiiHOro HaBYaHHA
Y4YHIB 3 MHOPYLIEHHAM CAYXY 3MEHIIHAACST
KOMYHIKAaIlil MiX y4YaCHHUKaMH OCBIiTHBOTO
IIpollecy Ta Bi3yaAbHOI apTHUKYAALiHHOI
OIIOPH. Cnocrepiraaucga aKyCTHUYHI
CIIOTBOPEHHS 3BYKY IIiJ 4Yac AUCTAHLIHHOTO
HaB4YaHHA. B yuHIB 30iabIinaacd KiAbKiCTh
IIOMHAOK IIi/l Y4aC BUKOHAHHS 3aB/aHb, CTaB
oBiABHIIIIEM TeMmn pobortu. Lle mpu3Beao mo
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slowed. This has led to them falling behind

BiicTaBaHHA Big HaBYaAbBHOI ITpOTpaMH,

the curriculum and educational losses in | HOSBHM OCBiTHIX BTpaT 3 MaTeMaTHKH.

mathematics.

Table 1

Structure of learning losses in mathematics lessons among students with
hearing impairments

Compqnents of Mamfest.atlons m Causes related to deaf education
learning loss mathematics learning
Confusion between similar Insufficient understanding of the
Conceptual concepts (divisors and meanings of homonyms or terms
multiples, radius and diameter) with abstract meanings
Errors in calculations involving Interruption of skill automation
. whole numbers, common and .
Operational . - o due to irregular attendance or
decimal fractions, positive and . .
. breaks in learning
negative numbers
A tendency to mechanically copy
Applied Difficulties in applying formulas examples, and stereotypical
PP in new situations thinking due to a fear of making
mistakes

Educational gaps in mathematics among
Year 5-6 pupils with hearing impairments
are cumulative in nature. For example: if
the concept of a fraction has not been
established at a visual level in Year 5,
difficulties will arise in Year 6 when
studying the topic "Proportion".

Given the specific nature of teaching
children with hearing impairments, to
effectively address learning gaps in
mathematics, attention must be paid to the
following areas:

1. Assessment of knowledge.
Mathematics has a hierarchical structure.
Overcoming learning gaps must begin with
their identification. To do this, it is
necessary to regularly check knowledge
and understanding of terms and conduct
tests. In this case, it is advisable to use
Quizizz, Kahoot, Google Forms, Wordwall,
etc. If revision is not carried out in maths
lessons, errors in calculations will occur.
To improve calculation skills, a daily five-
minute revision session can be conducted
on the Matific or Learningapps platforms.

2. Creating an adaptive visual learning
environment. When teaching children with
hearing impairments, visualisation should
serve not only an illustrative but also a
corrective and compensatory function. A
visual aid should be as informative as
possible to compensate for the deficit in
auditory perception. It is advisable to use

Source: compiled by the author

OcBiTHI BTpaTy 3 MaTeMaTHUKHU B YIHIB 5-6
KAQCiB 3 TOPYIIEHHSM CAyXy  MaloTb
KyMyASTUBHHUMN Xapakrep. Hamprkaan: gkio
B 5 KAaci He cpOpMOBaHO MOHATTS YaCTKU Ha
HAOYHOMY piBHi, TO B 6 KaAaCi BUHHUKHYTH
TPyAHOLI 3 BUBYeHHSM TeMHu "[Iporopiris'.

BpaxoBytouu crenugiky HaBYaHHS AiTel
3 TIOPYLIEHHSM CAyXy, [OAd e(EeKTHBHOTO
IO/I0OAAHHA OCBITHIX BTpaT 3 MaTeMaTHKH,
HEeOoOXiJHO 3BEPHYTH yBary Ha Taki
HaIpIMKHU:

1. [iarHocTHKa 3HaHBL. MareMaTuKa Mae
iepapxiyHy CcTpyKTypy. llomoaaHHS OCBiTHIX
BTpaT MOBHHHO IIOYMHATUCS 3 iX BUSIBACHHSI.
as 11bOTO TOTPIOHO PETYASIPHO MEPEBIPATHU
3HAHHA Ta PO3yMiHHS TEPMIiHIB, IPOBOIUTH
TEeCTyBaHHS. B IIbOMy BHUIIQ[IKy IOLIIABHO
BukopucroByBatu Quizizz, Kahoot, Google
®opmu, Wordwall Tomro. JKIo Ha ypokrax
MaTeMaTHKH He IIPOBOAUTH IIOBTOPEHHS, TO
3’IBASIIOTBCSI IIOMHAKH B O0YHCAeHHSX. [as
TIOKpAIIleHHsT  OOYMCAIOBAABHHUX  HaBHYOK
MOXKHAa IIPOBOAUTHU ILOAEHHE II'SITUXBUAWHHE
IIOBTOPEHHS Ha maatdopMmax Matific abo

