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Anotacija. Straipsnyje analizuojami mokiniy, turin¢iy regos sutrikimy, ugdymo(si) is$tkiai ir pedagogy patir-
tys, ieskant $iy i88ukiy sprendimy tiksliyjy ir gamtos moksly srityse. Tyrimu siekiama atsakyti j klausimus, su
kokiais i$sukiais tiksliyjy ir gamtos moksly pamokose susiduria pedagogai, ugdydami mokinius, turin¢ius regos
sutrikimuy, ir kokie techniniai ir metodiniai sprendimai taikomi $iems i$stukiams jveikti, siekiant uztikrinti jtrau-
kiojo ugdymo kokybe. Problemai tirti pasirinktas Scopus duomeny bazés literatiiros analizés metodas. Rezultatai
parodé, kad daug issukiy kelia vizualios mokymo medziagos neprieinamumas, todél pedagogams sunku per-
teikti pamoky turinj, o mokiniams - jj suvokti, nes didelé mokymosi medziagos dalis pateikiama vizualiais ele-
mentais, tokiais kaip grafikai, schemos ir diagramos. Tyrimy apzvalga atskleidé, kad veiksmingiausi sprendimai
remiasi kompleksiniu pozitiriu, derinant skirtingy sensoriniy modalumy naudojimg, personalizuotg mokymasi
ir aktyvy mokiniy j(si)traukima. Tai leidZia ne tik sumazinti kliatis, bet ir stiprina mokiniy motyvacija, skatina
savarankiskumg. Sie rezultatai svarbis kuriant jtraukia $vietimo praktika, kurioje mokiniai, turintys regos sutri-
kimy, gali ne tik lygiavertiskai dalyvauti, bet ir sékmingai realizuoti savo potenciala.

Reik$miniai Zodziai: jtraukusis ugdymas; mokiniai, turintys regos sutrikimuy; tikslieji mokslai; gamtos mokslai.

Ivadas

Remiantis Svietimo valdymo informacinés sistemos' (SVIS) duomenimis, 2024-2025 m. m. Lietuvos
bendrojo ugdymo mokyklose mokési 66 mokiniai, turintys vidutine arba Zymig silpnaregyste, ir 6 mo-
kiniai, turintys aklumg su regéjimo likuciu arba praktiska (funkcinj) ar visiska (absoliutyjj) akluma.

1 Svietimo valdymo informaciné sistema, zr. https://www.svis.smm.lt/.
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Baranauskaités (2016) teigimu, jprastose bendrojo ugdymo mokyklose besimokantys mokiniai, ku-
riems diagnozuotas aklumas, nelanko kai kuriy pamoky, pavyzdziui, fizinio ugdymo, nes mokykly
aplinka néra tam pritaikyta, o fizinio ugdymo mokytojai néra susipazing su neregiy ir silpnaregiy fizi-
niais gebéjimais. Kaip nurodo Lietuvos aklyjy ir silpnaregiy sgjunga (2017), Lietuvoje triiksta specia-
liyjy pedagogy, galin¢iy ugdyti mokinius, turin¢ius regos sutrikimy, nes Sie pedagogai musy Salyje
nuo 2002 iki 2017 mety nebuvo rengiami. Svietimo, mokslo ir sporto ministerijos duomenimis (2022),
2021 m. pradzioje triko daugiau kaip 1 600, o 2022 m. — apie 1 200 specialisty. Baranauskaité (2016)
taip pat pabrézia, kad mokyklose tritksta pagalbiniy mokymosi priemoniy: vaizdo didintuvy, kompiu-
teriy su ekrano skaitymo ir vaizdo didinimo programomis, reljefiniy zemélapiy, gaubliy, koordinaciy
plokstumy ir kity priemoniy. Daugelio mokykly fiziné aplinka néra pritaikyta mokiniams, turintiems
regos sutrikimy: triksta orientuotis padedancio spalvy kontrasto, néra jrengty taktiliniy vaik§¢iojimo
pavirsiy, néra uzrasy Brailio rastu ir padidintu $riftu prie kabinety dury.

Tiksliyjy ir gamtos moksly prieinamumas mokiniams, turintiems regos sutrikimuy, islieka ribotas
ir kitose Salyse. Sie mokiniai, kaip ir jy bendraamziai, gali mokytis visy mokomuyjy dalyky, ta¢iau
ne visada gali dalyvauti su dalyku susijusiose veiklose, ypa¢ matematikos, gamtos moksly ir fizinio
ugdymo pamokose (Jessup et al., 2017). Mokslininkai teigia, kad problema dar labiau iSryskéja auks-
tesnése klasése, kai ugdymas tampa labiau orientuotas j akademinj turinj. De Verdier ir Ek (2014)
nustaté, kad dalyky prieinamumas labai priklauso nuo mokytojo Ziniy ir pozitrio, todél mokiniai,
turintys regos sutrikimy, daznai renkasi dalykus ne pagal savo gebéjimus ar interesus, o pagal jy pri-
einamuma. Taip prarandamos galimybés mokytis aukstesnio lygio dalyky, o tai gali riboti jaunuoliy,
turinciy regos negalig, siekius studijuoti tam tikrg specialybe aukstojoje mokykloje ir véliau dirbti
pasirinktoje srityje.

Mokiniams, turintiems regos sutrikimy, batina pritaikyti uzduotis ir atsiskaitomuosius darbus.
Galimi skirtingi sprendimai: vieniems pakanka pateikti tekstus padidintu $riftu, o esant didesniam
sutrikimui, tenka koreguoti uzduociy pobudj. Taip pat svarbu isryskinti pedagogui batinas kompe-
tencijas, reikalingas skaitmeninéms ir informacinéms technologijoms veiksmingai taikyti, nes $iuo-
laikinés technologijos itin svarbios uztikrinant kokybiska mokiniy, turinciy regos sutrikimy, ugdy-
ma. Biithlerio (2016) teigimu, mokymosi procese turi buti sudarytos galimybés pasitelkti kompiu-
terius, plansetes ir jvairias pagalbines programas, o mokymosi turinys turi biti pritaikytas visiems.
Mokymosi procese naudojami techniniai jrenginiai turéty turéti balso jvesties ir iSvesties funkcijas,
o vizualiné medziaga (paveiksléliai ir vaizdo jrasai) turéty buti papildyta garsiniais aprasais ir sub-
titrais. Humanitariniy dalyky déstymas daznai yra paprastesnis, nes jy turinio didzioji dalis grin-
dziama verbaline kalba ir tekstiniais dokumentais, kuriuos $iuolaikinés technologijos leidzia lengvai
pateikti skaitmeniniu formatu, padidintu $riftu arba Brailio rastu.

Tiksliuosiuose ir gamtos moksluose didzioji dalis mokomosios medziagos pateikiama vizualiai:
matematikoje ir informatikoje tai — grafikai ir schemos, chemijoje, fizikoje ir biologijoje — laborato-
riniy tyrimy rezultatai. Capovilla ir kt. (2013) atliktas atvejo tyrimas atskleidé, kad ,,Lego“ konstruk-
toriaus detalés padeda akliesiems lavinti algoritminj mastymg. Analizuojant moksling literatiirg,
siekiama atskleisti pedagogy patirtis, ieSkant sprendimy, kaip tam tikra tiksliyjy ir gamtos moksly
informacija pritaikyti mokiniy, turinc¢iy regos sutrikimy, ugdymo(si) procese.

Tyrimo tikslas - taikant Scopus duomeny bazés literattiros analize, atskleisti pedagogy patirtis
tiksliyjy ir gamtos moksly pamokose, ugdant mokinius, turincius regos sutrikimy.

Tyrimo tikslui pasiekti suformuluoti $ie tyrimo klausimai:

1. Su kokiais i$stkiais susiduria pedagogai tiksliyjy ir gamtos moksly pamokose, ugdydami mo-
kinius, turinc¢ius regos sutrikimy?
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2. Kokie techniniai ir metodiniai sprendimai taikomi $iems issukiams jveikti, siekiant uztikrinti
jtraukiojo ugdymo kokybe?

Metodologija

Tyrimui atlikti pasirinkta kokybiné moksliniy Saltiniy analizé, pasitelkiant Scopus duomeny bazés
publikacijas ir taikant PRISMA kontrolinj sarasa (Shamseer et al., 2015). Moksliniy $altiniy ieskota
Academic Search Ultimate (EBSCO) ir Scopus duomeny bazése, kurios i$siskiria gausia edukologi-
jos srities publikacijy pasitila. Duomeny bazés pasirinktos atsizvelgiant j jy turinio prieinamuma ir
techninj pritaikyma: $iose bazése pateikiami visateksciai straipsniai, btitini i$samiai sisteminei lite-
ratiiros analizei atlikti, taip pat jos suderinamos su ekrano skaitymo programomis, todél tinkamos
naudoti asmenims, turintiems regos sutrikimy.

Mokslinés literattiros paieska vykdyta 2024 m. rugséjo 11 d.—gruodzio 22 d. Atliekant paieska,
remiantis tyrimo problema, tikslu ir PICO modelio struktara parinkti reik§miniai Zodziai. Sgvokos
»teaching blind and visual impaired students® ir ,,inclusive education of blind and visual impaired
students atspindi tyrimo populiacija — mokinius, turin¢ius regos sutrikimy, ir kontekstg — jtraukuyjj
ugdyma. Savokos ,,natural sciences” ir ,mathematical sciences” zZymi tyrimo teminj laukg - tiksliyjy
ir gamtos moksly pamokas, kuriy metu mokiniai, turintys regos sutrikimy, daznai susiduria su spe-
cifiniais i§§ukiais.

Minétos savokos pasirinktos siekiant aprépti kuo platesnj, taciau tikslinj akademiniy $altiniy
spektra, susijusj su jtraukiuoju ugdymu ir pedagogine praktika tiksliyjy ir gamtos moksly srityse.
Atliekant paie$ka naudotas loginis jungiklis ,, AND® leido sukonkretinti uzklausas ir atrinkti aktua-
lius, tyrimo klausimus atitinkancius $altinius.

Taikant Siuos paieskos metodus, surinkta 191 publikacija, atitinkanti nustatytus paieskos kriteri-
jus. Straipsniy atranka atlikta taikant autoriy nustatytus jtraukimo ir atmetimo kriterijus.

Jtraukimo ir atmetimo kriterijai

Mokslinés literatiiros analizei taikyti nuoseklas ir teoriskai pagrijsti jtraukimo ir atmetimo kriterijai,
siekiant uztikrinti duomeny aktualuma, patikimuma ir tyrimo tikslo atitiktj.

