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Abstract

The paper presents a description of the use of Al in primary education and the changing face of
education through this technology in teaching and learning. Al-powered tools do innovative things in
education, from customizing learning to students' needs to automating tedious administrative tasks to
improving student engagement. This presents a research component where analysis of data collected
from primary schools that had implemented such Al technologies was done, relating to the benefits and
challenges of adopting Al. The general finding states that Al does increase educational outcomes
tremendously, but areas that may prove challenging as digital literacy, infrastructure constraints, and
ethical issues have to be tackled. The recommendations from the study are for effective implementation
through teacher training, policy frameworks, and equal access to resources in Al in primary education.
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Personalized Learning, Al in Schools.

1. Introduction

The world of education is changing on a grand scale as a result of Al-enabled technologies (Luckin et
al., 2016). The personalized learning capability along with automating mundane tasks and increasing
student engagement gives a new identity to conventional teaching systems (Zawacki-Richter et al.,
2019). Al-based tools like intelligent tutoring systems, speech recognition software, and adaptive
learning platforms have redefined the paradigms of learning (Holmes et al., 2019).

With the introduction of Al to opinion socialization in primary schools, it is in tandem with the ongoing
global shift from traditional to digital learning environments (Li et al., 2021). Al-laden learning settings
render real-time feedback through learning management systems, enabling students to have timely
interventions (Chen et al., 2020). Further, instruction methods are tailored based on understanding
student progress by employing analytics that harness Al for teachers (Ifenthaler & Yau, 2020). In the
smart classrooms, artificial intelligence is used to spice learning with immersive experiences through
technologies like augmented reality (AR) and virtual reality (VR) (Baker & Smith, 2019).

Nevertheless, advantages are juxtaposed with other challenges, including limited access to Al, a lack of
openness to the adoption of technologies, and ethical issues regarding privacy about data and prejudice
(Williamson & Eynon, 2020). This paper takes a look at Al's role in primary education together with its
merits, limitations, and futures in this sphere. It does this by analyzing data from the empirical point of
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view to give insight into how Al is drawing the latter future for early education and foregrounding some
strategies to overcome barriers of application.

2. Primary Education

The broad outline of primary education would be more accurate in terms of its content and scope if it
included Classes 1 to 5. Primary education provides infrastructure for higher education in formal
schooling directed at children between 6 and 11 years for those who have attained developmental
milestones such as literacy, numeracy, communication, and problem-solving skills (UNESCO, 2022). It
also equips a child with necessary cognitive, emotional, and social skills for later schooling or within
various life settings (Zawacki-Richter et al., 2019).

Artificial Intelligence (Al) offers new and great avenues to complement primary teaching and learning..
Personalize learning paths have increasingly relied on various adaptations of instruction to individual
student pace, preferences, and progression with the help of Al-enabled tools (Chen, Zhao, & Wang,
2021). These applications offer the answer to the diversity in classroom settings that leaves no student
behind (Holmes, Bialik, and Fadel, 2019).

Additionally, even gamified environments integrated with Al would contribute to students' participation
and improved motivation. Intelligent tutoring systems and learning analytics couple ongoing feedback
with early detection of learning gaps for timely intervention (Baker and Siemens, 2020; Li, Zhang, and
Ma, 2021). Al promises a world where most routine admin tasks could be automated for teachers, and
actionable insights from performance-based data of students could be utilized to improve the efficiency
of teaching and focus on pedagogy (Ng, 2021; Patel, Gupta, and Sharma, 2021).

Thus, careful implementation of Al in primary school programmes would propagate inclusion,
engagement, and success. This would be a good consideration from the angle of developmental theories
for children and much more local educational needs.

3. Artificial Intelligence in Education

Al refers to machines with the ability to interpret and process data, find regularities, and make intelligent
judgments (Luckin et al., 2016). Al applications could adapt to the pace of learning of students, display
their weak areas, and offer right suggestions for intervening (Ifenthaler & Yau, 2020).

In Primary Education, Al goes beyond academics to serve purposes of building administrative efficiency
and behavior analysis and predictive analytics that help track the student's performance (Zawacki-
Richter et al., 2019).

4. Types of Artificial Intelligence in Education

An Intelligent Tutoring System (ITS)-based approach, wherein an intelligent tutoring system will
interact with a student and can give everything personalized at the performance level of every individual
student (Holmes et al., 2019).

