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Abstract

The integration of Artificial Intelligence (Al) in education transcends traditional curricular enhancements by
functioning as both a transformative service chain—personalizing learning experiences—and a strategic supply
chain—optimizing resource allocation and institutional processes. This dual functionality positions Al as a catalyst
for preparing learners to meet the evolving challenges of the Sixth Industrial Revolution (6IR), as articulated by
Huang (2021). Through a comprehensive analysis of global case studies, including China's Al-driven early
education models and the application of 3D visualization tools in architectural training, this study examines how
Al transforms problem-solving capabilities, creative thinking, and intuitive knowledge acquisition. However,
significant challenges persist, including systemic bias and regional disparities, particularly in Sub-Saharan Africa.
This study investigates the evolving role of Al in education through a mixed-methods approach, incorporating
computational analysis, stakeholder perspectives, and policy context. Our analysis offers insights into critical gaps
in Al literacy and infrastructure, and we explore the implications of Al for educational communication, considering
both its potential for enhancing language translation and the challenges posed by misinformation. This study
proposes a comprehensive policy-oriented strategic framework for educational institutions and governments to
implement inclusive and secure Al training programs, ensuring ethical deployment and sustainable integration

within global learning ecosystems.
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Introduction

The rapid advancement of Al technologies is
fundamentally redefining educational paradigms
worldwide, catalyzing a transformation from
traditional teacher-centric models toward innovative,
student-driven ecosystems that foster creativity,
critical thinking, and lifelong learning capabilities.
Huang (2021) argues that the Sixth Industrial
Revolution (6IR) anticipated by 2030-40 will be
characterized by Al-enabled transformations through
large volumes of floating point (tokens) spanning
industry, academia, and every facet of learning;
without a scarcity of intelligence accessibility akin to
electricity powering equipment, devices, and human
comfort. This paradigm shift necessitates a
comprehensive examination of AI’s dual role in
education: as a service chain delivering personalized,
adaptive instruction and as a supply chain optimizing
resource allocation and streamlining institutional
processes.

Global case studies illuminate AI’s
transformative potential across diverse educational

contexts. China’s systematic integration of Al into
early childhood education and the innovative use of
3D visualization technologies in architectural training
exemplify a fundamental shift from rote
memorization toward dynamic, problem-solving-
oriented learning approaches. These developments
demonstrate Al's capacity to enhance cognitive
flexibility and interdisciplinary = competencies
essential for navigating complex global challenges.
However, Al integration in education
presents significant equity and ethical challenges. In
regions such as Sub-Saharan Africa, infrastructural
limitations and imbalanced data representations risk
worsening existing educational disparities, United
Nations Educational, Scientific and Cultural
Organization ([UNESCO], 2023). While Al-powered
communication tools like real-time translation
systems, improve accessibility and enable authentic
scholarly discourse, they simultaneously introduce
risks, including misinformation propagation and
deepfake technologies that threaten academic
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integrity. The complexity of Al implementation in
educational contexts extends beyond technological
considerations to encompass fundamental questions
of literacy, cultural preservation, and social justice.
As Robinson and Vu (2019) demonstrated, literacy
encompasses  broader social and  cultural
competencies that are deeply linked to native
languages and cultural contexts. This expanded
understanding proves particularly relevant in post-
colonial African contexts, where the imposition of
European languages has marginalized indigenous
languages such as Hausa, Igbo, Yoruba, and ljaw
(Afriklens, 2024; Allison et al., 2024). A significant
complexity and difficulty emerged with inclusive
language adoption in the likes of Nigeria with 500
indigenous dialects (Ochoma,2015)

In Nigeria’s tertiary education sector, these
challenges by resource constraints, academic
disruptions, and accreditation complexities. This
study addresses the critical research question: What is
the current state of Al understanding and application
in Nigeria’s tertiary education system? Through a
comprehensive global trends, local experiences, and
policy  implications—particularly ~ considering
emerging Al and blockchain solutions—this research
aims to inform effective policy development and
enhance the academic environment.

Literature Review
Theoretical Framework: Early Al Exposure and
Future Educational Trajectories

Recent policy initiatives demonstrate
growing international  recognition of Al's
fundamental role in preparing future generations for
technology-driven economies. President Donald J.
Trump's executive order mandating Al integration
into K-12 education represents a significant policy
shift in the United States (White House, 2025;
Hernholm, 2025). This initiative emphasizes that
systematic early exposure to Al technologies builds
technical expertise while fostering interdisciplinary
creativity and intuitive mastery of Al
communication—skills  essential for maintaining
competitive  advantage in  technology-driven
environments. China has implemented parallel yet
distinct approaches to early Al education. Chinese
authorities mandate that primary and secondary
students, including children as young as six years old,
receive Al instruction as part of a nationwide
initiative requiring at least eight hours of Al education
annually (UNB News, 2025; Roberto, 2025). This
policy integrates Al lessons into existing subjects or
establishes standalone courses designed to nurture
innovation from early ages and create technologically

proficient generations prepared to advance national
Al capabilities.