Teminis tinkamumas. Jtraukti tyrimai turéjo nagrinéti mokiniy, turinéiy regos sutrikimy, ugdy-
mo aspektus tiksliyjy ir gamtos moksly (matematikos, fizikos, biologijos, chemijos, informatikos)
kontekste. Atmesti tyrimai, kuriuose analizuotas su $iais mokslais nesusijusiy dalyky (pavyzdziui,
kalby ar meny) mokymas, nes jie neatitiko tyrimo problemos.

Geografinis ir ekonominis kontekstas. ] analize jtraukti tyrimai, atlikti pazangiose arba panasaus
iSsivystymo lygio kaip Lietuva $alyse, siekiant uztikrinti ugdymo praktiky ir salygy palyginamuma.
Atmesti tyrimai, atlikti maziau iSsivysciusiose $alyse, nes jy $vietimo infrastruktira, pedagoginés
galimybés ir technologinis prieinamumas gali reik$mingai skirtis nuo tiriamy konteksty.

Moksliskumas ir patikimumas. Jtraukti tik recenzuojamuose mokslo Zurnaluose paskelbti straips-

niai, uztikrinant jy akademinj patikimumg ir kokybés kontrole. Nerecenzuojamuose ar neakademi-
niuose leidiniuose publikuoti tyrimai atmesti dél mazesnio metodologinio patikimumo.

Analizés kontekstas. Atrinkti tik tie tyrimai, kuriuose ugdymas nagrinéjamas esant jprastoms
mokymosi sglygoms. Per pandemijos laikotarpj (pavyzdziui, COVID-19) atlikti tyrimai atmesti dél
specifinio konteksto, kuris neatspindi jprastos ugdymo aplinkos.
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Publikacijy aktualumas. Analizuoti pastarajj deSimtmetj paskelbti tyrimai, siekiant uztikrinti
duomeny aktualuma $iuolaikinéms $vietimo sistemoms. Senesni negu 10 mety straipsniai atmesti
kaip galimai neatitinkantys dabartiniy pedagoginiy ir technologiniy realijy.

Prieinamumas. Jtraukti tik atvirosios prieigos visateksciai straipsniai, leidZiantys i§samiai jvertin-
tijy turinj ir metodologija. Straipsniai, prieinami tik santrauky ar riboto teksto formatu, neanalizuo-
ti dél nepakankamos informacijos.

Tyrimo populiacija. Analizuoti tik tie tyrimai, kuriuose nagrinéjamas mokiniy, turin¢iy regos su-
trikimy, ugdymas(is), siekiant uztikrinti aiskig sasaja tarp negalios tipo ir pedagoginiy sprendimy.
Atmesti tyrimai, kuriuose dalyvavo asmenys, turintys kombinuoty negaliy, nes tai galéjo iSkreipti
specifinius regos sutrikimy poveikio aspektus.

Kalbineé prieiga. Atrinkti straipsniai, parasyti angly, lietuviy, ispany ar vokieciy kalbomis, t. y. kal-
bomis, kurias tyréjas geba vartoti akademiniu lygmeniu. Kitomis kalbomis publikuoti straipsniai
neanalizuoti dél galimy interpretaciniy netikslumy (zr. 1 pav.).

[ Tyrimy atranka duomeny bazése ir registruose ]
o
Irasai, rasti
duomeny bazése (n = 2 446).
IraSai, pasalinti prie§ atranka:
é * dublikatai (n = 8),
9 »| < paSalinti automatizuotais jrankiais
£ kaip netinkami (n =2 247),
.“é * paalinti dél kity priezasciy (n = 0).
3
e
A 4
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Irasai, pasalinti perzitiréjus
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PRISMA diagrama: tyrimy atranka duomeny bazése ir registruose
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Panaudojus atmetimo kriterijus, liko dvylika moksliniy tyrimy, susijusiy su mokiniy, turinciy

regos sutrikimy, tiksliyjy ir gamtos moksly ugdymu. Sie tyrimai buvo atlikti per pastargjj desim-
tmet] ir nagrinéja tiksliyjy ir gamtos moksly mokymo issukius bei jy sprendimo budus. Siekiant
parengti skirtingy studijy apzvalga, tirti atrinkti straipsniai buvo koduojami atsizvelgiant j turinj,
siekiant trumpai aprasyti kiekvieno tyrimo pagrindinius bruozus ir rezultatus. Turinio kodavimas
apémeé $iuos aspektus: $alj, kurioje atliktas tyrimas, tyrimo metodus, tyrimo konteksta, pagrindinius

rezultatus ir tolesniy tyrimy rekomendacijas (zr. 1 lentele).

1 lentelé.

Itraukty tyrimy analizés rezultatai

Autoriai Tyrimo klausimas Tyrimo kontekstas Tyrimo tipas Pagrindiniai rezultatai
Bowers &  Ar sukurtas proto- Prototipas, leidzian- MiSrus. Nauja sistema jgalina asmenis, turin-
Hayle, 2021 tipas jgalina moki- tis mokiniams, turin- ¢ius regos sutrikimuy, braizyti erdvi-
nius, turin¢ius regos  tiems regos sutriki- nius virtualius objektus. Rekomen-
sutrikimy, kurti 3D muy, patiems kurti 3D duojama tobulinti objekty zyméjimo
objektus? objektus. funkcija virtualiojoje erdvéje esancia-
me zemélapyje ir, pasitelkiant HAPT
sistema, gerinti neregiy ir silpnaregiy
orientavimgsi visuomeniniuose pas-
tatuose ar vieSosiose vietose (pavyz-
dZiui, oro uostuose).
Doore et al., Ar sukurta multimo-  Sistema, skirta gra-  Kiekybinis. ~Nustatyta, kad mokiniy, turinéiy
2022 daliné sgsaja padeda  finiams vaizdams regos sutrikimy, ir gerai matanciy
mokiniams, turin- perteikti, pasitelkiant mokiniy jtrauktis j STEAM pamokas
tiems regos sutrikimy, multisensorine garso tampa visavertiskesné, o grafiniai
suprasti grafinius ir vibracijos sasajg ir elementai geriau suvokiami. Reko-
elementus STEAM iSmaniojo telefono menduojama papildyti multimoda-
(angl. Science, Tech- ~ programéle. ling sasaja papildomais haptiniais
nology, Engineering, modeliais ir automatizuoti diagramy
Arts, Mathematics; garsinius aprasus.
liet. -mokslas, tech-
nologijos, inzinerija,
menai, matematika)
pamokose?
Dumpel et Ar dvimadiai ir tri- Lastelés sandaros Misrus. Sukurti dvimaciai (2D) ir trimacdiai
al., 2023 maciai didaktiniai suvokimo gerinimas (3D) didaktiniai modeliai, skirti ci-

modeliai padeda mo-
kiniams, turintiems
regos sutrikimy, su-
vokti lastelés sandara
biologijos pamokose?

pasitelkiant dvima-
¢ius ir trimacius
didaktinius modelius
biologijos pamokose.

tologijai aiskinti: dvimatis taktilinis
atlasas, kuriame pateikiami organoi-
dy atvaizdai ir aiSkinamasis tekstas
reginciyjy ir Brailio rastu, taip pat
trimatis Zmogaus lastelés modelis i§
spalvoto polimerinio molio. Nustaty-
ta, kad mokiniy, turinciy regos su-
trikimuy, lastelés sandaros suvokimas
pageréjo - $ie mokiniai atskyré tiek
pat detaliy, kiek ir mokiniai, neturin-
tys regos sutrikimy.
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Autoriai Tyrimo klausimas Tyrimo kontekstas ~ Tyrimo tipas Pagrindiniai rezultatai
Figueiras & Kokie metodai padeda Haptiniy priemoniy Kokybinis. ~ Nustatyta, kad ap¢iuopos patirties
Arcavi, 2014 mokiniams, turin- ir kalbos svarba mo- ir zodiniy apraSymy derinys padeda
tiems regos sutrikimy, kiniams, turintiems efektyviai suvokti matematikos pa-
suvokti matematikos  regos sutrikimy, ma- moky medziagg.
pamoky medziaga? tematikos pamokose.
Jitngernma- Ar sukurtas progra-  Programos prototi-  Kokybinis.  Mokiniams, turintiems regos sutriki-
danetal,  mos prototipas leidzia pas, padedantis grei- muy, sukurtas programos prototipas,
2017 atpazinti paryskintus  ¢iau rasti paryskinta leidziantis greic¢iau rasti ir atpazinti
elementus elektroni-  informacija elektro- paryskintg informacija elektroni-
niuose matematikos  niniuose matema- niuose matematikos vadovéliuose,
vadovéliuose? tikos vadovéliuose, naudojant ekrano skaitymo pro-
naudojant ekrano gramg ir (arba) Brailio rasto eilute.
skaitytuvus. Nustatyta, kad prototipas greitai su-
vokiamas ir palengvina elektroniniy
matematikos vadovéliy navigacija.
Rekomenduojama plésti prototipo
funkcijas ir didinti jo, kaip pagalbi-
nés priemonés, prieinamuma.
Luque et al., Kokiy is$ukiy infor-  Mokiniy, turinéiy Kiekybinis. ~Nustatyta, kad informatikos pamo-
2018 matikos pamokose regos sutrikimuy, kose mokiniai, turintys regos sutri-
patiria mokiniai, tu-  jtrauktis j informa- kimuy, susiduria su $iais i$stukiais:
rintys regos sutrikimy, ciniy technologijy diagramy, grafiky ir schemy gausa
ir jy pedagogai? ugdyma. bei nejtraukties jausmu. Pedagogams
kyla sunkumy dél ribotos prieigos
prie ziniy apie mokiniy, turin¢iy
regos sutrikimuy, jtrauktj ir dél nepa-
kankamo pasirengimo. Rekomen-
duojama didinti prieinamumga, nau-
dojant projektorius su ekrano skaity-
mo programomis, grafinius vaizdus
papildyti tekstiniais aprasais kartu
su taktiliniais atvaizdais ir didinti
skaitmeniniy informatikos ugdymo
priemoniy prieinamuma.
Moraiset  Kaip biisimieji bi- Busimuyjy biologijos  Kokybinis.  Nustatyta, kad basimieji pedago-
al., 2020 ologijos mokytojai mokytojy prakti- gai patiria sunkumy dél ziniy apie
pasirenge dirbti su kanty pasirengimas pagalbines priemones ir metodus
mokiniais, turin¢iais  dirbti su mokiniais, trakumo. Rekomenduojama skatinti
regos sutrikimy? turinciais regos sutri- diskusijas apie pedagogams kylancius
kimy. issukius, jtraukti pagalbines priemo-
nes ir stiprinti mokiniy motyvacija
mokytis.
Morrison et Ar sukurta programa ,,Torino” - fiziné Misrus. Nustatyta, kad fiziné programavimo

al., 2021

padeda mokiniams,
turintiems regos su-
trikimuy, ir jy pedago-
gams suvokti progra-
mavimo esme?

