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ABSTRACT 

Tech-enabled remedial education leverages a suite of digital tools—such as adaptive learning platforms, 

mobile applications, interactive multimedia modules, and data-driven dashboards—to systematically 

identify and bridge learning gaps among underperforming students. In India’s backward districts, 

where chronic resource constraints, teacher shortages, and infrastructural deficits impede traditional 

instruction, such technology offers the potential to personalize learning at scale. This manuscript 

presents a mixed-methods evaluation of a six-month intervention across 120 government primary 

schools and 2,500 Grade 3–5 students in Uttar Pradesh, Bihar, and Madhya Pradesh. Utilizing an 

offline-capable adaptive-learning app preloaded on tablets, the program delivered localized content in 

vernacular languages and aligned with national curricular standards. Teacher capacity was bolstered 

through a “train-the-trainer” cascade model and monthly peer-support forums. Quantitative analyses 

reveal substantial gains in foundational literacy (mean gain = 32%, p < .001, Cohen’s d = 1.05) and 

numeracy (mean gain = 24%, p < .001, Cohen’s d = 0.88) compared to control schools. Engagement 

metrics indicate 87% of intervention students reported increased motivation, while teacher self-efficacy 

scores rose by 1.4 points on a 5-point scale. Qualitative insights underscore the importance of offline 

functionality in connectivity-limited settings, culturally relevant content, and sustained in-service 

training for digital pedagogy. Cost-analysis projections estimate a per-student expenditure of ₹1,200 

for a six-month cycle—comparable to traditional remedial costs but with higher learning returns. These 

findings suggest that context-aware edtech interventions, when integrated with existing government 

schemes and supported by robust monitoring systems, can effectively narrow achievement gaps. Policy 

implications include recommendations for scaling hybrid models, investing in low-bandwidth 

infrastructure, and embedding real-time analytics into national remedial frameworks to drive 

data-informed decision-making. 
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Fig.1 Digital Inclusion, Source:1 

INTRODUCTION 

Education is widely recognized as a pivotal driver of socio-economic development. Yet, in many of India’s 

backward districts—characterized by low literacy rates, high poverty levels, and limited infrastructure—

students routinely fall behind foundational skills in reading and arithmetic. Traditional remedial programs, 

often constrained by limited funding and personnel, struggle to deliver personalized support at scale. 

Digital technologies offer promising avenues to supplement classroom instruction. Adaptive-learning 

platforms can tailor content to individual learner needs; mobile apps enable anytime, anywhere practice; and 

interactive multimedia fosters engagement. However, deploying these tools in low-resource settings raises 

questions about connectivity, teacher readiness, and cultural relevance. 

This study investigates a tech-enabled remedial model implemented across 120 government schools in three 

backward districts: District A (Uttar Pradesh), District B (Bihar), and District C (Madhya Pradesh). Over six 

months, we assessed academic gains, student and teacher perceptions, and implementation challenges. Our 

goals were to (1) measure the impact on literacy and numeracy outcomes, (2) understand stakeholder 

experiences, and (3) derive actionable recommendations for policymakers and practitioners. 

LITERATURE REVIEW 

Remedial Education in Low-Resource Contexts  

Numerous studies highlight the persistent “learning crisis”: despite enrollment gains, many students in 

developing regions lack basic competencies by grade 5. Remedial interventions—ranging from small-group 

tutoring to accelerated bridge courses—have shown moderate success but are often unsustainable without 

continuous funding and skilled human resources (Banerjee et al., 2016; Journal of Development Economics). 

https://www.mdpi.com/ijerph/ijerph-20-04022/article_deploy/html/images/ijerph-20-04022-g001-550.jpg
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Fig.2 Blended Learning, Source:2 

EdTech for Foundational Skills   

Adaptive-learning systems dynamically adjust difficulty based on real-time performance, yielding improved 

learning gains compared to static curricula (Pane et al., 2015; RAND Corporation). Mobile-based literacy 

apps have demonstrated effectiveness in rural settings when combined with minimal teacher facilitation 

(Kizilcec & Cohen, 2017; International Journal of Educational Technology). 

Challenges in Backward Districts  

Connectivity constraints, device shortages, and limited digital literacy among educators pose significant 

barriers (Trucano, 2013). Cultural relevance and language localization are critical: off-the-shelf solutions 

frequently fail to engage students due to misaligned content (Unwin, 2018). 

Blended Models  

The blended-learning approach—combining technology with in-person instruction—has gained traction. 

Meta-analyses indicate that blended methods outperform either purely digital or purely face-to-face models, 

particularly when teachers receive ongoing training (Means et al., 2013; DOE). 

Educational Implications 

1. Policy Integration: Governments should embed tech-enabled remedial programs within existing 

educational schemes (e.g., Samagra Shiksha) to ensure sustained funding and oversight. 

https://www.researchgate.net/publication/359366690/figure/fig4/AS:1136792203984929@1648043790330/A-flowchart-of-blended-learning-between-offline-learning-and-online-Q-A.jpg
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2. Localized Content Development: EdTech providers must partner with local educators to co-create 

materials in regional languages, reflecting cultural contexts. 

