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ABSTRACT

Digital textbooks offer transformative potential for enhancing educational equity, especially among
marginalized communities, by delivering interactive multimedia content, real-time updates, and
customizable learning pathways. However, tribal schoolchildren in India often face unique barriers to
accessing these digital learning resources due to infrastructural deficits (unstable electricity, limited
broadband), socio-economic constraints (low household incomes, shared or nonexistent devices), and
cultural-linguistic mismatches between mainstream content and indigenous knowledge systems. This
manuscript investigates the extent of digital textbook access among tribal learners, combining
quantitative surveys of 500 students across five representative tribal districts and qualitative interviews
with 25 teachers and 10 community leaders. We examine critical factors such as device ownership
patterns, frequency and context of e-textbook use, levels of digital literacy self-efficacy, and the quality
of pedagogical support. Our analysis reveals that while government schemes (e.g., One Tablet per
School) and NGO partnerships have successfully deployed hardware and basic training modules,
persistent challenges—such as intermittent connectivity, lack of offline functionality for multimedia,
and absence of tribal-language versions—undermine sustained usage. Notably, students who received
blended offline-online instruction and culturally adapted materials demonstrated higher engagement
and comprehension scores. Educational implications underscore the necessity for a holistic strategy:
robust infrastructure investments (solar charging stations, offline content caching), community-driven
content co-creation to ensure linguistic and cultural relevance, sustained teacher professional
development in digital pedagogy, and active engagement of tribal elders and parents in program design.
By illuminating these multifaceted barriers and enablers, the study offers evidence-based
recommendations for policymakers, educators, and stakeholders to bridge the digital divide and foster

inclusive, resilient learning ecosystems tailored to the needs of tribal communities.
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Access to quality educational materials forms the bedrock of academic achievement and lifelong learning. In
the digital era, textbooks have increasingly migrated from print to electronic formats, offering interactive
features, up-to-date content, and cost efficiencies. For urban and well-resourced schools, this shift has
enhanced student engagement and facilitated personalized learning pathways. However, marginalized
communities—particularly tribal populations in India—remain on the periphery of this digital transformation.
Located in geographically remote regions, tribal schools often lack stable infrastructure, including electricity,
internet connectivity, and hardware. Moreover, socio-economic constraints make device ownership a luxury

for many families, further exacerbating educational inequities.

Internal and External Barriers to Digital Access
Circumstances
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Fig.1 Digital Divide, Source:1

Tribal communities in India encompass over 106 million individuals across more than 705 distinct tribes, each
with unique languages, cultures, and traditions. Historically underserved by mainstream education systems,
these communities exhibit lower literacy rates, higher dropout rates, and limited progression to higher
education. Digital textbooks present a promising avenue to enrich educational content with multimedia
elements—such as audio narrations, animations, and interactive quizzes—that can support learners with
diverse linguistic backgrounds and learning needs. Yet, the promise of digital resources can only be realized

if access barriers are addressed holistically.
This study seeks to:

e Assess the current state of digital textbook access among tribal schoolchildren, including device

availability, connectivity, and utilization patterns.
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o Identify enabling factors (e.g., government schemes, NGO interventions) and persistent obstacles

(e.g., infrastructure gaps, cultural mismatches).
o Examine the perceptions of students, teachers, and community leaders regarding digital learning.

o Propose actionable recommendations for creating inclusive digital education models tailored to tribal

contexts.

By focusing on five representative tribal districts—two in central India (Chhattisgarh), two in eastern India
(Jharkhand and Odisha), and one in northeastern India (Assam)—we aim to capture regional variations and
surface generalizable insights. The subsequent sections review the relevant literature, outline our mixed-
methods methodology, present empirical findings, discuss educational implications, and conclude with

strategic recommendations.

Research objectives
and study design
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LITERATURE REVIEW

Digital Education and Equity

The digitalization of textbooks has been widely lauded for democratizing access to knowledge (Anderson &
Rainie, 2018). Interactive e-textbooks can adapt to individual learning paces, support multimodal delivery
(visual, auditory, kinesthetic), and reduce the recurrent costs of printed materials. However, the “digital
divide”—the gap between individuals with and without reliable access to digital technologies—remains a
critical barrier. Studies in high-income countries indicate that students from low-income households are less

likely to have personal devices or home broadband, which correlates with lower academic performance.
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Rural and Tribal Education Context

In India, rural areas exhibit significantly lower internet penetration than urban centers. As of 2024, rural
internet penetration stood at approximately 40%, compared to over 65% in urban regions (TRAI, 2024). Tribal
districts—often remote and underdeveloped—Iag even further behind. Prior research highlights that irregular
electricity supply, low purchasing power, and inadequate technical support undermine the viability of digital
initiatives. Teacher preparedness is equally crucial: without targeted professional development in digital

pedagogy, educators struggle to integrate e-textbooks effectively.

