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ABSTRACT | Background: In many developing countries the digital divide continues to 
obstruct equitable access to education, and it falls hardest on children from low-income 
families. In urban India the problem is deepened by a shortage of affordable, good-quality 
learning material in students’ own languages. Objective: This study asks whether a free, 
artificial intelligence-assisted digital learning platform can improve English vocabulary 
and digital literacy among economically disadvantaged students, and it documents a 
supplementary accessibility provision developed for hearing-impaired learners. Methods: 
A quasi-experimental, single-group pre-post design was carried out over nine months 
with 31 students aged 10 to 16 in Delhi, India. Under human supervision, generative AI tools 
were used to prepare bilingual English–Hindi vocabulary sets, grammar exercises, and 
mathematics case studies, delivered through interactive quizzes with immediate feedback. 
Vocabulary attainment was the primary outcome and digital literacy a secondary one. 
Analysis combined descriptive statistics, a paired-samples t-test, Cohen’s d, 95% confidence 
intervals, and a Wilcoxon signed-rank test, together with automated engagement logs and 
focus-group discussions. Results: Every participant improved on the vocabulary measure, 
with a mean gain of 24.39 marks (t(30)=43.27, p<0.001; d=8.40; 95% CI [23.22, 25.56]), a result 
confirmed by the Wilcoxon test. Average accuracy rose from 33% to 93%, and the narrowing 
of score variance indicated that lower-performing students gained the most. About half of 
the participants reached working fluency in common office applications. Bilingual materials 
in English and Mathematics were also made available to about 40 hearing-impaired 
learners, though no formal outcome data were collected for that group. Conclusion: A 
freely accessible, bilingual, AI-assisted platform was associated with substantial gains for 
underserved learners. Because the design included no control group, these findings should 
be read as promising rather than conclusive, and sustaining such gains will depend on 
investment in connectivity, devices, and continued adaptation for vulnerable populations.
Keywords | Artificial Intelligence in Education; Bilingual Learning Resources (English–
Hindi); Hearing-Impaired Students; Low-Income Communities and Education; Inclusive 
Learning Technologies.
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RESUMO | Contexto: Em muitos países em desenvolvimento, a exclusão digital continua a dificultar o acesso equitativo 
à educação, atingindo sobretudo as crianças de baixa renda. Na Índia urbana, o problema é agravado pela escassez de 
material didático acessível e de qualidade nas línguas que os estudantes falam em casa. Objetivo: Este estudo investiga 
se uma plataforma de aprendizagem digital gratuita e assistida por inteligência artificial pode melhorar o vocabulário em 
inglês e a alfabetização digital de estudantes economicamente desfavorecidos, e documenta uma provisão suplementar 
de acessibilidade para estudantes com deficiência auditiva. Métodos: Um delineamento quase-experimental de grupo 
único, com pré e pós-teste, foi conduzido ao longo de nove meses com 31 estudantes de 10 a 16 anos em Délhi, Índia. Sob 
supervisão humana, ferramentas de IA generativa prepararam vocabulário bilíngue inglês–hindi, exercícios de gramática 
e estudos de caso de matemática, apresentados em questionários interativos com retorno imediato. O vocabulário foi o 
desfecho primário e a alfabetização digital, o secundário. A análise combinou estatística descritiva, teste t pareado, d de 
Cohen, intervalos de confiança de 95% e teste de Wilcoxon, além de registros de engajamento e grupos focais. Resultados: 
Todos os participantes melhoraram no vocabulário, com ganho médio de 24,39 marcas (t(30)=43,27, p<0,001; d=8,40; IC 95% 
[23,22, 25,56]), confirmado pelo teste de Wilcoxon. A precisão média subiu de 33% para 93%, e a redução da variância mostrou 
que os de desempenho inicial mais baixo avançaram mais. Cerca de metade atingiu fluência funcional em aplicativos de 
escritório. Materiais bilíngues em inglês e matemática também foram oferecidos a cerca de 40 estudantes com deficiência 
auditiva, sem coleta de dados formais para esse grupo. Conclusão: Uma plataforma gratuita, bilíngue e assistida por IA 
esteve associada a ganhos substanciais para estudantes historicamente excluídos. Como não houve grupo de controle, os 
achados são promissores, não conclusivos, e sustentá-los exigirá investimento em conectividade, dispositivos e adaptação 
contínua para populações vulneráveis.
Palavras-chave | Inteligência Artificial na Educação; Recursos Bilíngues de Aprendizagem (Inglês-Hindi); Estudantes com 
Deficiência Auditiva; Comunidades de Baixa Renda e Educação; Tecnologias Inclusivas de Aprendizagem.