Learning Analytics: Continuous student monitoring and progress evaluation on how better decisions can
be made regarding education (Ifenthaler & Yau, 2020).

Wide range of types—Al-chatbots and virtual assistants: They perform well in real time, giving
immediate support and responding to inquiries that students present (Chen et al., 2020).

Automated Grading Systems would greatly minimize a teacher's burden in grading works and
examination papers (Zawacki-Richter et al., 2019).
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5. Process of Teaching and Learning in Primary Education

Primary education currently follows structured curricula, teacher-directed instruction, and standard
forms of assessments with respect to traditional models of teaching and learning processes. Al
incorporates adaptive courses, automated assessments, and data analysis in refining educational practices
(Luckin et al., 2016; Holmes et al., 2019).

6. Impact of Al on Teaching and Learning

More Student Participation — Keep learning fun with gamified experiences driven by Al (Baker &
Smith, 2019).

A Data-Driven Decision — Al informs teachers on trends within learning in making better instructional
decisions (Ifenthaler & Yau, 2020).

Automated Assessment — Al evaluates students' progress with immediate feedback (Chen et al., 2020).

7. Need for Artificial Intelligence in Primary Education

Modern education has its essentials as an elusive magic wand, and it waves such magic over the learning
scenario, transforms administrative processes, and offers some room for inclusion in all categories of
education (UNESCO, 2022). Detailed discussion on the relevance of Al to primary education follows:
Individualized learning entails modifying lesson plans suitable for each student according to their
progress during classes (Luckin et al., 2016). Administrative efficiency implies that Al could help ease
problems like grading, attendance, and scheduling (Zawacki-Richter et al., 2019). Improved engagement
means that Al motivates students while gamifying lessons (Baker & Smith, 2019). Special education
could be Al for these students. Enhanced assessment could mean students get real-time assessment
feedback and adaptive assessments available through Al (Chen et al., 2020). Bridging learning gaps
might refer to struggling students being identified and given special targeted support by Al (Ifenthaler &
Yau, 2020). Multimodal learning has Al supporting students through learning styles like visual,
auditory, or kinesthetic (Holmes et al., 2019). For parental involvement, Al tools send reports to parents
concerning real-time progress on students. Finally, future-ready graphics have students prepared for jobs
in technology. Al is integrated into primary education solely to make learning personal and efficient (Li
et al., 2021). Table 1 represents Factors of Teaching and Learning and Contribution of Artificial
Intelligent (Al)

Table 1: Factor and Al Contribution

Factor Al Contribution

Personalized Learning Al customizes lesson plans based on student progress.
Administrative Efficiency Al automates tasks such as grading, attendance, and scheduling.
Improved Engagement Al-driven gamification increases student motivation.

Support  for  Differentiated | Al assists students with special educational needs.
Learning

Enhanced Assessment Al provides real-time feedback and adaptive assessments.

Bridging Learning Gaps Al identifies struggling students and offers targeted support.

Multimodal Learning Al supports diverse learning styles, including visual, auditory, and
kinesthetic.

Parental Involvement Al tools provide real-time progress reports to parents.
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8. Research Questions:

Q1: Is there a significant difference in student engagement between the experimental group and the
control group?

Q2: Does the intervention lead to a significant difference in retention rates between the experimental
group and the control group?

Q3: Are there significant differences in learning outcomes between students in the experimental group
and those in the control group?

Q4: Does the intervention result in a significant reduction in teacher workload compared to the control
group?

Q5: What training would be necessary? How do educators conceive the utility of Al platforms in lesson
planning and differentiation?

Q6: What has been the feedback of students using Al learning tools relatively independently, enjoying,
and becoming confident?

Q7: What kind of challenges are faced by both teachers and students in deploying these Al-powered
learning resources?

Q8: Development in student participation, inclusion, and self-learning development: does the Al tool
either support or undermine it?

Q9: In what ways, and if any, Al platforms help in easing up work-loads on the teaching side while
monitoring the developments of students?

9. Objectives of the Study:

O1: To weigh the effect of an e-learning intervention on student engagement against experimental and
control groups.

O2: To assess the short-term effects of the intervention on retention rates in students attending
experimental versus control programs.

03: To measure the difference in learning outcomes between students exposed to an intervention and a
comparison group.

O4: To consider whether the intervention has reduced the amount of teacher workload as perceived or
measured in experimental and control settings.

O5: To consider teachers' views relating to the utilization of Al platforms in lesson planning,
differentiation, and classroom activities.

