UDK 37.018.43:004; 376.1-056.262:003.56(497)

MuoBanuje y HactaBu, XXXIX, 2026/1, ctp. 109-118

DOI: 10.5937/inovacije2601109T

Pap nmpumipen: 1. 2. 2026.
Pap npuxsahen: 2. 3. 2026.

Ermira Tatesi ( Kparkn

University of Tetovo, Faculty of Pedagogy, North Macedonia HayIHU MPIIOT

Daniela Dimitrova-Radojici¢! ©

Ss. Cyril and Methodius University in Skopje, Faculty of Philosophy
Skopje, North Macedonia
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Summary: The rapid integration of artificial intelligence (Al) in education has renewed interest
in its role in inclusive teaching; however, disability-specific implementation pathways for Braille-
literate learners remain underexplored. This conceptual paper examines how Al may support teachers
in mainstream classrooms that include students who rely on Braille literacy. The analysis emphasises
that accessibility in Braille-mediated learning depends not merely on modality substitution but on
the structural organisation and navigability of instructional materials. Drawing on the Artificial
Intelligence in Education (AIEd) literature, the paper frames Al as a teacher-governed accessibility
support rather than an autonomous instructional agent. Three domains of potential contribution are
identified: access to curricular materials, structured participation, and formative support. Key risks
include structural distortion, overconfident Al outputs, and uneven language performance, which
make systematic verification essential. The paper concludes that Al is most appropriately positioned
as an accessibility co-pilot within teacher-led and blended instructional practices, warranting further
empirical validation in real classroom contexts.
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Introduction

Inclusive education aims to ensure that all
learners, regardless of disability or social back-
ground, can participate meaningfully in mainstream
schooling (UNESCO, 2020). However, the physical
placement of students with disabilities in regular
classrooms does not, by itself, constitute inclusion
(Edstrom et al., 2024). Inclusion requires instruc-
tional conditions in which learners are not prevent-
ed from demonstrating competence by barriers un-
related to the intended learning objectives (Dalton,
2019). Despite strong policy support, the implemen-
tation of inclusive education remains constrained by
structural factors. Teachers often work with limited
material resources, insufficient specialised training,
and institutional cultures that adapt slowly to learn-
er diversity (Zwane & Malale, 2018; Jardinez & Na-
tividad, 2024; Motitswe, 2025). In addition, deficit-
oriented perspectives that define learners primari-
ly through limitations rather than participation op-
portunities may further reinforce marginalisation
(Shukla, 2022; Nurdyansyah et al., 2022).

Against this background, recent develop-
ments in artificial intelligence (AI) have intensified
debate about accessibility and instructional differ-
entiation, as Al tools are being increasingly applied
in learning analytics, assessment, lesson prepara-
tion, and digital communication (Stosi¢ et al., 2025).
Acrossliterature, Al-supported environments are re-
ported to enable more adaptive guidance than con-
ventional whole-class instruction through differen-
tiated feedback, flexible pacing, and task sequenc-
ing, although such effects remain context-depend-
ent (Abbas et al., 2023; Akgun & Greenhow, 2022;
Chen et al., 2020; Hwang et al., 2020; St-Hilaire et
al., 2022; Vorobyeva et al., 2025). Nonetheless, edu-
cational value should not be presumed; it requires
empirical support in terms of measurable gains in
learning outcomes and accessibility, without adverse
consequences (Castafieda & Selwyn, 2018; Ogunl-
eye et al., 2024; Wu, Dang & Li, 2025).

Artificial Intelligence in Education (AIEd)
encompasses intelligent, personalised, and conver-
sational systems, including tools for automated as-
sessment, adaptive feedback, and collaborative sup-
port (Tapalova & Zhiyenbayeva, 2022; Ercikan &
McCaffrey, 2022; Alam, 2023; Wang et al., 2024;
Garzon, Patifio & Marulanda, 2025). Intelligent Tu-
toring Systems (ITS), among the most extensively
studied applications, have in some experimental and
meta-analytic studies demonstrated learning gains
comparable to one-to-one tutoring (Woolf, 2010; du
Boulay, 2016). However, the evidence of the consist-
ent, system-level impact in everyday classrooms re-
mains uneven and contingent on local implementa-
tion conditions, including infrastructure and insti-
tutional capacity (Miao et al., 2021).

