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Abstract

This research paper examines the digital transformation of higher education in Bhadrak
District, Odisha, India, with particular focus on the integration of Artificial Intelligence (Al),
Learning Analytics, and Adaptive Technologies. Bhadrak, home to a population of 15,06,337
(Census 2011) with a rapidly improving literacy rate of 90.92% (PLFS 2023-24), presents a
compelling case study for understanding how emerging educational technologies can address
regional equity gaps, improve pedagogical outcomes, and modernize institutional delivery
mechanisms.

Drawing on district-level demographic data, institutional profiles of major higher education
institutions, and global trends in EdTech, this paper argues that Al-driven adaptive learning
systems, data-informed teaching practices, and digitally inclusive campus infrastructure are
critical enablers for the next phase of educational development in semi-urban districts like
Bhadrak. The study identifies key challenges including infrastructure gaps, digital literacy
disparities, and faculty readiness, while proposing a strategic framework for sustainable digital
transformation tailored to Odisha's educational ecosystem.

Keywords: Digital Transformation, Higher Education, Artificial Intelligence, Learning
Analytics, Adaptive Technology, Bhadrak, Odisha, EdTech, Literacy, Fakir Mohan
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1. Introduction

The global higher education landscape is undergoing an unprecedented transformation driven
by the convergence of digital technologies, data science, and artificial intelligence. Institutions
worldwide are reimagining teaching, learning, and administration through the lens of digital
innovation — shifting from traditional lecture-based pedagogies to dynamic, data-rich, learner-

centric ecosystems.
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India, with one of the world's largest higher education systems enrolling over 43 million
students across 1,113 universities and 43,796 colleges (AISHE 2021-22), stands at a pivotal
juncture. While metropolitan and tier-1 cities have seen significant EdTech adoption, semi-
urban and rural districts remain underserved in this digital revolution. Bhadrak District in
Odisha is a representative example of this transitional zone — a district with strong educational
heritage, improving demographic indicators, and nascent but growing institutional capacity for
technology-enabled learning.
This paper investigates the potential, challenges, and roadmap for digital transformation in
Bhadrak's higher education ecosystem, situating it within the broader national policy context
of the National Education Policy (NEP) 2020 and Odisha’'s SAMS (Student Academic
Management System) initiative.
1.1 Research Objectives
» To profile the demographic and educational landscape of Bhadrak District as a
foundation for digital transformation readiness.
« Toanalyze the current state of higher education institutions (HEIs) in Bhadrak in terms
of digital infrastructure and capacity.
» To examine the role of Al, Learning Analytics, and Adaptive Technologies in
modernizing higher education delivery.
« To identify barriers to digital adoption and propose actionable recommendations for
Bhadrak's HEIs.
» To contribute a replicable model for digitally inclusive higher education in semi-urban
Odisha.
1.2 Scope and Significance
This study covers Bhadrak District, covering 2,505 sg. km in eastern Odisha, bounded by
Balasore (north), Jajpur and Baitarani River (south), Keonjhar (west), and the Bay of Bengal
and Kendrapada (east). The district hosts a diverse population with significant SC and ST
communities, making equity in educational access a critical policy concern. The findings have
broader relevance for similar districts across Odisha and eastern India.

2. Demographic Profile of Bhadrak District
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A thorough understanding of the population dynamics of Bhadrak is essential to contextualize
the demand for and readiness toward digital transformation in higher education.

2.1 Population Overview (Census 2011)

Demographic Indicator Value Remarks

Total Population 15,06,337 Rank 12th in Odisha
Male Population 7,60,260 (50.47%)

Female Population 7,46,077 (49.53%)

Population Growth (2001-11) +12.94% National avg ~17.7%
Sex Ratio 981 per 1000 males Above national avg of 940
Child Sex Ratio (0-6) 942 girls per 1000 boys

Total Households 3,09,527

Population Density 601 per sq. km Area = 2,505 sg. km
SC Population 2,86,723 (19.04%)

ST Population 25,141 (1.67%)

National Rank 333rd in India Out of ~640 districts

Table 1: Bhadrak District — Demographic Indicators (Census of India, 2011)

The district's population is predominantly rural with agriculture as the primary economic
activity. Paddy cultivation dominates the Kharif season, covering approximately 94% of total
cultivable area. However, urbanisation is gradually increasing, with Bhadrak town and