Learningapps.
2. CTBOpEHHS aJalITUBHOTO Bi3yaAbHOTO
HaBYaABHOT'O cepedoBuIilla. B ymoBax

HaBYaHHSA [iTell 3 IIOPYLIIEHHSM CAYXY
Bi3yaaizallia Ma€ BHKOHyBaTH HE AHIIE

iATOCTpaTHUBHY, ane U KOPEKITiIHHY-
KOMIIEHCATOPHY  (pyHKILifo.  BisyasbHuii
006'eKT Mae OyTu MaKCHMaAbHO
indopMaTUBHHUM, 106 KOMIIEHCYBaTH
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interactive reference notes and mind maps.
However, it should be borne in mind that
children quickly become overwhelmed by
excessive visual noise.

3. Teaching methods and digital tools.
Digital tools can be used to create a
barrier-free educational environment. This
is where an individualised approach comes
into play. Pupils have the opportunity to
receive immediate feedback on their
answers and navigate their own individual
learning path. When working online on a
virtual whiteboard, pupils become explorers
rather than observers. Short games to
consolidate knowledge and revise
previously studied material (Wordwall) are
engaging for pupils. It is also advisable to
create visual instructions for solving typical
problems, using QR codes on paper
workbooks that link to a step-by-step
guide.

A comprehensive approach is needed to
address learning gaps in mathematics
among students with hearing impairments.
It is necessary to develop an educational
model that combines mathematics teaching
methods with digital tools.

OedilUT CAYXOBOTO CHPUMHATTH. [lOIiABHO
BUKOPHUCTOBYBaTH IHTEPaKTUBHiI OIOpPHi
KOHCIIEKTH Ta MEHTaAbHI KapTu. AAe CAif
aMm'aTaTy, IO OiTH IIBHAKO BTOMAIOIOTHCS
Bix HaAMipPHOTO Bi3yaAbHOIO IIIyMY.

3. Metonuuni npuiioMmu Ta I1MQPPOBL
iHCTpyMeHTH. 3a [JOIOMOIOI0  ITH(PPOBUX
iHCTPyMEeHTIB MOKHa noOyayBaTu
Oe3bap'epHui OCBIiTHIH IIPOCTIp. Tyt

peaaizyeTbcs IHAUBIAyaAbHUN minxin. B yuHiB
3’IBAFIETBCSI MOZKAUBICTD OTPUMATH HIBUIAKWH
dinbek Ha CBOIO BIAIIOBIAL Ta pPyXaTHCS

IHAWBIAyaAbHOI0O  OCBITHBOIO  TEPETOPIETO.
[Ipaiforoun oHAAMH Ha BipTyaAbHIM [OOIMII,
y4HI CTaloTh HE  CIIocTepiradyaMu, a

aocaigHUKaMHu. LlikaBUM Oag y4HIB € KOPOTKI
irpu mad akTyaaizaii 3HaHb Ta IIOBTOPEHHS
padimle BuBYeHOro wMarepiaay ( Wordwall).
Takok  [OLIABHO CTBOPIOBATH  Bi3yaAbHI
IHCTPYKIII IAS PO3B'SI3aHHSA TUIIOBUX 3aBAHb,

BuKopuctaBIim QR-KomM Ha HDarepoBHUX
30IIMTAaX, 9Ki JO3BOASIIOTE IIEPEHTH Ha CXEMY-
ioKa3Ky.

[aa 1momoaaHHS  OCBITHIX BTpar 3

MaTeMaTUKHU B YYHIB 3 HOPYLIEHHAM CAyXY
Ma€e OyTH KOMIIACKCHHH miaxin. HeobximHo
CTBOPUTH OCBITHIO MOJEABb, sIKA IIOEOHYE B
cobi MeTomd HaBYAHHA MATEMATHUKH Ta
nu(POBi IHCTPYMEHTH.