Within inclusive education debates, Al is
most appropriately conceptualised as a conditional
form of support. When implemented within clear-
ly defined pedagogical frameworks, Al can reduce
routine workload, facilitate differentiated instruc-
tion, and enable alternative content representa-
tions such as speech-to-text or automated image
description (Wang, 2020; Melo-Lépez et al., 2025).
At the same time, reliance on Al-generated or Al-
transformed materials introduces risks, particularly
when such materials constitute the learner’s prima-
ry route to curricular content. The educational value
of Al in inclusive contexts therefore depends on de-
liberate alignment with accessibility requirements,
learner diversity, and sustained teacher oversight
and accountability (Song et al., 2024).

This paper is conceptual in scope and aims
to clarify teacher-facing opportunities, constraints,
and evaluation priorities for Al-supported Braille-
inclusive practice. Braille-mediated literacy offers a
particularly stringent test case for AI-supported ac-
cessibility, because understanding and independ-
ent navigation often depend on preserving structur-
al relations that are typically encoded visually (e.g.,
tables, diagrams, symbolic layouts). For this reason,
examining Braille-inclusive practice helps specify
what “accessible transformation” should mean in
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classroom conditions and where teacher verification
remains indispensable.

AT Support for Braille-Mediated Access
in Mainstream Classrooms

Students with visual impairments, particu-
larly those who rely on Braille literacy, face spe-
cific challenges in inclusive educational settings
(Dimitrova-Radoji¢i¢ & Petrovska Zimeski, 2020).
These learners encounter barriers when instruction-
al materials and assessment formats are not appro-
priately adapted. Empirical evidence links the avail-
ability of tactile materials and assistive technolo-
gies with higher levels of academic engagement and
learner autonomy (Tanwar, 2019; Yektyastuti Sar-
wanto & Rasmitadila, 2026). The integration of as-
sistive technologies should therefore be understood
as a structural condition for equitable participation
rather than as an optional enhancement.

Despite the expanding body of research on
artificial intelligence (AI) in education, implementa-
tion pathways tailored to specific disabilities remain
insufficiently specified. The literature frequently ad-
dresses accessibility in broad terms (e.g., captioning,

text-to-speech, simplified language), while compar-
atively less attention is given to modalities that re-
quire high representational fidelity, such as Braille-
mediated access.

AT can assist teachers by accelerating lesson
preparation, broadening access through alternative
formats, enabling more interactive participation,
and supporting more timely feedback. However, the
pedagogical relevance of Al requires careful inter-
pretation: the capacity of Al to generate or trans-
form content does not guarantee preservation of
the relational structure that Braille readers depend
on for independent navigation and comprehension.
The transition from traditional to AI-supported in-
struction should therefore be framed as a represen-
tational and governance challenge rather than mere-
ly a technological upgrade. Table 1 summarises key
differences between traditional and Al-supported
instruction, with particular attention to accessibility
and personalisation, dimensions that directly affect
Braille-literate learners.

The comparison in Table 1 is conceptual and
focuses on teacher practices in a Braille-inclusive
classroom. AI support is considered as assisting in
the preparation of draft materials, while responsibil-

Table 1. Traditional vs AI-supported instruction for a Braille-literate student

Aspect Traditional instruction

Al-supported instruction (teacher-governed)

Lesson planning Manual planning; adaptations

often added late
Visually formatted materials;
Accessible materials accessible versions often
delayed
Tables & layout- Visual tables/worksheets hard
dependent content to navigate linearly
Diagrams/graphs Often minimally described;
meaning may be lost

Relationships encoded in

Representational fidelity layout may be simplified away

Feedback Typically delayed

Quality assurance Checks often informal

Al may draft structure/sequence; teacher aligns with Braille
access needs

Al may speed up draft restructuring (headings, labels, steps);
Braille-ready output still requires review and, where needed,
transcription/embossing workflows (e.g., specialist support).
Al may support table linearisation and explicit keys; teacher
verifies correctness

Al may draft structured descriptions; verification is essential
due to error risk

AT can help make relations explicit, but may distort structure
without systematic checking

Faster formative prompts are possible, moderated by the
teacher

Explicit verification step recommended (structure,
navigation, notation, tables/diagrams)
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ity for validation and accessibility remains with the
teacher (and, where necessary, with special educa-
tors and rehabilitation specialists).