These policy paradigms, while implemented
in different sociopolitical contexts, share common
objectives: preparing future generations to excel in
increasingly  digital and data-driven  global
environments. The American strategy focuses on
executive directives and public-private partnerships
to incorporate Al throughout curricula, while China's
model embeds early Al instruction as a national
priority. Both approaches recognize early Al mastery
as fundamental for developing advanced
interdisciplinary skills enabling future graduates to
address complex global challenges through creative
and technological fluency.

Al Education Ecosystem Framework

Artificial  Intelligence  represents  the
foundation for enhancing cognitive abilities of
machines to perform human functions (Blumberg, et
al. 2024). Al can be used to improve human cognitive
abilities (Haider et al.,2024)). Within educational

contexts, learning encompasses the process of
acquiring  knowledge, skills, attitudes, and
understanding through study, experience, or

teaching—occurring through both formal structured
education and informal self-directed exploration.
Young (2015) characterizes learning as a "knowledge
building process” involving cognitive processes
including comprehension, application, analysis, and
synthesis.

Contemporary Al systems demonstrate
correlation between larger training parameters and
improved performance, yet significant gaps remain in
comprehensive research assimilation and full-stack
expertise beyond Al-specific domains. The 2015
expert discussion featuring Katherine Yellek, VC
Research at UC Berkeley, acknowledged challenges
in achieving true universal Al comprehension. Data
generation, curation, and acquisition will remain
ongoing endeavors ensuring Al models are trained
with increasingly robust and diverse datasets.
Unresolved questions—blind spots in comprehension
and execution—persist as Al systems advance,
paralleling biological neural network refinement
through active cognitive processes. Optimal Al
systems should be able to understand all global
dialects, thus eliminating linguistic barriers and
enabling broader, more equitable access to intelligent
computing solutions. This universal comprehension
remains a critical objective for achieving truly
inclusive Al-driven educational ecosystems.
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Global Al Distribution and Educational Equity

The global distribution of leading Al

technology firms, mirroring patterns seen in 5G and
6G network deployments (Taylor, 2025), reveals a
limited presence of African countries as active
participants in the development and implementation
of these technologies. Sub-Sahara Africa representing
less than 20%, while America 90%, Greater China
88% Finland over 88% by 2030. At present Nigeria's
4G coverage of 58% highlights persistent inequity
challenges, particularly considering that 6G networks
led research by University of Oolu, in collaboration
with likes of Nokia is projected for market entry by
2030 (Business Finland, n.d.). With Al and related
technologies dependent on computing and network
speed, the importance of proactive steps becomes
more evident. Correlation exists between leading Al
firm distribution and global literacy patterns, Figl(b)
where literacy extends beyond reading and writing in
English, French, German, or Spanish to include
Japanese, Chinese, and African languages such as
Hausa, Igbo, Yoruba, and ljaw. Indigenous languages
were reintroduced in December 2022 as courses in
Nigerian schools. Previously in use before prohibition
(Olagbaju, 2014), however, the current trend of late
exposure of the Nigerian child to indigenous language
is noted as new challenge (Chukwukere & Ajileye
,2024). Furthermore, policy inertia and societal
attitude have contributed to the failed drive of
indigenous languages towards national unity and
associated intuitive innovations.
Business Insider Africa(2021) and Globatexsearch
(2023) reported that Mauritius has the highest average
IQ in Africa with a score of 86.56, ranking 80th
globally, while Nigeria is not included among the top
15 countries with best educational systems, where the
Republic of Seychelles using local language
(Zelime,2018) ranks highest.

The Organisation for Economic Co-operation
and Development (OECD, 2025) reports on various
Al-related challenges, included Japan’s ban on Al
voices, Texas courtroom impacts from Al video
technology, Google’s $1.2 billion penalty for
biometric collection without consent, risks from
unlabeled Al deepfakes, and SoundCloud’s use of

uploaded music for Al training. While
acknowledging Al's impressive performance in
complex predictions like weather forecasting,

reliability questions persist (Jones, 2025).

Technological Innovation and Indigenous
Knowledge Systems
Recent innovations address software

challenges traditionally associated with inevitable
bugs. Scholars from Stuttgart University, including

LLM

Bouzenia et al. (2025), demonstrate
effectiveness in identifying and eliminating bugs,
including those undetected by conventional methods.
Their RepairAgent demonstrates autonomous repair
of 164 bugs, including 39 bugs not fixed by prior
techniques, with LLM interaction imposing an
average of 270k tokens per bug, translating to 14
cents per bug under current OpenAl GPT-3.5 pricing
models.

Regarding indigenous technologies, scholars
including Professor Tiko lyamu, Benson P. Irabor,
and John D. Macomber have advanced understanding
of philosophical significances of proverbs in
traditional Africa from 2015-2025, validating African
proverbs as legitimate information system (IS). As
tools African Proverbs are suitable for contemporary
research, data storage, and retrieval, including
teaching and learning. Alli (2025) and Mubangizi
(2025a, 2025b) examine proverb usage as tools for
political action and knowledge production, including
indigenous  architecture  (Mashford-Pringle et
al.,2023). Architecture here is important because
scholars and industry leaders like sir Norman Foster,
Libeskind and Bengel have described architecture as
storytelling, language, cultural metaphor, and poetry.
While Western and Asian architectural styles are
promoted and trending in Africa, Mubangizi (2025a,
2025b) expressed regret over African Gurage and
Kiga architectural philosophical, structural, and
aesthetic elements that demonstrate resilience and
potential urban solutions to contemporary city and
urban challenges they remain neglected.

