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ABSTRACT

This study investigates the design and implementation of an Al-based
adaptive English as a Foreign Language (EFL) model for students with
special educational needs (SEN) in a resource-constrained Indonesian
special school. The research aimed to align adaptive technology with
heterogeneous learner profiles and priority English competencies to
enhance accessibility, engagement, and learning outcomes. A descriptive
qualitative design with supportive quantitative elements was employed,
combining classroom observations, semi-structured interviews with
teachers and teaching assistants, analysis of individual education plans and
curriculum documents, and learning analytics from an adaptive Al platform,
collected across multiple SEN classes (N = 4 students and 3
teachers/assistants) over 16 weeks. The findings from the needs analysis
confirmed substantial variation in cognitive levels, sensory modalities, and
communication preferences, leading to the specification of target
competencies in foundational vocabulary, basic oral interaction, and early
literacy. The selected Al platform, configured according to Universal
Design for Learning principles, delivered multimodal materials, adjustable
difficulty, and locally meaningful scenarios within blended and station-
rotation lesson structures. This architecture, organised into warm-up, Al-
driven core tasks, and consolidation phases, was associated with increased
on-task behaviour, more frequent oral participation, and higher completion
rates of adaptive exercises. Learning analytics indicated progressive gains
in accuracy and reductions in time-on-task, while enabling data-informed
differentiation and strengthening teachers’ and assistants’ instructional
efficacy. These results suggest that carefully localised and pedagogically
orchestrated Al-based adaptive systems can support more inclusive and
motivating EFL environments for SEN learners in low-resource, non-
English-dominant contexts without displacing teacher professional
judgement.
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INTRODUCTION

Artificial intelligence (Al) is increasingly reshaping English as a Foreign Language
(EFL) instruction in primary and secondary education worldwide. A growing body
of research shows that Al-enhanced environments can personalise learning
trajectories, increase learner engagement, and support more autonomous forms of
language learning (Moybeka et al., 2023; Saleem et al., 2025). Al-powered tools
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such as chatbots, intelligent tutoring systems, and adaptive learning platforms
provide real-time feedback, automated assessment, and customised learning paths
that respond dynamically to learner performance and preferences (Konyrova, 2024;
Okunade, 2024). These technologies have been associated with higher levels of
motivation and persistence in EFL learning, particularly when learners are given
opportunities to practise speaking and writing beyond the temporal and spatial
boundaries of the classroom (Lu et al., 2022; Nagaraj et al., 2023; Shalevska, 2023)
The integration of Al into EFL education is also linked to positive affective
outcomes. Studies report that Al-supported environments can reduce language-
learning anxiety, strengthen learners’ self-efficacy, and foster more positive
attitudes towards English (Hamid et.al., 2025; Solehuddin et al., 2023; Zhang &
Liu, 2025). Interactive, low-stakes practice with Al agents or adaptive exercises can
lessen the intimidation that often accompanies oral participation in class and help
learners gradually build confidence in using English for communication (Hockly,
2023; Ramzan et al., 2023). In line with contemporary pedagogical orientations that
emphasise engagement, participation, and learner-centred approaches, Al tools are
increasingly seen as aligned with efforts to create more immersive, responsive, and
emotionally supportive EFL learning environments (Eldin, 2024).

Despite these promising developments, EFL learners with special educational needs
(SEN) in inclusive and special school settings continue to encounter substantial
barriers. These barriers stem from cognitive challenges, such as limitations in
information processing, working memory, and language comprehension, which can
hinder the acquisition of vocabulary and grammatical structures (Kushmar et al.,
2022; Sharifuddin & Hashim, 2024). Emotional factors, including heightened
anxiety, low self-esteem, and reduced academic self-concept, may further constrain
participation and persistence in language-learning activities. In addition, sensory
and motor impairments can restrict learners’ access to conventional classroom
materials and interaction formats, thereby reducing opportunities for meaningful
language use.

At the instructional level, many EFL classrooms serving SEN learners still rely on
relatively uniform, teacher-fronted methods that are poorly matched to the diverse
learning profiles present in these settings. A one-size-fits-all approach risks
marginalising students whose needs deviate from normative expectations of pace,
modality, or mode of participation. While assistive technologies and Al-powered
tools have been proposed as promising avenues for more personalised and flexible
support, their effective implementation is far from guaranteed. Teachers often
report limited training, uncertainty about how to adapt Al tools for SEN learners,
and concerns about workload and technical reliability (Ifraheem et al., 2024;
Zainuddin et al., 2024). These issues underscore the need for context-sensitive
models that translate the general promise of Al-enhanced EFL into concrete,
workable practices in SEN settings.

Within the broader field of technology-enhanced language learning (TELL),
adaptive learning systems have been conceptualised as Al-driven approaches that
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tailor instructional content, sequencing, and feedback to individual learner
characteristics. Such systems draw on learner data including proficiency level,
response patterns, and behavioural indicators to adjust difficulty, pacing, and
support in ways that aim to optimise motivation and learning (Urbaite, 2025).
Empirical studies demonstrate that Al-generated formative feedback in writing can
improve engagement and writing quality among EFL learners, indicating the power
of personalised, timely feedback. Similarly, Al-based models have been shown to
enhance vocabulary retention and speaking fluency when compared with traditional
instructional approaches. These findings corroborate broader claims that adaptive
Al systems can foster more individualised and effective EFL learning experiences
(Safarli et al., 2025).