AI-Supported Personalisation
for Braille-Inclusive Classrooms

Al is frequently associated with personal-
ised learning, understood as the capacity of systems
to adapt to how, when, and at what pace a learner
engages with content (Bayly-Castaneda, Ramirez-
Montoya & Morita-Alexander, 2024). In inclusive
settings, this promise becomes pedagogically mean-
ingful only when personalisation is understood as
reducing barriers to participation rather than mere-
ly optimizing performance metrics. Recent scholar-
ship indicates that adaptive feedback and tailored
learning pathways may support learner motivation
and progress, but only when embedded within re-
sponsible pedagogical strategies and ethical safe-
guards (Holmes et al., 2019; Castafieda & Selwyn,
2018). Within Braille-inclusive classrooms, Al-sup-
ported inclusion can be conceptualized across three
practical domains:

1. Access to curricular materials through
transformations that render content us-
able via refreshable Braille displays or em-
bossed Braille;

2. Participation and engagement through in-
teractive, structured tasks that do not de-
pend on visual navigation;

3. Formative support through timely feed-
back that enables learners to self-regulate
and address misunderstandings at an early
stage.

These domains overlap but require different
forms of AI support. For instance, text-to-speech
may facilitate listening, yet it does not substitute for
Braille literacy, which remains essential for spell-
ing, punctuation, mathematical notation, and ad-
vanced academic work. Conversely, a well-struc-
tured braille-ready text can support independent
study only when tables, cross-references, and dia-
grams are carefully re-represented to preserve re-
lational meaning. To summarise the potential con-
tribution of Al in inclusive settings while maintain-
ing a teacher-centred perspective, Table 2 presents a
conceptual mapping of benefits.

Al Tools Potentially Deployable in Mainstream
Macedonian Schools for Braille-Literate Students

A growing number of Al-enabled accessibility
tools are currently available for learners with visual
impairments. However, their practical usefulness in
mainstream classrooms varies considerably across
linguistic and infrastructural contexts. In particular,

Table 2. Potential contributions of Al to Braille-inclusive teaching

Domain

Contribution in Braille-inclusive classrooms

Instructional adaptation

compatible formats
Learner motivation and
autonomy users
Accessible communication

on visual navigation
Formative progress
monitoring earlier
Teacher workload support

Al may assist teachers in restructuring materials into clearer, linear, and Braille-
Scaffolded tasks and timely prompts may support independent engagement for Braille
Structured prompts and guided responses may improve participation without reliance
Automated tracking may help teachers identify support needs and adjust instruction

Routine formatting and drafting tasks may be partially automated, allowing more time

for targeted pedagogical and socio-emotional support
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not all tools provide reliable support for the Macedo-
nian language, and some remain only partially com-
patible with Braille-oriented workflows. For teach-
ers working in Braille-inclusive classrooms, the key
question is therefore not only which tools exist, but
which can be realistically deployed under local con-
ditions. Table 3 summarises selected Al tools that
may support instructional accessibility, with specific
attention to their feasibility in the Macedonian edu-
cational context.

Conclusion

In Braille-inclusive classrooms, Al may sup-
port access and participation, but it cannot replace
the human and relational dimensions of teaching.
Accessibility depends on intentional design, pro-
fessional judgment, and continuous monitoring of
learner experience rather than on automation alone
(Castafieda & Selwyn, 2018). Practically, Al is best
treated as a teacher-governed support: vision/OCR
tools can provide rapid access to print; generative

Table 3. Al tools potentially usable in mainstream schools for Braille-literate students

Tool / Category ~ Primary function for =~ Macedonian context ~ Key limitations Practical classroom
Braille-literate students feasibility use-case

Google Lookout ~ OCR reading of printed Medium: widely Not Braille Student scans

(Android) text; rapid access usable on Android; transcription; OCR worksheet for

to worksheets and

Macedonian OCR

errors; sensitive to immediate access,

handouts; may support performance should be lighting/camera quality teacher later prepares

immediate access when locally pilot-tested

Braille versions are not
yet available

Microsoft Seeing ~ Reads printed text

AT (i0S/Android) and provides scene

rapid access to
print and classroom
environment

Draft restructuring

Medium-Low:
Macedonian-language transcription; variable text/scene cues during
descriptions; supports  performance is

not consistently
documented; local
validation required

High (for text-based

a verified Braille-ready
version
Not Braille Rapid access to printed
accuracy; language class; teacher later

performance uncertain provides verified
structured material

of teacher materials . Hallucinations; .
. o . drafting): generally . . . Teacher inputs
Generative Al into linear, Braille- ¢ . possible distortion
. usable in Macedonian . worksheet, AI produces
(LLMs) for compatible . . of diagrams/maths;
. . . and English; suitability . . ) structured draft,
Braille-friendly formats (headings, privacy considerations; .
. depends on task teacher verifies before
restructuring numbered steps, table . mandatory human . .
. o complexity and local P Braille production
linearisation, draft 1o verification
o validation

descriptions)
Al-powered Translation into High: Macedonian Terminological Teacher translates
translation tools ~ Macedonian to support supported by major inaccuracies; not material, then

accessible material
preparation

captioning tools

formatted for Braille
use

services; terminology
requires checking

Al speech-to-text / Generates transcripts of Medium: depends
spoken instruction that on language models,
can later be edited and  device ecosystem, and  errors in noisy
classroom noise