Literacy, Language, and Cultural Preservation
Literacy traditionally defined as reading and
writing ability in dominant world languages such as
English, French, German, or Spanish requires broader
conceptualization encompassing social and cultural
competencies deeply linked to native languages. This
expanded perspective proves particularly important
where education serves as a means of preserving

cultural heritage and fostering  sustainable
development.
Many  African  nations  experienced

significant disruptions in indigenous language
literacy due to colonial language imposition in formal
education systems. Robinson and Vu (2019) provide
comprehensive analysis of national literacy policies
in Africa, arguing that international languages create
disconnection between learners' cultural backgrounds
and curricula. Afriklens (2024) documents how
colonial powers imposed European languages while
marginalizing indigenous languages, with lasting
effects on cultural and educational outcomes.
Kamwangamalu (2016) examines historical language
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policies and colonial ideologies promoting linguistic
centralism, with lasting consequences on language
use and literacy practices in postcolonial Africa.
Current scholarship emphasizes transformative
potential in re-centering educational practices around
indigenous languages. Robinson and Vu (2019)
demonstrate that literacy policies incorporating local
languages contribute to more inclusive educational
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outcomes. UNESCO (2022) documents inspiring
practices for teaching and learning languages,
demonstrating their critical role in safeguarding
cultural heritage and enhancing learner engagement.
Kingston (2023) and Conde (2019) highlight efforts
integrating indigenous languages into school
curricula, arguing that such integration reinforces
cultural identity and improves educational relevance.
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Figure 1. (a) Artificial intelligence spectrum. (b) Global Distributions: Top and leading Al firms. ICT
talent is most crucial driving force of transformation. A transformation anchored on intelligence built

upon layer of connectivity infrastructure.

Methodology

This study employs a mixed-methods
research  design incorporating  computational
analytics, stakeholder interviews, policy reviews, and
guasi-experimental investigations to examine Al
understanding and application in Nigeria's tertiary
education system. The methodology integrates
guantitative analysis of institutional performance data
with  qualitative  assessment of  stakeholder
perceptions and policy frameworks.
Data collection encompassed quasi surveys of 30
students and lecturers regarding Al awareness,
application experiences, and perceived challenges.
Computational analytics examined correlations
between Al implementation and educational
outcomes, while policy reviews assessed current
regulatory frameworks international best practices.
The quasi-experimental component evaluated
lecturer and student perceptions of Al-driven
solutions for academic integrity and resource
optimization.

Survey Findings and Discussion
Al as a Service Chain in Education

Students uses Al in assignment even when
asked not to; 16.67% lied not using Al when their
scripts have natives of Al footprint. Meaning Al can
make people lie. Al enhances individualized learning
through personalization and adaptive instruction
mechanisms.  Sophisticated algorithms analyze
student data including learning pace, strengths, and
weaknesses to dynamically tailor educational content,
Fig.2. Intelligent tutoring systems leverage machine
learning to diagnose misconceptions and provide

targeted remedial content (Blythe et al., 2020).
Natural language processing (NLP) can supports
multi-modal learning  environments, enabling
platforms to assist learners facing language barriers
or learning disabilities, for example seamlessly
translating concepts and knowledge in 500
indigenous Nigerian language. An evaluation of their
tendency to pay for and use such dialect translation
educational App, 45% indicated willingness to buy
and use the App while 35% thinks it is not possible
and rest chose not to respond. Al-driven translation
tools facilitate the UN near-instantaneous language
conversion, it also empowers scholars to present
research in native languages while ensuring global
accessibility (Floridi, 2019).

Further findings reveal significant gaps and
sources of moral injuries against students in campus
environments. Results demonstrate that 60% of
students and lecturers cumulatively agree that Al can
identify and flag problematic behaviors and actors
without burdening individuals as complainants—a
situation both lecturers and students prefer to avoid as
illustrated in Table 1 using proposed Python enabled
dashboard “EduChain” (Appendix A & Appendix B).

As analyzed results Dataviz and reports are
place on Blockchain. Blockchain's immutable record
capabilities can discourage inappropriate behaviors
and compel responsible conduct, as actors recognize
that inappropriate actions, once  on blockchain
systems, remain easily traceable yet immutable for
life. In politically sensitive societies like Nigeria,
such information could potentially damage
individuals' future political ambitions through social
media amplification.
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Al as a Supply Chain in Education

Beyond personalized instruction, Al
revolutionizes educational management by serving as
an effective supply chain for resource optimization.
For example, as Table 1 (illustrative), Al with
minimal cost can generate valuable data informed
insights that protect both students and lecturers
otherwise too complicated and costly to achieve yet
too significant to remain ignored. Al-enabled systems
automate administrative tasks, manage resource
allocation, and streamline scheduling while aligning
operational practices with educational strategies.
Predictive analytics forecast evolving educational
demands, enabling institutions to proactively adjust
human and material resources (West, 2018). This
integration enhances transparency, accountability,
and overall institutional efficiency.