Al-driven tutoring systems further illustrate the potential of adaptive technologies
to sustain engagement and support learning processes. Intelligent tutoring systems
that integrate affective computing, user modelling, and formative feedback
mechanisms have been associated with increased student participation and
improved academic outcomes. Al frameworks that incorporate interactive tasks,
gamified feedback, and learner analytics can promote active involvement in
language classrooms and support retention of key skills (Polamuri et al., 2024).
Research also suggests that formative feedback generated by Al tutors can help to
alleviate learner anxiety and enhance motivation by providing supportive, non-
judgmental guidance in real time. Collectively, this literature indicates that
adaptive, Al-supported environments hold particular promise for learners who may
require more intensive and differentiated support.

Parallel developments in inclusive education highlight both opportunities and
constraints for SEN learners, especially in low- and middle-income countries
(LMICs) such as Indonesia. Inclusive education is widely endorsed as a means of
promoting the social and educational participation of students with disabilities, yet
implementation is often hampered by limited facilities, inadequate teacher
preparation, and socio-cultural attitudes toward disability (Santi et al., 2025). In
Indonesia, schools frequently struggle to provide disability-friendly infrastructure
and systematically adapted curricula across subjects, including English
(Zulkarnain, 2025). Existing studies emphasise the need for individualised and
structured learning strategies for students with intellectual and other disabilities, but
they rarely examine how Al-driven and adaptive technologies might be mobilised
to support EFL learning in special schools (Aishah et al., 2024). Current research
tends to focus either on general EFL populations or on a narrow subset of
disabilities, with limited attention to diverse disability profiles and real classroom
conditions in special education settings (Abdoulqadir & Loizides, 2025; Boladeras
et al., 2023; Srivastava et al., 2021).

Furthermore, the literature identifies critical gaps in teacher preparation for the
pedagogically sound use of Al and assistive technologies in special education.
Professional development structures often fail to equip teachers with the knowledge
and skills needed to interpret Al-generated data, align adaptive learning paths with
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individualized education plans, and manage heterogeneous learning groups in
technology-rich environments As a result, the transformative potential of Al-based
adaptive learning for SEN learners remains under-realised. There is a pressing need
for empirical studies that not only document the affordances of Al tools but also
examine how they can be integrated into coherent instructional designs in special
schools, taking into account infrastructural constraints, teacher agency, and the
lived experiences of learners with diverse disabilities (Sdnchez et al., 2024).

Against this backdrop, the present study addressed the following research
questions: (1) What are the English language learning needs, learner profiles, and
target competencies of students with special educational needs in the participating
special school, and how do these characteristics inform the design principles of an
Al-based adaptive EFL model? (2) How can an Al-based adaptive EFL platform be
selected, localised, and configured to ensure accessibility, multimodal interaction,
and contextual relevance in a resource-constrained, non-English-dominant special
school setting? (3) In what ways are Al-based tools integrated into lesson planning
and classroom pedagogy particularly within blended, flipped, and station-rotation
structures to support engagement, motivation, and participation among SEN
learners in EFL lessons? (4) How do teachers and teaching assistants draw on
learning analytics generated by the Al platform to differentiate instruction, provide
individualised support, and develop data-informed inclusive practices in EFL
classrooms?

LITERATURE REVIEW

This section reviews the literature on artificial intelligence (Al) in English as a
Foreign Language (EFL) education, adaptive learning systems, inclusive and
special needs education, and data-informed pedagogy. It provides the conceptual
and empirical foundations for designing an Al-based adaptive EFL model tailored
to students with special educational needs (SEN) in a resource-constrained special
school context.

Al in EFL Instruction: Personalisation, Engagement, and Affective Support

Al has become increasingly embedded in EFL instruction at primary and secondary
levels, where it is used to personalise learning, enhance engagement, and support
autonomous practice. Studies report that Al-powered tools such as chatbots,
intelligent tutoring systems, and adaptive platforms can tailor content and feedback
to individual learner profiles, thereby increasing motivation and persistence These
tools provide real-time feedback, automated assessment, and customised learning
paths, allowing learners to practise speaking, listening, reading, and writing beyond
the temporal and spatial limits of the classroom (Konyrova, 2024; Okunade, 2024)
The affective benefits of Al-mediated environments are also well documented.
Interactive, low-stakes practice with Al agents has been found to reduce language
anxiety, strengthen self-efficacy, and cultivate more positive attitudes towards
English, in part by diminishing the intimidation associated with oral participation
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(Wei, 2023; S. Zhang & Liu, 2025). In diverse classrooms where opportunities to
converse confidently in English are uneven, Al tools can support more inclusive
participation by offering repeated, private opportunities for rehearsal (Eldin, 2024;
Ramzan et al., 2023). At the same time, research emphasises that teachers’
perceptions, familiarity, and comfort with Al strongly condition its pedagogical
effectiveness: educators who understand and trust Al tools are more likely to
integrate them in ways that enhance instruction and reduce barriers to language
learning (Sharifuddin & Hashim, 2024).