1. INTRODUCTION

Education constitutes a fundamental human right and serves as a primary foundation for 
social and economic development. Globally, millions of children and adolescents continue to be 
denied access to quality education commensurate with their potential and needs. This challenge 
is particularly acute in developing countries, where systemic inequality, inadequate infrastructure, 
and resource scarcity substantially impede educational quality and accessibility (UNESCO, 2015). 
The phenomenon of the digital divide exacerbates these inequities considerably. Children from 
low-income households frequently lack access to essential digital resources, including personal 
computing devices, reliable internet connectivity, and quality educational materials (Warschauer, 
2004; Van Dijk, 2020). In the Indian context, these disparities are particularly pronounced in rural 
settlements and economically disadvantaged urban communities, where students frequently 
encounter inadequately trained educators and minimal opportunity for engagement with educational 
technology (Kingdon, 2007).

Over the past decade, artificial intelligence has emerged as a transformative force within 
educational technology. Empirical evidence demonstrates that AI-powered systems can facilitate 
adaptive personalization of learning, support rapid generation of multilingual educational content, 
provide instantaneous formative feedback, and enable highly differentiated instruction tailored to 
individual learner profiles (Holmes et al., 2019; Luckin & Cukurova, 2019; Zawacki-Richter et al., 2019). 
Despite these demonstrated capabilities, relatively few implementation initiatives have focused on 
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resource-constrained educational settings serving economically disadvantaged populations (Miao 
& Holmes, 2021).

The present research documents the development and evaluation of an AI-powered e-learning 
platform specifically designed to serve economically disadvantaged students in urban India. The 
platform delivers educational content in English and Hindi, encompasses mathematics modules 
and computer literacy instruction, and operates at no cost to end users. By eliminating financial 
barriers to access and leveraging AI to automate content generation and multilingual adaptation, 
the platform addresses two fundamental obstacles to educational equity: economic inaccessibility 
and linguistic exclusion.

The primary research objective is to determine whether a freely accessible, AI-powered 
digital platform can produce measurable improvements in English vocabulary acquisition, digital 
literacy skills, and mathematical competency among systematically underserved students. 
Secondary objectives include documenting a supplementary accessibility provision developed for 
hearing-impaired learners and evaluating the feasibility of sustainable implementation in low-
resource contexts.

2. THEORETICAL FRAMEWORK

2.1 Artificial Intelligence in Education

Artificial intelligence has fundamentally transformed pedagogical practice through support for 
adaptive learning systems, automated content creation, and intelligent tutoring functionality. AI-
driven educational platforms have demonstrated substantial efficacy in enhancing personalization, 
optimizing student engagement, and improving instructional efficiency (Chen et al., 2020; Holmes et 
al., 2019; Luckin & Cukurova, 2019). The central strength of contemporary AI technologies resides 
in their capacity to process large-scale student performance data, identify individualized learning 
gaps, and implement dynamic adjustments to instructional strategies in near-real time.

Adaptive intelligent tutoring systems, exemplified by platforms such as Carnegie Learning’s 
MATHia, employ continuous real-time monitoring of student progress. Empirical meta-analyses 
demonstrate that such systems produce superior learning outcomes relative to traditional 
whole-class instruction, particularly within mathematics and science domains (Pane et al., 2015). 
Limitations persist, however, most notably the substantial infrastructure requirements these 
platforms impose, including reliable broadband connectivity, device availability, and baseline 
digital literacy. Generative AI models, including large language models such as GPT variants, have 
demonstrated considerable utility in rapidly generating educationally relevant quizzes, lesson 
frameworks, and multilingual content (OpenAI, 2023; Dwivedi et al., 2023). Significant concerns 
remain regarding content accuracy, cultural appropriateness, and equitable representation across 
diverse learner populations.

Intelligent Tutoring Systems research demonstrates that individualized feedback and adaptive 
scaffolding can produce meaningful learning gains, particularly in algebra, physics, and language 
acquisition (Kulik & Fletcher, 2016). However, current implementation patterns have been limited 
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predominantly to well-resourced educational contexts; evidence from under-resourced settings 
remains substantially limited.

2.2 Digital Learning for Economically Disadvantaged Students

Digital education has emerged as a critical mechanism for addressing entrenched educational 
disparities. Randomized controlled trial evidence from India has documented statistically significant 
improvements in mathematics performance following computer-assisted instruction (Banerjee et 
al., 2007). Large-scale technology adoption initiatives, including the One Laptop per Child program, 
similarly demonstrated positive effects on higher-order cognitive development and reading 
proficiency (Cristia et al., 2017). Implementation effectiveness has consistently been contingent 
upon ancillary factors including educator professional development, institutional infrastructure 
adequacy, and localization of content and pedagogy (Trucano, 2010).