At the School of Environmental Sciences,
Port Harcourt Polytechnic, Al is proposed for
analyzing and reporting student performance
alongside course completion rates and lecturer
teaching hours or class appearances compared to
expected percentages. With over 58% of surveyed
groups aware that Al performs most human jobs,
resistance to adoption remains natural. However,
perceptions change with understanding that Al can
seamlessly resolve complicated analyses while
providing deeper insights by correlating student
performance outcomes with lecturers’ malpractices.
Al can provide valuable answers to critical questions:
Do students who purchase lecturers' books or
handouts perform better? Are students being used as

tools by lecturers to realize personal goals? Allison et
al. (2024) identified "being used" for others' personal
goals as a source of moral injury. Al using natural
language processing capabilities can randomly
identify and communicate with high-performing
students who purchased required materials and poor-
performing students who did not for additional
assessment, Tablel and Fig. 3 are illustrative.

EduChain's algorithm was tested using
preliminary mock tests. These tests simulate
assessment malpractice scenarios, using data from 30
students with 9 subjects per student. Using
Descriptive statistics sample mean for courses( Xx:
55%) engagement (x: 57, SD:3) attendance (x: 75,
SD:1). The “EduChain” Python algorithm flagged 7
anomalous cases for review (see Fig. 3, Table 1, Table
2, Appendix A, and Appendix B.

While institutions yet struggle to ensure the
elimination of students’ victimisation and award of
unmerited grades , the process of going through each
student’s results manually in Academic Board
meeting to approve results is daunting. Doing so
department by department involves long hours
seating allowance, 200-400 man-hour for small
Polytechnic of less than 10000 students. However,
with Al and Blockchain long seating hours can be
streamlined into focused report by smart contract and
Al reports highlights. Al and smart contract can flag
suspicious areas while NLP text-to-speech models
can readout reports clearly to the Academic Board at
fraction of the traditional cost or free. With engaging
visuals. Fig.3,Fig.4.
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Figure 3. Box-Plot showing typical outliers

Table 1. EduChain Two-Semester Social-Context Subject-Level Dataset with Flags

Semester Subject Avg  Attendance Engagement Flag Note
Grade

1 Mathematics ex | 45 65 High outlier ~ Abnormally high—
check for
malpractice

1 Entrepreneurship 58 68 60 — Normal

1 Design 820 90 88 High score  Healthy
performance

1 Climatology 38 = 75 65 Very low Likely resource or

outlier victimisation issue

2 Mathematics 830 @ 92 88 High outlier = Repeated grade
spike—concern

2 Entrepreneurship 88 @ 75 65 High outlier = Grade jump without
engagement gain—
check

2 Design 85 @ 82 90 Healthy high ~Legitimate high
performance

2 Climatology 3= 78 70 Very Potential

low marginalisation
outlier
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Box Plot of Student Scores by Subject
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Figure 4. (a) Box-Plot of a student’s score (Y-axis) vs courses taken (X-axis).
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Figure 4. (b) Box-Plot of a student’s Engagement vs Outliers by Engagement (Y-axis) vs Subject taken
(X-axis).
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Overall Descriptive & What They Imply
While the outliers may be suggestive of malpractices
there are other narrative possible.
e Scores (u=55, o=5): Most students cluster
between 45 and 65, but there’s enough spread
(o=5) that individual subjects can pull the
overall mean up or down.
e Engagement (u=57, 0=3): Engagement is
fairly tight around the mid-50s. That small ¢

means nearly everyone is similarly
“engaged,” so it can’t explain large swings in
performance.

e Attendance (u=75, o=1): Almost every
student attends roughly three-quarters of
classes—attendance is effectively constant in
this cohort, so it has very limited power to
explain variability in scores.

Subject-by-Subject Performance (Box Plot)

o Design & Mathematics sit consistently above
the overall mean (medians in the low-80s and
high-70s respectively), with few outliers
below, suggesting these courses are either
easier or better taught.

o Entrepreneurship shows the widest spread
(IQR~=10+ points) and a couple of high-score
outliers (~88) and a low-score outlier (~58).
This tells us that students’ mastery in
Entrepreneurship is highly variable—some
excel spectacularly, others struggle.

e Climatology is centered well below the
overall mean (median in the mid-30s) with
tight clustering around that low level,
indicating this is uniformly challenging or
less accessible to these students.

Outlier Behavior vs. Attendance & Engagement
(Scatter Plot)

e Because attendance barely varies (most at
~75%), we see some students with perfect
attendance but very low scores (near 0-10)—
signaling that showing up alone isn’t enough.

¢ Conversely, there’s at least one student who
attended only ~12% of classes yet scored ~60
in Design with moderate engagement—an
outlier who perhaps compensated through
independent study or prior knowledge.

o Engagement bubbles are all roughly the same
size (since 6=3), so engagement differences
don’t track well with score outliers either.