Table 2
Ways to address learning gaps in mathematics among students with hearing
impairments
Remedial component
Area of Con.te.n.t of Methods and tools (for students with
focus activities .. .
hearing impairments)
Identifying Oral tests, independent work,
. . gaps, diagnostic tests, maths Insufficient understanding
Diagnosis . . ; o e .
analysing dictations, individual tasks. of the meanings of
and . . - .
monitorin results, Digital tools for instant homonyms or terms with
g flexible checking, maths programmes abstract meanings
planning and platforms
Digital tools (graphical and
computational, interactive
Differentiated platforms, Vl?tual Whlteboa}rds, Interruption of the
tests and quizzes, visual aids), . .
. tasks, . . automation of skills and
Personalise e differentiated tasks, s .
. individual . : . abilities due to irregular
d learning interactive methods, project- )
plans, group LT attendance or breaks in
work based activities, individual learning
support, individual pace of
work, tools for creating
feedback and reflection.
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Remedial component

Area of Con.te.n.t of Methods and tools (for students with
focus activities . . .
hearing impairments)
. | Consolidation ‘Supportmg.summarles and . .
Systematis . diagrams, mind maps, tables, | Visualisation of concepts
. of previously . .. . .
ation of . exercises, worksheets, digital (diagrams, drawings),
. studied
foundation . tools and platforms, development of
topics, . . . .
al eriodic interactive whiteboards, terminology through
knowledge perlo virtual whiteboards, visual aids
revision
smartphones and tablets.
Videos, presentations,
Methodolo Variety of interactive exercises, e-books, Use of subtitles, sign
. free courses, YouTube
gical methods, . . language, step-by-step
o resources, mobile apps, online :
adaptabilit modular . explanations supported by
. schools, tutoring platforms, . :
y learning - . visual aids
interactive platforms and
simulators.
. . . Practical focus of the lesson, Use of visual and game-
o Diversificatio .
Motivation . game-based methods, creating based formats,
n of teaching . . . . . .
for methods situations of success, holding | incorporation of physical
learning amiﬁcati(;n various competitions, activity, reduction of
g storytelling, digital tools, linguistic load
Visualisation, dynamic
Use of Self-directed | modelling, gamification, tools Platforms with visual
digital learning, for creating interactive content, interactive
technologie practice, content, platforms for models, minimisation of
S assessment collaborative work in groups auditory information
and pairs.
Individual Adaptation of teaching
lessons, materials and modification of . .
. . . Explanations tailored to
tutoring and teaching methods, adaptive o i
. . communication abilities,
Adaptive support from learning platforms, .
. . ) . repeated explanations of
support older multimedia tools, interactive . . .
. material using various
students, dynamic programmes,
. ; . methods
universal consultations, optional
design. modules.
Development of
Building . . communicative
. Praise, support, creating .
Psychologi confidence, . . confidence, overcoming
. situations for success, . .
cal support reducing . fear of making mistakes
. reflection
anxiety through a safe
environment
Partnershi Informing, . Explalp ng fo parents how
. . LT Consultations, their child processes
p with involving in ; . . .
o . recommendations information, advice on
families learning . )
visual aids at home
o Assessing Adaptation of diagnostic
Monitoring . . .
and progress, Repeat tests, analysis of tasks, extension of time
. adjusting the results limits, clarification of
adjustment . .
plan instructions

The methods for overcoming educational
deficits in mathematics among pupils with

Source: compiled by the author
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hearing impairments, as outlined in Table
2, determine the rationale for the practical
application of digital technologies in
mathematics teaching at a special school
for children with hearing impairments, with
a focus on overcoming educational deficits.
For a student with hearing impairments,
the main barrier is the abstract nature of
mathematical terms. Definitions in the
textbook often remain incomprehensible to
the child. The introduction of interactive
dictionaries implements the principle of
multimodal perception. The pupil can refer
to the dictionary repeatedly, which reduces
the cognitive load and helps to compensate
for gaps in understanding concepts.
Mathematics in Years 5-6 requires a
transition from concrete actions to working
with mental images. The use of digital tools
such as Matific and GeoGebra enables an
activity-based approach. When a pupil uses
digital tools to visualise a virtual object,
they engage the kinesthetic channel of
perception, which often becomes
compensatory for children with hearing
impairments. The platforms enable the
teacher to see not only whether a task has
been completed correctly or incorrectly, but
also exactly why a mistake was made. If,
for example, pupils do not understand
what the expression ‘three-fifths of a
number’ means, the interactive GeoGebra
model visualises this division in real time,

which  helps to overcome language
deprivation.