programavimo kalba,
skirta mokiniams,
turintiems regos
sutrikimy, mokyti
skai¢iavimo, kuriant
programinius kodus.

kalba, skirta 7-11 m. vaikams, turin-
tiems misriy regos sutrikimy, moky-
ti, skatina aktyvy mokiniy jsitrauki-
ma j mokymosi procesa, o pedagogu
teikiama pritaikyta pagalba padeda
lengviau suvokti programavimo
esme.
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Autoriai Tyrimo klausimas Tyrimo kontekstas ~ Tyrimo tipas Pagrindiniai rezultatai
Negrete et Ar sukurta sistema Mokiniui, turin¢iam Kokybinis. ~ Sukurta fizikos mokymo technolo-
al., 2020 leidzia mokiniui, regos sutrikimuy, pri- gija, skirta akliesiems mokiniams.
turin¢iam regos sutri- taikyta jranga metalo Ji leidzia iSmatuoti objekto linijinio
kimy, savarankiskai  $iluminio plétimosi $iluminio plétimosi koeficienta,
i$matuoti Siluminio  koeficientui matuoti paversdama vaizdinius signalus gar-
plétimosi koeficienta?  fizikos pamokose. siniais, ir uztikrina visapusiskg mo-
kinio jtraukima j fizikos laboratorinj
darbg.
Spinczyk et  Ar sukurta interaktyvi Alternatyviy mate-  Kiekybinis. Nustatyta, kad pageréjo mokiniy ma-
al., 2019 matematikos moky-  matiniy iSraisky gar- tematikos Zinios, padidéjo strukti-
mosi platforma ir joje siniai aprasai ir mo- rizuotos informacijos (matematiniy
pateikti alternatyviy ~ kymosi platforma, formuliy) prieinamumas, sudarytos
matematiniy i§raisky  skirta mokiniams, salygos savarankiskam mokymuisi,
garsiniai aprasai pade- turintiems regos su- sumazéjo individualiy pamoky su
da mokiniams, turin-  trikimy. pedagogais poreikis. Taip pat inici-
tiems regos sutrikimy, juota sukurti struktriniy duomeny
geriau suvokti mate- pateikimo universalias taisykles.
matikos mokomaja
medziaga?
Vitoriano et Ar sukurtas termome- I$manusis termome- Kokybinis.  I$manusis termometras yra vertinga
al,, 2016 tras efektyviai pertei- tras, pritaikytas mo- pagalbiné priemoné, didinanti moki-
kia informacija mo-  kiniams, turintiems niy jtrauktj i chemijos laboratorinius
kiniams, turintiems ~ regos sutrikimuy. darbus. Termometrui budinga didelé
regos sutrikimy, apie temperatiiros matavimo skalés am-
objekty temperatira plitudé, informacijos perteikimas
chemijos pamokose? garsiniais ir vibraciniais impulsais.
Minétina ir prieinama kaina, patogus
naudojimas, greitas prietaiso atsakas.
Zeinullin &  Ar taktiliniai grafi- Taktiliniai grafikai, =~ MiSrus. Nustatyta, kad sudaryta galimybé
Hersh, 2022  kai su interaktyvia interaktyvi interneti- naudotis taktiline grafika, realiuoju

internetine prieiga ir
mobiligja programéle
skatina mokinius, tu-
rincius regos sutriki-
my, suvokti vizualius
elementus?

né prieiga ir mobilio-
ji programélé.

laiku girdint garsinius aprasymus, ir
interaktyviai aptikti vartotojo pirsto
padétj taktilinéje grafikoje. Tai pa-
didina grafiniy elementy suvokimo
efektyvuma.

Tyrimo rezultaty analizés metodas

Analizuojant atrinktus mokslinius straipsnius, taikytas kokybinés turinio analizés metodas, leides
sistemi$kai ir nuosekliai i$nagrinéti tekstine informacija. Vadovaujantis Elo ir kt. (2014) bei May-
ringo ir kt. (2014) rekomendacijomis, analizé vykdyta trimis etapais: pasirengimo, organizavimo
ir rezultaty pateikimo. Pasirengimo etape apibrézti analizés vienetai ir tyrimo klausimai. Organi-
zavimo etape atliktas atviras kodavimas, suformuotos teminés kategorijos, atspindincios esmines
tyrimy temas: i§$ukius, su kuriais susiduria mokiniai, turintys regos sutrikimy, pedagogy taikomas
strategijas ir technologiniy sprendimy jvairove. Analizé grindziama indukciniu pozitriu - kategori-
jos formuotos i§ duomeny, siekiant atskleisti gilumines tyrimy prasmes. Rezultaty pateikimo etape
kiekviena kategorija iliustruota empiriniais duomenimis i nagrinéty Saltiniy, uztikrinant analizés
skaidruma ir pagrijstuma. Si analizé ne tik atskleidé dominuojanéias temas, bet ir leido geriau su-
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prasti pedagogines tendencijas, susijusias su tiksliyjy ir gamtos moksly sric¢iy jtraukiuoju ugdymu,
ugdant mokinius, turin¢ius regos sutrikimy.

Tyrimo rezultatai ir diskusija

Analizuojant mokslinéje literatairoje i$ryskintus is$ukius, su kuriais tiksliyjy ir gamtos moksly srity-
se susiduria mokiniai, turintys regos sutrikimy, ir pedagogai, bei vertinant techninius ir metodinius
sprendimus, taikomus $iems isSukiams spresti, nustatyta plati kliaciy ir jy sprendimy jvairové. Re-
zultatai rodo, kad problemuy, susijusiy su jtraukiuoju ugdymu, dazniausiai kyla dél nepritaikytos fizi-
nés ir informacinés aplinkos (Luque et al., 2018; Bowers & Hayle, 2020; Morais et al., 2020; Negrete
et al.,, 2020), skaitmeniniy ir eksperimentiniy mokymo priemoniy neprieinamumo (Vitoriano et al.,
2016; Jitngernmadan et al., 2017; Luque et al., 2018; Morais et al., 2020; Negrete et al., 2020, Dumpel
etal., 2021; Morrison et al., 2021) ir dominuojancio vizualaus mokymo turinio (Figueiras & Arcavi,
2013; Zeinullin & Hersh, 2022; Doore et al., 2023). Sie veiksniai lemia ne tik mokiniy pazintinius
sunkumus, bet ir psichosocialines pasekmes (Figueiras & Arcavi, 2013; Spinczyk et al., 2019; Doore
et al., 2023), tokias kaip motyvacijos stoka ar mazesnis pasitikéjimas savimi.

Viena i§ esminiy problemuy, su kuriomis susiduria mokiniai, turintys regos sutrikimy, yra ne-
pritaikyta fiziné ir informaciné aplinka. Negrete ir kt. (2020) pazymi, kad mokiniams, turintiems
regos sutrikimy, nesudaroma galimybiy pasiekti mokymo medziaga, uzduotis ir programing jranga.
Kaip teigia Bowers ir Hayle (2020), grafiné s3saja yra patogi ir veiksminga regintiems vartotojams,
taciau akliesiems ir silpnaregiams ji tampa kliatimi dél vizualinio pobudzio duomeny pateikimo,
o tai lemia skaitmeniniy mokymosi jrankiy neprieinamuma. Luque ir kt. (2018) taip pat atkreipia
démesj j infrastruktiros trakumus. Morais ir kt. (2020) pazymi, kad informacijos pateikimas daznai
neatitinka mokiniy, turin¢iy regos negalig, poreikiy.

Skaitmeniniy ir eksperimentiniy mokymo priemoniy neprieinamumas yra vienas i§ pagrindiniy
issukiy, trukdanciy mokiniams visapusiskai jsitraukti j mokymosi procesa. Negrete ir kt. (2020) pa-
stebi, kad akliems mokiniams nejmanoma atlikti eksperimentiniy matavimy, nes matavimo prietai-
sai dazniausiai yra vizualinio pobtdzio, taigi eksperimentiné jranga yra nepritaikyta. Dumpel ir kt.
(2021) pabrézia, kad mokiniams, turintiems regos sutrikimy, vis dar sudétinga suvokti daugelj daly-
kiniy sgvoky dél abstraktaus jy pobudzio ir neprieinamy vizualiniy priemoniy. Be to, informatikos
ar matematikos srityse triksta jrankiy (Vitoriano et al., 2016; Jitngernmadan et al., 2017; Morrison
etal., 2021), o laboratorijose naudojami kompiuteriai neturi ekrano skaitytuvy, jgarsinanciy ekrane
rodoma teksting informacija. Platformos taip pat neatitinka minimaliy prieinamumo reikalavimy
(Luque et al., 2018). Morais ir kt. (2020) pazymi, kad mokymo medziaga dazniausiai pateikiama
vizualiais elementais, todél Zinias sunku suvokti.

Vizualinis mokymo turinys, daznai laikomas savaime suprantamu mokomosios medziagos per-
teikimo badu, mokiniams, turintiems regos sutrikimy, tampa reik§minga kliatimi. Doore ir kt.
(2023) nurodo, kad grafinis vaizdavimas plac¢iai naudojamas STEAM srityse, taciau §i medziaga
daznai neprieinama akliems ar silpnaregiams mokiniams. Figueiras ir Arcavi (2013) pazymi, kad
mokiniai, kurie remiasi kitais pojuciais, pavyzdziui, klausa ar lytéjimu, turi skirti gerokai daugiau
pazintiniy pastangy informacijai suvokti. Taip pat keliamas klausimas, ar vizualizacija apskritai gali
bati prieinama nesant regos - regéjimo praradimas nebutinai eliminuoja vaizdinj mastyma, taciau
jis reikalauja kitokiy pazintiniy strategijy. Dauguma informacijos pateikiama vizualiu formatu, o
prieinamumui skiriama per mazai démesio, ypa¢ ugdymo aplinkose, kuriose dominuoja formos,
diagramos, schemos ir nuotraukos (Zeinullin & Hersh, 2022).
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Nepritaikyta mokymosi aplinka daro jtaka ne tik pazinimo procesams, bet ir mokiniy psichoso-
cialinei gerovei. Spinczykas ir kt. (2019) pazymi, kad Sie apribojimai akliems ir silpnaregiams mo-
kiniams gali lemti greitesnj nusivylima ir nuovargj negu regintiesiems, o tai rodo padidéjusj emo-
cinj kravj ir mazesnj i$tverminguma mokantis, sukuriant papildomg stresa, trukdantj mokymosi
procesui (Doore et al., 2023). Tokios situacijos gali lemti atskirties pojutj ir mazesnj pasitenkinima
mokymusi. Figueiras ir Arcavi (2013) nurodo, kad mokiniai, negalintys pasikliauti regéjimu, pri-
versti taikyti sudétingesnes mokymosi strategijas, reikalaujancias didelio kognityvinio ir emocinio
jsitraukimo. Tai gali mazinti pasitikéjima savimi ir skatinti motyvacijos stoka.

