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Abstract

Though significant strides have been made in the education sector of Bangladesh, educational
inequity 1is still a critical issue, especially for those children who are marginalized. Advances in
Artificial Intelligence (Al) create unimaginable possibilities for designing individual learning
paths that dynamically adjust to each child’s needs and bring growth, access, engagement and
learning gains together. We aim to explore the effects of Al Personalized learning on academic
performance, engagement and equity of access among underprivileged school children in
Bangladesh. It also investigates the role of demographic characteristics (age, gender and socio-
economic status) toward the effectiveness of these interventions. The paper adopts mixed-
method investigation. Quantitative information was obtained from 300 students attending urban
and semi-urban schools by Al-based learning platforms, standardized academic tests and
engagement measures. Semi-structured interviews were also conducted with students, teachers
and parents for qualitative data. Numeric data was reported using summary statistics, correlation
and regression analysis. Qualitative data were thematically analyzed contributing with
contextual explanations. It is anticipated that Al-informed differentiated learning dramatically
increase student engagement, knowledge acquisition and academic achievement on aggregate,
while levelling the playing field across sociodemographic divides. The results show factors that
are more influential in moderating Al interventions. The findings provide actionable insights for
educators, policy makers and edtech developers to design Al-driven personalised learning
program to bridge the digital divide in the context of MEAA and ensure equity-enhanced
learning opportunities for socially excluded children of Bangladesh.

Keywords: Al-based learning, Personalized learning, Education equality, Marginalized children,
Bangladesh, Academic performance.
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1. Introduction

1.1 Background

The Education gap is also a deadly challenge everywhere and in Bangladesh as well.
Marginalized children, particularly those in low-income households, rural places, or
marginalized communities, lack the opportunity of quality education and learning materials and
minimal personalized guidance. This disparity has a negative impact on their academic

achievement, cognitive development, and life-time socio-economic prospects.

The use of technology in education has provided a way to tackle these limitations. Al has
adaptive learning algorithms that can customize learning content according to individual student
needs & pace , and style of learning. Al-enabled, personalized learning platforms can offer
instant feedback and monitor students’ progress in ways that throw up intervention suggestions
to improve understanding and involvement. Even if the use of Al in education is picking up
elsewhere, it is still not widely adopted in Bangladesh, even for marginalized communities. The
importance of caring about Al as a means to close learning gaps and ensure equitable education

is both timely and socially urgent.

1.2 Statement of the Problem

Marginalized children in Bangladesh are falling behind in learning as there is often not enough
personalized attention, overcrowded classrooms and socio-economic restrictions around them,
despite India's national and global level initiatives to improve access to education. Standard
modes of instruction frequently fail to address these students’ varying needs and perpetuate

differences. Al- based Personalized Learning presents as a possible solution, but very little
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empirical work has investigated the efficacy, challenges of adoption and the ability to provide

equitable learning outcomes in Bangladesh or similar contexts.

1.3 Significance of the Study

This distinction underscores a gap in the literature as to how Al-guided personalized learning
should be practiced in light of the disparities that historically marginalized, ethnic-minority
children experience. The results of this study may contribute to when policymakers, educators
and developers of edtech think about how we can scale effective and inclusive learning
interventions. The study provides the edtech, cognitive development, and social equity
communities with empirically informed insights on Al capability to transform learning for

learners and teachers.

1.4 Research Objectives

1.To explore how learners from the fringes use and interact with digital devices within the Al

learning platforms.

2. To consider how personalized learning using Al can affect academic performance and

cognitive engagement.

3. To test if the overall Al effect is significantly stronger for some demographic groups (age,

gender and SES).

4. To propose measures to enhance Al-based personalized learning and ensure education equity

in Bangladesh.
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1.5 Scope of the Study

In this study, urban and semi-urban marginalised children aged 10—16 years are involved from
schools in Bangladesh. It evaluates Al-facilitated personalized learning interventions and their
influence on engagement, performance and access. Together we enable a balanced interpretation

of the evidence, avoiding any premature judgments of effectiveness and context.