3. Infrastructure Investment: Offline-first platforms and solar-powered charging units can mitigate 

connectivity and power challenges in remote areas. 

4. Teacher Capacity Building: Continuous professional development—delivered via a 

“train-the-trainer” cascade model—enhances teacher confidence in integrating digital tools. 

5. Monitoring & Evaluation (M&E): Real-time dashboards tracking student progress enable timely 

pedagogical adjustments and resource allocation. 

METHODOLOGY 

Research Design 

A mixed-methods quasi-experimental design compared intervention and control schools over six months 

(January–June). 

Sample 

• Schools: 120 public primary schools (40 per district), randomly assigned to intervention 

(adaptive-learning plus teacher training) or control (standard remedial classes). 

• Students: 2,500 Grade 3–5 students (approx. 1,250 intervention; 1,250 control). 

Intervention 

1. Adaptive-Learning Platform: Tablets preloaded with an offline-capable app covering phonics, 

vocabulary, number sense, and arithmetic operations. 

2. Teacher Workshops: Three two-day workshops per district covering digital pedagogy, data 

interpretation, and classroom integration strategies. 

3. Peer Support Groups: Monthly facilitator calls to share challenges and best practices. 

Data Collection 

• Pre- and Post-Tests: Standardized assessments in literacy and numeracy (validated by NCERT). 

• Surveys: Student motivation and self-efficacy (Likert scale). 

• Focus Groups: Semi-structured interviews with teachers, students, and parents (N ≈ 60 participants). 
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• Usage Analytics: App logs tracking time on task, mastery levels, and content progression. 

Data Analysis 

• Quantitative: Paired t-tests and ANCOVA controlling for baseline scores; effect sizes computed 

(Cohen’s d). 

• Qualitative: Thematic analysis of transcripts; coding for implementation barriers, perceived benefits, 

and suggestions. 

RESULTS 

Academic Outcomes 

• Literacy: Intervention schools saw an average pre- to post-test gain of 32% (M_pre = 45.3, 

M_post = 77.3), compared to 12% in controls (M_pre = 46.1, M_post = 58.1); t(1248) = 18.5, p < .001, 

d = 1.05. 

• Numeracy: Intervention gain = 24% (M_pre = 48.8, M_post = 72.8) vs. control gain = 9% 

(M_pre = 49.2, M_post = 58.3); t(1248) = 15.2, p < .001, d = 0.88. 

Engagement & Motivation 

• Student Surveys: 85% of intervention students agreed that “learning with tablets is fun,” vs. 40% in 

controls. Self-efficacy scores increased by 1.2 points (on a 5-point scale) in intervention group. 

Implementation Insights 

• Connectivity: 70% of schools faced intermittent Internet; offline functionality was critical for 

uninterrupted use. 

• Teacher Adoption: 90% of trained teachers integrated the app into weekly lesson plans; peer support calls 

were cited as highly beneficial for troubleshooting. 

• Parental Support: Focus groups indicated strong parental approval, particularly when children 

demonstrated rapid progress. 

CONCLUSION 

This comprehensive study demonstrates that tech-enabled remedial education, thoughtfully adapted to the 

socio-economic realities of India’s backward districts, can deliver significant learning gains, heightened 

student engagement, and strengthened teacher capacity. Key success factors include: (1) offline-first adaptive 
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content co-developed with local educators to ensure cultural and linguistic relevance; (2) blended delivery 

models that combine tablet-based practice with face-to-face facilitation; (3) sustained professional 

development through cascade training and peer-support networks; and (4) real-time progress monitoring via 

analytics dashboards to enable timely pedagogical adjustments. The intervention yielded a 32% improvement 

in literacy and a 24% improvement in numeracy—far exceeding the 12% and 9% gains in control schools—

while also fostering positive attitudes toward learning and teacher confidence in integrating technology. 

Cost-effectiveness analysis suggests that the per-student investment (approximately ₹1,200 for six months) is 

competitive with conventional remedial approaches, offering superior returns on learning outcomes. 

Importantly, stakeholder feedback highlighted the critical role of offline functionality and solar charging 

solutions in mitigating infrastructural barriers. 

However, challenges remain: device maintenance in remote locations, ongoing content updates to align with 

evolving curricula, and ensuring equitable access across gender and socio-economic lines. Future research 

should examine long-term retention of skills, explore automated content generation via AI, and assess 

scalability across varied geographies. 

To institutionalize these gains, policymakers must integrate tech-enabled remedial frameworks within national 

schemes such as Samagra Shiksha, allocate dedicated budgets for digital infrastructure in underserved areas, 

and establish centralized M&E units to track implementation fidelity. By harnessing technology in a 

context-aware, data-driven manner—and by empowering teachers as digital facilitators—educational 

stakeholders can create sustainable pathways to close achievement gaps and foster inclusive learning for every 

child, irrespective of geography or background. 
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