Pasitelkus kokybinj turinio analizés metoda, Scopus duomeny bazéje esancios literatiiros apzval-
kylanc¢iy tiksliyjy ir gamtos moksly srityse, yra ugdymo turinio neprieinamumas. Pedagogai daz-
niausiai susiduria su nepakankamomis Ziniomis ir gebéjimais pritaikyti mokymosi aplinka prie $iy
mokiniy poreikiy. Sig problemg patvirtina Koehler ir Wildo (2019) atliktas tyrimas, kuriame pabré-
ziama, kad mokiniai, turintys regos sutrikimy, fiziskai dalyvauja gamtos moksly pamokose, taciau
dél turinio neprieinamumo jie jauciasi menkai jtraukiami j ugdymo procesa. Kaip pazymi Miyauchi
(2020), tai lemia mazesnj jy susidoméjimga $iais dalykais.

Sprendziant minétus i$stkius, nustatyta daug inovatyviy techniniy ir metodiniy sprendimuy.
Techniniai sprendimai apima vizualinés informacijos pavertima garsine (Figueiras & Arcavi, 2013;
Jitngernmadan et al., 2017; Luque et al., 2018; Negrete et al., 2020; Zeinullin & Hersh, 2022) ar tak-
tiline (Luque et al., 2018; Negrete et al., 2020; Dumpel et al., 2021; Morrison et al., 2021; Zeinullin
& Hersh, 2022; Doore et al., 2023), haptiniy jrenginiy diegima (Figueiras & Arcavi, 2013; Bowers
& Hayle, 2020), multisensoriniy sasajy kairima (Vitoriano et al., 2016; Bowers & Hayle, 2020; Zei-
nullin & Hersh, 2022; Doore et al., 2023) ir universalaus dizaino mokymuisi taikymg (Figueiras &
Arcavi, 2013; Jitngernmadan et al., 2017; Luque et al., 2018; Spinczyk et al., 2019; Morais et al., 2020;
Dumpel et al., 2021; Morrison et al., 2021; Doore et al., 2023). Metodiniai sprendimai orientuoti j
jtraukyjj ugdyma (Vitoriano et al., 2016; Spinczyk et al., 2019; Morais et al., 2020; Morrison et al.,
2021), tarpmodalinj mokymasi (Dumpel et al., 2021; Doore et al., 2023), refleksyvia praktika (Bo-
wers & Hayle, 2020) ir bendradarbiavimu grindziama mokymasi (Negrete et al., 2020; Morrison et
al., 2021). Pastebima tendencija technologinius sprendimus derinti su pedagoginémis strategijomis
(Figueiras & Arcavi, 2013; Jitngernmadan et al., 2017; Luque et al., 2018; Spinczyk et al., 2019; Mor-
rison et al., 2021; Zeinullin & Hersh, 2022), siekiant uztikrinti ne tik informacijos prieinamumg, bet
ir visapusiska dalyvavima mokymosi procese.

Techniniai sprendimai bendrojo ugdymo klasése, orientuoti j vizualinés informacijos pavertima
garsine, yra esminiai, norint uztikrinti informacijos prieinamumg mokiniams, turintiems regos su-
trikimy. Jitngernmadanas ir kt. (2017) nurodo, kad aklieji daznai pageidauja garsiniy sprendimy ir
Brailio rasto derinio, nes $ios priemonés papildo viena kitg ir sudaro galimybe pateikti informacija
papildomu ar alternatyviu kanalu. Figueiras ir Arcavi (2013) taip pat pabrézia Zodinio paaiskinimo
reik§me, pazymeédami, kad verbalinis aiskumas gali padéti i$vengti situacijos, kai du Zmonés zitri
i ta patj objekta, bet suvokia jj skirtingai. Luque ir kt. (2018) pristato taikytinas garsines ir teksti-
nes alternatyvas, leidziancias sudétingg turinj perteikti suprantamai. Taip pat aptariamos specifinés
programos, pavyzdziui, TAURIS sistema, kurios pagrindas - telefono programélé, realiuoju laiku
pateikianti garsinius aprasymus ir leidzianti suprasti, ka mokinys liecia, taip tiesiogiai susiedama ly-
téjimo ir garso modalumus (Zeinullin & Hersh, 2022). Sie sprendimai rodo, kad garsiné informacija
yra vienas i§ efektyviausiy bady vizualinés medziagos neprieinamumui kompensuoti.

Taktilinés priemonés yra vienas i$ pagrindiniy specifiniy techniniy sprendimy, padedan¢iy mo-
kiniams, turintiems regos sutrikimy, pasiekti sudétinga mokymosi turinj. Analizuotuose tyrimuose
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pristatomos specialios metodikos, kuriy taikymas plecia mokiniy jtraukties galimybes. Pavyzdziui,
Negrete ir kt. (2020) apraso taktilinés grafikos naudojimg ir Accessibility funkcijos taikyma Word
programoje, leidZiancia teksta paversti garsais ir taip kurti multisensorine patirtj. Dumpel ir kt.
(2021) pabrézia 2D ir 3D taktiliniy modeliy reik§me, pavyzdziui, 2D taktilinius atlasus su Brailio
rastu ir 3D modelius i§ polimerinio molio, padedanéius mokiniams suvokti citologijos temas. Sie
modeliai leidzia jveikti abstrak¢iy sgvoky suvokimo sunkumus. Doore ir kt. (2023) pristato multi-
sensorine sistema, teikiancia garsinj ir taktilinj grjiztamajj rysj lie¢iant ekrang, taip sudarant funkci-
onaliai lygiaverte prieiga prie vizualinés informacijos.

Haptiniy jrenginiy diegimas tampa svarbiu techniniu sprendimu, padedanciu mokiniams, tu-
rintiems regos sutrikimy, pasiekti sudétingg vizualine ir erdvine informacijg, ypa¢ STEAM srityse.
Bowers ir Hayle (2020) apraso hapting sistema, leidzianc¢ig mokiniui liesti ar ,,skaityti“ ekrane esan-
¢ius objektus ir juos perkelti j sukonstruota specifine forma. Tyréjai taip pat pabrézia, kad haptinis
jrenginys turi suteikti pakankama jéga, kad galéty efektyviai vesti dalyvius j konkrecius tagkus ir 3D
objektus virtualiojoje erdvéje. Figueiras ir Arcavi (2013) pateikia pavyzdziy, kaip haptinis pazinimas
taikomas matematinéms savokoms perteikti. Sie pavyzdziai rodo, kad haptiniai jrenginiai ir metodai
leidzia perteikti struktirines ir erdvines savokas, kurios kitu atveju bity neprieinamos, ir skatina
aktyvy, kanisku patyrimu grindziama mokymasi.

Multisensorinés sgsajos tampa vis svarbesniu techniniu sprendimu, siekiant uztikrinti jtraukig ir
prieinamg mokiniy, turinciy regos sutrikimy, mokymosi patirtj. Daugiafunkcés sensorinés priemo-
nés padeda naudotojams aktyviai dalyvauti praktinéje veikloje (Bowers & Hayle, 2020). Doore ir kt.
(2023) pristato multisensoring diagramy sistemg (MDS), kuri ekrane atvaizduoja didelio kontrasto
diagrama ir suteikia garsinj ir haptinj griztamajj rysj lie¢iant ekrang. Tai leidzia mokiniams inter-
pretuoti erdvine informacija jvairiomis jutimo priemonémis. Zeinullinas ir Hersh (2022) nurodo,
kad TAURIS sistema integruoja kamera, garsg ir prisilietima, leidziantj naudotojams sgveikauti su
taktiline grafika ir realiuoju laiku gauti skirtingo detalumo garso aprasymus. Taigi multisensorinés
s3sajos stiprina informacijos supratima, aktyvina jvairias pazintines sistemas ir skatina mokinius
jsitraukti { mokymosi procesa.

Universalaus dizaino mokymuisi prieigos taikymas tampa esmine strategija, siekiant sukur-
ti lanks¢ig ir prieinamg ugdymo aplinka visiems mokiniams, nepriklausomai nuo jy gebéjimuy.
Spinczykas ir kt. (2019) sitilo mokymosi platforma, kurioje uzduotys adaptuojamos atsizvelgiant j
mokinio pazanga, taip skatinant individualy mokymosi tempg ir savarankiskuma. Figueiras ir Ar-
cavi (2013) atkreipia démesj j kalbinés mediacijos reiksme, kuri gali buti taikoma tiek regintiesiems,
tiek mokiniams, turintiems regos sutrikimy, ir padeda formuoti bendrajj supratima. Luque ir kt.
(2018) bei Morais ir kt. (2020) iSryskina butinybe i$ anksto pritaikyti mokymo medziagg ir stiprinti
pedagogy Zzinias apie jtraukyjj ugdyma, siekiant sudaryti vienodas galimybes visiems mokiniams.
Universalus dizainas mokymuisi leidzia kurti sistemas, kurios ne tik jtraukia mokinius, turin¢ius
regos sutrikimy, bet ir praturtina visy besimokanciyjy patirtj.

Metodiniais sprendimais, orientuotais j jtraukyjj ugdyma, siekiama sukurti mokymosi aplinka,
kurioje kiekvienas mokinys galéty aktyviai dalyvauti ir sékmingai mokytis, nepaisant regos sutriki-
my. Morrison ir kt. (2021) akcentuoja bendradarbiavimu grindziama mokymasi, skatinant socialine
jtraukt] ir komandinj mokymasi. Morais ir kt. (2020) pabrézia pedagogy rengimo svarba, pazymé-
dami, kad mokytojy rengimo programose butina daugiau démesio skirti jtraukiojo ugdymo proce-
sams, nes tik tinkamai parengtas pedagogas gali veiksmingai taikyti jtraukias metodikas.

Tarpmodalinis mokymasis yra viena i jtraukiojo ugdymo strategijy, kai informacija, siekiant pa-
gerinti jos supratima ir jsiminimg, pateikiama per kelis jutimo kanalus (Dumpel et al., 2021; Doore
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etal., 2023). Refleksyvi praktika yra svarbus metodinis komponentas, leidziantis mokiniams apmas-
tyti savo mokymosi patirtj ir suvokti asmening pazangg. Bowers ir Hayle (2020) atkreipia démesj j
dalyviy patirtis dirbant su skaitmeninémis haptinémis sistemomis, kur refleksija skatina pasitiké-
jimg savimi ir leidzia jvertinti mokymosi rezultaty prasmingumg. Bendradarbiavimu grindziamas
mokymasis taip pat i$ryskéja kaip veiksminga jtraukiojo ugdymo metodiné strategija. Negrete ir kt.
(2020) pabrézia, kad bendradarbiavimu grindziamas mokymasis yra edukacinio modelio dalis, pa-
dedanti sukurti saugig ir stimuliuojanciag mokymosi aplinkg. Morrison ir kt. (2021) pazymi, kad spe-
cifiné fiziné programavimo kalba sudaro vienodas galimybes visiems mokiniams mokytis ir tobuléti
kartu, taip skatinant tarpusavio pagalbg ir socialing jtrauktj. Sios strategijos prisideda prie jtraukiojo
mokymosi kokybés stiprinimo, skatina mokiniy aktyvuma, savirefleksija ir bendruomeniskuma.