Substantial structural barriers to digital learning persist within developing countries. Rural and 
economically disadvantaged communities frequently experience severe constraints on internet 
access (World Bank, 2020). The preponderance of online educational resources remains available 
exclusively in English, creating barriers for non-native speakers (UNESCO, 2019). Linguistic research 
has consistently demonstrated that children acquire new knowledge most effectively when 
instruction occurs in their dominant or native language (Cummins, 2000). Recent technological 
advances suggest that artificial intelligence may function as an equalizing force within global 
education. Automated machine translation technologies enable creation of genuinely bilingual 
and multilingual learning resources at unprecedented scale and cost-efficiency (Goodman, 2020). 
Innovations in offline-capable educational technology similarly demonstrate potential for expanding 
access in low-bandwidth and connectivity-constrained contexts (West & Chew, 2014).

2.3 Research Gaps and Study Contribution

While prior literature confirms AI’s theoretical potential to enhance learning outcomes, most 
implementations remain confined to pilot initiatives or institutions with substantial resources. Two 
significant research gaps are evident in the literature:

First, Localized Content and Linguistic Accessibility: Limited empirical research has evaluated 
AI-generated bilingual or multilingual educational resources designed specifically for economically 
disadvantaged learners. Most AI applications in education have prioritized high-income contexts 
where English proficiency is common.

Second, Accessible and Offline-Compatible Architectures: Research remains scarce regarding 
AI-based educational systems designed to function effectively in low-bandwidth, intermittently 
connected, or offline conditions that characterize many developing-country contexts.

The present study directly addresses these gaps by empirically evaluating an AI-driven, 
bilingual digital platform designed explicitly for economically disadvantaged students in India. 
By documenting quantitative outcomes, engagement patterns, and implementation feasibility in 
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a resource-constrained setting, this research contributes both empirical evidence and practical 
insights to the emerging scholarship on artificial intelligence and inclusive education.

3. METHODOLOGY

3.1 Research Design and Theoretical Framework

This study employed a quasi-experimental mixed-methods design with pre- and post-
intervention assessment to evaluate the effectiveness of AI-powered educational tools on English 
language acquisition and digital literacy development among economically disadvantaged students. 
The investigation integrated multiple theoretical perspectives to guide both intervention design 
and analysis.

The pedagogical framework was grounded in constructivist theory, which conceptualizes 
learning as an active process in which learners construct personal meaning through direct 
engagement with learning materials, problem-solving activities, and socially mediated interaction 
(Piaget, 1954; von Glasersfeld, 1995). Constructivist principles directly informed the design of 
interactive quizzes, self-paced progression through leveled content, and collaborative problem-
solving activities.

The intervention also incorporated Lev Vygotsky’s concept of the Zone of Proximal Development 
(ZPD), which describes the gap between a learner’s independent performance level and their 
potential performance under guidance and support. The multilevel vocabulary sequences and 
scaffolded mathematical instruction were explicitly structured to operate within the ZPD, with 
animated explanations and immediate corrective feedback functioning as dynamic scaffolding 
mechanisms (Vygotsky, 1978).

Cognitive Load Theory (Sweller, 1988) informed content design decisions. The bilingual 
presentation of vocabulary (English term, native-language translation, and contextual example 
sentence) was structured to distribute cognitive demands across multiple representational 
channels, reducing extraneous cognitive load and enabling learners to allocate greater mental 
resources to schema acquisition and meaning-making.

3.2 AI-Generated Study Materials

Artificial intelligence tools were employed to generate core educational content while 
maintaining human oversight of accuracy, cultural appropriateness, and pedagogical alignment. AI-
assisted content generation encompassed bilingual English-Hindi vocabulary inventories, grammar 
exercises, and mathematics case studies aligned with Indian secondary school curricula. Figure 
1 illustrates the complete content-generation workflow, from initial prompt formulation through 
iterative refinement to finalized, accessibility-ready output.
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Figure 1. Workflow diagram illustrating the complete content-generation process, from generating prompts to refining 
drafts and finalizing output for end use.

Vocabulary sets were designed with explicit integration of Cognitive Load Theory principles. 
Each vocabulary item was presented with three components: the English term, a direct native-
language translation, and multiple example sentences demonstrating contextual usage. This 
tripartite structure reduced unnecessary cognitive load associated with translation and supported 
transfer of learning to authentic communication contexts. The multilevel structure of the vocabulary 
sequences enabled learners to self-select their entry point and progress at an individualized pace, 
operationalizing Vygotsky’s Zone of Proximal Development through scaffolded advancement from 
guided to independent work.