Chandbali emerging as growth centres.
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2.2 Projected Population Trends

Census [/ Estimate

Vear Population Growth Rate

1991 ~11,06,000 — Census 1991
2001 13,33,749 +20.61% Census 2001
2011 15,06,337 +12.94% Census 2011
2021 (estimated) ~16,80,000 +11.5% est. Projected
2026 (projected) ~17,80,000 +5.9% est. Projected

Table 2: Bhadrak District — Population Growth Trend (1991-2026)
2.3 Literacy and Education Statistics
Literacy is the foundational prerequisite for any meaningful digital transformation. Bhadrak's
literacy trajectory demonstrates a significant and accelerating improvement, particularly for

female literacy — a critical indicator of inclusive educational development.

Indicator ‘ Census 2001 Census 2011 PLFS 2023-24
Overall Literacy Rate ~69% 82.78% 90.92%

Male Literacy Rate 84.65% 89.64% 94.26%
Female Literacy Rate 62.85% 75.83% 87.99%
Gender Literacy Gap 21.80 pp 13.81 pp 6.27 pp

Total Literate Population ~ 8,42,855 10,94,140 ~15,26,000 est.
Male Literates — 5,96,269 —

Female Literates — 4,97,871 —

Table 3: Literacy Rate Trends — Bhadrak District (2001-2024)
The narrowing of the gender literacy gap from 21.80 percentage points in 2001 to just 6.27 pp
by 2023-24 is a landmark achievement, signalling that female learners are increasingly
positioned to benefit from digital educational resources. This shift creates a favorable

demographic for gender-inclusive EdTech deployment.
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2.4 Socio-Economic and Language Profile

Bhadrak's population is religiously and linguistically relatively homogeneous, with Odia as the
dominant language (90.56%), followed by Urdu (6.61%) and Bengali (1.46%). Religiously,
Hindus constitute 92.84% and Muslims 6.92%. The Labour Force Participation Rate stands at
48.61% (PLFS 2023-24), and per capita income was Rs. 29,745 in 2011-12.

These socio-economic characteristics underscore the importance of designing digital education
platforms that are linguistically inclusive (Odia-medium interfaces), economically accessible
(low-cost or subsidised device and connectivity models), and culturally appropriate for a
largely first-generation college-going population.

3. Higher Education Institutions in Bhadrak

Bhadrak's higher education ecosystem, though modest in scale relative to major urban centres,
comprises institutions with established academic traditions and growing technological

ambitions.

3.1 Institutional Profile

Institution Affiliation  Students  Programs Key Feature
Bhadrak 1948 Fakir 4,492 57 courses NAAC
Autonomous Mohan / 18 Accredited; Al
College (BAC) Univ. degrees seminar  host

(2025)
Bhadrak Institute of 1982 BPUT — B.Tech, AICTE-
Engineering & Rourkela M.Tech, approved; ISTE
Technology (BIET) MBA, member

MCA

Bhadrak 2009 BPUT — B.Tech, FMECT
Engineering School Rourkela MBA, managed;  5-
& Technology MCA acre eco
(BEST) campus

Table 4: Major Higher Education Institutions — Bhadrak District
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3.2 Bhadrak Autonomous College — Digital Readiness Highlights

Bhadrak Autonomous College (BAC), established on 6 July 1948, is the district's flagship
liberal arts and science institution. Spread across 27 acres and affiliated to Fakir Mohan
University, BAC serves 4,492 students across 57 courses through 83 faculty members. The
institution has a 47:53 male-to-female student ratio, reflecting positive gender equity in access
to higher education.

Crucially, in December 2025, BAC's Department of Teacher Education (B.Ed.) hosted a
National Seminar titled "Empowering Teachers through Artificial Intelligence: Navigating the
Pedagogical Practice™ — a direct indicator of the institution's growing orientation toward Al-
integrated pedagogy. This represents a foundational step toward institutionalising Al literacy
among educators.

3.3 Engineering Institutions and Technology Programmes

BIET (est. 1982) is the district's oldest technical institution, now spread over 10.33 acres at
Barapada, approximately 8 km from Bhadrak town. With AICTE approval and BPUT
affiliation, it offers B.Tech, M.Tech, MBA, and MCA programmes — courses intrinsically
linked to digital skills, software development, and data management. The presence of an active
ISTE student chapter enables participation in national-level seminars and workshops.