Academic success in a special school
depends on the pupil’s psychological
comfort. If a pupil has questions or
something is wunclear, this leads to

learning losses. Establishing a trusting
partnership is one of the teacher’s tasks.
To foster close cooperation between
teacher and pupil during distance
learning, pupils often use digital tools and
messaging apps to communicate directly
with their maths teacher. This creates a
safe space for interaction among those
involved in the educational process.
Writing a letter to the teacher is an
opportunity to learn how to formulate
one’s thoughts. This develops
communication skills in students with
hearing impairments. It gives them the

IIOPYLIEHHAM CAYXYy BH3HaA4alTb AOI‘iKy

IIPaKTUYHOI'O  3aCTOCYBaHHA  ITU(PPOBUX
TEXHOAOTIi y HaB4YaHHI MaTeMaTUKH B
CIIelliaABHIM LITKOAI JavX: aitei 3
OPYIIEHHAM CAyXy 3 Opi€eHTalli€elo Ha

[I0J0AAHHSY OCBIiTHIX BTpaT.

[Agt yaHS 3 TOPYIIEHHIM CAYXY TOAOBHUM
Oap'epoM € abCTPaKTHICTh MaTeMaTHYHHUX
TepMiHiB. O3HaYeHHs B HiAPYYHUKY 4YacCTO
3aAMIIAETBCA OAS OUTHHH HE3PO3yMiAUM
TEeKCTOM. BrnpoBamKeHHS iHTEePaKTHBHUX
CAOBHUKIB peaaisye IIPUHIINIL
[IOAIMOZIAABHOCTI CHPUUHSTTSI. YU€Hb MO3KE
OaraTo pasiB IIoBepTaTUCS OO0 CAOBHHKA, ITI0
3HiMa€ KOTHITMBHE HaBaHTaXXEHHS Ta
gorioMara€e KOMIIEHCYBaTU IIPOTAAUMHU Y
PO3yMiHHI IIOHSITb.

Marematnka B 5-6 Kaacax BHMarae

nepexony  Big — KOHKPETHHX  Oil 10
oriepyBaHHd oOpazamMu. BukopucranHa
mudpoBUX  iHcTpyMeHTIB  Matific  Ta
GeoGebra JIO3BOASIE peaaizyBaTu
OigabHicHHUM  minxinm. Koam  ydeHp 3a
JOTIOMOTOXO P POBUX IHCTPYMEHTIB

yaBAdIE BIipTyaAbHHH O00'€KT, BiH 3asydae
KiHECTEeTUYHHNN KaHaA CIPUHHATTS, AKUH y
OiTed 3 IOPYLIEHHSM CAyXy YacTo CTae
KOMIIEHCATOPHUM. [Taarcpopmu  maroThb
3MOTY BYHUTEAIO 0QYUTH HE AHUIIE ITPABUABHO
Yl HEIpaBHUABHO BHKOHAHO 3aBIaHHS, aae
YoMy caMe [OOIyIIeHO IIOMHAKY. JSIKIIo,
HaIIpUKAa[, YIHi He PO3yMilOTh 110 O3HAYaE
BHCAIB TpHu II’9THUX BIf YHCAAa,
inrTepakTuBHa Momeab GeoGebra peaaisye
e TomiA y peasbHOMY daci, IO CIPHUSE
[I0/I0AAHHIO MOBA€HHEBOI AeIIpHUBallii.
Ycmixu HaB4YaHHS B CHEIliaAbHIHM IITKOAi
3aAekaTh Bil IICUXOAOTIYHOTO KOMMQOPTY
y4H4. SKIO0 B y4YHY BUHHUKAIOTh NUTAHHA
SKIIIO IIOCh HE3PO3yMiAO, TO II€ IIPU3BOAUTH
10 BUHUKHEHHS OCBITHIX BTpAaT.
HaaaroouTu mOBipAMBY CIIBIIPALIIO € OJHUM
i3 3aBHaHb BuHUTeAd. [lAg HaaaroAKeHHS
TICHOI cmiBIpalli Mi’K BYHUTEAEM Ta YYIHEM,
Oig dYac [AUCTAHIIIMHOTO HaB4YaHHS, V4YHI

4acTo BUKOPUCTOBYIOTH U poBi
IHCTPYMEHTH, MECEHIXKEepPH [OAd IIPSIMOTro
3B'A3KY 3 YIHUTEAEM MaTeMaTHUKH.
CTBOprOETHECH Oe3neuyHui [OpoCTip [OAs

B3a€EMO/ii yJacCHHKIB OCBITHBOIO IIPOIIECY.
Hamnucatu nucbMoBe 3BE€pHEHHSI BUUTEAIO —
Ile MO3KAWBICTH HaBYATHCS (POPMYyAIOBATH
cBoi nymku. lle po3BHBae KOMYHIKaTUBHI
HaBUYKU B YYHIB 3 IOPYIIEHHIM CAyXYy. [lae
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opportunity to get answers to their
questions and discuss assignments and
problems. The entire dialogue can be
saved and revisited if necessary.