Mathematics content focused on secondary school (Grade 12) comprehension-based problem-
solving, targeting not only computational fluency but also mathematical reasoning and application 
of concepts to authentic contexts. Interactive quizzes embedded within this content provided 
immediate corrective feedback and generated diagnostic performance data that informed AI-driven 
personalization of subsequent content.
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3.3 Interactive Learning Tools and Accessibility Features

The e-learning platform incorporated multiple engagement and accessibility mechanisms 
designed to maximize learning effectiveness while ensuring inclusion of sensory-impaired learners. 
Core platform features included comprehensive online assessments with instant feedback, step-
by-step diagnostic explanations for incorrect responses, bilingual digital notes (English and Hindi), 
and gamified learning activities such as a grammar correction game wherein students identified 
and corrected errors within authentic sentences.

Recognizing the specific accessibility needs of hearing-impaired students, the platform 
incorporated specialized video-based instruction with multiple accessibility supports: 
comprehensive bilingual captions (English and Hindi), frame-by-frame visual explanations of 
mathematical and linguistic concepts, and carefully modulated audio narration at reduced speech 
rate. A dedicated page consolidated all mathematics video lectures for hearing-impaired students 
within a single, clearly organized interface featuring user-friendly navigation and a simple layout. 
These components, individually designed to remove barriers to auditory access, collectively created 
a multisensory learning environment enabling full participation.

The platform further encompassed free web-based resources developed in partnership 
with [COMMUNITY PARTNER ORGANIZATION – NAME ANONYMIZED], focusing on mathematics 
instruction at the secondary and competitive-examination levels. These resources comprised 
chapter-wise video lectures, topic-wise study materials, comprehensive practice problems, and 
freely accessible mock assessments aligned with national examination syllabi. All content was 
developed using HTML, CSS, and LaTeX-based mathematical typesetting, ensuring mathematical 
notation integrity and device-independent accessibility. This provision is significant given the scale 
of competitive examinations in India, where more than one million students appear annually, many 
from economically disadvantaged backgrounds lacking access to high-quality coaching resources.

Implementation of offline-compatible modules addressed the prevalent challenge of intermittent 
internet connectivity. Downloadable PDF resources, mobile-optimized content, and locally-cached 
content modules enabled continued learning during periods of connectivity disruption.

3.4 Participant Recruitment and Sample Characteristics

Participants were recruited through direct outreach to economically disadvantaged families 
and under-resourced schools in Delhi, India. Eligibility criteria included: age between 10 and 16 years; 
residence within households with monthly income below ₹15,000 (approximately USD 180); minimal 
prior exposure to formal computer instruction; and willingness of parent/guardian and student to 
participate in the nine-month intervention.

Forty-four students were initially enrolled. Of these, 31 completed the entire nine-month 
intervention (completion rate: 70.5%). The completer sample comprised 18 female students (58%) 
and 13 male students (42%), with grade levels ranging from 7 to 12. All participants were first-
language Hindi speakers with limited English proficiency at baseline.
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Additionally, 40 hearing-impaired students participated in a specialized curriculum track 
developed in collaboration with [DEAF EDUCATION NGO – NAME ANONYMIZED], an organization 
providing comprehensive educational services to deaf and hard-of-hearing children since 2012. 
These participants received adapted instruction with enhanced visual supports and slower pacing.

3.5 Baseline Assessment and Data Collection

Prior to intervention initiation, all participants completed a comprehensive baseline assessment 
measuring: English vocabulary recognition and comprehension (41-item assessment); grammar 
knowledge and sentence construction ability; and baseline computer literacy, including file 
operations, internet navigation, and fundamental office-application familiarity. The baseline served 
two functions: providing a reference point for pre-post comparison, and enabling AI algorithms to 
personalize content delivery.

Post-intervention assessments employed identical measures, enabling precise pre-post 
comparison of learning gains. Data collection encompassed three primary dimensions. Performance 
metrics comprised quantitative pre- and post-test scores in vocabulary, grammar, and computer 
literacy domains, enabling calculation of learning gains, effect sizes, and statistical significance 
testing. Engagement indicators comprised automated server-side logging of platform activity (quiz 
completion, time-on-task, content access patterns) alongside manual video observation of student 
engagement during selected instructional sessions. Qualitative effectiveness evaluation comprised 
focus group discussions conducted with students and educators to assess perceived learning gains, 
accessibility effectiveness, and barriers to engagement.

3.6 Statistical Analysis

Analyses incorporated both descriptive and inferential statistical approaches. Descriptive 
statistics (means, standard deviations, medians, ranges) were calculated for all performance 
measures, characterizing central tendency and variability within the sample.

Inferential statistics were conducted to evaluate the statistical significance of pre-post 
differences. A paired-samples t-test was conducted on the primary outcome (vocabulary 
achievement) to determine whether observed mean improvement differed significantly from 
zero. Effect size was quantified using Cohen’s d to enable interpretation of practical significance 
independent of sample size. Ninety-five percent confidence intervals were calculated around 
point estimates to characterize precision of estimation. As a supplement to parametric tests, the 
Wilcoxon signed-rank test was applied to vocabulary data to verify robustness against potential 
normality violations.
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3.7 Dropout Analysis

Thirteen participants (29.5%) did not complete the nine-month intervention. A systematic 
comparison of completers (n=31) versus non-completers (n=13) was conducted on baseline 
characteristics to identify whether attrition was random or systematically associated with initial 
achievement levels.