Adaptive Learning Systems in Technology-Enhanced Language Learning

Within technology-enhanced language learning (TELL), adaptive learning systems
have been conceptualised as Al-driven approaches that adjust content, sequencing,
and feedback to learners’ proficiency, preferences, and pace. Empirical studies
show that Al-generated formative feedback in writing can improve engagement and
writing quality among EFL learners by providing timely, personalised guidance
(Chen, 2023). Al-based models have also been shown to enhance vocabulary
retention and speaking fluency compared with traditional instruction, highlighting
the value of individualised practice and feedback. Safarli et al., (2025) argue that
adaptive systems create personalised and dynamic learning experiences that are
especially beneficial in heterogeneous EFL classrooms.

Intelligent tutoring systems (ITS) that integrate affective computing and user
modelling further illustrate the potential of adaptive technologies to support
sustained engagement. By incorporating emotional and behavioural cues, ITS can
adjust difficulty levels, feedback, and support to optimise learning experiences and
outcomes (Yan, 2024). Al frameworks that combine interactive tasks, gamified
elements, and learner analytics have been found to promote active participation and
retention (Polamuri et al., 2024), while formative feedback from Al tutors can help
alleviate anxiety and boost motivation. These findings provide a strong rationale
for exploring adaptive Al systems in SEN contexts, where learners often require
more intensive, differentiated support than is feasible in purely teacher-led models.

Inclusive Education, SEN, and Technology in Low- and Middle-Income
Contexts

The expansion of inclusive education has brought renewed attention to the
experiences of students with disabilities in mainstream and special schools,
particularly in low- and middle-income countries (LMICs) such as Indonesia.
Inclusive education policies emphasise the rights of students with disabilities to
access quality education alongside their peers, yet implementation is frequently
constrained by limited facilities, insufficient teacher training, and entrenched socio-
cultural attitudes towards disability (Opoku-Nkoom & Ackah-Jnr, 2023; Santi et
al., 2025). In Indonesia, many schools struggle to provide disability-friendly
infrastructure and to adapt curricula across subjects, including English, to meet
diverse needs.
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Research in special education underscores the importance of individualised and
structured learning strategies for students with intellectual and other disabilities, but
gaps remain in the use of Al-driven and adaptive technologies within special
schools. Much existing work focuses on more common disability categories or on
general student populations, with relatively little attention to learners with complex
profiles such as cerebral palsy or multiple disabilities (Sanchez et al., 2024). Studies
also note a paucity of classroom-based evaluations of Al tools in special schools,
and limited exploration of the collaborative roles of teachers, technologists, and
support staff in implementing these tools (Abdoulgadir & Loizides, 2025;
Srivastava et al., 2021). In addition, teacher preparation and professional
development often lag behind technological developments, limiting educators’
capacity to integrate Al effectively (Koranteng, 2025; Safdar et al., 2024). These
gaps motivate contextually grounded research on Al-based adaptive EFL systems
in special school environments.

Needs Analysis Frameworks: UDL, Differentiated Instruction, and Assistive
Technology

Addressing the diverse needs of SEN learners in EFL contexts requires systematic
needs analysis informed by robust frameworks. The Universal Design for Learning
(UDL) framework advocates for flexible curricula and environments that offer
multiple means of engagement, representation, and action/expression, thereby
accommodating a wide range of learner profiles (Lu et al., 2022). In practice, UDL
encourages teachers to design materials with built-in options for pacing, modality,
and support, rather than retrofitting accommodations after difficulties arise.
Complementing UDL, differentiated instruction focuses on tailoring teaching
methods and materials to individual readiness, interests, and learning profiles,
emphasising equitable access to learning opportunities for SEN students (Alnahdi
et al., 2022; Lindner et al., 2021).

Assistive technology (AT) frameworks further highlight how digital tools can
expand access to curricula for learners with disabilities. Mobile learning platforms,
for example, can deliver adaptive and personalised EFL content through devices
that students can use flexibly, supporting both language acquisition and engagement
(Vistorte et al., 2024). The design of adaptive EFL materials must take into account
learner profiles such as preferred modalities, cognitive levels, and language
proficiency. Visual learners may benefit from multimedia resources, colour-coding,
and pictorial vocabulary, while auditory learners may require enhanced listening
and speaking components (Pardosi et al., 2024). Multimodal digital tools can
integrate these preferences, offering richer learning experiences that increase
accessibility (Hashim et al., 2022; Russell, 2023).

Proficiency-sensitive design is also essential. Adaptive materials should build
gradually on existing knowledge and provide appropriate challenge through
scaffolding techniques that ease learners into more complex structures (Qin, 2024).
For SEN learners at very basic levels of English, this often entails strong emphasis
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on high-frequency vocabulary, simple communicative functions, and repeated
practice in highly supported contexts. Needs analyses grounded in UDL,
differentiated instruction, and AT thus provide a foundation for specifying both
competencies and design requirements in Al-based adaptive EFL systems.