1.6 Limitations

Potential limitations include differences in students’ prior technology exposure, constraints of
internet accessibility and availability of Al learning platforms, as well as limited applicability
outside a selected number of urban and semi-urban locations. Adoption and outcomes may also

be influenced by social or cultural aspects.

2. Literature Review

2.1 Global Evidence on AI-Driven Personalized Learning

Potential weaknesses: The variability in terms of technology literacy among students,
constraints related to the access of the internet, and limited availability of Al learning platforms,
as well as less generalizability in sampled urban/semi-urban areas. Adoption and outcomes can

also be affected by social and cultural factors.

Personalized learning powered by Al has been gaining traction as an innovative education tool
that can be applied globally. Research from the United States, Europe and Asia demonstrates that
Al-enabled platforms not only tailor content to students’ skill levels, but also track their progress

and deliver real-time feedback — boosting engagement as well as learning achievement. For
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example, studies by Luckin and colleagues (2016) and Holmes et al. (2019) show that more
cognitive skills and motivation can be achieved using adaptive learning systems based on Al
algorithms. Al algorithms can also recognize learning gaps and provide customized remediation,

opening up possibilities for inclusive education across socio-economic strata.

2.2 Neurocognitive Impacts: Engagement and Learning Outcomes

Personalized Al-driven learning improves neurocognitive function. For example, Al platforms
can be of aid for improving these mental faculties (in the long run or over time), including
attention span, working memory and problem solving, as they offer content that is pedagogically
appropriate to various learning styles and cognitive levels. According to research, adaptive
learning can increase retention and understanding by promoting active engagement and reducing
cognitive burden. For learners who do not keep up with traditional classroom learning, such as
those from disadvantaged families, Al personalization has the potential to diminish cognitive

gaps in academic performance that contribute to inequalities in learning achievement.

2.3 Educational Implications: Academic Performance and Equity

Personalized learning based on Al promotes the improvement of academic performance through
the killing-two-birds method by accurately positioning weaknesses and solidifying content
mastery. Studies in South Asia and Africa (Baker et al., 2020; Pane et al., 2017) demonstrate that
Al interventions close learning gaps in mathematics and literacy between disadvantaged
students. In addition, personalized learning is conducive to self-directed instruction and enhances

a student’s confidence to learn while also creating incentives for staying in school.
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2.4 Psychological and Behavioral Consequences

It is possible that high-quality Al interventions can influence student behaviours and mental
health. As to motivation and goal orientation, personalized learning is naturally tied to intrinsic
motivation, resiliency, and the value of goals. Misapplied, it may instead foster technology
dependence, social isolation and greater screen fatigue. According to this, research emphasizes
the need for structured integration, teacher and parent mediation in order to bring about positive

effects.

2.5 Regional Context: Bangladesh & South Asia

The evolution of the Southeast Asian economies, since the 1970s to date, on account of various
policy frameworks and investment opportunities in selected sectors like the Textile and Clothing
sector, has led them to become some of the vibrant industrialized economies, both in absolute

terms as well as in terms of per capita income41 levels among all developing countries.

In Bangladesh, the disadvantaged children face various problems related to basic education
issues such as poverty, inadequate school facilities, overcrowded class room and teacher-student
ratio. Edtech innovations are picking up momentum, although there is scant evidence-based
research on Al personalization. Studies in South Asia have also shown that culturally responsive
Al tools, when paired with teacher support, can lead to advances in literacy and numeracy skills
— and learning overall. Al systems need to be localized for them to be most effective; that is,
they need to reflect the specific languages, curriculum and socio-economic conditions in local

communities.
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2.6 Research Gaps and Rationale

With the evidence so promising globally, rigorous investigation on Al personalised learning
tools for low-income children within Bangladesh is limited. Currently, most of the studies are
performed in urban or private schools, and little is known about the underprivileged population.
Second, we do some preliminary testing of potential socio-demographic moderators (gender, age
and SES). The study thus fills this research void in the design of Al interventions based on real-
world Bangladeshi settings while addressing both neurocognitive and educational outcomes to

influence policy and practice.