An independent-samples t-test compared baseline vocabulary scores of completers (M=13.90, 
SD=3.65) versus non-completers (M=12.69, SD=3.55), t(42)=1.08, p=0.287. This non-significant 
difference suggests that attrition was not systematically associated with initial achievement 
disparities. However, non-completers consistently endorsed access constraints (lack of personal 
device access, inconsistent internet connectivity, and competing family obligations) as the primary 
barriers to continued participation, indicating that attrition reflected structural socioeconomic 
barriers rather than differential academic capacity.

3.8 Accessibility Provision for Hearing-Impaired Learners (Supplementary 
Component)

As a supplementary, non-evaluative component of the broader initiative, the project supported 
a Delhi-based non-governmental organization dedicated to the education of deaf and hard-of-
hearing children [DEAF EDUCATION NGO – NAME ANONYMIZED]. This support consisted of AI-assisted 
preparation of learning materials in English and Mathematics — including bilingual captioned 
video lessons, frame-by-frame visual explanations, and simplified step-by-step demonstrations 
— together with a dedicated, accessibility-oriented section of the web portal on which these 
resources were consolidated for hearing-impaired learners. Approximately 40 hearing-impaired 
students were given access to this material during the pilot phase.

This component was conceived as a contribution to inclusive content provision and platform 
accessibility rather than as a controlled empirical sub-study; accordingly, no structured pre- and 
post-intervention assessment, engagement metrics, or standardized outcome data were collected 
for this group. Materials were developed and made available in collaboration with the partner 
organization’s educators, whose informal feedback informed iterative refinement of narration 
pacing and visual design. The absence of formal outcome data for this cohort is acknowledged 
explicitly in the Limitations (Section 5.3), and the study’s title and abstract have been framed to 
reflect that empirical outcomes are reported only for the economically disadvantaged cohort.

4. RESULTS AND ANALYSIS

4.1 Primary Outcome: English Vocabulary Acquisition

The intervention produced statistically significant improvement in English vocabulary 
acquisition, the study’s primary outcome. Individual pre- and post-intervention scores for all 31 
participants are presented in Table I.
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Table I. Pre-Intervention and Post-Intervention Vocabulary Results (Anonymized Participant Identifiers).

Participant ID Maximum Marks Pre-Intervention Post-Intervention

P01 41 14 40

P02 41 14 39

P03 41 15 36

P04 41 12 37

P05 41 8 36

P06 41 12 38

P07 41 13 37

P08 41 10 40

P09 41 9 37

P10 41 11 36

P11 41 7 37

P12 41 13 37

P13 41 13 38

P14 41 5 31

P15 41 15 37

P16 41 16 39

P17 41 13 40

P18 41 15 38

P19 41 14 38

P20 41 12 40

P21 41 16 39

P22 41 13 38

P23 41 22 37

P24 41 17 39

P25 41 16 38

P26 41 21 40

P27 41 15 39

P28 41 13 39

P29 41 14 40

P30 41 14 38

P31 41 20 40

Descriptive statistics indicate a pre-intervention mean of 13.61 marks (SD=3.67, Median=14.0, 
Range: 5–22) and a post-intervention mean of 38.00 marks (SD=1.84, Median=38.0, Range: 31–40). On 
average, scores nearly tripled from pre- to post-intervention. The pronounced reduction in standard 
deviation indicates that performance became not only stronger but also more homogeneous, with 
fewer students falling substantially below the group average. Figure II presents a comparison of 
the pre- and post-intervention mean scores.
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Figure II. Comparison of pre-intervention and post-intervention mean vocabulary scores.

Figure III. Distribution of scores obtained after the post-intervention assessment.

Figure IV. Scatter plot illustrating pre-intervention and post-intervention improvement across participants.
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4.2 Inferential Statistical Analysis

Paired-samples t-test analysis revealed a highly significant difference between pre- and post-
intervention vocabulary scores: t(30)=43.27, p<0.001 (two-tailed). This extremely large t-value 
indicates that observed improvement substantially exceeds variability within the sample.

Effect size analysis using Cohen’s d yielded d=8.40, which substantially exceeds conventional 
thresholds for large effect sizes (d > 0.8), indicating a practically meaningful change in vocabulary 
performance independent of statistical significance considerations. The 95% confidence interval 
around the mean difference was [23.22, 25.56] marks; this narrow interval reflects high precision of 
estimation. The Wilcoxon signed-rank test (a non-parametric alternative) confirmed these findings 
(Z=4.97, p<0.001), providing robust verification that pre-post differences are significant independent 
of normality assumptions.