English Competencies in Special Schools and Functional Communication

Research on EFL in special schools has begun to map the specific English
competencies relevant to students with disabilities. Studies identify foundational
vocabulary, basic communication skills, and other functional language abilities as
key targets, particularly in relation to everyday life and vocational contexts
(Marliana et al., 2025). Role-play and simulation have been shown to enhance
vocabulary and practical communication by situating language use in meaningful,
real-world scenarios (Marliana et al., 2025). Teacher competencies are also critical:
educators working with learners with intellectual disabilities, for example, must
adopt specialised strategies that align linguistic goals with students’ cognitive and
socio-emotional profiles (Arjumandi et al., 2024).

The application of revised Bloom’s taxonomy in EFL reading has underscored the
importance of carefully graded questions as indicators of comprehension and
vehicles for developing vocabulary and analytic skills (Koksal et al., 2023). Cross-
national work on language learning and cognitive development in special school
populations has further shown that foreign language exposure can support cognitive
flexibility and plurilingual competence, though outcomes are shaped by
instructional models and contextual factors . Collectively, these studies suggest that
competency frameworks for SEN learners should prioritise functional
communication and basic literacy while recognising broader cognitive and
plurilingual benefits.

Al Tools in Lesson Design, Engagement, and Learning Analytics

Recent scholarship has highlighted how Al-based tools, including generative Al
and chatbots, are reshaping lesson planning and classroom activity design. Teachers
report that systems such as ChatGPT can streamline the creation of differentiated
texts, exercises, and scripts, while still requiring careful human oversight to ensure
appropriateness for SEN learners (Alruwaili & Kianfar, 2025; Ghouali, 2025;
Setyaningsih et al., 2024). Pedagogical models such as blended learning, flipped
classrooms, and station rotation offer structures within which Al can be integrated
to support inclusive practice and learner engagement (Peng, 2025). Warm-up
activities, Al-driven core tasks, and consolidation phases have been shown to foster
readiness, participation, and retention, especially when combined with gamified
feedback and opportunities for self-regulation (Hu & Zhang, 2025; Wali et al.,
2025).

Parallel developments in learning analytics demonstrate how data from Al
platforms can inform differentiation and individualised support. Teachers can use
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analytics to track progress, diagnose difficulties, monitor engagement, and adjust
grouping and task assignment, in line with UDL principles and differentiated
instruction (Lutz et al., 2023). Analytics-informed reflection and collaboration
among teachers and teaching assistants have been linked to enhanced instructional
efficacy and the emergence of professional learning communities focused on
improving outcomes for SEN learners (Subarna et al., 2022). These strands of
literature converge on the view that Al, when coupled with inclusive frameworks
and robust professional learning, can support more responsive and equitable EFL
education for students with disabilities in diverse contexts.

METHOD
Design and Samples

This study employed a descriptive research design with embedded quantitative
elements to investigate the implementation of an Al-based adaptive English as a
Foreign Language (EFL) model for students with special educational needs in a
special school context. The design was chosen to capture both the complexity of
classroom processes and the patterns emerging from learning analytics generated
by the Al platform. The qualitative component focused on documenting teacher
practices, classroom interactions, and student experiences, while the quantitative
component drew on platform-generated performance data to describe trends in task
completion and accuracy.

The research was conducted at a state special school in Makassar that serves
learners with a range of disabilities. The student sample comprised 4 students
enrolled in upper primary and lower secondary EFL classes, including learners with
mild to moderate intellectual disabilities, autism spectrum disorder, hearing
impairments, and specific learning difficulties. These students were selected
purposively based on their regular participation in English lessons and their
teachers’ readiness to integrate the Al-based adaptive system into their instructional
routines. The adult sample included 1 English teachers, 1 special education
teachers, and 1 classroom assistants who were directly involved in planning,
delivering, or supporting EFL instruction with the Al platform. All participants
provided informed consent, and parental consent was obtained for students.

Table 1. Summary of participant characteristics (students and teachers)

Group | Role Main Grade Prior Prior Notes
disability / | level /| experie | experien
specialisati | level nce ce with
on taught with Al-

digital | based
learnin | tools

g
Student | SEN Mild— Upper Basic None Learn in
s—G1 | students | moderate primary / | tablet small-
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intellectual | lower use at group
disability secondar | school English
y class
Student | SEN Autism Lower Basic None Need
s—G2 | students | spectrum secondar | tablet structured
disorder y use routines
with and
teacher visuals
support
Student | SEN Hearing Mixed Modera | None Rely on
s—G3 | students | impairment | grades te visual and
experie text
nce supports
with
multim
edia
Student | SEN Specific Lower Basic None Require
s—G4 | students | learning secondar | comput simplified
difficulties |y er use text and
(e.g., pacing
dyslexia)
English | English | EFL Upper Regular | Limited / | Responsib
teacher | languag | teaching primary / | use of | introduct | le for EFL
] e secondar | PPT /| ory curriculum
teachers y online
videos
SEN Special | Intellectual, | Multiple | Regular | Limited | Support
teacher | educati | autism, and | grades use of adaptation
s on learning assistiv and
teachers | difficulties e differentia
technol tion
ogies
Assista | Classro | Classroom | Multiple | Occasio | None /| Assist
nts om and grades nal use | very students
assistan | behavioural of limited during Al
ts support tablets sessions
with
student
s

Instruments and Procedure

Several instruments were used to collect complementary data on the design and
implementation of the Al-based adaptive EFL model. First, a structured classroom
observation protocol was developed to document patterns of teacher—student
interaction, use of the AI platform, student engagement behaviours, and the
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sequencing of lesson activities. The protocol comprised 3 main indicators organised
into dimensions such as instructional focus, modality use, and differentiation, with
space for detailed field notes.