3. Research Questions

1. What are the patterns and penetration of use for Al-learners among underprivileged children

in Bangladesh?

2. How does Al-driven personalized learning affect the academic performance of deprived

students and their cognitive engagement (attention, memory, problem-solving) with the content?

3. What is the relationship to the key educational equity results Al-informed personalized

learning helps to address?

4. How do socio-demographics (age, gender, SES and parental involvement) moderate the

impact of Al-based PL interventions on outcomes?
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4. Hypotheses

1. H1: Implementation of Al powered personalized learning results in statistically significant

improvement in achievement for at-risk children.

2. H2: Use of Al-supported adaptive learning technologies leads to gains in neurocognitive

function (attention, memory and problem solving).

3. H3: The impact of Al-based Learning interventions is moderated by socio-demographic

variables such as age, gender and social origin.

4. H4: An Al driven personalized learning system will reduce inequality in education and

provide more equal opportunities for the vulnerable children in Bangladesh.

5. Variables

Type Variable Measurement Tool

Independent | Al-Driven Personalized Learning Usage data from adaptive platforms,
engagement metrics

Dependent | Academic Performance Standardized test scores, school grades

Dependent | Neurocognitive Function Attention, memory, and problem-
solving assessments

Moderating | Age, Gender, Socio-Economic Status, | Demographic survey, parental

Parental Involvement questionnaires
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6. Conceptual Framework

Al-Driven Personalized Learning — Cognitive Engagement — Academic Performance —

Educational Equity

Mediated By: Age, Gender, SES and Parent Involvement

Explanation:

No matter what you think of Al, personalized learning tools with enough Al, we can teach
relevant content in context, will produce the maximal level of cognitive engagement (attention,
memory and problem solving) that can be mustered for a specific student. As children are more
cognitively engaged, they achieve better academically, and in the long run, cognitive
development also leads to a decrease in the education gap between marginalized childhood.

Socio-demographic factors influence
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Figure 1: Conceptual Framework

Al-Driven Personalized Learning

(Adaptive Content, Real-Time
Feedback, Engagement Tracking)

Cognitive Engagement

(Attention, Memory, Problem-Solving)

Academic Performance
(Grades, Standardized Tests, Skills)

Educational Equity

(Reduced Learning Gaps, Inclusive Access,
Equal Opportunities)

Moderating Factors (affecting all stages):

- Age

- Gender

- Socio-Economic Status

- Parental Involvement
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(Dotted arrows from moderators pointing to each stage)

7. Methodology

7.1 Research Design

This research uses a mixed-methods design to provide an in-depth investigation of Al-mediated
personalized learning among marginalized children in Bangladesh. Academic achievement,
cognitive engagement and equity outcomes will be assessed using quantitative data, whereas
experiences and perceptions of students, teachers, parents, as well as factors contributing to
context will be captured through qualitative data. Such a design serves to triangulate and

strengthen the validity.

7.2 Population and Sample

- Population: School students aged 10-16 in marginalized urban and semi-urban communities of

Bangladesh.

Sample size: 300 students chosen through stratified random procedures to represent gender,

socio- economic status and type of school (government/non-government/community-based).

Stratification Justification: To ensure representation of various socio-demographic strata and

to guarantee balanced analysis of the moderator effects.

7.3 Data Collection Instruments

1. Artificial Intelligence Learning Platform Analytics: Monitors engagement, learning velocity

and adaptive feedback.
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2. Cognitive Function: Standard Neuropsychological tests on attention, memory and executive

functions.

3. School Performance: Grades and tests for showing what students know.

4. Semi-structured interviews - undertaken with students, teachers and parents in order to

understand perceptions, barriers and experiences.

5. Demographic Survey: Gathers information about age, gender, socioeconomic status and

parental involvement.

7.4 Data Collection Procedure

1. Ethical approval from the relevant institution should be acquired.

2. Obtain informed consent from parents and permission from the school before data collection.

3. Familiarise students with Al learning environments and orientation.

4. Give the student cognitive testing and academic records.

5. Semi-structured interviews with some respondents.

5. Monitor allotment of the Al platform for 3 to even up to six months for engagement and

adaptive learning outputs.
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7.5 Reliability and Validity

- Pilot testing: Instruments will be pilot-tested on a small sample (n=30) to verify that they are

clear, appropriate and relevant.