Braille-specific; restructures for Braille
requires teacher review access

Not direct Braille Teacher explanation
output; recognition transcribed, edited into
structured Braille-

environments compatible notes
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systems can assist with drafting Braille-compatible
restructurings; translation tools can support lin-
guistic mediation; and speech-to-text can capture
classroom talk for later Braille-oriented format-
ting. Across these uses, the key constraint is relia-
bility (particularly the risk of structural distortion
and overconfident errors) making verification non-
negotiable. While AIEd research reports learning
gains in controlled settings (Woolf, 2010; du Boulay,
2016), effects in everyday classrooms are more var-
iable and often incremental (Miao et al., 2021). In
North Macedonia, feasibility is additionally shaped
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Epmupa Tatemn
Yuueepsuitiemni y Teitiosy, Ilegaiowiku ¢paxynineii, Cesepra Makegoruja

Januena Iumurposa-Pamojuunh
Ynusepsuitieii ,Cé. Kupun u Metioguj” y Ckoiimy, Qunozopcku dakyniiei,
Cxoiimwe, Cesepra MakegoHuja

BEIITAYKA MHTEJINTEHIINJA Y MHK/ITY3MBHOJ HACTABI
3A YYEHIMKE KOJ KOPUCTE BPAJEBO ITMCMO

MnknysueHo odpasosarve lipegcitiasma jegHo 0g KbY4HUX HONAZUMITA caspemeHux odpa-
308HUX cucitiema U ogpasymesa citieaparoe Ycno6a y KOjuma céu y4eHuyu Moy y4ecitiéo8aitiu
Y HACHIA6HOM Tipouecy Ha PA6HOUPABHU HaYuH. Y Upakcu ce, mehyiium, Wokasyje ga camo yKmwy-
uyeare yueHuka ca owiiieherem euga y peqosHe yuuoHuue He 3HA4U HyHHO U UOMUYHY JOCTAYil-
HOCUi HacillaéHux cagpiaja. Hacitiasnu maitiepujanu cy y Hajeehoj mepu o0nukosanu usyesnHo,
goK wuxoeo upunaiohasarve yueHuyuma Koju kopuciiie bpajeso tiucmo 3axitiesa gogawiHo epeme,
ogiosapajyhy tiexHuuKy HogpuiKy u cileyuduuna cilipyuHa sHarea. Y iom KOHIeKCILy, caspemeHe
guiuitiante fiexHonoiuje, HocedHO anaiiu 3acHO6aHU HA Bewiiliaukoj unitienuienyuju (BU), cee
uewthe ce pasmattipajy Kao UoleHUUjanHa UogpuiKa UHKIY3U6HOj HACTABU.

Y pagy ce pasmaitipa ioilieHyujanHa ynoia eeuiiiauxe uHienuienyuje y Logpuiu Haciia-
BHULUMA KOJU page y UHKTY3UBHUM YHUOHUUAMA Y KOjuMa ce 00pasyjy u yueHuuu Koju Kopuciie
Bpajeso tiucmo. IloceSra tiaxcroa tiocéehena je tuitiarey Upuciiiy iauHoCiiu HACTABHUX MaTllepuja-
714 U HAYUHY HA KOju HUX084 CUUPYKILYpa yillude HA pazymesadrbe cagpiaja Kog yueHuka Koju
Kopucitie WaKmunHe odnuke yuitiara. 3a pasnuxy og eusyenxoi uuiiiarea, bpajeso tiucmo iog-
pasymesa nuxeapHy opianusayujy unpopmayuja, 3601 ueia pactiopeg enemeHaitia, 0gHocu usmehy
iojmosa, Kao u clpyxiiypa wadena u 3agamiaxa umajy eaxHy ynoiy y upouecy yuerba. Ilpuciiy-
HAYHOCT HACTHABHUX Malliepujana 3ailio He Hogpa3yMesa camo exHUuuKy KOHBep3ujy cagpicaja
eeh u ouysarve rwuxose noiuuke opianHusayuje.