Cultural and Language Considerations

Many tribal communities speak indigenous languages that are underrepresented in mainstream educational
content. While some digital platforms offer translations and localized content, coverage remains spotty.
Cultural relevance of content is another concern: digital textbooks designed for urban audiences may not
resonate with tribal students, leading to disengagement. Co-design approaches—where community members

participate in content development—have shown promise in improving relevance and acceptance.

Government and NGO Interventions

Recognizing these challenges, the Indian government has launched initiatives such as the National Digital
Education Architecture (NDEAR) and the Digital India program, aiming to bolster digital infrastructure in
schools. Various NGOs have partnered with state education departments to distribute tablets loaded with e-
textbooks, install solar-powered digital labs, and train local teachers. However, evaluations of these programs
reveal mixed outcomes: while deployment metrics are often reported, sustained usage and learning impact

receive less scrutiny.

Research Gaps

Although numerous studies examine digital education in rural India, few focus specifically on tribal
schoolchildren. Existing literature tends to emphasize deployment statistics rather than lived experiences, local
perceptions, and nuanced barriers. This study addresses these gaps by combining quantitative survey data with

qualitative insights, aiming for a holistic understanding of digital textbook access among tribal learners.
Educational Implications

Enhanced Engagement and Learning Outcomes

Digital textbooks—when accessible and culturally tailored—can boost student motivation through interactive
features, gamified assessments, and multimedia support. For tribal learners with varying literacy levels, audio
narrations and visual explanations can scaffold understanding and reduce cognitive load. Studies indicate that
students using enriched e-textbooks demonstrate improved comprehension in subjects such as mathematics

and science.
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Inclusive Pedagogy

Digital resources enable differentiated instruction, allowing teachers to assign custom learning pathways
according to individual needs. This flexibility is particularly valuable in multi-grade tribal classrooms, where
students’ proficiency levels span wide ranges. Additionally, real-time performance tracking can help teachers

identify learning gaps early, enabling timely interventions.

Teacher Professional Development

Effective integration of digital textbooks hinges on teacher capacity. Professional development programs must
go beyond basic device training to encompass pedagogical strategies for leveraging interactive content,
facilitating blended learning, and fostering digital literacy among students. Community-based “train-the-

trainer” models can build local expertise and ensure knowledge retention.

Community Engagement and Ownership

Sustainable digital education initiatives require buy-in from tribal communities. Involving local leaders,
parents, and elders in planning and evaluation fosters trust and relevance. Co-creation workshops—where
community members help adapt content linguistically and culturally—enhance engagement and ensure that

resources resonate with learners’ lived experiences.

Policy and Infrastructure

Policymakers must prioritize reliable electricity, broadband connectivity, and device maintenance. Hybrid
delivery models—such as offline-enabled tablets and solar-powered charging stations—can mitigate
infrastructure challenges. Additionally, digital equity frameworks should allocate resources based on

community needs assessments, ensuring that tribal districts receive targeted support.
METHODOLOGY

Research Design
This study employed a convergent parallel mixed-methods design, integrating quantitative surveys with

qualitative interviews to triangulate findings.

Sampling and Participants

We selected five tribal districts representing diverse geographic regions: Bastar (Chhattisgarh), Simdega
(Jharkhand), Koraput (Odisha), Karbi Anglong (Assam), and North Tripura (Tripura). Within each district,
two government-run secondary schools were chosen via stratified random sampling, ensuring variance in
school size and proximity to urban centers. A total of 500 students (100 per district), aged 12—16, participated
in the survey. Additionally, we conducted semi-structured interviews with 25 teachers (5 per district) and 10

community leaders (2 per district).
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Data Collection Instruments

e Student Survey: A structured questionnaire assessed device ownership (personal or shared),
frequency of digital textbook use, internet connectivity quality, digital literacy self-efficacy (measured

on a 5-point Likert scale), and perceived benefits/challenges.

o Teacher Interviews: Guides explored educators’ experiences with digital materials, training received,

pedagogical adaptations, and observations on student engagement.

e Community Leader Interviews: Questions probed community perceptions of digital education,

concerns regarding cultural relevance, and support mechanisms.