Aptarty tyrimy analizé rodo aiSkia tendencija integruoti technologinius sprendimus su pedago-
ginémis strategijomis, siekiant uztikrinti ne tik informacijos prieinamuma, bet ir visapusiska moki-
niy, turinéiy regos sutrikimy, dalyvavima mokymosi procese. Spinczykas ir kt. (2019) pabrézia, kad
sukurta sistema leidzia efektyviau savarankiskai mokytis matematikos temy, o pazanga pastebima
ne tik pazinimo, bet ir motyvacijos srityse.

I8sukiams spresti taikomi jvairts ugdymo turinio pritaikymo budai, jskaitant jau esancias tech-
nologijas: kompiuterius su balso ar Brailio i§vestimi, taktiline grafika, vaizdus, analogijas ir multi-
sensorinius mokymo metodus. Taip pat taikomas mokomosios medziagos skaitmeninimas, kuria-
mos naujos mokymo priemonés, j ugdymo procesa jtraukiami asistentai.

Vizualios informacijos prieinamuma mokiniams, turintiems regos sutrikimy, gali reik§mingai
pagerinti dirbtinis intelektas, kurio jrankiai vis dazniau integruojami j i$maniyjy jrenginiy pagal-
bines programéles. Sios programélés padeda asmenims, turintiems regos sutrikimy, geriau pazinti
juos supantj pasaulj. Pavyzdziui, programéléje ,,Be My Eyes® integruotas dirbtinio intelekto modelis
»ChatGPT* gali apradyti naudotojo pateiktas nuotraukas. Be to, naudotojas gali uzduoti klausimy
apie nuotraukg ir taip gauti daugiau informacijos (Jarmolavic¢iaté, 2023; Miimmler, 2025). Pasitelke
aptartas programeéles tiksliyjy ir gamtos moksly srityse, mokiniai galéty susipazinti su vaizdiniy
elementy aprasymais, o pedagogai — greiciau ir efektyviau rengti $iy elementy aprasus mokiniams,
turintiems regos sutrikimy. Taigi itin svarbu organizuoti pedagogams mokymus ir skleisti informa-
cijg apie dirbtinio intelekto galimybes ugdant vaikus, turinc¢ius regos sutrikimy.

Technologijos sparciai tobuléja. Kaip pazymi daugelis tyréjy, veiksmingiausias mokymosi btidas
mokiniams, turintiems regos sutrikimy, yra jvairiy pojuciy jtraukimas j ugdymo(si) procesa. Teke ir
Sozbilir (2019), remdamiesi Miyauchi (2020), isskiria dvimaciy ir trimaciy objekty reiksme gamtos
moksly pamokose. Naujausios technologijos sitilo dirbtiniu intelektu paremtus prietaisus, gebancius
perteikti informacija tiek garsiniu, tiek taktiliniu badu. Kaip nurodo ,,Tactuel® (2024), vienas i$ tokiy
jrenginiy yra ,,DotPad“ - pirmasis i$manusis taktilinis lie¢iamasis ekranas, sukurtas Piety Koré-
joje. Sis jrenginys perteikia ekrane rodomg informacija Brailio rastu ir taktiliniais elementais. Be
to, integruotas dirbtinis intelektas gali balsu aprasyti vaizduojamus grafinius elementus. Jrenginys
leidzia mokiniams, turintiems regos sutrikimy, braizyti jvairius grafinius objektus ir juos analizuoti
lie¢iant ar klausantis garsiniy aprasy. Pedagogai, naudodami §j prietaisa, gali vertinti ne tik mokiniy
gebéjima suprasti grafinius elementus, bet ir kiirimo jgadzius. ,,DotPad® efektyviai padeda perteikti
informacija ir gerina tiksliyjy ir gamtos moksly suvokima.

Visa tai rodo butinybe stiprinti pedagogy rengima, daugiau démesio skiriant praktiniams mo-
kymams apie mokiniy, turinciy regos sutrikimy, jtrauktj, pasitelkiant $iuolaikines technologijas.
Taip pat tikslinga parengti mokomosios medziagos prieinamumo gaires, kurios padéty pedagogams
veiksmingiau pritaikyti tiksliyjy ir gamtos moksly turinj mokiniams, turintiems regos sutrikimuy.
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Pedagogams, ugdantiems mokinius, turincius regos sutrikimy, daugiausia i$sukiy tiksliyjy ir gamtos
moksly srityse kelia ziniy tritkumas, nepakankamai pritaikytas ugdymo turinys ir ribotas informaci-
nés bei fizinés aplinkos prieinamumas, ypac dél vizualiy elementy dominavimo.

Isryskéja keturios pagrindinés i$sukiy kategorijos: infrastruktiros ir technologijy nepritaikymas,
vizualiai orientuoty mokymo priemoniy dominavimas, skaitmeniniy ir eksperimentiniy sasajy trik-
dziai ir pazintiniai i$§tkiai. Daznai mokiniai, turintys regos sutrikimy, negali naudotis standartinémis
laboratorinémis priemonémis, vizualinémis sasajomis ar grafine medziaga. Be to, pertekliné zodiné
informacija ir netinkamai struktruojamas turinys gali dar labiau apsunkinti mokymosi procesa.

Rezultatai atskleidzia, kad veiksmingiausi yra sprendimai, besiremiantys kompleksiniu pozit-
riu - derinami skirtingi sensoriniai modalumai, personalizuotas mokymasis ir aktyvus mokiniy j(si)
traukimas. Tai ne tik leidzia sumazinti klittis, bet ir stiprina mokiniy motyvacija, skatina savaran-
kiskumga. Visa tai svarbu kuriant jtraukia $vietimo praktika, kurioje mokiniai, turintys regos sutriki-
muy, gali ne tik lygiavertiskai dalyvauti, bet ir sékmingai realizuoti savo potenciala.

Butina testi mokslinius tyrimus, ieSkant naujy techniniy ir metodiniy sprendimy mokiniams, tu-
rintiems regos sutrikimy, ugdyti tiksliyjy ir gamtos moksly srityse, paremty multisensorine prieiga,
siekiant gerinti vizualaus turinio prieinamumag. Kokybiskas informacijos prieinamumo didinimas
prisidéty prie mokiniy mokymosi motyvacijos ir psichosocialinés gerovés stiprinimo, taip pat plésty
$iy mokiniy pasiekimy galimybes tiksliyjy ir gamtos moksly srityse.

Tyrimo ribotumai

Atlikto tyrimo rezultatai gali bati riboti, nes analizuota tik 12 straipsniy, be to, apzvelgti tik i$ dviejy
moksliniy duomeny baziy atrinkti $altiniai. Rekomenduotina §j tyrima plésti, jtraukiant daugiau
moksliniy duomeny baziy. Sisteminé literatros analizé leido i$ryskinti bendrasias tendencijas, ta-
¢iau tikslinga atlikti empirinius tyrimus, siekiant i$siaiskinti mokiniy, turinéiy regos sutrikimuy, rea-
lig ugdymo(si) situacijg tiksliyjy ir gamtos moksly srityse jtraukiojo ugdymo salygomis.
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Santrauka

Atlikto tyrimo tikslas - atskleisti pedagoguy patirtis tiksliyjy ir gamtos moksly pamokose, ugdant mokinius,
turincius regos sutrikimy, taikant tyrimy lauko apzvalgos (angl. scoping review) metoda.

Moksliniy $altiniy ieSkota Academic Search Ultimate (EBSCO) ir Scopus duomeny bazése. Literatiiros
paieskai naudoti $ie reik$éminiy zodziy junginiai: ,teaching blind and visual impaired students®, ,,inclusive
education of blind and visual impaired students®, ,,natural sciences®, ,,mathematical sciences®. Naudojant lo-
ginj jungiklj , AND" rasta 191 publikacija, ta¢iau, pritaikius nustatytus jtraukties ir atmetimo kriterijus, galu-
tinei analizei atrinkta 12 straipsniy.

Atlikus kokybine dedukcing turinio analize, nustatyta, kad pedagogai, ugdydami mokinius, turincius re-
gos sutrikimy, susiduria su nepritaikytos fizinés ir informacinés aplinkos, skaitmeniniy ir eksperimentiniy
priemoniy neprieinamumo ir dominuojanéio vizualaus mokymo turinio keliamais i$$tkiais. Siems isiikiams
jveikti pedagogai taiko jvairius techninius ir metodinius didaktinius sprendimus. Techniniai sprendimai api-
ma vizualinés informacijos pavertimg taktiline arba garsine, haptiniy jrenginiy diegima ir universalaus dizai-
no mokymuisi taikymg. Metodiniai didaktiniai sprendimai orientuoti j tarpmodalinj mokymasi, refleksyvia
praktika ir bendradarbiavimu grindziama mokymasi. Taip pat pastebima tendencija metodinius sprendimus
derinti su pedagoginémis strategijomis.

Nepaisant esamy i$$ukiy sprendimo budy jvairovés, rekomenduotina ieskoti naujy techniniy ir metodiniy
sprendimy, nes taikomos priemonés neuztikrina mokiniams, turintiems regos sutrikimy, visapusisko moky-
mosi turinio prieinamumo tiksliyjy ir gamtos moksly srityse.
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Abstract. This article examines the challenges faced in educating students who have visual impairments and
teachers’ experiences in seeking solutions in the field of exact and natural sciences. The study aims to answer
the following questions: What challenges do teachers encounter when teaching students with visual impairments
in the field of exact and natural sciences? What technical and methodological solutions are employed to overcome
these challenges in order to ensure the quality of inclusive education? The research problem was investigated by
using a Scopus-based literature review method. The findings have revealed that many challenges are caused
by the inaccessibility of visual teaching materials, which makes it difficult for teachers to convey the lesson
content and for students to master it, since a substantial proportion of learning materials is represented by
visual elements such as graphs, charts, and diagrams. The review of studies has revealed that the most efficient
solutions are those based on a comprehensive approach, combining the use of multisensory modalities, per-
sonalized learning, and active student engagement. Such a strategy not only helps reduce obstacles but also
enhances students’ motivation and promotes their autonomy. This is essential for creating inclusive educa-
tional practices in which students who have visual impairments can not only participate on an equal footing
but also successfully realize their potential.

Keywords: inclusive education, students with visual impairments, exact sciences, natural sciences.