Second, semi-structured interview guides were prepared for teachers, special
education teachers, and classroom assistants. The teacher interview guide contained
30 core questions and optional probes addressing perceptions of the Al platform,
perceived benefits and challenges for diverse learners, experiences with learning
analytics, and changes in instructional planning. A simplified student interview
guide, consisting of 20 short, open-ended items and visual prompts, was designed
for a small sub-sample of students judged able to express their views verbally or
with support.

Third, a document review checklist was used to analyse individual education plans,
lesson plans, and school policy documents related to inclusive education and
technology use. This checklist included 20 items capturing information on targeted
English competencies, differentiation strategies, and accommodations for specific
disability categories. Finally, learning analytics exported from the Al-based
adaptive platform constituted an additional instrument. The platform provided item-
level data on task completion, correctness, time-on-task, and progression through
adaptive levels for each student. These data were extracted at regular intervals in
anonymised form for analysis.

Data collection followed a phased procedure. In the initial phase, the research team
conducted familiarisation visits and baseline observations of conventional EFL
lessons without Al support. This was followed by teacher workshops introducing
the Al platform, co-design sessions to align digital content with learner profiles and
target competencies, and a short pilot phase to test technical and organisational
feasibility. During the main implementation phase, which lasted 16 weeks, the Al-
based adaptive platform was integrated into regularly scheduled EFL lessons using
blended and station-rotation formats. Classroom observations were conducted 4
times per class at different points in the implementation, interviews were held
towards the middle and end of the period, and learning analytics were downloaded
weekly. Document analysis was conducted in parallel to situate classroom practices
within broader curricular and policy frameworks.

Data Analysis

Data analysis proceeded in parallel for qualitative and quantitative components,
with iterative integration to build a coherent account of the implementation.
Qualitative data from observation field notes and interview transcripts were
organised and coded using a combination of deductive and inductive approaches.
An initial coding scheme was derived from the research questions and relevant
literature on Universal Design for Learning, differentiated instruction, and
technology-enhanced language learning, including codes such as “multimodal

support”, “differentiation”, “engagement cues”, “use of learning analytics”, and
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“role of assistants”. Additional codes were generated inductively as new patterns
emerged during repeated readings of the data. Codes were then grouped into
broader themes capturing, for example, the alignment between learner needs and
platform features, changes in lesson structure, and the evolving roles of teachers
and assistants in Al-supported instruction.

Quantitative data from the AI platform were analysed descriptively. For each
student, summary measures were calculated for key indicators such as number of
tasks attempted, proportion of correct responses, average time-on-task, and
progression across adaptive levels for selected skill domains (e.g., vocabulary
recognition, sentence completion, short reading comprehension). These measures
were aggregated at class and subgroup levels (for example, by disability category
or proficiency band) to identify trends in performance over the implementation
period. Where appropriate, pre—post comparisons were conducted using available
baseline data from the initial, non-Al lessons, focusing on changes in completion
rates and accuracy on comparable task types.

Integration of qualitative and quantitative findings occurred through triangulation.
Patterns identified in learning analytics were compared with classroom
observations and teacher accounts to examine convergences and discrepancies. For
instance, increases in task completion and accuracy on specific item types were
interpreted alongside observational evidence of student engagement and teachers’
descriptions of scaffolding strategies. This integrated analysis informed the
organisation of the Results section into themes related to needs—design alignment,
platform selection and localisation, lesson scenario design, student engagement,
and the roles of teachers and teaching assistants in data-informed, Al-supported
EFL instruction.

Trustworthiness and Ethical Considerations

Several strategies were implemented to enhance the trustworthiness of the
qualitative findings. Data triangulation across observations, interviews, documents,
and learning analytics provided multiple vantage points on the same phenomena,
thereby reducing the risk of bias associated with single-source data (Hatmoko et al.,
2024; Jesika & Hidayati, 2024). Researcher triangulation was pursued through
collaborative coding and discussion of emerging themes among members of the
research team, supporting the credibility and dependability of the analysis. Thick
description of the school context, participant characteristics, and instructional
routines was used to facilitate transferability judgements by readers working in
comparable settings (Khasawneh, 2023; Pantia, 2025).

Ethical considerations were paramount given the involvement of students with
disabilities, who are recognised as a vulnerable population in educational research.
The study adhered to institutional ethical guidelines and obtained formal approval
from the relevant authorities. Informed consent was secured from teachers and from
parents or guardians of all student participants, with assent sought from students in
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age-appropriate and accessible formats, consistent with recommendations for
ethical engagement with SEN learners (Custodio et al., 2024). Participants were
informed of the voluntary nature of their involvement and their right to withdraw at
any time without negative consequences.