4.3 Achievement Pattern Analysis

All 31 participants demonstrated measurable improvement, with individual learning gains ranging 
from 15 to 30 marks (M=24.39). The reduction in standard deviation from pre-intervention (SD=3.67) 
to post-intervention (SD=1.84) indicates increased performance homogeneity: performance gaps 
between high and low achievers narrowed substantially. This pattern suggests the intervention was 
particularly effective at supporting lower-performing students, aligning with equitable-education 
objectives. Achievement distribution shifted from predominantly low performance (33% average 
accuracy pre-intervention) to high performance (93% average accuracy post-intervention).

4.4 Secondary Outcome: Digital Literacy Skills

Computer literacy instruction encompassed four domains: computer basics (file operations, 
internet navigation), Microsoft Word, Microsoft Excel, and Microsoft PowerPoint. Individual 
participant scores across these four domains are presented in Table II, and corresponding descriptive 
statistics in Table III.

Table II. Digital Literacy Performance Across All Subjects (Anonymized Participant Identifiers; Maximum 20 Marks per 
Subject).

Participant ID Computer Basics MS Word MS Excel MS PowerPoint

P01 18 13 12 10

P02 16 13 16 11

P03 19 13 15 15

P04 15 15 13 17

P05 16 14 20 14

P06 19 16 14 18

P07 19 16 15 13
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Participant ID Computer Basics MS Word MS Excel MS PowerPoint

P08 17 17 16 16

P09 16 13 15 13

P10 18 13 14 14

P11 17 13 14 13

P12 17 12 12 15

P13 14 17 16 15

P14 17 13 14 16

P15 19 15 12 15

P16 18 12 16 13

P17 16 16 15 15

P18 18 15 14 13

P19 19 16 15 15

P20 19 15 14 13

P21 18 14 15 12

P22 17 14 14 15

P23 18 17 15 15

P24 18 14 16 16

P25 19 17 15 17

P26 18 16 14 17

P27 19 14 12 17

P28 19 15 14 17

P29 19 14 15 14

P30 18 18 16 16

P31 18 16 16 14

Table III. Descriptive Statistics of Student Performance in Digital Literacy Domains.

Statistic Computer Basics MS Word MS Excel MS PowerPoint

Mean 17.5 14.5 14.7 14.5

Median 18 15 15 15

Mode 18, 19 13, 16 15 15

Standard Deviation 1.5 1.8 1.7 2.0

Minimum 14 12 12 10

Maximum 19 18 18 20

Range 5 6 6 10

At baseline, no participant reported prior computer experience. Post-intervention, approximately 
50% of participants demonstrated operational fluency—the ability to perform essential functions 
independently without prompting or assistance. Mean performance was highest in Computer 
Basics (M=17.5), with comparable performance across MS Word (M=14.5), MS Excel (M=14.7), and 
MS PowerPoint (M=14.5). Figure V compares mean scores across all subjects, Figure VI presents 
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the performance distribution of participants, and Figure VII displays box plots characterizing score 
distributions across domains.

Figure V. Comparison of mean scores across all digital literacy subjects, showing Computer Basics as the highest-
performing area.

Figure VI. Performance distribution of the 31 participants across achievement categories.
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Figure VII. Box plots showing score distributions based on descriptive statistics. Computer Basics shows a higher median 
and smaller spread relative to other subjects.

4.5 Engagement Patterns

Automated platform logging documented consistent engagement patterns throughout the nine-
month intervention period, with quiz completion rates averaging 87% of available assessments. 
Analysis of video observation data from randomly selected instructional sessions documented 
students engaging actively with content, persisting through challenging material, and demonstrating 
problem-solving persistence. Several younger participants spontaneously attempted to apply 
learned skills to features that were not explicitly taught, suggesting the intervention fostered not 
merely skill acquisition but genuine digital-literacy confidence.

4.6 Accessibility Provision and Qualitative Observations for Hearing-Impaired 
Learners

Because the hearing-impaired component was implemented as a supplementary accessibility 
provision rather than a controlled evaluation, no quantitative outcomes are reported for this group. 
Educators at the partner organization provided informal feedback indicating that the bilingual 
captioning, visual step-by-step demonstrations, and reduced-pace narration were perceived as 
helpful and more accessible than conventional classroom delivery, and that consolidating the 
materials within a single dedicated portal section supported independent, repeatable access.
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These observations are anecdotal and were not systematically collected or coded; they are 
therefore presented only as contextual, formative feedback and should not be interpreted as 
evidence of learning gains. A rigorous, appropriately designed evaluation of AI-assisted resources 
for deaf and hard-of-hearing learners is identified as a priority for future research (Section 5.4).