Introduction

According to the Education Information System', in the 2024-2025 academic year, there were 66 stu-
dents with moderate or severe visual impairments and 6 students who have blindness with residual
vision, practical blindness, or total blindness in Lithuanian general education schools. Baranauskaite

! Education Information System: https://www.svis.smm.It/
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(2016) notes that, in mainstream schools, students diagnosed with blindness do not attend cer-
tain lessons such as physical education, since the environment in general education schools is not
adapted, and physical education teachers are not familiar with the physical abilities of non-sighted
students as well as abilities of students who have visual impairments. According to the Lithuanian
Association of the Blind and Visually Impaired (2017), there is a shortage of special educators in
Lithuania who specialize in educating students who have visual impairments, as such professionals
were not being prepared in our country from 2002 to 2017. According to the data of the Ministry
of Education, Science and Sport of the Republic of Lithuania (2022), at the beginning of 2021, there
was a shortage of more than 1600 specialists; whereas, in 2022, positions of around 1200 specialists
were vacant. Baranauskaite (2016) emphasizes that schools lack assistive learning tools such as im-
age magnifiers, computers equipped with screen reading and image magnification software, relief
maps, globes, coordinate planes and other tools. In addition, the physical environment in many
schools is not adapted for students who have visual impairments: there is no color contrast to help
with orientation, no tactile walking surfaces, and no Braille or large-print signs on classroom doors.

Although students who have visual impairments, like their peers, can study all school subjects,
they cannot participate in all subject-related activities, particularly in mathematics, natural sciences,
and physical education lessons (Jessup et al., 2017). Researchers state that the situation is more wor-
rying at the upper secondary education level, since education is oriented towards more academic
content. De Verdier and Ek (2014) have revealed that the level of subject accessibility largely de-
pends on the teacher’s knowledge and willingness. As a result, students who have visual impairments
choose subjects not according to their abilities and interests — but, instead, according to accessibility.
This inherently means that they lose opportunities to study advanced-level subjects, which can hin-
der young people with visual impairments from pursuing a certain formal qualification at the higher
education institution as well as potentially from working in that field.

It must be noted that tasks and assignments need to be adapted for students who have visual
impairments, too. In this case, there are several options: for some, it is sufficient to simply provide
texts in a large(r) font, but, if the impairment is more severe, certain tasks have to be adjusted. It is
also necessary to highlight the competencies necessary for the educator to efficiently use digital and
information technologies, since modern technologies play an important role in ensuring quality
education for children who have visual impairments. According to Biihler (2016), learning pro-
cesses must include the possibility of using computers, tablets and various assistive programs, while
the learning content should be adapted to everyone. Technical devices used in the learning process
should have voice input and output functions, and visual materials, such as pictures and videos,
should be supplemented with audio descriptions and subtitles. Teaching the humanities subjects is
often simpler, since a major share of their content is based on verbal language and text documents,
which is made easy by modern technology to present in a digital format, large print, or Braille.

In natural and exact sciences, most of teaching materials is presented in the form of visual ele-
ments: in mathematics and computer science, these are graphs and diagrams; whereas, in chemistry,
physics and biology, visual results of laboratory experiments are produced. A case study by Capovilla
etal. (2013) has revealed that LEGO building blocks help blind people develop algorithmic thinking.
The analysis of scientific literature seeks to reveal teachers’ experiences in searching for solutions to
adapt certain information from exact and natural sciences in the education process of students who
have visual impairments.

The purpose of the research is as follows: by using Scopus-based literature analysis, to reveal
teachers’ experiences in natural and exact sciences lessons while educating students who have visual
impairments.
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To achieve the purpose of the research, the following research questions were formulated:

1. What challenges do teachers encounter while teaching students who have visual impairments in
the field of natural and exact sciences?

2. What technical and methodological solutions are applied to overcome these challenges in order
to ensure the quality of inclusive education?

Methodology

This study employed a qualitative analysis of scientific sources, drawing on publications from the
Scopus database and applying the PRISMA checklist (Shamseer et al., 2015). The search for scholarly
sources was conducted in the Academic Search Ultimate (EBSCO) and Scopus databases, both of which
distinguish themselves by an extensive collection of publications in the field of education. These da-
tabases were selected based on accessibility of their content and technical applicability: they provide
full-text articles required for a comprehensive systematic literature analysis and are compatible with
screen-reading software, making them suitable for use by individuals who have visual impairments.

The literature search was carried out between September 11 and December 22, 2024. Keywords for
literature search were chosen in accordance with the research problem, purpose, and the structure of
the PICO model. The terms “teaching blind and visually impaired students” and “inclusive education
of blind and visually impaired students” represent the research population; i.e., students who have
visual impairments, and the context, i.e., inclusive education. The terms “natural sciences” and “math-
ematical sciences” indicate the thematic field of the research, focusing on the subjects of natural and
exact sciences, in which students who have visual impairments often encounter specific challenges.

These terms were chosen to cover the broadest yet targeted range of academic sources, related
to inclusive education and pedagogical practice in the fields of exact and natural sciences. The use
of the Boolean operator “AND” helped specify search queries and obtain relevant sources that cor-
respond to the research questions.

By using these search methods, a total of 191 publications were identified as meeting the estab-
lished search criteria. Article selection was carried out while using inclusion and exclusion criteria
set by the authors.

Inclusion and exclusion criteria

Literature analysis was performed by employing consistent and theoretically-based inclusion and
exclusion criteria in order to ensure relevance, reliability, and alignment of the data with the purpose
of the research.

Thematic relevance. The included studies had to examine aspects of educating children with visu-
al impairments in the context of exact and natural sciences (specifically, mathematics, physics, biol-
ogy, chemistry, computer science). Studies analyzing teaching non-exact sciences or subjects that
were not related to natural sciences (e.g., languages, arts) were excluded, as they did not correspond
to the research problem.

Geographical and economic context. The analysis includes studies conducted in developed coun-
tries or countries with a similar level of development to Lithuania in order to ensure comparable
educational practices and conditions. Studies from less developed countries were excluded, as their
educational infrastructure, pedagogical capacity, and technological accessibility might significantly
differ from the contexts under investigation.
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Scientific value and reliability. Only articles published in peer-reviewed scientific journals, ensur-
ing their academic reliability and quality control, were included. Studies published in non-peer-
reviewed or non-academic publications were excluded due to lower methodological reliability.

Context of analysis. Only studies examining education under normal learning conditions were
selected. Research conducted during the pandemic period (e.g., COVID-19) was excluded due to its
unique contextual specificity, which does not reflect the usual educational environment.

Relevance of the publication. Only studies published over the last decade were included to ensure
relevance of the data in the context of contemporary education systems. Articles older than 10 years
were rejected due to potential inconsistency with current pedagogical realities and technological
contexts.

Accessibility. Only open-access, full-text articles were included so that the content and methodol-
ogy could be thoroughly evaluated. Studies available only in the abstract form or in a limited text
format were excluded due to incompleteness of data.
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PRISMA diagram: identification of studies via databases and registers
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Population of the study. The analysis included only studies that examined education of students
with visual impairments as a sole disability, seeking to ensure a clear link between the type of im-
pairment and pedagogical solutions. Studies involving participants with multiple disabilities were
excluded as this could have distorted specific aspects of the impact of visual impairment.

Language access. Articles written in English, Lithuanian, Spanish, or German, i.e., languages that
the researcher is proficient in at an academic level, were selected for the study. Articles in other
languages were not analyzed due to possible interpretative inaccuracies (see Figure 1. PRISMA dia-
gram: identification of studies via databases and registers).

After applying the exclusion criteria, twelve studies related to education of children with visual
impairments in the field of exact and natural sciences, which were conducted over the past dec-
ade and examined challenges of teaching exact and natural sciences and ways to address them,
remained. In order to review different studies, the articles selected for the study were coded by their
content in order to briefly describe the main features and findings of each study. Content coding
covered the following aspects: the country where the study was conducted, research methods, the
context of the research, the distinguished findings and recommendations for further research (the

data are presented in Table 1. Results of analysis of included studies).

Table 1

Results of analysis of included studies

Author Research question Research context Research type Findings
Bowers & Does the developed Prototype allowing Mixed-method The new system enables individuals
Hayle, 2021 prototype en- children/students  study with visual impairments to design spa-
able students with  with visual impair- tial virtual objects. Recommendations:
visual impairments ments to create 3D improvement of the object-labelling
to create 3D objects objects on their function in the virtual map; enhance-
independently? own ment of orientation of non-sighted and
partially sighted individuals in public
buildings or public spaces such as air-
ports, using the HAPT system.
Dooreetal,  Does the developed The system for Quantitative  Full-fledged inclusion of students with
2023 multimodal inter-  conveying graphi- study visual impairments and sighted peers
face help students  cal images by using in STEAM lessons; improved under-
with visual impair- a multisensory standing of graphical elements by
ments understand  audio and vibra- students with visual impairments. Re-
graphical elements tion interface in search recommendations: supplemen-
in STEAM lessons? combination and tation of the multimodal interface with
a smartphone ap- additional haptic models; automation
plication of audio descriptions of diagrams.
Dumpel etal., Do two-dimen- Enhancing per- Mixed-method Developed two-dimensional (2D)
2023 sional and three-  ception of the cell ~ study and three-dimensional (3D) didactic

dimensional
didactic models
help students with
visual impairments
understand the cell
structure in biol-
ogy lessons?

structure through
two-dimensional
and three-dimen-
sional didactic
models in biology
lessons

models on cytology: organoid images
in a tactile 2D atlas, accompanied by
explanatory text in print and Braille;
a 3D human cell model made from
colored polymer clay dough. Results
showed an improved understanding
of cells among students with visual
impairments: they identified as many
elements as students without visual
impairments.
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Author

Research question

Research context  Research type

Findings

Figueiras &
Arcavi, 2014

What methods
help students with
visual impairments
to master the mate-
rial in mathematics
lessons?

Importance of Qualitative
haptic toolsand  study
language in math-

ematics lessons

for students with

visual impairments

A combination of tactile experience
and verbal descriptions effectively
supports mastering the materials of
mathematics lessons.

Jitngernmadan Does the devel- Programme pro-  Qualitative Developed programme prototype for
etal. 2017 oped programme  totype helpingto  study students with visual impairments to
prototype allow quickly find high- find and identify highlighted infor-
the identification  lighted informa- mation in electronic mathematics
of highlighted ele-  tion in electronic textbooks more quickly, by using a
ments in electronic mathematics screen reader and/or Braille display.
mathematics text-  textbooks by using Findings: rapid mastery of the pro-
books? screen readers gramme prototype, easier navigation
in electronic mathematics textbooks.
Recommendations: expansion of pro-
totype functions and improvement of
accessibility of the program prototype
as an assistive tool.
Luque et al. What challenges  Inclusion of stu-  Quantitative ~ Challenges for students in com-
2018 do students with ~ dents with visual ~ study puter science lessons: abundance of

visual impairments
and their teach-
ers experience in
computer science
lessons?

impairments in
ICT education

diagrams, graphs, and charts; the
feeling of non-inclusion. Challenges
for teachers: limited access to knowl-
edge related to inclusion of learners
with visual impairments in lessons,
feelings of unpreparedness. Recom-
mendations: increasing accessibility
by using projectors with screen read-
ers, textual descriptions along with
tactile representations for describing
graphical images; improvement of ac-
cessibility of digital computer science
textbooks.