In traditional mathematics teaching
methods, word problems serve as a means
of integrating language and logical skills.
However, for pupils with hearing
impairments, they present a double barrier.
Pupils must first overcome the linguistic
complexity and only then the mathematical
one. The text of the problem often contains
superfluous information that overloads
pupils’ memory. The digital environment
makes this task easier. We transform the
problem’s conditions into an interactive
diagram. Passive reading is replaced by
active exploration. Instead of imagining the
movement of trains or changes in the price
of goods, the pupil sees objects on the
screen. This approach is based on the
principles of visual-spatial thinking, which
is a dominant component of the cognitive
sphere of  children with hearing
impairments, enabling them to grasp the
essence of mathematical relationships
without complex verbal descriptions.

Conclusions and research
perspectives. The study found that the
introduction of  digital tools in
mathematics lessons reduced the time
taken for students with  hearing
impairments to learn terminology. The
creation and  use of interactive
dictionaries during lessons and in
extracurricular activities enabled
specialised mathematical terms to shift
from passive to active use. The data from
the study show that this process became
10% faster. Consequently, there is more
time available for solving practical
exercises and problems, and for revising
previously studied material. In this case,
educational losses do not accumulate but
are reduced. The use of digital tools and
platforms leads to an increase in pupils’
research activity, which helps to reduce
educational losses.

The digital environment reduces anxiety
levels. Thanks to the variety of digital tools,
the principle of the right to make mistakes
is realised. Students have the opportunity
to attempt tasks an unlimited number of

iM MOIKAUBICTP OTpPHUMATHU BIANOBIAL Ha
IIUTaHHsg, OOrOBOPUTH 3aBIaHHS Ta 3aJadi.
Becp me#t pmiasor wMoxkHa 30epertu  Ta
IIOBEPHYTHUCH [I0 HBOTO B pasi IIoTpebu.

Y TpamuiiiHili MeTOAUIl BUKAAIAHHS
MaTeMaTHKH TeKCTOBa 3anada € (OpMOIo
CHUHTE3y  MOBAEHHEBHUX  Ta  AOTIYHHUX
HaBHYOK. [IpoTe maa y4HIB 3 HOPYLIEHHAM
CAyXy BOHA CTa€ moABiHUM Oap'epom. YuHi
CIIOYaTKy MaloThb IIOZ0AATHU AIHTBICTUYHY
CKAQHICTh 1 AUIIIE TIOTIM — MaTeMaTU4HY.
Tekcr 3amadi 4YacTo  MICTUTH  3alBy
iH(popMmallilo, gKa IepeBaHTaXKye I1aM'saTh
yaHiB. LludpoBe cepemoBUIE [O0O3BOALE
IIOAETIIHTHU I0 poboty. YMOBY 3amadi
TpaHC(POPMYEMO B IHTEPAKTUBHY CXEMY.
BinOyBaeTbca 3amiHa ITACHBHOTO YHUTaHHS
Ha AaKTHUBHE [OCAi/?KeHHsI. 3aMiCTh TOro,
100 ySIBASTH PyX IIOTATIB abo 3MiHY IIiHH
TOBapy, yVieHb 0aYUTh O0'€KTH Ha €KpaHi.
Takuit miaxing IPYHTYETbCS Ha 3acagax
HAOYHO-00pa3HOTO0 MHCAEHHS, III0 BUCTYIIA€

OMIHAQHTHUM  CKAQIHHUKOM  KOTHITHBHOI
chepr miTelh 3 HOOPYILIEHHAM  CAYXY,
OO3BOAGIOYHM  iM  3pO3yMITH  CYTHICTB
MaTeMaTUYHUX BimHoileHb O CKAQIHUX
BepOaABLHHUX OMHUCIB.