BEST (est. 2009), managed by the Fakir Mohan Educational and Charitable Trust, provides
similar technical education in a modern, eco-friendly campus environment. Together, these
engineering institutions form the technical backbone of Bhadrak's higher education capacity
for digital transformation.

4. Digital Transformation of Higher Education: Conceptual Framework

4.1 Defining Digital Transformation in HEIs

Digital transformation in higher education extends beyond the mere adoption of digital tools.
It represents a systemic, strategic re-orientation of educational processes, organisational
culture, and value delivery through the continuous integration of digital technologies. The
European Commission's DigComp Framework and UNESCO's ICT Competency Framework
for Teachers provide internationally recognized benchmarks for this transformation.

For Indian institutions like those in Bhadrak, digital transformation operates across three

interconnected domains:
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» Pedagogical Transformation: Shifting from teacher-centred to learner-centred, data-
driven, and adaptive instructional design.
» Operational Transformation: Automating administrative processes (admissions,
attendance, grading) through digital platforms such as Odisha's SAMS.
» Institutional Culture Transformation: Building a faculty culture that embraces
experimentation, continuous learning, and evidence-based practice.
4.2 The Role of Artificial Intelligence (Al)
Acrtificial Intelligence is the most transformative force reshaping educational systems globally.
In higher education, Al applications span content delivery, learner assessment, administrative
automation, and institutional research.
4.2.1 Al-Powered Personalised Learning
Al-driven platforms can analyse individual student performance data — response times, error
patterns, engagement metrics — to generate personalised content pathways. Unlike uniform
curriculum delivery, Al systems continuously adapt difficulty levels, suggest supplementary
resources, and identify at-risk learners before they disengage. Platforms such as Carnegie
Learning, Knewton (now integrated into Wiley), and India-based Byju's and Vedantu
demonstrate this capability at scale.
4.2.2 Intelligent Tutoring Systems (ITS)
ITS platforms simulate one-on-one tutoring interactions by diagnosing knowledge gaps and
providing targeted, scaffolded instruction. For resource-constrained institutions in Bhadrak
where faculty-student ratios may be stretched, ITS can serve as a high-quality supplemental
instruction mechanism available 24/7.
4.2.3 Al in Assessment and Feedback
Automated Essay Scoring (AES) tools powered by Natural Language Processing (NLP) can
provide instant, criterion-referenced feedback on written assignments — reducing the grading
burden on faculty while giving students more frequent formative feedback loops. Al-proctoring
systems also address examination integrity concerns in remote assessment contexts.
4.2.4 Predictive Analytics for Student Success
Machine learning models trained on historical academic data can predict with 70-85%

accuracy which students are at risk of dropout or underperformance in semester 1. Early
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warning systems (EWS) flag these students for proactive intervention by academic advisors —
a model successfully deployed in institutions including Georgia State University (USA) and
II'T Bombay's pilot programmes.
4.3 Learning Analytics
Learning Analytics (LA) refers to the measurement, collection, analysis, and reporting of data
about learners and their contexts, for the purpose of understanding and optimising learning and
the environments in which it occurs (Society for Learning Analytics Research, 2011).
In the Bhadrak context, Learning Analytics applications would include:
» Dashboard-based monitoring of student engagement with digital learning materials in
real-time.
« Cohort-level analysis identifying topics, modules, or teaching methods with high failure
or disengagement rates.
» Longitudinal tracking of academic trajectories across semesters to identify systemic
curriculum gaps.
« Faculty performance analytics to support evidence-based professional development
planning.
» Institutional benchmarking against state and national norms using AISHE data
integration.
The implementation of LA requires a robust data governance framework, ensuring student
privacy (in compliance with India's Digital Personal Data Protection Act, 2023), data security,
and ethical use of analytical insights.
4.4 Adaptive Technologies
Adaptive technologies encompass hardware, software, and pedagogical tools that modify the
learning experience in response to real-time data about individual learner needs, preferences,
and performance.
4.4.1 Adaptive Learning Platforms
Unlike static Learning Management Systems (LMS) such as Moodle — which present all
learners with identical content — adaptive platforms dynamically adjust content sequencing,