Morais et al.
2020

How are future
biology teachers
prepared to work
with students who
have visual impair-

Preparedness of  Qualitative
prospective biol-  study

ogy teachers to

work with students

who have visual

Difficulties faced by prospective
teachers: lack of knowledge about
assistive tools and teaching meth-
ods. Recommendations: increasing
discussions on challenges faced by

ments? impairments teachers; inclusion of assistive de-
vices; enhancing students’ motivation
to learn.
Morrisonet ~ Does the developed Torino - a physical Mixed-method Physical programming language

al., 2021

program help stu-
dents with visual
impairments and
their teachers un-
derstand the es-
sence of program-
ming?

programming lan-  study
guage designed to

teach students with

visual impairments
computation by

creating program

codes

designed for teaching 7-11-year-old
children with varying degrees of
visual impairment. Teachers’ adapted
assistance to students; active engage-
ment of students in the learning
process.
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Author Research question Research context Research type Findings

Negrete etal.  Does the devel- Equipment acces-  Qualitative Developed physics teaching tech-

2020 oped system allow sible to the student study nology for non-sighted students to
the student with ~ with visual impair- measure the linear thermal expansion
visual impairment ments for measur- coeflicient of an object; converting
to independently  ing the coefficient visual signals into auditory ones; the
measure the coef-  of thermal expan- student’s full-fledged engagement in
ficient of thermal  sion of metals in physics laboratory work.
expansion? physics lessons

Spinczyk et al., Does the developed Audio descrip- Quantitative ~ Improved mathematics knowledge

2019 interactive math-  tions of alternative study among students; increased acces-
ematics learning ~ mathematical ex- sibility of content of structured in-
platform with au-  pressions and the formation (mathematical formulas);
dio descriptions of learning platform ensuring independent learning; a
alternative expres- designed for stu- reduced need for one-on-one lessons
sions help students dents with visual with teachers; initiation of creating
with visual impair- impairments universal rules for presenting struc-
ments better mas- tured data.
ter mathematics
teaching materials?

Vitoriano et~ Does the developed Smart thermom-  Qualitative A valuable assistive tool enhancing

al,, 2016 thermometer ef-  eter adapted for study inclusion in chemistry laboratory
fectively convey students with visu- work; large temperature measure-
information about al impairments ment scale range; presentation of
object temperature information via sound and vibration
to students with pulses, affordable price, convenient
visual impairments use, fast device response.
in chemistry les-
sons?

Zeinullin & Do tactile graphs  Tactile graphs, Mixed-method The possibility to use tactile graphics

Hersh, 2022 with interactive interactive online  study with real-time audio descriptions; in-

online access and a
mobile application
promote percep-
tion of visual ele-
ments for students
with visual impair-
ments?

access and mobile
application

teractive detection of the user’s finger

position on tactile graphics; increased
effectiveness of perception of graphic

elements.

Method of Analysis of Research Results

The selected scientific articles were examined by using the qualitative content analysis method,
which allowed for a systematic and consistent analysis of textual information. Following the recom-
mendations of Elo et al. (2014) and Mayring et al. (2015), the analysis was performed in three stages:
preparation, organization, and reporting. In the preparation stage, the units of analysis and research
questions were defined. In the organization stage, open coding was carried out, and thematic cat-
egories were developed, which reflected the key themes of the research: challenges faced by students
with visual impairments, strategies applied by teachers, and the variety of technological solutions.

The analysis was based on an inductive approach: categories were derived from the data in order
to reveal deeper meanings of studies. At the stage of presenting the results, every category was il-
lustrated by empirical data from the reviewed sources, ensuring transparency and validity. This ap-
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proach not only revealed dominant themes but also provided a better understanding of pedagogical
trends related to inclusive education, which is organized by educating students with visual impair-
ments in the field of natural and exact sciences.

Research Results and Discussion

By analyzing the challenges highlighted in the literature, faced by educators and students who have
visual impairments in the field of exact and natural sciences and by assessing the technical and meth-
odological solutions applied to address these challenges, a wide range of obstacles and their solutions
was identified. The results demonstrate that the main problems related to inclusive education arise
due to an unadapted physical and information environment (Bowers & Hayle, 2021; Negrete et al.,
2020; Luque et al., 2018; Morais et al., 2020), inaccessibility of digital and experimental teaching tools
(Negrete et al., 2020; Dumpel et al., 2023; Morrison et al., 2021; Jitngernmadan et al., 2017; Luque et
al.,, 2018; Vitoriano et al., 2016; Morais et al., 2020), and the dominant visual teaching content (Doore
et al., 2023; Figueiras & Arcavi, 2014; Zeinullin & Hersh, 2022). These factors lead not only to cogni-
tive difficulties for students but also to psychosocial consequences (Spinczyk et al., 2019; Doore et al.,
2023; Figueiras & Arcavi, 2014), such as a lack of motivation and lower self-confidence. One of the
key problems faced by students who have visual impairments is unadapted physical and information
environment. Negrete et al. (2020) note that students who have visual impairments are not provided
with the opportunity to access learning materials, assignments, and software. Bowers and Hayle (2021)
highlight that although a graphical interface is convenient and efficient for sighted users, it becomes an
obstacle for those who are non-sighted or have low vision due to the visual nature of data presentation,
which implies inaccessibility of digital learning tools. Luque et al. (2018) also highlight infrastructure
deficiencies, while Morais et al. (2020) point out that the presentation of information often does not
meet the needs of students who have visual impairments.

The inaccessibility of digital and experimental teaching tools is one of the main challenges pre-
venting students from fully engaging in the learning process. Negrete et al. (2020) observe that it is
impossible for non-sighted students to perform experimental measurements, since measuring de-
vices are mostly visual in nature, which reveals non-adaptation of experimental equipment. Dumpel
et al. (2023) stress that students who have visual impairments still find it difficult to understand
many subject-specific concepts due to their abstract nature and inaccessible visual aids. There is also
a lack of tools in the fields of computer science and mathematics (Morrison et al., 2021; Jitngern-
madan et al., 2017; Vitoriano et al., 2016), while computers used in laboratories are not equipped
with screen readers that vocalize textual information displayed on the screen. Educational platforms
do not meet the minimum accessibility requirements (Luque et al., 2018). Morais et al. (2020) note
that teaching materials are most often presented mainly through visual elements, making knowledge
acquisition difficult.

Visual teaching content, which is often taken for granted as a means of conveying educational
material, becomes a significant obstacle for students who have visual impairments. Doore et al.
(2023) point out that graphical representation is widely used in STEAM, but this material is often
inaccessible to students who are non-sighted or have significant visual impairments. Figueiras and
Arcavi (2014) note that learners who rely on other senses, such as hearing or touch, must combine
information with considerably greater cognitive effort. The question is also raised as to whether
visualization can ever be fully accessible without sight, since although the loss of sight does not
necessarily eliminate visual thinking, it requires a different cognitive strategy. Most information is
presented in a visual format, with insufficient attention given to accessibility, especially in educa-
tional settings dominated by shapes, diagrams, charts, and photographs (Zeinullin & Hersh, 2022).
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The non-adapted learning environment affects not only cognitive processes but also students’
psychosocial well-being. Spinczyk et al. (2019) note that such limitations may lead to faster frustra-
tion and fatigue for individuals who are blind or have low vision, compared with their sighted peers,
indicating an increased emotional load and reduced endurance in learning, which creates additional
stress that hinders learning (Doore et al., 2023). These situations can cause feelings of exclusion and
reduced satisfaction with learning. Figueiras and Arcavi (2014) point out that students who cannot
rely on vision have to use significantly more complex strategies that demand high cognitive and
emotional involvement, which can reduce self-confidence and cause a lack of motivation.

In summary, the results of the Scopus literature review, obtained using the qualitative content
analysis method, revealed that one of the main challenges for students with visual impairments
in the fields of exact and natural sciences was inaccessibility of educational content. At the same
time, teachers often face insufficient knowledge and abilities to adapt the learning environment to
the needs of these students. This situation is also supported by a study of Koehler and Wild (2019),
which accentuates that although students who have visual impairments physically participate in the
lessons of natural sciences, they feel poorly included in the educational process due to the inaccessi-
bility of the content. This, as Miyauchi (2020) notes, leads to a lower level of interest in these subjects.

To address these challenges, numerous innovative technical and methodological solutions have
been identified. Technical solutions include the conversion of visual information into auditory (Ne-
grete et al., 2020; Jitngernmadan et al., 2017; Figueiras & Arcavi, 2014; Luque et al., 2018; Zeinullin
& Hersh, 2022) or tactile formats (Negrete et al., 2020; Dumpel et al., 2023; Doore et al., 2023; Morri-
son et al., 2021; Luque et al., 2018; Zeinullin & Hersh, 2022), introduction of haptic devices (Bowers
& Hayle, 2021; Doore et al., 2023; Zeinullin & Hersh, 2022; Vitoriano et al., 2016), development of
multisensory interfaces (Bowers & Hayle, 2021; Doore et al., 2023; Zeinullin & Hersh, 2022; Vitori-
ano et al., 2016), and application of universal design for learning (Dumpel et al., 2023; Spinczyk et
al., 2019; Doore et al., 2023; Morrison et al., 2021; Jitngernmadan et al., 2017; Figueiras & Arcavi,
2014; Luque et al., 2018; Morais et al., 2020). Meanwhile, methodological solutions are oriented to
inclusive teaching (Spinczyk et al., 2019; Morrison et al., 2021; Vitoriano et al., 2016; Morais et al,,
2020), cross-modal learning (Dumpel et al., 2023; Doore et al., 2023), reflective practice (Bowers
& Hayle, 2021), and collaborative learning (Negrete et al., 2020; Morrison et al., 2021). There is a
noticeable trend towards combining technological solutions with pedagogical strategies (Spinczyk
et al., 2019; Morrison et al., 2021; Jitngernmadan et al., 2017; Figueiras & Arcavi, 2014; Luque et al.,
2018; Zeinullin & Hersh, 2022) in order to ensure not only accessibility of information but also full-
fledged participation of students in the learning process.