Particular care was taken to protect the privacy and dignity of participants.
Pseudonyms were used in all transcripts and reports, and identifying details of the
school and community were removed or masked. In handling learning analytics,
only aggregated or anonymised data were exported from the Al platform, and no
individual performance data were shared with parties outside the research team.
These safeguards align with emerging calls to address data protection and ethical
use of Al in educational settings, especially when working with students with
disabilities (Koranteng, 2025; Sanchez et al., 2024). Throughout the research
process, the well-being of students remained the priority, and scheduling, task
demands, and data collection procedures were adjusted whenever fatigue, distress,
or discomfort were observed or reported.

RESULT AND DISUSSION
Learner Needs, Profiles, and Target Competencies

The needs analysis revealed a highly heterogeneous learner population in the
participating special school, comprising students with mild to moderate intellectual
disabilities, autism spectrum disorder, hearing impairments, and specific learning
difficulties across upper primary and lower secondary grades, as summarised in
Table 1. Classroom observations and analysis of individual education plan showed
substantial variation in cognitive levels, sensory modalities, and communication
preferences, confirming that SEN classrooms are intrinsically diverse learning
environments. This heterogeneity directly reflects the core assumptions of
Universal Design for Learning (UDL), which argues that accessible environments
must provide multiple means of engagement, representation, and expression to
accommodate diverse learner characteristics (Prystiananta & Noviyanti, 2025).

Teachers reported that previous EFL instruction largely depended on uniform,
textbook-based activities that did not differentiate according to learners’ profiles.
Students with intellectual disabilities struggled to follow abstract grammatical
explanations and extended reading passages, whereas students with hearing
impairments had difficulty accessing oral instructions and listening tasks. These
findings are consistent with the literature on differentiated instruction, which
stresses tailoring methods and materials to individual readiness, interests, and
learning profiles to achieve equitable opportunities for SEN learners (Alnahdi et al.,
2022; Lindner et al., 2021). Observations corroborated these accounts: in
conventional lessons, many students were off-task, required repeated prompting, or
relied heavily on peers or assistants.
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Within this context, the needs analysis functioned as both a diagnostic and
participatory design process. Teachers and the research team collaboratively
mapped English language competencies and identified three broad domains
foundational vocabulary, basic oral interaction, and early literacy in English.
Emphasis was placed on high-frequency items related to personal identity,
classroom objects, colours, numbers, and everyday actions, as well as simple
communicative functions such as greetings, self-introduction, and classroom
expressions. This tripartite structure aligns with prior work that positions
vocabulary, basic communication, and functional language skills as central goals
for learners with disabilities (Arjumandi et al., 2024; Marliana et al., 2025).

Early literacy competencies were specified in terms of simplified reading tasks
(e.g., matching words to pictures, recognising key vocabulary in short sentences,
answering literal comprehension questions), drawing on research applying revised
Bloom’s taxonomy to scaffold comprehension and analytic skills through graded
questioning (Kdksal et al., 2023). Given students limited prior exposure to printed
English, the adaptive system was configured to provide short, visually supported
texts and immediate corrective feedback to encourage incremental progress.

The needs analysis also affirmed broader cognitive and plurilingual aims. Evidence
that foreign language learning can contribute to cognitive development and
plurilingual competence in special school contexts resonated with teachers’
perceptions that even modest gains in vocabulary and confidence could support
students’ sense of achievement and ability to navigate multilingual and digital
environments. Overall, the findings showed that an Al-based adaptive EFL system
in this context must address both discrete linguistic items and functional
communication in socially meaningful scenarios, operationalising UDL,
differentiated instruction, and assistive technology frameworks (Vistorte et al.,
2024).

Platform Accessibility, Interaction Design, and Localisation

Responding to the needs identified above, the selection of an Al-based adaptive
platform was driven by requirements for accessibility, multimodality, and ethical
implementation. Teachers, special education staff, and the research team
collaboratively reviewed several candidate systems, prioritising their capacity to
support visual, auditory, and cognitive impairments. This approach aligns with
arguments that adaptive systems for learners with disabilities must be designed
from the outset to accommodate a broad spectrum of functional limitations. In
practice, the chosen platform offered multimodal content presentation, adjustable
difficulty levels, and clear, uncluttered interfaces navigable by students with limited
reading skills and fine-motor control.

Stakeholders placed strong emphasis on ethical and institutional dimensions of Al

adoption. School leaders insisted that any platform deployed with a vulnerable
population should adhere to data protection norms, allow teacher oversight of
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content progression, and provide options for anonymising learner information.
These concerns echo broader debates on Al governance in education (Wells, 2025).
Thus, the final choice reflected not only technical affordances but also transparency
and compatibility with local accountability norms.

Fine-grained evaluation of interaction design highlighted the centrality of multi-
sensory and participatory approaches. Students quickly learned core interaction
patterns such as tapping and dragging, and audio prompts, limited on-screen text,
and pictorial supports were especially beneficial for visually impaired or low-
literacy learners consistent with evidence that multisensory strategies enhance
comprehension for diverse SEN groups (Haslinda et al., 2025). For learners with
cognitive or language-processing difficulties, icons, pictures, and colour cues
provided crucial visual scaffolds, again echoing research on dynamic visual aids for
learners with cognitive challenges (Bhakiyasri., 2024).