4.7 Integration of Theoretical Framework with Empirical Findings

The large effect size observed for the primary outcome (d=8.40) can be interpreted through the 
integrated theoretical framework guiding the intervention. The synergistic application of multiple 
theoretical principles appears to account for the magnitude of the observed gains.

Vygotsky’s Zone of Proximal Development: The scaffolded progression from guided to 
independent work, supported by immediate adaptive feedback, positioned learning activities 
optimally within each student’s ZPD. The reduction in standard deviation post-intervention—
indicating convergence of performance levels—suggests the adaptive scaffolding particularly 
benefited lower-performing students, consistent with ZPD theoretical predictions.

Cognitive Load Theory: The bilingual presentation format (English term, native-language 
translation, and contextual example) reduced extraneous cognitive processing demands. The 
narrowing of performance variability across students suggests that cognitive load was more 
consistently managed across the heterogeneous sample.

Constructivist Active Engagement: The embedded quizzes, immediate corrective feedback, and 
problem-solving activities positioned students as active agents in meaning construction rather 
than passive recipients of information. Qualitative observations documented students persisting 
through challenging material and spontaneously extending learning to unanticipated contexts, 
consistent with constructivist accounts of learner-driven knowledge construction.

4.8 Implementation Challenges and Sustainability Considerations

Despite substantial learning gains, significant obstacles to program scalability and 
sustainability emerged during the intervention. Device access remained substantially constrained. 
While the program operated through shared computer facilities in partner organizations, individual 
student access to personal computers was minimal. Approximately 71% of participants reported 
no personal device access at baseline; this rate improved only marginally by the intervention’s 
conclusion, primarily through acquisition of lower-cost smartphones rather than full-featured 
personal computers.

Internet connectivity proved inconsistent. Although partner organizations maintained internet 
access, many participants experienced substantial gaps in home connectivity, a barrier that 
contributed to the 29.5% attrition rate. To address this constraint, the project implemented offline-
capable content modules and downloadable resources, which participants reported substantially 
enhanced accessibility. Opportunity costs constituted an additional barrier: several participants 
discontinued engagement due to competing family obligations, underscoring how educational access 
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remains embedded within broader socioeconomic constraints beyond the scope of technological 
intervention alone.

5. DISCUSSION

5.1 Implications of Quantitative Findings

The present study documents that AI-powered digital education platforms can produce 
substantial and statistically significant improvements in vocabulary acquisition and digital literacy 
within economically disadvantaged populations in developing countries. The convergence of 
parametric and non-parametric statistical testing, large effect sizes, narrow confidence intervals, 
and universal participant improvement provides robust evidence for intervention effectiveness. 
This convergence reduces the plausibility of alternative explanations: the nine-month period was 
insufficient for achievement gains of this magnitude through developmental maturation alone, and 
while assessment instruments and content were closely integrated, practice effects would not be 
anticipated to produce improvement of this magnitude.

5.2 Addressing Educational Inequity

The present research contributes empirical evidence to the emerging scholarly consensus that 
technological innovation, when designed with genuine attention to the constraints and contexts of 
underserved populations, can serve as an instrument for reducing rather than amplifying educational 
inequities. The accessibility provision developed for hearing-impaired learners represents a 
complementary dimension of this inclusive design: by consolidating AI-assisted bilingual materials 
in English and Mathematics within a dedicated, accessibility-oriented portal section, the initiative 
extended free educational content to a population historically excluded from mainstream digital 
learning, although formal evaluation of learning outcomes for this group remains a task for 
future research.

Bilingual content design emerged as a critical success factor. Providing instruction simultaneously 
in English (the official language of instruction) and Hindi (the students’ native language) appears 
to have reduced linguistic barriers substantially. This finding aligns with research establishing 
the cognitive advantages of bilingual education and suggests that AI tools enabling rapid, cost-
effective multilingual content generation may constitute underutilized resources for supporting 
linguistically diverse learners.

5.3 Limitations

While the findings are encouraging, several limitations circumscribe generalizability and 
interpretation. Absence of a control group: this quasi-experimental design employed a pre-post 
comparison structure but included no concurrent control group. This absence precludes definitive 
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causal attribution; although the magnitude of learning gains exceeds what would typically result from 
maturation or practice effects alone, such alternative explanations cannot be rigorously excluded.

Sample size and generalization: the completer sample (n=31) is modest in absolute terms. 
While statistical power is adequate for detecting the large effects observed, generalization to other 
geographic regions, languages, or cultural contexts remains limited.

Attrition and selection bias: the 29.5% attrition rate, while comparable to other intervention 
research in resource-constrained settings, introduces potential bias. Although statistical comparison 
revealed no significant baseline differences between completers and non-completers, unmeasured 
factors (motivation, family support) may have differed systematically.