difficulty, and modality. For Bhadrak's diverse student population, which includes first-
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generation college students with varied academic preparation, adaptive systems hold
significant promise in democratising learning outcomes.
4.4.2 Assistive Technologies for Inclusion
Technologies including screen readers, speech-to-text tools, captioning systems, and accessible
content design enable students with disabilities to participate fully in digital learning
environments — directly supporting India's Rights of Persons with Disabilities Act (2016) and
NEP 2020's inclusion mandates.
4.4.3 Mobile-First and Offline-Capable Platforms
Given that rural and semi-urban learners in Bhadrak are more likely to access the internet via
smartphones than laptops, and given frequent power or connectivity outages, adaptive
platforms must be designed mobile-first with offline synchronisation capabilities. India's
SWAYAM platform provides a useful national model for content accessibility at low
bandwidth.
5. Current State Analysis: Bhadrak's Digital Education Readiness
5.1 Strengths
» Rising literacy rates (90.92% overall, 88% female as of 2023-24) providing a strong
human capital base.
» Established higher education institutions with NAAC and AICTE recognition.
« Active Al-focused academic events (BAC's 2025 national seminar on Al in pedagogy).
« Government digital initiatives: SAMS, SWAYAM, PM e-VIDYA, and DIKSHA
providing free digital content infrastructure.
« Growing mobile phone penetration across Odisha facilitating smartphone-based
learning access.
« NEP 2020 mandates providing national policy support for multidisciplinary,
technology-integrated education.
5.2 Challenges
« Digital Infrastructure Gaps: Reliable broadband connectivity remains uneven across
Bhadrak's 1,312 villages. Power supply interruptions affect device usability.
» Device Access Disparities: Students from SC, ST, and economically weaker sections

(EWS) lack access to personal computing devices, relying solely on smartphones.
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» Faculty Digital Literacy: A significant proportion of faculty across BAC, BIET, and
BEST have limited exposure to Al tools, LMS platforms, or data-driven instruction
methods.

« Low Data Culture in HEIs: Institutional decision-making remains largely experience-
based rather than data-driven; learning analytics infrastructure is nascent.

» Language Barriers: Most EdTech content is English-medium, creating comprehension
barriers for students from Odia-medium school backgrounds.

« Financial Constraints: Autonomous colleges and technical institutes face resource
limitations for investing in Al platforms, server infrastructure, and faculty
development.

5.3 Opportunities

« NEP 2020 implementation mandating multidisciplinary education and technology
integration creates a funded national push for HEI modernisation.

» Odisha government's focus on IT and manufacturing corridors (Bhubaneswar-Cuttack-
Bhadrak corridor) increases demand for technically skilled graduates.

« Growing number of Al Teacher Training programmes (e.g., Agnirva's Al Teacher
Training Certification) targeted at Odisha institutions.

* INFLIBNET and e-Shodh Sindhu providing free access to journals and digital
resources for higher education institutions.

» Increasing corporate CSR interest in EdTech infrastructure development in Tier-2/3
districts.

5.4 Threats

« Digital divide risk: Rapid EdTech adoption without equity safeguards could deepen
existing socio-economic learning inequalities.

« Data privacy risks: Absence of institutional data governance frameworks exposes
student data to misuse.

» Faculty resistance: Unmanaged change processes could generate institutional resistance
to transformation initiatives.

« Platform fragmentation: Multiple uncoordinated national/state digital initiatives

creating technology silos rather than integrated ecosystems.
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6. Strategic Framework for Digital Transformation in Bhadrak HEIs
Based on the demographic profile, institutional analysis, and technology landscape, this paper
proposes a four-phase Digital Transformation Roadmap for higher education institutions in
Bhadrak District.
Phase 1: Foundation (Year 1-2) — Infrastructure and Literacy
« Conduct digital infrastructure audit across BAC, BIET, and BEST — assess
connectivity, device availability, and power reliability.
» Deploy campus-wide Wi-Fi networks under PM WANI scheme and state government
broadband programmes.
» Establish Digital Resource Centres with shared computing facilities for EWS students.
« Launch mandatory faculty digital literacy programmes (minimum 40 hours/year)
covering LMS, data basics, and Al tools.
» Adopt Moodle or iGOT Karmayogi LMS as a standardised institutional platform.
Phase 2: Integration (Year 2-3) — Data Systems and Al Pilot
« Implement institution-wide Student Information Systems (SIS) capturing attendance,
assessment, and engagement data.
» Pilot adaptive learning modules in 2—3 high-enrollment courses (e.g., Mathematics,
English Communication, Computer Science).
» Introduce Learning Analytics dashboards for academic coordinators and department
heads.
» Launch Early Warning System (EWS) for at-risk student identification in first-year
programmes.
« Develop Odia-medium digital content for foundational courses in partnership with
Fakir Mohan University.
Phase 3: Scaling (Year 3—4) — Institution-Wide Deployment
« Expand adaptive learning and Al-assisted instruction across all departments.
* Integrate SWAYAM MOOC:s into credit framework per NEP 2020 guidelines (up to
40% credits via online courses).
« Establish a Centre for Educational Technology (CET) at BAC to coordinate research,