BHcHOBKH Ta NepPCNEeKTHBH
AocAimxkeHb. B pe3yabTaTi [IOCAIIZKEHHS

BCTAHOBAEHO, III0 BIIPOBAZKEHHA ITMPPOBHUX
IHCTPYMEHTIB Ha ypoKax MaTeMaTHKH
OO3BOAMAO CKOPOTUTH dYac Ha 3aCBOEHHH
TEPMIHOAOTI] YYHAMH 3 MOPYILIEHHSM CAYXY.
CTBOpEHHS Ta BUKOPUCTAHHS Ha ypoOKax Ta B
I103aypPOYHUM Yac iHTEPaKTHUBHUX CAOBHUKIB
JIO3BOAMAO, III00 CIIeIliaAbHI MaTeMaTH4dHi
TepMiHU reperInAu i3 [IaCHBHOI'O
BUKOPUCTAHHS o aKTHBHOTO. [awi
IIPOBEAEHOIO MOCAIXKEHHS II0Ka3yIOTh, III0
e mporec craB mBuAmuM Ha 10%. 3a
PaxyHOK IIbOTO 3’IBAFETBCS OiAblIe Yacy Oas
PO3B’sI3yBaHHS IPAKTUYHUX BIIPAaB Ta 3a7ad4,
IIOBTOPEHHSI paHillle BUBYEHOI'O MaTepiaay.
OcBiTHI BTpaTH B [JaHOMYy BUIAIOKy HeE
HaKOITNYyIOThCH, a 3MEHIIYIOThCS.
BukopucranHusa 1u@poBHUX IHCTPYMEHTIB Ta
maaTpopM  OPUSBOAUTE OO0  30IABIIEHHS
JIOCALTHHUITEKOL aKTHUBHOCTi  y4HIB, 1110
[oroMara€e 3MEeHIITUTH OCBiTHI BTpaTU.
HudpoBe cepenoBHUIlle 3HUKYE PiBEHb
TPUBOXKHOCTI. 3aBASKH Pi3HOMAaHITHOCTI
Ou(POBUX  IHCTPYMEHTIB peaaizyeTbca
IIPUHIUII [IpaBa Ha IIOMHAKY. B y4HIB €
MOXKAUBICTh HeOOMeXXeHOI KiABKOCTi Crpob
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times without external pressure. Pupils
develop a desire to work independently
whilst completing tasks, to address their
mistakes and to assess their level of
knowledge in the subject. This enables
pupils with hearing impairments to
independently track their own educational
progress. Pupils in Years 5-6 demonstrated
the ability to solve higher-level problems
that they had previously been unable to
solve.

We see prospects for further research
in testing the effectiveness of the
proposed methods for overcoming
educational gaps in mathematics lessons

BUKOHATH 3aBAaHHA 0e3 30BHIIIHBOTO
TUCKy. B yuHIB 3’aBageTbcad OazkaHHA
[IpamoBaTU CaMOCTIMHO ITifl Yac BUKOHAHHA
3aBJaHb, [palloBaTH Hal IIOMHAKAMH Ta
OLIIHIOBaTU CBifl piBeHb 3HAHL 3 IIpeaMeTa.
Ile mo3Boade y4YHAM 3 MOPYLIEHHAM CAYXY
CaMOCTIHHO BiACTeXXyBaTH BAACHY OCBITHIO
TPAaEKTOPIIO. Yuni S5-6 KAaCiB
JEMOHCTPYBaAW 3[aTHICTH PO3B'd3yBaTH
3aBIAHHSI BHIIOIO pPiBHA CKAQIHOCTI, HKi
paHilie BOHU HE MOTAU PO3B'A3aTH.
[lepcrieKTUBH  IIONAABIINX  JOCAIIKEHBb
BOayaeMo B TIepeBipli  edeKTHUBHOCTI
3aIIPOIIOHOBAHUX ITIASXIB IIOJOAAHHS OCBIiTHIX
BTpaT Ha ypoKax MaTeMaTHKU B 5-0 Kaacax

in Years 5-6 of a special school. In the CHCTUAABHOL THKOAM. Ha  fHa HOMy  etarl

; . . IIPHUCTYTIUTH 03pOOKHU METOIUIHIX
next stage, we will begin developing P .~ PosP A
; . PeKOMeHallik 18()1(0) BUKOPHUCTAHHS
methodological recommendations on the . .
UPOBUX IHCTPYMEHTIB [OAd HaA YpOKax

use of digital tools in algebra and

geometry lessons in Years 7-9. Opw Ta reomerpil y 7-9 kaacax.
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