Teachers and students were actively involved in refining the interface. Informal
feedback on preferred features and confusing elements guided adjustments such as
simplifying the home screen, limiting the number of options displayed at once, and
standardising the placement of key buttons. These participatory refinements parallel
studies that involve users in evaluating accessible tools for language testing and
learning (Guzman-Orth et al., 2023; Mina et al., 2023). Occasional trials with an
Al-powered robotic assistant further suggested that embodied, multimodal Al can
encourage spoken production in low-stakes environments Paz-Ortega & Castro-
Vargas (2025), although such innovations may be difficult to sustain in low-
resource contexts.

Localisation and customisation emerged as decisive for meaningful implementation
in this non-English-dominant, resource-constrained setting. Teachers noted that
many commercial EFL applications reflected high-resource, Western
environments. The project therefore prioritised a platform that allowed teacher-
created content, modification of existing tasks, and offline or low-bandwidth
operation. Vocabulary sets, images, and scenarios were adapted to local markets,
public transport, and school routines, reinforcing findings that Al-supported
instruction is most effective when personalised to learners’ linguistic and cultural
circumstances (Konyrova, 2024).

Infrastructural constraints, particularly intermittent internet connectivity and
limited device availability, required careful scheduling and shared use in small
groups, paralleling analyses that Al deployment must be sensitive to socio-
economic realities (Chadha, 2024; Giansanti & Pirrera, 2025). Teachers’ ongoing
adjustments to task difficulty and interaction demands, based on observed
engagement, reflect Gligorea et al.,, (2023) argument that adaptive learning
environments must be continuously reconfigured. As teachers gained confidence,
the platform’s adaptive pathways were more closely aligned with local curricula
and the competencies emerging from the needs analysis, echoing patterns observed
in Chinese classrooms using Al-powered adaptive platforms (Luo, 2023).
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Al-Supported Lesson Design, Engagement, and Affective Outcomes

The integration of Al-based tools into lesson planning and instruction produced
marked shifts in pedagogical practice. Prior to the intervention, teachers relied
mainly on printed textbooks and worksheets, with limited differentiation. Following
training and co-design sessions, they began using generative Al and chatbots to
draft simplified reading texts, vocabulary exercises, and dialogue scripts tailored to
SEN learners. This development mirrors research showing that tools such as
ChatGPT can support creation of customised materials, while teachers maintain
responsibility for pedagogical and cultural appropriateness (Alruwaili & Kianfar,
2025; Fazilova, 2025; Ghouali, 2025; Setyaningsih et al., 2024).

Teachers reported that Al-assisted design reduced preparation time for multiple
versions of materials and encouraged experimentation with varied task formats.
They routinely edited Al-generated content to remove idiomatic or abstract
language unsuitable for students with intellectual or language-processing
difficulties, underlining the continued centrality of teacher agency. During lessons,
Al tools modelled language and generated alternative examples in real time when
students struggled, consistent with evidence that Al-enabled personalisation can
respond dynamically to learners’ evolving needs (Eziamaka et al., 2024).

Over the implementation period, teachers increasingly structured EFL lessons using
blended, flipped, and station rotation models. In blended lessons, whole-class
explanations were followed by individual or small-group work on the adaptive
platform and concluded with collective reflection patterning with studies showing
that blended, Al-enhanced instruction improves engagement and outcomes (Ozkan
et al., 2024). Although full home-based flipping was limited by internet access,
teachers introduced short Al-mediated preview tasks during school hours, thereby
freeing subsequent class time for guided practice and communicative tasks, in line
with evidence on Al-supported flipped approaches (Prystiananta & Noviyanti,
2025).

The station rotation model proved particularly effective for the heterogeneous SEN
classrooms. Students rotated between an Al-based practice station, a teacher-led
mini-instruction station, and hands-on or game-based stations. The Al station
delivered personalised exercises and instant feedback, while small-group teacher
stations provided targeted scaffolding. This configuration mirrors findings that Al-
augmented rotation models support flexible pathways and immediate assistance
(Pondelikova & Luprichova, 2025). The model also eased classroom management
by distributing responsibilities and focusing adult attention on smaller groups,
which was especially beneficial for students with higher support needs.

Analysis of lesson observations revealed a consistent activity structure: warm-up,
Al-driven core tasks, and consolidation. Warm-ups games, choral repetition,
multimedia prompts activated prior knowledge and established a positive emotional
climate, aligning with evidence that structured warm-ups enhance readiness and
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subsequent engagement (Wali et al., 2025). During the core phase, students engaged
with adaptive tasks (vocabulary-picture matching, audio-supported completions,
short role-play simulations). Observations showed that students were often more
willing to attempt challenging items on the platform than with paper-only tasks,
supporting claims that Al-mediated activities can bolster achievement, motivation,
and self-regulated learning (Liu & Fan, 2024; Y. Zhang & Miao, 2025).

The consolidation phase focused on reinforcing language structures and vocabulary
introduced via Al. Teachers used platform analytics to identify common errors,
revisited key items through quizzes and games, and facilitated metacognitive
reflection, echoing work on Al-driven self-regulation and the importance of
perceived teacher support in Al-enhanced environments (Qiu, 2025) . Over time,
observation notes documented increased on-task behaviour, verbal participation,
and active interaction with language input during Al-enhanced lessons compared
with baseline sessions, consistent with broader findings on Al-mediated
engagement (Dong et al., 2022).