development, and training.
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* Implement Al-proctored online examinations for internal assessments to reduce
logistical burden.
« Partner with Odisha's OSHEC and UGC for Learning Analytics data standards
adoption.
Phase 4: Innovation (Year 4-5) — Research and Ecosystem Leadership
» Publish institutional learning analytics reports annually, contributing to state and
national higher education data.
» Establish cross-institutional research collaborations with 11Ts, NITs, and ed-tech
companies for applied Al in education research.
« Launch a District EdTech Innovation Hub in Bhadrak town to incubate local
educational software startups.
» Develop a Bhadrak Digital Transformation in Education Index (BDTEI) as an ongoing
monitoring tool.
7. Policy Recommendations
Based on this study's findings, the following policy recommendations are directed at multiple
governance levels:
7.1 For Bhadrak District Administration
 Prioritise broadband connectivity infrastructure in all 218 Gram Panchayats, with
educational institutions designated as priority nodes.
» Establish a District Digital Education Coordination Committee (DDECC) bringing
together HEI principals, industry representatives, and district education officers.
* Launch a One Device Per Learner (ODPL) scheme for EWS students in higher
education, funded via CSR and state government matching grants.
7.2 For Fakir Mohan University and Affiliated Institutions
« Mandate minimum digital infrastructure standards (LMS, Wi-Fi, computer labs) as part
of annual institutional performance reviews.
» Integrate Al and Data Literacy as foundational modules in all undergraduate
programmes by 2026-27.
» Establish a Learning Analytics Research Unit at the university level to support

evidence-based curriculum and policy decisions.
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7.3 For the Government of Odisha / OSHEC
» Scale the SAMS platform with Learning Analytics capabilities to track student
performance trends at state level.
» Create a state-funded Al Education Innovation Fund offering grants to HEIs developing
locally relevant EdTech solutions.
» Develop Odia-language Al and digital literacy curriculum in partnership with C-DAC
and 1T Bhubaneswar.
7.4 For the Government of India/ UGC / AICTE
* Include Learning Analytics infrastructure in the criteria for NAAC grading to
incentivise data-driven institutional governance.
« Expand PM e-VIDYA and DIKSHA content to include adaptive, regional-language
versions for tier-2/3 district HEIs.
8. Conclusion
Bhadrak District, Odisha, embodies both the promise and the paradox of India's educational
transformation. A district with deep educational roots — home to a college established in 1948
and engineering institutions dating to 1982 — is simultaneously navigating the challenges of
first-generation learners, digital infrastructure gaps, and rapidly evolving technological
demands in the labour market.
This paper has demonstrated that the demographic preconditions for digital transformation in
Bhadrak's higher education ecosystem are increasingly favourable: a literacy rate exceeding
90%, a narrowing gender gap in education, and growing institutional ambition evidenced by
Al-focused faculty development events. The presence of NAAC-accredited and AICTE-
approved institutions provides the governance and quality framework within which digital
transformation can be systematically implemented.
Artificial Intelligence, Learning Analytics, and Adaptive Technologies are not luxuries for elite
institutions — they are equity tools. When deployed thoughtfully, they can help a first-
generation student in a Bhadrak village receive a learning experience comparable in
personalisation and effectiveness to that of a student in a well-resourced urban university. This
is the transformative potential that justifies prioritising digital inclusion in Bhadrak's

educational planning.
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The roadmap proposed in this paper is pragmatic, phased, and grounded in the specific
demographic, institutional, and economic context of Bhadrak. Its implementation will require
coordinated action across district administration, university governance, state policy, and
national programmes — but the direction is clear, the momentum is building, and the
opportunity is real.
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