What to Take Away

e Using the preliminary survey ,the Python
powered EduChain demonstrates how Al,
NLP and Blockchain can improve both
supply and service chains in Education .
Three examples are (1) Al and NLP report
Attendance & Engagement are too uniform

(os of just 1 and 3) to explain the wide swings
in performance. Also. Course-specific factors
(difficulty, pedagogy, content background)
are the primary drivers of who surpasses or
falls below the overall mean of 55. So, the Al
and NLP report to the Academic Board to
draw attention to the lecturers to collaborate
with students to improve the learning and
teaching experience. Finally, the Al and NLP
report targeted interventions should focus on:

o Climatology (low median + tight
range): rethink teaching strategy or
entry-level prerequisites.

o Entrepreneurship (high variability):
offer scaffolding for those who
struggle, while still challenging the
high-achievers.

By honing in on subject-level pedagogical tweaks
rather than attendance or engagement drives, the Al
and NLP help to address the real sources of score
variations.

Addressing Academic Integrity Challenges
Lecturers who provide favorable grades to
incentivize student patronage while victimizing
students who fail to purchase materials—including
cases of sexual exploitation—represent serious
ethical violations. Such practices disregard book
quality, student understanding, financial
circumstances, and the reality that graduating
students often transfer materials to subsequent
students. Studies reveal that some students regret
purchases, feel bullied or compelled to buy against
their wishes, while others have dropped out for such
reasons.
Cases of suicide contemplation have been reported,
including final-year students failing to graduate and
distinction-level students receiving lower grades due
to failure to patronize lecturers’ materials. Al can
accurately predict and eliminate these trends while
delivering improved service experiences for students.
Lecturers(10%) who reported helplessly silent over
unethical practices to avoid victimization “Agreed”
such Al-Blockchain adoption “would offer relief”.
Jones (2025) noted far more complex Al activities,
stating "weather forecasts powered by artificial
intelligence are usually more accurate—and require
less computational energy and fewer human hours—
than conventional predictions.”
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Bridging Equity in Al-Driven Learning
Addressing Disparities Through Al
Implementation

Al holds significant promise for mitigating
longstanding educational inequities. Through data
analytics and adaptive algorithms, learning
experiences can be tailored to meet diverse student
needs, particularly in underrepresented regions such
as Sub-Saharan Africa (UNESCO, 2023). Low-cost
mobile learning applications underpinned by Al are
being deployed in remote regions to deliver quality
content, monitor engagement, and provide real-time
assessments. These initiatives empower local
educators with actionable insights, leading to
continuous improvements in teaching strategies.

With localized data, Al systems can generate
culturally relevant content, ensuring educational
materials resonate effectively with local contexts
(Selwyn, 2019). Early analyses of global higher
education and research performance indicate that top
institutions and research centers remain highly
concentrated in specific regions, with significant
implications for global knowledge distribution and
accessibility. Other consideration includes, Table 1
and Table 2.
e Emphasizing lecturer engagement, ensuring
that exam content aligns with what is taught,
and promoting textbook usage seem to be

Table 2. EduChain Students Feedback

Factor Observation
Lecturer Subjects with 85%-+ attendance
Attendance and = and comprehensive coverage
Syllabus Subjects with 20%+ attendance
Coverage and comprehensive coverage

Exam Question | Strong correlation (r = 0.75)

Alignment with syllabus topics
Textbook Frequent borrowing (>4 times
Patronage per term) results in +10%

average marks; low patronage
strongly linked with failing
rates

crucial strategies for enhancing student
performance.

e These findings provide quantifiable evidence
that can help us refine teaching methods and
resource allocations. We might consider
measures such as incentivizing full class
attendance, periodic syllabus audits, and
outreach to encourage textbook patronage,
good quality textbook, zero tolerance of
compulsory  purchase-victimisation  to
address areas where students are
underperforming.

Equity Challenges and Ethical Implications

Despite  transformative  potential, Al
integration faces substantial equity challenges.
Inherent biases within Al training datasets may
inadvertently amplify existing disparities, particularly
when data fails to represent diverse populations.
Moreover, underrepresentation of certain regions in
global Al research risks tailoring solutions
predominantly to resource-rich  environments
(UNESCO, 2023). Achieving true inclusivity in Al-
driven education requires transparent algorithmic
decision-making processes and interdisciplinary
collaboration among technologists, educators, and
ethicists (Floridi, 2019; West, 2018).

Impact on Remarks
Performance
Average student

scores are 55-80%

Design, Tech Report
Writing, Traditional Arch.,
Graphics

Entrepreneurship,
Mathematics. (Courses with
least coverage)

Average student
scores are 30-50%

Below75% attendance not
allowed to participate in
exam.

Higher exam scores

when questions

match taught content

Significant Mathematics
improvement when Entrepreneurship (Books
resource utilization with highest patronage
increases during exam period)
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Table 3. Global Distribution of Top 75% Institutions and Research Centers

Region Approximate % of Top 75% Key Countries/Examples
Institutions/Research Centers
North America 40% United States, Canada
Europe 35% United Kingdom, Germany, France,
Switzerland, Netherlands
Asia-Pacific 20% China, Japan, South Korea, Australia,
Singapore

Latin America 4%
Africa 1%

Brazil, Mexico, Argentina
South Africa, Egypt

Source: AJP cited “Based on data from SCImago and WRUI platforms. Percentages reflect broad trends rather

than precise counts.”