Affective outcomes also shifted positively. Students who initially appeared anxious
or reluctant to speak increasingly participated in short oral tasks linked to Al
activities. Immediate feedback, badges, progress bars, and other gamified elements
contributed to motivation, paralleling evidence that Al-based gamification
encourages active participation (Dai, 2025; Raungsawat et al., 2025). However, the
data emphasised that such benefits remained contingent on strong teacher and
assistant presence: students repeatedly mentioned adult support as a key reason they
enjoyed Al-based lessons. The most productive engagement occurred when Al
tools were embedded in relationally rich interactions, reinforcing the view that Al
should augment rather than replace human pedagogical care.

Learning Analytics, Teacher Agency, and Roles of Teaching Assistants

Learning analytics generated by the adaptive platform became central to
differentiation and individualised support for SEN learners. Teachers and assistants
working with heterogeneous groups (as shown in Table 1) used reports on task
completion, accuracy, and time-on-task to identify students struggling with specific
vocabulary or structures, as well as those progressing rapidly. These practices are
consistent with research demonstrating that analytics can track progress, diagnose
learning challenges, and inform tailored interventions (Ramadani, 2024).

Analytics also informed proactive application of UDL principles. When data
showed that students abandoned reading-heavy tasks but completed audio-
supported activities, teachers responded by adding pictorial supports and read-aloud
options. This integration of analytics and UDL exemplifies how data can enable
proactive design of multiple means of representation and expression. Real-time
dashboards helped teachers and assistants monitor engagement; indicators of
prolonged inactivity or repeated errors triggered in-lesson scaffolding, such as
assigning an assistant to pre-teach vocabulary or provide gestural cues, echoing
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findings that analytics can support timely motivational and instructional
interventions (Karagianni & Drigas, 2023; Yazcayir & Giirgiir, 2021).

Over time, teachers’ sense of instructional efficacy evolved as they learned to
interpret and apply analytics. Collaborative reflection sessions, where anonymised
data were examined jointly, fostered shared repertoires of interpretation and
strengthened perceptions that particular strategies were effective when associated
with improved accuracy or reduced completion time. These experiences align with
studies showing that successful integration of analytics into practice can enhance
teaching efficacy and clarify effective strategies for SEN learners (Lutz et al.,
2023). At the same time, teachers’ initial focus on summary scores and later
exploration of more nuanced indicators underscores the need for ongoing
professional development, as highlighted by Ndou and Adewoye, (2024).
Teaching assistants emerged as crucial mediators of Al and analytics. While
teachers typically led data analysis at class or group level, assistants used insights
from planning meetings to guide moment-to-moment support providing oral
explanations for reading-heavy exercises or encouraging use of audio features when
analytics indicated repeated difficulties. This distributed division of labour reflects
the broader recognition that effective differentiated instruction in SEN classrooms
depends on coordinated efforts among multiple adults (Dawson & Heylin, 2022;
Kurniastuti et al., 2023; Rao, 2021).

Assistants frequently interpreted digital feedback for students, reframing error
messages as opportunities for improvement and thus contributing to emotionally
supportive learning environments. They also relayed analytics-derived insights to
families through informal updates, aligning with calls for transparent sharing of
learning data to strengthen school-family partnerships (Lutz et al., 2023; Ndou &
Adewoye, 2024). Taken together, these findings show that learning analytics can
function as a generative resource for reflective practice and continuous
improvement when embedded in collaborative structures and supported by
professional learning. Al-based adaptive systems, coupled with analytics, can thus
act as catalysts for new forms of collaborative professionalism in special schools—
provided that adequate time, training, and institutional backing are available to
sustain data-informed, inclusive EFL pedagogy.

CONCLUSION

This study has shown that an Al-based adaptive English as a Foreign Language
(EFL) model can be meaningfully aligned with the heterogeneous needs of students
with special educational needs (SEN) in a resource-constrained special school
context. Grounded in learner profiles and target competencies identified through a
systematic needs analysis, the implemented model combined multimodal materials,
accessible interaction design, and contextually relevant scenarios to support
foundational vocabulary, basic oral interaction, and early literacy. The selection and
localisation of the adaptive platform, together with the structuring of lessons into
warm-up, Al-driven core tasks, and consolidation phases within blended and
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station-rotation formats, contributed to observable gains in student engagement,
participation, and confidence when using English in highly scaffolded situations.
A central contribution of this study lies in demonstrating how learning analytics
from an Al platform can be integrated with principles of inclusive pedagogy to
inform day-to-day differentiation and data-informed decision making. Teachers and
teaching assistants used fine-grained performance and engagement data to adjust
task difficulty, groupings, and supports in real time, while also drawing on analytics
for longer-term planning and professional reflection. These practices illuminate
pathways through which Al can strengthen rather than weaken teacher agency in
special schools. The findings enrich the existing body of knowledge on technology-
enhanced language learning for SEN learners by offering a contextually grounded
account from a non-English-dominant, low-resource setting. Further research could
employ larger samples and longitudinal designs, and explore comparative models
across different disability profiles and institutional contexts, to deepen
understanding of how Al-based adaptive EFL systems can be scaled sustainably
while safeguarding equity, ethics, and the central role of human relationships in
inclusive education.
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