Pag uma konuenitiyantu kapakitep u ycmepeH je Ha pasmaitipare moiyhuociiu 3a upumery
sewiniauke uHitlenuieHyuje y UHKIY3UBHOj HACllasu. Y iliom oKeupy usgeajajy ce wipu odnaciiu y
Kojuma ce tipetio3Haje ioieHyujanta ynoia BU: ynaipeherwe tipuciiiyiia HacilasHum mailiepuja-
numa, Hogpuika akiiusHujem yueuilly yueHuka y HACUia8HUM AKTHUBHOCIAUMA U 0NAKULABAIbeE
popmaitiusre iogpuike y dpouecy yuerva. Caspemenu guiuitiantu anaiiu moiy tomohu Haciia-
BHUUUMA Y PeCTUpyKIypuparyy iexciiosa y tipeinegHuje u nuHeapHuje gopme xoje cy ioiogHuje
3a yuiiare yitiem bpajesux gucineja unu 3a uspagy perwvedrux Hacimiasrux maiepujana. Taxobe,
iojegunu cuctiiemu omoiyhaeajy ienepucarbe olitica 6U3yenHUX cagpiaja, Uonyi ipaukona unu
gujaipama, uume ce 01aKWA6A UPUCTHYT UHPOPpMayujama Koje cy y opuiunany tipegciiiasmpere 6u-
syento. Ocum Wioia, guIUTHANHU anamiu mMoly dogpucaimiu gugepeHyupare HAciliaéHe aKiueHO-
citiu u omolyhuitiu Spawcy iospaitiny uHPOPMAuuUfy yueHuyuma.

Hcinospemeno, ipumena seuiitiauxe uHitienuieHyuje y UHKIy3usHoM 00pazosary HOCU U 0g-
pehene pusuxe. Ayiiomatticku TeHepucanu cagpicaju moly goseciiu go fiojegHOCABLUEAA UL
Hapywaearea CHpyKiilype uHpopmayuja, witio Moxe oiliexailiu wuxoeo pasymesare y bpajesoj
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popmu. Taxohe, iocitioju moiyhHocili 3a il0jasy HeTlauHUX U Upeltiepano culypHux ogiosopa Koje
enepuuie cucitiem. 3601 Woia HACTHABHUK 3AgpHasa KbyuHy ynoiy y uposepu u tpunaiohasarvy
maitepujana. Bewitiauka unitienuienyuja ce y 060m pagy Uocmaipa Kao uogpuika HaciiaéHuuKoj
ipaxcu, a He Kao 3ameHa 3a UegaiouwiKy UpoyeHy u UpopecuoHanrHo UCKyciiiéo HAciasHUKaA.

Ilegaiowxe uminukayuje ogHoce ce Ha Touipedy 3a UPOMUULbEHOM UHTHEIpAUUjOM Gu-
Tutlianiux wexHonoiuja y uHkaysueHo odpasosarwe. Eduxacra tipumena osux anamia 3axiiesa
pa360j guiuitianHux KomileiieHyUja HaACiaeHUKa, any U capagry ca CIpyuauuma u3 oonaciiu
ciieyujante egykayuje u pexadunuitiayuje. Fbuxosa tipumena 3asucu u 0g 10KkanrHol 00pasoeHoi
KOHTHeKCilia, yKbyuyjyhu gocilyiHocii exHonoluja u ogpuiKy 3a MaKkegoHcKu je3ux.

Pasmattiparve ykasyje Ha tlollieHyujan sewiiniauxke uritienuieHyuje ga goupurece yHaipeheroy
UpUCHlyiauHoCliu HACTABHUX Matliepujana u Hogpuiyu UHKAY3UBHO] HACIABU 3a y4eHUKe KOju
xopucitie Bpajeso tiucmo. Viciiospemero, 3a 0gioopHy u ilegaiouiku oupasgany tupumery 08uUx
{HlexXHOTI0TUja HeOTXOGHA CY §aba eMUUPUJCKa UCTPANUBAtLA KOja OuU UCAUTILANA HUX08e CTiBapHe
egexiiie y c6aKOGHEBHO] UIKOICKO] UPAKCUL.

Kmyune peuu: sewitiauxa unitienuienyuja y odpaszosary, uHkaysusHo odpasosarve, bpaje-
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