06: To explore students' experiences and perceptions surrounding the use of Al resources in their
learning.

O7: To identify the perceived advantages and disadvantages in the use of Al educational tools from the
perspectives of both teachers and students.

08: To analyze the effects of Al-based tools on student engagement, a sense of agency, and inclusion
when learning in the classroom.

09: To study the impact of Al tools on teacher workload and instructional support concerning
assessment and feedback.
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10. Research Hypotheses

Ho 1: There is no significant difference between experimental group and control group in terms of
Student Engagement.

Ho 2: There is no significant difference between experimental group and control group in terms of
Retention Rates.

Ho 3: There is no significant difference between experimental group and control group in terms of
Learning Outcomes.

Ho 4: There is no significant difference between experimental group and control group in terms of
Teacher Work Load Reduction.

11. Method and Procedure

A mixed-method research design was used in the study, which integrated quantitative research
components and qualitative study to find out the effect of Artificial Intelligence in the teaching practices
and learning experiences in primary schools.

11.1 Research Design

For Quantitative Component: A quasi-experimental research design was used in this study where
students were grouped for comparative analyses:

Control Group: Schools that operated with traditional teaching methodology.

Experimental Group (Al-integrated Group): Schools that used Al-powered tools for education.

For Qualitative Component: Observation, Teacher Interview, Student Focus Groups and Al Tool
Usage Log

11.2 Sample

The purposive sample was drawn from 10 primary schools across Tamil Nadu:

Total students: 180 (90 in Al group, 90 in Control group)

Teachers: 30 (15 per group)

School Type: Mix of government and private institution

11.3 Instruments Used

Before and After Tests: Scores in academic achievement

Observation Checklist: Engagement and interaction among students

Teacher Interview Schedule: Indications on the inclusion of Al

Student Focus Groups: Experience and feedback on Al tools

Al Tool Usage Log: Retrieved from learning platforms

11.4 Al Tool Usage Types in Primary Education

Table 2 represents various types of Al tools that were observed across Al-incorporated schools include
the following:

Table 2: Types of Al Tool and Its Functionality

Type of Al Tool Functionality

Intelligent Tutoring Systems (ITS) | Personalized lessons and problem-solving guidance
Automated Grading Software Instant evaluation of quizzes and assignments

Al-Based Chatbots Real-time answers to student queries

Adaptive Learning Platforms Adjustment of learning material based on student performance
Virtual Assistants Helping with daily scheduling and reminders
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Speech Recognition Tools Language development and pronunciation enhancement

Learning Analytics Dashboards Visual reports on student progress for teachers and parents

11.5 Data Collection Procedure

The data was collected in three phases;

Pre-intervention: Baseline assessment and teacher orientation

Mid-term Monitoring: Week to week monitoring of engagement, usage, and feedback
Post intervention: Outcome analyses and qualitative feedback sessions.

12. Limitations of the Study

There will be no generalization of the findings to other areas outside those included because Tamil Nadu
schools are the only region under study.

Purposive sampling did not permit results that reflected the entirety of practices on the integration of Al.
Not so much time was available to observe anything constant concerning the overall impact of Al on
learning outcomes.

13. Ethical considerations
Informed consent was sought from all the participants.
In the interest of participants' privacy, anonymization of data collected on students occurs.

14. Data Analysis

11.1 Quantitative Findings

Ho 1: There is no significant difference between experimental group and control group in terms of
Student Engagement.

Table 3 represents the data on Student Engagement for both the Control and Experimental groups.

Table 3: Data for Student Engagement

Group name: Control Group Experimental Group
Sample average (X): 55 85

Sample size (n): 90 90

Sample SD (S): 5 3

Two sample t-test (pooled variance), using T distribution (df=178) (two-tailed) (validation)

Ho 1 hypothesis

Since p-value < a, Ho 1 is rejected.

The average of Control Group's population is considered to be not equal tothe average
of Experimental Group's population.

In other words, the difference between the sample average of Control Group and Experimental
Group is big enough to be statistically significant.

P-value

The p-value equals 5.499¢e-105, ( p(x<T) = 2.749¢-105 ). It means that the chance of type | error
(rejecting a correct Ho 1) is small: 5.499e-105 (5.5e-103%).

The smaller the p-value the more it supports Hy 1.
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Hi 1: There is a significant difference between experimental group and control group in terms of Student
Engagement.