Establishing robust ethical guidelines
remains essential for ensuring Al ultimately
democratizes educational opportunities rather than
perpetuating existing inequalities. This challenge
proves particularly acute in contexts where historical
legacies of educational exclusion intersect with
contemporary technological divides.

Case Studies in Equity Enhancement

Real-world implementations underscore Al's
potential to democratize education across diverse
contexts. In China, Al-powered early learning
platforms have been successfully deployed to
efficiently diagnose and address learning challenges
while fostering creativity and interdisciplinary
competencies. Al agents can be effective teachers like
real human, including effectively collaborate with
real people (students and teachers). Stanford
researchers Park et al. (2025) reported, “different type
of Al agent is on the rise—one designed to simulate
human behaviors and attitudes. If these simulation Al
agents achieve high accuracy, they could offer
researchers a powerful new way to test how
individuals and communities might respond to
different policies, messages, or events,” but
cautiously.

Several African nations have implemented
pilot projects utilizing low-cost Al tutoring systems,
yielding promising improvements in literacy and
numeracy even where conventional educational
infrastructures remain limited (UNESCO, 2023).
These cases illustrate that appropriate investments in
Al infrastructure and localized content development
can bridge educational gaps and enhance equity
across diverse regions. Success factors include
community engagement, culturally responsive
design, and sustainable implementation strategies that
address local needs and constraints. With increasingly
blurred boundaries between fields, young learners
develop interdisciplinary specializations as natural
educational extensions. Rogers (2003) “innovation
diffusion theory” supports posits that sustained rural

elder-led curation of indigenous dialect tokens will
normalize and empower the new rural economy.

Innovation in Global Learning Networks
Emerging Al-Enabled Collaborative Learning
Models

Al-enabled collaborative learning models
facilitate seamless cross-border communication and
resource sharing. Virtual classrooms supported by Al
simulate real-life interactions while facilitating
international research collaborations. For instance,
Massive Open Online Courses (MOOC) by Coursera,
Harvard, Udemy, Stanford have enabled remote areas
to benefit from world class lecturing otherwise not
possible. Also, YouTubes’ videos “do it yourself”
(DIY) have brought knowledge, skills, crafts to
hitherto  vulnerable remote communities of
developing countries. Global projects integrating
virtual and augmented reality (VR/AR) with Al
analytics are revolutionizing fields like architecture,
enabling students to collaboratively explore 3D
visualizations and interactive simulations (Blythe et
al., 2020). For instance, SketchUp-Microsoft
HoloLens-2 cost USD 3000-4000 per piece . This is
beyond affordability in addition to data cost for most
institutions. If existing mobile network operators
freely dedicate 5-8% of data throughput as part of
corporate social responsibility for R&D support such
will cut-cost and incentivize acquisition of gadgets
such as SketchUp-Microsoft HoloLens-2 by Nigerian
tertiary institutions.

Cross-Border Knowledge Sharing and
Technological Convergence

The convergence of Al with complementary
technologies, particularly blockchain, establishes
new standards for academic transparency and
security.  Blockchain's  decentralized  ledger
technology, when paired with Al, authenticates
academic credentials and preserves data integrity
while mitigating misinformation risks (Underwood,
2016). This synergistic approach  promotes
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international research networks by enabling rapid
dissemination of academic trends and fostering global
collaboration and best practice sharing (Floridi,
2019).

Indigenous technological knowledge systems offer
valuable insights for this convergence. ljaw boat
building technologies merged with western fossil
fuel-powered vessel technologies provide pragmatic
illustrations of such possibilities. Traditional ljaw
boats, like stilt houses, have endured time's test,
demonstrating sound environmental knowledge and
buoyancy principles. Through oral tradition and
communal practices, these skills have been preserved
and transmitted across generations. The materials and
skills can be tokenized for record-keeping, Al
training, and income generation.

The Role of Immersive Technologies

Immersive technologies—including virtual
tutors, gamified learning modules, and interactive
simulations—are redefining educational landscapes.
Combined with Al, these tools transform learning
from passive consumption to active, experiential
engagement. In disciplines such as engineering,
medicine, and the arts, immersive platforms enhance
comprehension and build practical competencies in
ways traditional methods often cannot achieve
(Huang, 2021). By embedding complex academic
challenges within engaging, interactive experiences,
Al-driven immersive environments optimize learning
outcomes while preparing students for rapidly
evolving professional landscapes. This
transformation proves particularly significant for
developing practical skills and fostering creative
problem-solving capabilities.

Early Exposure to Al and Cognitive Creativity
Enhancement

China's integration of Al into early childhood
education is reshaping students' cognitive
development patterns. Chinese children receive
exposure to Al-driven self-learning tools from early
ages, with teachers serving primarily as guides rather
than traditional instructors. This early immersion
facilitates intuitive understanding of Al's "native
language,” enabling children to become adept at
prompt engineering by their teenage years. The
availability of complex yet easily digestible
information means sophisticated answers are
promptly accessible, accelerating comprehension and
igniting creativity. This early Al mastery enhances
academic performance while fostering abilities to
manipulate, create, and innovate across disciplines.
Fig. 3 clearly reveals a significant disparity,

challenging established "Innovation Diffusion™
theory.