Technical solutions in mainstream classrooms, which focus on converting visual information
into auditory one, are essential for ensuring information accessibility for students who have visual
impairments. Jitngernmadan et al. (2017) note that individuals with blindness often prefer a com-
bination of auditory solutions and Braille, as this allows them to complement each other, which in-
dicates the importance of presentation as an additional or alternative channel. Figueiras and Arcavi
(2014) also emphasize the significance of verbal explanations, noting that verbal clarity can help
avoid the situation where two people look at the same object but perceive it differently. Luque et al.
(2018) present the application of auditory and textual alternatives, which allows to convey complex
content in an understandable manner. Specific programs are also introduced, such as the TAURIS
system, in which a mobile phone application provides real-time audio descriptions, allowing the
user to understand what they are touching, and thus directly linking tactile and auditory modalities
(Zeinullin & Hersh, 2022). These solutions demonstrate that auditory information is one of the most
effective ways to compensate for inaccessibility of visual materials.
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Tactile tools are among the main specialized technical solutions that help students who have
visual impairments access complex learning content. The analyzed studies present specific meth-
odologies, the use of which expands the possibilities for student inclusion. For example, Negrete
et al. (2020) describe the use of tactile graphics and the application of the Accessibility function in
Word, which allows text to be converted into sounds, this way creating a multi-sensory experience.
Dumpel et al. (2023) highlight the importance of 2D and 3D tactile models, such as 2D tactile atlases
with Braille and 3D models made from polymer clay, which help students understand cytology top-
ics. These models assist in overcoming the obstacles to perception of abstract concepts. Doore et al.
(2023) present a multisensory system that provides audio and tactile feedback when the screen is
touched, creating a functionally equivalent access to visual information.

Introduction of haptic devices is becoming an important technical solution helping students who
have visual impairments to access complex visual and spatial information, particularly in STEAM
fields. Bowers and Hayle (2021) describe a haptic system that allows the student to touch or ‘read’
objects displayed on the screen and transfer them into specific constructed shape(s). They empha-
size that the haptic device must provide sufficient force to effectively guide participants to specific
points and 3D objects in virtual space. Figueiras and Arcavi (2014) provide examples of how haptic
cognition is used to convey mathematical concepts. These examples demonstrate that haptic de-
vices and methods allow to convey structural and spatial concepts that would otherwise be inac-
cessible and promote active, embodied learning experiences. Multisensory interfaces are becoming
an increasingly important technical solution, seeking to ensure inclusive and accessible learning
experiences for students who have visual impairments. Multifunctional sensory tools help the user
to actively participate in hands-on activities (Bowers & Hayle, 2021). Doore et al. (2023) present a
Multisensory Diagram System (MDS), which displays a high-contrast diagram on the screen and
provides auditory and haptic feedback when the screen is touched. This allows students to interpret
spatial information through multiple sensory modalities. The TAURIS system developed by Zeinul-
lin and Hersh (2022) integrates a camera, sound and touch, enabling users to interact with tactile
graphics and receive audio descriptions of varying levels of detail in real time. Thus, multisensory
interfaces enhance information comprehension, activate various cognitive systems, and promote
student engagement in the learning process.

Application of the Universal Design for Learning approach is becoming an essential strategy for
creating flexible and accessible educational environment for all students, regardless of their abili-
ties. Spinczyk et al. (2019) propose a learning platform where tasks are adapted according to the
student’s progress, this way promoting an individualized pace and autonomy. Figueiras and Arcavi
(2014) draw attention to the importance of linguistic mediation, which can be applied to both sight-
ed learners and the ones who have visual impairments while providing a common understanding.
Luque et al. (2018) and Morais et al. (2020) highlight the necessity to adapt teaching materials in
advance and to educate teachers on inclusive education in order to ensure equal opportunities for all
students. Universal design for learning allows for creation of systems that not only involve students
who have visual impairments but also enrich the learning experience for all.

Methodological solutions oriented to inclusive education aim to create a learning environment
in which every student can actively participate and learn successfully, regardless of visual impair-
ment. Morrison et al. (2021) emphasize collaborative learning, this way creating social inclusion and
team learning. Morais et al. (2020) underline the importance of teacher education, focusing more
on inclusive education processes through qualitative orientation of teacher education programs, as
only properly educated teachers can efficiently apply inclusive methodologies. Cross-modal learning
is one of the inclusive education strategies, where information is presented through several sensory
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channels, seeking to improve its understanding and retention (Dumpel et al., 2023; Doore et al.,
2023). Reflective practice is another key methodological component, enabling students to reflect on
their learning experiences and perceive their personal progress. Bowers and Hayle (2021) highlight
participants’ feedback on digital haptic conditions, where reflection promotes self-confidence and
allows for an evaluation of the meaningfulness of learning outcomes. Collaborative learning also
emerges as an efficient methodological strategy in inclusive education. Negrete et al. (2020) empha-
sise that collaborative learning is part of the educational model, and a properly prepared group cre-
ates a safe and stimulating working environment. Meanwhile, Morrison et al. (2021) note that a spe-
cialized physical programming language provides equal opportunities for all students to learn and
improve together, while promoting peer support and social inclusion. These strategies contribute to
enhancing the quality of inclusive education by promoting student engagement, self-reflection, and
community spirit.

Analysis of recent studies shows a clear trend towards integrating technological solutions with
pedagogical strategies so that to ensure not only information accessibility but also full participation
of students who have visual impairments in the learning process. Spinczyk et al. (2019) emphasize
that the developed system enables more effective independent learning of mathematics topics, with
progress observed not only in the field of cognition but also in motivation.

To address these challenges, various methods of adapting educational content are used, including
the already existing technologies such as computers with speech or Braille output, tactile graphics,
images, analogies, and multisensory teaching methods. In addition, digitizing books, creating new
teaching tools, and involving teaching assistants in the educational process are also applied.

The accessibility of visual information for children who have visual impairments can be signifi-
cantly improved by artificial intelligence, whose tools are increasingly being integrated into special
assistive apps for smart devices. These applications help persons who have visual impairments to
better understand the world around them. For example, the artificial intelligence model ChatGPT
integrated in the app ‘Be My Eyes’ can describe photos provided by the user. In addition, the user
can ask questions about the photograph, this way obtaining more information (Jarmolavic¢iate, 2023;
Miimmler, 2025). By using such applications, students could receive descriptions of visual elements
in the field of natural and exact sciences, while teachers could more quickly and effectively prepare
descriptions of these elements for students who have visual impairments. Therefore, it is particularly
important to disseminate information and organize training sessions for teachers on capabilities of
artificial intelligence in educating children with visual impairments.

Technology is evolving rapidly. As many researchers have noted, the most efficient learning ap-
proach for children who have visual impairments is inclusion of various senses in the learning pro-
cess. Whereas, Teke and Sozbilir (2019), drawing on Miyauchi (2020), distinguish the importance of
two-dimensional and three-dimensional objects in natural sciences lessons. The latest technologies
offer Al-based devices capable of conveying information both audibly and tactilely. According to
“Tactuel” (2024), one such device is the Dotpad — the first smart tactile touch screen developed in
South Korea. This device renders information displayed on the screen in Braille and tactile elements.
In addition, integrated artificial intelligence can provide spoken descriptions of displayed graphic
elements. The device enables students who have visual impairments to draw various graphic ob-
jects, analyze them by touching them or listening to auditory descriptions. When using this device,
teachers can assess not only students’ abilities to understand graphic elements but also their skills in
creating them. This way, Dotpad effectively helps to convey information and improves mastering of
exact and natural sciences.
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All this points to the need to enhance teacher education, placing greater emphasis on practical
training on the inclusion of students who have visual impairments through the use of modern tech-
nologies. It would also be appropriate to develop guidelines for accessibility of teaching materials,
which would help teachers to more efficiently adapt content of natural and exact sciences to students
who have visual impairments.

Conclusions

For teachers educating students who have visual impairments, most challenges in the field of exact
and natural sciences arise due to the lack of knowledge, adaptation of educational content, and
minimally adequate conditions for accessibility of the information and physical environment, par-
ticularly due to the dominance of visual elements.

Four main categories of challenges emerge: non-adaptation of infrastructure and technologies,
dominance of visually oriented teaching materials, digital and experimental interface disturbances,
and cognitive challenges. Students who have visual impairments often cannot use standard labora-
tory equipment, visual interfaces, or graphic materials. In addition, excessive verbal information and
inadequate structuring of content can further complicate the learning process.

The findings reveal that the most efficient solutions are those based on the comprehensive ap-
proach, combining the use of multisensory modalities, personalized learning, and active student
engagement. Such a strategy not only helps reduce obstacles but also enhances students’ motivation
and promotes their autonomy. This is essential for creating inclusive educational practices in which
students who have visual impairments can not only participate on an equal footing — but they can
also successfully fulfil their potential.

It is essential to continue scientific research in search of new technical and methodological mul-
tisensory approach-based solutions for education of students who have visual impairments in exact
and natural sciences in order to improve the quality of visual content accessibility. Improvement
of the quality of information accessibility would contribute to increasing students’ motivation to
learn, while also improving their psychosocial well-being, and would expand their opportunities for
achievement in the field of exact and natural sciences.

Limitations of the Study

The findings of this study may be limited due to the fact that only 12 articles were analyzed, all
drawn from just two academic databases. It is recommended that this study should be expanded by
including more scientific databases. In addition, although this systematic literature review allowed
to highlight general trends, empirical studies should be conducted to identify the actual educational
situation of students who have visual impairments in the field of exact and natural sciences in the
context of inclusive education.
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Summary

This study aims to reveal teachers’ experiences in natural and mathematical science lessons when educating
students with visual impairments, by using a scoping review approach. Scientific sources were searched in
the Academic Search Ultimate (EBSCO) and Scopus databases. The literature search utilized keyword com-
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binations such as “teaching blind and visually impaired students”, “inclusive education of blind and visually
impaired students”, “natural sciences’, and “mathematical sciences”. By using the Boolean operator AND, 191
publications were identified; following the application of inclusion and exclusion criteria, 12 articles remained

for the final analysis.

Following a qualitative deductive content analysis, the results revealed that educators face challenges relat-
ed to non-adapted physical and informational environments, limited accessibility of digital and experimental
tools, and a predominance of visually oriented instructional content. To address these challenges, teachers
employ various technical and methodological-didactic solutions. Technical solutions include transforming
visual information into tactile or auditory formats, implementing haptic devices, and applying Universal De-
sign for Learning (UDL). Methodological-didactic solutions focus on multisensory learning, reflective prac-
tice, and collaboration-based learning. Furthermore, a tendency to integrate methodological solutions with
pedagogical strategies was observed.

Despite existing efforts to address these challenges, it is recommended to seek new technical and meth-
odological solutions, as current measures do not ensure comprehensive access to learning content for students
with visual impairments in the fields of natural and mathematical sciences.
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