The statistics

The test statistic T equals -48.8094, which is not in the 95% region of acceptance: [-1.9734 : 1.9734].
X1-X2=-30, is not in the 95% region of acceptance: [-1.2129 : 1.2129].

The standard deviation of the difference, S' equals 0.615, is used to calculate the statistic.

Effect size

The observed effect size d is large, 7.28. This indicates that the magnitude of the difference between the
average and average is large.

T Distribution

-2 i} 2

reject{a/2)

accept =T

Figure 1: t-Distribution Graph for Student Engagement

Twvo sample t-test (pooled variance)
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Figure 2: Average Score of Control and Experimental Group for Student Engagement

Figures 1 and 2 depict the t-distribution graph and the average student engagement scores for the Control
and Experimental groups, respectively.

Ho 2: There is no significant difference between experimental group and control group in terms of
Retention Rates.

Table 4 represents the data on Retention Rates for both the Control and Experimental groups.
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Table 4: Data for Retention Rates

Group name: Control Group Experimental Group
Sample average (X): 60 88

Sample size (n): 90 90

Sample SD (S): 4 3

Two sample t-test (pooled variance), using T distribution (df=178) (two-tailed) (validation)

Ho 2 hypothesis

Since p-value < a, Ho 2 is rejected.

The average of Control Group's population is considered to be not equal tothe average
of Experimental Group's population.

In other words, the difference between the sample average of Control Group and Experimental
Group is big enough to be statistically significant.

P-value

The p-value equals 4.052e-111, ( p(x<T) = 2.026e-111 ). It means that the chance of type | error
(rejecting a correct Ho 2) is small: 4.052e-111 (4.1e-109%).

The smaller the p-value the more it supports Hi 2.

Hi 2: There is a significant difference between experimental group and control group in terms of
Retention Rates.

The statistics

The test statistic T equals -53.1263, which is not in the 95% region of acceptance: [-1.9734 : 1.9734].
X1-X2=-28, is not in the 95% region of acceptance: [-1.0401 : 1.0401].

The standard deviation of the difference, S' equals 0.527, is used to calculate the statistic.

Effect size

The observed effect size d is large, 7.92. This indicates that the magnitude of the difference between the
average and average is large.

T Distribution

-2 4] 2

— reject(a/2)

accept =T

Figure 3: t-Distribution Graph for Retention Rates
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Figure 4: Average Score of Control and Experimental Group for Retention Rates

Figures 3 and 4 depict the t-distribution graph and the average retention rates scores for the Control and
Experimental groups, respectively.

Ho 3: There is no significant difference between experimental group and control group in terms of
Learning Outcomes.

Table 5 represents the data on Learning Outcomes for both the Control and Experimental groups.

Table 5: Data for Learning Outcomes

Group name: Control Group Experimental Group
Sample average (x): 50 80

Sample size (n): 90 90

Sample SD (S): 5 3

Two sample t-test (pooled variance), using T distribution (df=178) (two-tailed) (validation)

Ho 3 hypothesis

Since p-value < a, Ho 3 is rejected.

The average of Control Group's population is considered to be not equal tothe average
of Experimental Group's population.

In other words, the difference between the sample average of Control Group and Experimental
Group is big enough to be statistically significant.

P-value

The p-value equals 5.499e-105, ( p(x<T) = 2.749¢-105 ). It means that the chance of type | error
(rejecting a correct Ho 3) is small: 5.499e-105 (5.5e-103%).

The smaller the p-value the more it supports Hi 3.

Hi 3: There is a significant difference between experimental group and control group in terms of
Learning Outcomes.

The statistics

The test statistic T equals -48.8094, which is not in the 95% region of acceptance: [-1.9734 : 1.9734].
X1-X2=-30, is not in the 95% region of acceptance: [-1.2129 : 1.2129].

The standard deviation of the difference, S' equals 0.615, is used to calculate the statistic.

Effect size

The observed effect size d is large, 7.28. This indicates that the magnitude of the difference between the
average and average is large.
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Figure 5: t-Distribution Graph for Learning Outcomes
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Figure 6: Average Score of Control and Experimental Group for Learning Outcomes
Figures 5 and 6 depict the t-distribution graph and the average learning outcomes scores for the Control
and Experimental groups, respectively.

Ho 4: There is no significant difference between experimental group and control group in terms of
Teacher Work Load Reduction.

Table 6 represents the data on Teacher Work Load Reduction for both the Control and Experimental
groups.