An architect working with Agentic Al can
design and build electrical components or other novel
structures  defying conventional paradigms—
demonstrating how early Al exposure offers radical
expansion in creative potential as intelligence
becomes ubiquitous (Huang, 2021). Such outcomes
underscore Al's transformative impact on stimulating
cognitive  flexibility and preparing innovator
generations well-versed in leveraging technology to
address complex, multifaceted challenges.

Challenges and Considerations
Al Lowering Communication Barriers

Al has notably enhanced educational
communication by mitigating language barriers that
historically impeded scholarly exchange. Al-powered
translation ~ tools  enable  near-instantaneous
conversion of text and speech, empowering scholars
to communicate research in native languages while
ensuring international accessibility (Floridi, 2019).
This capability fosters authenticity and enriches
academic discourse across diverse linguistic
backgrounds, promoting more inclusive and
representative scholarly communication.

Al Raising Barriers: Deepfakes and
Misinformation

While Al offers substantial benefits, it
introduces significant challenges. Al-generated
deepfakes and synthetic media pose serious risks to
digital information integrity and academic dialogue.
These technologies can manipulate audio, video, and
textual content, eroding trust and verifiability in
scholarly communications (Chesney & Citron, 2019).
Maintaining information integrity remains critical for
ensuring Al-driven educational innovations do not
facilitate misinformation spread.

Ethical and Legal Framework Requirements

Al's dual impact—revolutionary educational
potential alongside associated risks—necessitates
robust ethical and legal frameworks. Educational
institutions and governments must establish policies
ensuring transparency, accountability, and data
privacy. This includes conducting periodic Al system
audits to detect biases, enforcing strict data security
protocols, and integrating blockchain technologies to
provide immutable audit trails (Underwood, 2016;
Chesney & Citron, 2019). Such measures remain
essential for promoting trust in Al applications and
ensuring technological innovations serve all
stakeholders equitably. The framework must address
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both immediate implementation challenges and long-
term sustainability concerns.

Imperative for Blockchain Legal Framework in
Nigeria

Although Nigeria signed the National Blockchain
Policy in 2023, marking significant progress toward
leveraging blockchain for secure transactions and
data sharing, the absence of dedicated Blockchain
Law or Act remains a critical gap. Comprehensive
Blockchain Law would drive transformative change
through three fundamental mechanisms:

1. Legitimization:  Codifying  blockchain
solutions into enforceable legal constructs
would legitimize these technologies,
providing clear recourse in Nigerian courts.

2. Innovation and Adoption: Legal legitimacy
incentivizes developers and institutions to
invest in robust blockchain solutions,
fostering greater adoption and innovation.

“Knowledge is power”
MORAL INJURY:

Technology.

Mathematics

£

3. Attracting Global Investment: Transparent
legal frameworks signal regulatory stability,
attracting  international  investors and
specialized experts to establish innovation
centers, positioning Nigeria as a key player in
global Al, 10T, and blockchain technologies.
These measures prove critical as Huang

(2021) projects Al will contribute to a $100-trillion
industry by 2045-2050 during the 6IR era through
savings and process optimization across all industries.
Parallel to this, Tasca (2019) envisions a tokenized
economy supporting Jensen Huang's vision where
digital tokens become as pervasive as electricity,
intensifying urgency for robust blockchain
legislation. Imperative is need for collaborations and
hybrid conferences including interdisciplinary
researches as being led by STEAM,; this important in
mitigating moral injuries silently taking toll in other
industries, Fig.4.

Repodtory. Kons,
eI,
ratrarare

Felationshipy
triaisstaze

Figure 5. STEAM Led Collaborations for Smart Cities free from silent toll.

Privacy and Security in EduChain

The EduChain system, as outlined in
Appendix A, and Appendix B integrates a
comprehensive privacy and security framework to
safeguard user data and maintain system integrity.
Central to its architecture is data segmentation, which
classifies information by sensitivity—such as
personal identifiers (e.g., student IDs, names, contact
details) and academic records (scores, engagement
metrics). This enables strict role-based access control.
Tables 1-3 demonstrate how this segmentation
supports structured, secure data management.
To protect user identities, EduChain applies
automated hashing through smart contracts and Al
modules, transforming sensitive information into

anonymized identifiers before recording them on the
Simba Chain blockchain. This ensures no personally
identifiable data appears on the public ledger. The
system enhances transparency by permitting
authorized users, including students, lecturers, and
administrative staff, to audit records in real time while
preserving data immutability and decentralized
oversight. Role-based access ensures users interact
solely with data relevant to their responsibilities, and
adherence to data minimization principles mitigates
privacy risks. Additional safeguards include
advanced  cryptographic  key  management,
compliance with international data protection
standards such as GDPR and CCPA, and clearly
defined data governance protocols.
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Conclusions and Recommendations
Significant Findings

This analysis shows that artificial intelligence
(Al) functions not just as an operational tool but as a
dual agent, transforming both service delivery and
resource management in education. Al-driven
personalized instruction improves learning outcomes,
while system integration enhances efficiency and
transparency. Yet, challenges such as algorithmic
bias, misinformation risks, and regulatory gaps must
be addressed to ensure fairness and accountability.