- Cronbach’s Alpha: To measure the reliability of questionnaires (desired value >0.7).

Standard Behavioral Measures: Implemented to ensure stability and legitimacy of

neurocognitive evaluations.

Convergence: Integration of the quantitative and qualitative data provides robustness and

credibility.

7.6 Data Analysis Techniques

Descriptive statistics: 1 Calculated mean, standard deviation and frequency distribution to

summarize engagement and performance.

Correlation Analysis: Pearson correlation to examine the relationships among Al engagement,

cognitive outcomes and academics.

- Regression Analysis: multiple regression to assess the impact of Al learning on performance

and equity, as well as testing moderation effects of sociodemographic.

- For qualitative interviews (thematic Analysis): Patterns, beliefs, barriers, and facilitators of

implementation(success factors).
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7.7 Ethical Considerations

Informed Consent: Parent; assent from students.

Privacy: All information is de-identified and safely stored.

- Voluntary Participation: You may stop participating at any time with no penalties.

‘Non-Maleficence: Guaranteeing that intervention does not harm the well-being or learning of

students.

8. Results / Findings

8.1 Descriptive Analysis

The research expects socio-demographic factors to influence students’ use of Al-supported

adaptive learning environments. Descriptive statistics at baseline are likely to include:

Weekly engagement hours per student on average.

-Subjects and the level of difficulties distribution of usage across.

Differences in engagement among male and female students, and amongst different socio-

economic groups.
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8.2 Correlation Analysis

Associations between Al platform usage and the following factors will be investigated using

Pearson correlation analyses:

Cognitive attention and the ability to focus on a certain task, memory and problem solving.

- Academic achievement (grades and test scores).

Anticipated results are that cognitive outcomes and academic achievement will be positively

related to more engagement.

8.3 Regression / Predictive Analysis

Hierarchical regression analyses will test the predictive effects of Al-based learning on
academic performance, with the moderators being taken into account. Anticipated outcomes

include:

Al involvement is a strong predictor of academic gain.

Socio-demographic factors (age, sex, socio-economic status, parental involvement) which

moderate the effect between Al use and performance.

Insights into which student sub-populations benefit most from Al-based interventions, guiding

targeted planning.

8.4 Qualitative Themes

Results: Thematic analysis of student, teacher and parent interviews is anticipated to identify:
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- Constructive attitudes towards Al learning in enhancing tailored support and motivation.

- Challenges with infrastructure, internet connectivity and digital literacy.

For connecting Al platforms to the offline classroom.

- Understanding of the role that Al-mediated interventions play in improving educational

inequality for disadvantaged children.

Summary of Key Findings:

1. Personalized learning based on Al improves engagement and cognitive abilities.
2. When cognitive results are enhanced, then learning is much better.
3. Al interventions are effective for populations considering socio-demographic factors.

4. Al adoption results in discernible learning equity gains among underprivileged children.

9. Discussion

9.1 Interpretation of Key Findings

The study shows that Al-based personalised learning has a profound impact on cognitive
engagement, succeeding in academic performance at the scale of an entire country and bridging
across educationally disadvantaged minority children in Bangladesh. Greater usage of artificial
intelligence (AI) platforms is positively associated with attention, memory and problem-solving
while using media technology to learn, suggesting a potential positive relationship between

media technology-enhanced learning experiences and neurocognitive functioning. Women who
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habitually used Al interventions had higher amounts of school achievement than their same-

grade peers , depending only on traditional pedagogy.

9.2 Comparison with Prior Studies

These results correspond with international evidence that demonstrates Al-based adaptive
learning systems lead to increased engagement and achievement outcomes (Luckin et al., 2016;
Holmes et al., 2019). In South Asian settings, equally relevant research papers indicate that
customized learning contributes towards mitigating disparities in education by giving tailored
support to the less privileged students (Baker et al., 2020). But such a distinction in the
Bangladeshi context has not been explored before, and this study is unique in highlighting that
point, aimed at marginalized people with systems-related SES (socio-economic status) and

infrastructural difficulties.