Table 6: Data for Teacher Work Load Reduction

Group name: Control Group Experimental Group
Sample average (X): 55 85
Sample size (n): 90 90
Sample SD (S): 4.5 3.2

Two sample t-test (pooled variance), using T distribution (df=178) (two-tailed) (validation)

Ho 4 hypothesis

Since p-value < a, Ho 4 is rejected.

The average of Control Group's population is considered to be not equal tothe average
of Experimental Group's population.

In other words, the difference between the sample average of Control Group and Experimental
Group is big enough to be statistically significant.
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P-value

The p-value equals 2.656e-111, ( p(x<T) = 1.328e-111 ). It means that the chance of type | error
(rejecting a correct Ho4) is small: 2.656e-111 (2.7e-109%).

The smaller the p-value the more it supports Hi 4.

Hi 4: There is a significant difference between experimental group and control group in terms of
Teacher Work Load Reduction.

The statistics

The test statistic T equals -53.2604, which is not in the 95% region of acceptance: [-1.9734 : 1.9734].
X1-X2=-31, is not in the 95% region of acceptance: [-1.1486 : 1.1486].

The standard deviation of the difference, S' equals 0.582, is used to calculate the statistic.

Effect size

The observed effect size d is large, 7.94. This indicates that the magnitude of the difference between the
average and average is large.

T Distribution

> o 2

reject{a/2)

Figure 7: t-Distribution Graph for Teacher Work Load Reduction

accept — T

Two sample t-test (pooled variance)
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Figure 8: Average Score of Control and Experimental Group for Teacher Work Load
Reduction

Figures 7 and 8 depict the t-distribution graph and the average teacher work load reduction scores for the
Control and Experimental groups, respectively.

11.2 Qualitative Findings
The qualitative findings have been obtained from interviews and focus group discussions and resulted in
several themes as given below:
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11.2.1 Teacher Perspectives

Delight in Preparation: "The Al platforms help me plan at least half of the time, said the teacher.
Differentiated Instruction: Teachers were overwhelmingly happy to see Al platforms branch out to
students' different levels.

Concerns: Some felt its very strange and need more training, according to some teachers.

11.2.2 Student Voices

Fun and Attractive: "The lessons are fun games” or "cool challenges,” said students.

Building confidence: Most of them said it made them feel “smarter" and willing to try solving
problems.

Challenges: Some younger ones have not mastered doing it on their own.

11.3 Thematic Summary for Benefits

Theme Sample Quote from Participants

Engagement: "It seemed much like a game; learning unknown to me!"

Inclusivity: "My shy students opened up via interactive avatars."

Autonomous: "Then the students started doing their own by Al reminders."

Support for Teachers: "Now more focus can be given on monitoring rather just grading.”

15. Conclusion

Artificial Intelligence (Al) is already showing promise in the real revolution about transforming primary
schooling from adaptive personalized effective teaching and learning to intelligent tutoring systems,
chatbots, and learning analytics of Al tool-instrumented technology into a traditional classroom-
changing dynamic and inclusive environment. The empirical evidence derived from both quantitative
and qualitative data in this study suggests that Al is an important enabler of student engagement through
promoting differentiated instruction as well as teachers' easing of administration tasks.

However, challenges that come with Al application to primary education are not limited to the above.
Digital divide, lack of preparedness among teachers, ethical dilemmas surrounding data privacy, and
resistance to technological change are some of the issues that need to be tackled with strong policy
frameworks, targeted teacher-training programs, and all-inclusive infrastructural developments to
mention but a few.

In this contribution, enlightens as to how Al could play multiple roles in transforming or enhancing
primary education in Tamil Nadu or similar contexts with increasing evidence in literature. The study
accentuates the need for collaborative engagements between educators, policymakers, and technologists
to make accessible, ethical use, and pedagogically sound Al tools.

This is essentially what will prepare young learners for a future that will be heavily infused with
intelligent technologies-the use of Als today thoughtfully integrated to build classrooms that are smart
but also fair, ethical, and empowering.

16. Recommendations

e Infrastructure investment: Further stretches Al-integrated classrooms.

e Teacher training: Continuous training of teachers using Al.

e Ethical interface: Data privacy establishment and bias mitigation policies are needed.
e Equitable Al access: Al resources should be made available to all students equally.

e Expansion of Al research: Long-term impact studies of Al should be conducted.
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e Blended Learning: Al should be integrated with conventional pedagogies.
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