Duration and design vulnerability: the nine-month intervention period is modest for evaluating 
long-term retention. Furthermore, the single-group pre-experimental design is inherently 
vulnerable to threats to internal validity, including maturation, testing effects, and regression to 
the mean. Finally, digital literacy outcomes are characterized using descriptive statistics only, and 
thus lack the inferential rigor applied to the primary vocabulary outcome.

Absence of outcome data for the hearing-impaired component: the accessibility provision 
for hearing-impaired learners was a supplementary content-development contribution and was 
not accompanied by structured assessment. Consequently, no causal or comparative claims are 
made regarding learning outcomes for this population; the available evidence is limited to informal 
educator feedback, and any conclusions about the effectiveness of the material for deaf and hard-
of-hearing learners await a dedicated future study.

5.4 Future Research Directions

Future research should address these limitations through more rigorous designs. Randomized 
controlled trials comparing AI-powered platforms with business-as-usual instruction would 
substantially strengthen causal inferences. Longitudinal follow-up assessment would clarify 
knowledge retention and persistence of achievement gains. Cross-cultural and cross-linguistic 
studies would establish whether findings generalize beyond the Indian context, and investigation 
of moderators would enable more precise identification of the populations most likely to benefit 
from AI-powered platforms.

A central direction for this future work involves the author’s ongoing development of a next-
generation, freely accessible learning platform [PLATFORM – NAME ANONYMIZED] that extends 
the present approach from AI-assisted content generation toward adaptive, intelligent tutoring 
at scale. This forthcoming platform incorporates a bilingual (English–Hindi) AI tutoring system 
that delivers step-by-step, on-demand explanations; automated learning analytics for continuous 
progress monitoring; large-scale mock testing with instant diagnostic feedback; and dashboards 
that support teacher facilitation and parental engagement. Such infrastructure would enable the 
methodological advances identified above—in particular, a randomized controlled trial incorporating 
concurrent control groups, learning-analytics-based measurement of engagement and knowledge 
retention, and evaluation of genuinely adaptive tutoring as distinct from static content delivery. 
Addressing the principal design limitations of the present study, this platform is intended to 
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provide the empirical foundation for future research on adaptive, inclusive AI-supported learning 
for underserved populations.

5.5 Practical Implications and Recommendations

The present research suggests that artificial intelligence can serve as a practical instrument for 
educational equity when implemented with sensitivity to the constraints and contexts of underserved 
populations. AI tools should be leveraged to generate multilingual educational resources, since 
native-language support substantially reduces linguistic barriers for first-generation learners. 
Universal design principles should guide platform development from inception, ensuring that 
accessibility features benefit all learners rather than treating sensory-impaired students as an 
afterthought. Given the prevalence of connectivity constraints, platforms should prioritize offline 
operation or graceful degradation. Finally, technological innovation alone is insufficient; sustained 
outcomes require concurrent investment in digital infrastructure and policy support enabling 
school adoption and integration.

6. CONCLUSION

This research demonstrates that artificial intelligence-powered digital education platforms, 
when designed with explicit attention to the linguistic, sensory, and infrastructural constraints 
of underserved populations, can produce substantial improvements in vocabulary acquisition and 
digital literacy skills. The intervention produced statistically and practically significant learning 
gains (t(30)=43.27, p<0.001, d=8.40) across the economically disadvantaged cohort and included 
a supplementary accessibility provision for hearing-impaired learners. Universal participant 
improvement, coupled with the convergence of parametric and non-parametric statistical findings 
and large effect sizes, provides robust evidence for intervention efficacy within the assessed cohort.

These findings must nonetheless be understood within appropriate contextual constraints. The 
absence of a control group precludes definitive causal attribution, and findings remain specific to the 
urban Indian context; generalization to other regions and populations requires additional research.

Despite these limitations, the findings suggest that artificial intelligence represents not merely 
a technological innovation but a potential instrument for educational equity in resource-constrained 
contexts. The convergence of three critical elements—AI-powered content generation reducing 
pedagogical preparation burdens, multilingual design reducing linguistic barriers, and accessible 
design ensuring inclusion of sensory-impaired learners—demonstrates how emerging technologies 
can operationalize equity principles when deliberately designed for marginalized populations. 
Realizing this potential will require sustained policy commitment, infrastructure investment, and 
further research on scalability, long-term sustainability, and effectiveness across diverse contexts.
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the organization and are available to the editors on request. Assent was obtained from the minor 
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impaired participants. All procedures complied with the ethical principles for research involving 
human participants set out in the Declaration of Helsinki (2013). Participation was voluntary and 
involved no physical risk or invasive procedure; participants and their guardians were informed 
that they could withdraw at any time without any effect on the free educational services provided 
to them.
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(specifically, ChatGPT, DeepSeek, Gemini, and MistralAI) to create bilingual vocabulary lists, 
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