Global Al, mobile network technology maps
have blank spot for Africa with US, Europe. China
demonstrate that investing in Al infrastructure, paired
with strong ethical oversight, is not only correlating
with prosperity (essentially developed economies)
but also vital for narrowing educational disparities.
Evidence also suggests that early Al exposure boosts
creativity, interdisciplinary skills, and prepares
students for complex global challenges.

Summary Table

Score. Z-score
80, 78, 82, 85, 88, 38, 0 + large (>18)
58 3.29

Interpretation

For seven of the eight scores, the p-value is
effectively zero—meaning these scores are
extraordinarily unlikely under the null hypothesis that
the true mean is 55. The 58 score is the only one with
a p-value (~0.001) that, while not effectively zero, is
still highly significant (well below the usual 0.05
threshold). All observed scores are statistically
significantly different from the mean of 55 at the
p <0.05 level. The score of 58, though less extreme,
still yields a strong rejection of the null (p = 0.001).

Operational recommendations:

e Revise Mathematics pedagogy and
assessment methods.

e Align Entrepreneurship assessments with
engagement trends.

e Retain successful instructional strategies in
Design.

e Investigate and address persistent
underperformance in Climatology.

As a proposed system, EduChain was tested
using quasi-simulated data, including scenarios
mimicking malpractice and data anomalies. With 9-
course Subject Score (M:75,SD:1) sample mean for 9
subjects( M: 55, SD:5). Students Engagement (M:57,
SD:3); attendance The system successfully flagged
approximately 3% of cases as potential malpractice or
concern areas, demonstrating its capability for early
risk detection within academic processes. EduChain’s
analytics were applied to Semester 1 and 2 subject-
level data on grades, attendance, engagement, and
flagged alerts. Key trends emerged: Mathematics
consistently appeared as a high outlier, indicating a
need to revise assessment and curriculum structure.
Entrepreneurship showed marked improvement in
Semester 2, suggesting a positive link between
assessment adjustments and student engagement.
Design maintained strong, consistent performance,

confirming effective instructional approaches.
Conversely, Climatology was a persistent low outlier,
pointing to systemic instructional challenges.

Recommended actions include student feedback
sessions, teaching audits, and resource reviews.

Two-tailed p-value
~ 0 (far below any conventional a level)
~0.001

Policy and Strategic Framework
Recommendations
Institutional ~ policy  failures  demand

automated policy self-assessment mechanism with

expanded liability for failure (Allison &
Pepple,2024). Based on comprehensive findings,
several critical recommendations emerge for
policymakers and educational leaders:

1. Adopt Inclusive Al Solutions: Develop Al
systems using diverse, representative datasets
while promoting interdisciplinary
collaborations  between  technologists,
educators, and local communities to ensure
culturally responsive and contextually
appropriate implementations.

2. Implement Comprehensive Ethical
Oversight: Establish independent bodies to
periodically audit Al initiatives, ensuring
transparency, fairness, and accountability in
digital  education  while  protecting
stakeholder interests and rights.

3. Strengthen Cybersecurity Infrastructure:
Invest in secure digital infrastructures
integrating technologies such as blockchain

155


https://www.ajstme.com.ng/

AJSTME, Volume. 11, Issue 2.

142-159, June, 2025. https://www.ajstme.com.ng

ISSN: 2251-0141 (Print), 2971-6233 (Online)
to protect data integrity and mitigate
misinformation risks while ensuring system
reliability and user trust.

4. Foster Cross-Border Collaboration:
Encourage international networks facilitating
shared learning, research collaboration, and
global best practice exchange to maximize
Al's transformative potential across diverse
educational contexts.

5. Establish Robust Legal Frameworks: Enact
dedicated legal instruments, particularly for
blockchain  technologies, to legitimize
solutions, drive innovation, and attract global
investment  while ensuring regulatory
compliance and stakeholder protection.

Future Research Directions

While the study provides comprehensive
analysis of Al's role in educational ecosystems, based
on preliminary findings of an ongoing study, it
sufficiently support the opinion of Al Blockchain
technologies engagement rather than outright
prohibitions in Education. While looking forward to
presenting a more definitive findings at the end of the

empirical research, further research remains
warranted in several critical areas:
e Longitudinal Impact Studies:  Assess

sustained impacts of Al-driven personalized
interventions on student outcomes across
diverse educational contexts and
demographic groups.

e Technology Integration Research:
Investigate  integration of  emerging
technologies including blockchain and
immersive learning with Al systems to
optimize educational effectiveness and
efficiency dialects integration.

e Socio-Cultural Impact Analysis: Conduct
comparative analyses of socio-cultural
impacts across diverse educational settings to
refine models of inclusive digital innovation
and cultural preservation.

e Optimal models for this dual evaluation
system, examining AI’s role in mitigating
bias and improving the reliability of both
student and lecturer assessments. This
research should develop evidence-based
guidelines for Al integration that support
dynamic, reciprocal feedback between
students and educators.
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