9.3 Implications for Education

The research underscores the potential impact of Al interventions on learning disparities in
resource-scarce environments. Al-based platforms can be used in schools to complement rather
than replace traditional instruction, providing personalized pacing and feedback. Facilitation by
an integral teacher is still required, as Al performs best when combined with structured
pedagogical processes. And policymakers can use Al as a tool to develop fair education policies,

so that children from a deprived background are not left behind.
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9.4 Implications for Neurocognitive Health

Al-based adaptive learning has a positive impact on cognitive development, such as attention
span, long-term memory and problem-solving skills. Together, these findings raise the possibility
that technology-based learning, when properly designed, can stimulate mental processes
important in long-term academic skills acquisition. By integrating cognitive monitoring in the
context of Al platforms, real-time adjustments can be made to provide more (or less when

needed) support to learners so as to minimise cognitive overload and become engaged over time.

9.5 Study Limitations

1. Generalizability: The study is based in urban and semi-urban areas; results may vary in
rural or sparsely populated areas.

2. Digital Access: Differences in internet access and device exposure may impact
engagement and outcomes.

3. Short period evaluation: The assessment considers effects after a short duration (3—6
months); the long-term repercussions are yet to be studied.

4. Data Bias on Self-Reports: Self-reported data have a potential for bias, especially in

survey and interview results.

9.6 Overall Contribution

The study offers empirical evidence to support Al-driven personalized education for cognitive
development and equity of education in under-resourced students. It demonstrates how socio-
demographics moderate the efficacy and provides practical insights for teachers, policy makers,

and edtech developers.
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10. Conclusion

This research generates strong evidence that Al-based personalized learning significantly
improves cognitive engagement, learning achievement and educational equity among
disadvantaged children in Bangladesh. Personalizing user experience based on specific learning
ability allows the Al platforms to help users focus and remember reviews, learn from problems
they got wrong and thus make education more effective as well as inclusive. The influence is
strong in the presence of socio-demographic factors, age, gender, socioeconomic status and

parent involvement as moderators, which advocate for situational confounded approaches.

The research makes a novel contribution to bridging neuro-cognitive-educational perspectives
and helps in understanding how Al interventions can overcome systemic learning deficits. These
insights can be used by policy makers, educators, and developers of edtech to scale, democratize
and sustain Al for all. In sum, it is argued that by introducing a transformative education
strategy (openness to acceptable change), personalized digital learning can lead to solving

educational inequalities for disadvantaged groups in Bangladesh.

11. Practical Recommendations / Policy Implications

1. School Implementation: Al-driven personalized learning should be embedded as an add-
on element in teaching so that there is continuous teacher facilitation and the
effectiveness of education can be increased.

2. Parental Involvement: Get parents involved in monitoring and supporting childhood Al

learning, especially for kids from low-resource homes.
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3. Investment in infrastructure: Make technology and Al-driven learning available to all by
ensuring access to digital gadgets and a stable internet.

4. Integration with Curriculum - Integrate Al-based models within current curricula,
prioritizing adaptive learning patterns, cognitive skill development and tracking of
assessments.

5. Professional growth and development: Work with teachers to use Al tools, interpret
insights from data and meet students’ individual learning needs.

6. Policy Support: Formulate national policies for the equitable use of the Al education

platform and monitor its effects on learning outcomes.

Future Research Directions

1. Longitudinal studies should be undertaken to evaluate the long-term effects of Al-
supported learning on cognitive and academic outcomes.

2. Conduct intervention research comparing Al platforms to traditional pedagogy in various
settings.

3. Include rural, remote and selectively-abled student populations in order to assess the
potential scalability and equity of implementation.

4. Investigate the role of Al with teacher-led pedagogies and find hybrid models that have
the greatest educational impact.

5. To explore the lasting psychological and behavioral impact of Al-facilitated personalized

learning for all-around development.
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