Data Collection Procedures
Surveys were administered in classrooms during regular school hours, with teachers facilitating and ensuring
comprehension. Interviews were conducted on-site in local languages, recorded (with consent), and later

transcribed and translated into English.

Data Analysis

Quantitative data were analyzed using descriptive statistics (percentages, means, standard deviations) and
inferential tests (chi-square for categorical variables; ANOVA for differences across districts). Qualitative
data underwent thematic analysis: transcripts were coded inductively, and emergent themes were clustered

into broader categories reflecting access barriers, enablers, attitudes, and recommendations.

Ethical Considerations
The study received Institutional Review Board approval. Informed consent was obtained from school

authorities, parents, and participants. Confidentiality and anonymity were strictly maintained.
RESULTS
Device Ownership and Accessibility

e Personal vs. Shared Devices: Only 18% of students owned personal smartphones or tablets. The
majority (62%) relied on shared school-provided tablets, while 20% had no digital device access

outside occasional community centers.

o District Variations: Karbi Anglong and North Tripura exhibited higher personal ownership rates

(25% and 23%, respectively), correlating with slightly better rural broadband coverage.

Internet Connectivity and Infrastructure
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Connectivity Quality: 57% of surveyed students reported intermittent or “poor” internet connectivity
(defined as frequent dropouts or speeds under 2 Mbps). Distinctly, Bastar recorded the poorest

connectivity, with only 15% of students rating it as “good.”

Electricity Reliability: Solar-powered charging in Simdega and Koraput schools mitigated outages,

whereas other districts suffered frequent device downtime.

Digital Literacy and Usage Patterns

Digital Literacy Self-Efficacy: The mean self-efficacy score was 2.8 (SD = 0.9) on a 5-point scale,
indicating moderate confidence. Higher literacy correlated with students who received prior digital

training (p <.01).

Frequency of E-Textbook Use: 40% of students used digital textbooks at least twice weekly; 35%
used them monthly; 25% reported “rare or no use,” citing device unavailability or low teacher

integration.

Qualitative Themes

Enablers: Government distribution of tablets under the “One Tablet per School” scheme; NGO-led

digital labs; local language subtitling initiatives.

Barriers: Language mismatches—most e-textbooks were in Hindi or English, not tribal languages;
lack of offline access for multimedia content; minimal teacher training in digital pedagogy; cultural

irrelevance of urban-centric examples.

Community Attitudes: While parents appreciated modern tools, some elders distrusted technology,

fearing erosion of traditional knowledge.

CONCLUSION

Digital textbooks harbor immense promise for transforming educational landscapes by providing interactive,

up-to-date, and cost-effective learning materials. Our mixed-methods investigation across five tribal districts

and 500 student participants highlights both the accomplishments and the critical gaps in current initiatives.

On one hand, government and NGO interventions have made commendable strides in distributing devices,

installing basic digital labs, and delivering introductory training for educators. On the other hand, the lived

experiences of tribal learners reveal that infrastructural shortcomings—such as unreliable electricity, poor

internet bandwidth, and lack of offline access for rich multimedia—hinder consistent use. Additionally, the
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predominance of Hindi and English digital textbooks, without sufficient translation or contextual adaptation,

creates cognitive and motivational barriers for students whose primary languages are indigenous dialects.

To bridge these divides, a multifaceted, community-centered approach is indispensable. First, infrastructural
investments must prioritize solar-powered charging solutions and mesh-network broadband models that
ensure connectivity even in remote hamlets. Second, content co-creation with tribal elders, local educators,
and students themselves can yield digital textbooks imbued with relevant narratives, examples, and language
support, thereby fostering cultural resonance and learner identity validation. Third, teacher professional
development programs should evolve from one-off device trainings to continuous, peer-supported learning
communities that equip educators with skills in blended-learning design, formative digital assessment, and
inclusive classroom facilitation. Fourth, policy frameworks should mandate periodic impact evaluations—
combining usage analytics with qualitative feedback—to iteratively refine digital education strategies. Finally,
empowering tribal communities through participatory governance structures will ensure that digital education
initiatives not only serve as tools for academic enrichment but also as platforms for preserving and celebrating

indigenous knowledge systems.

By embedding these recommendations into national and state education policies, stakeholders can move
beyond token device distribution to establish sustainable, learner-centric ecosystems. In doing so, digital
textbooks cease to be mere repositories of information and instead become dynamic instruments of
empowerment—bridging geographical distances, honoring cultural heritage, and catalyzing the full potential

of tribal schoolchildren as architects of their own educational journeys.
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