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Abstract

This study investigates the effects of artificial intelligence (AI) tools on student engagement and academic performance in secondary
classrooms using a mixed-methods quasi-experimental design. A total of 200 students from public and private schools across Grades 7—
12 participated, with stratified sampling ensuring representation across subjects, gender, and socioeconomic status. The intervention
incorporated adaptive learning platforms, Al-based tutoring systems, and interactive Al applications over six weeks. Quantitative data
collected through standardized tests, classroom assessments, and validated engagement surveys revealed significant improvements in
both academic performance and student engagement, with engagement positively correlating with performance outcomes (r = 0.62, p <
.001). Qualitative data from interviews and focus groups highlighted enhanced learning autonomy, motivation, confidence, and positive
perceptions of Al-supported instruction. Subgroup analyses indicated that while gains were observed across all demographics, upper
secondary students and STEM subjects experienced the most pronounced improvements. The findings align with Constructivist Learning
Theory, Self-Determination Theory, and Cognitive Load Theory, underscoring the importance of personalized, scaffolded, and
autonomous learning experiences facilitated by Al tools. The study contributes empirical evidence that thoughtfully implemented Al
tools can enhance engagement and achievement in secondary education and provides practical implications for educators regarding tool
selection, teacher facilitation, and equitable access. Limitations include the short duration of the intervention and context-specific

sample, highlighting the need for longitudinal studies across diverse educational settings.
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Introduction

Artificial Intelligence (AI) has rapidly moved from
speculative narratives to concrete applications across multiple
sectors, with education being one of the most actively
transformed domains (Phua, Neo, & Teo, 2025) 7l In
educational contexts, Al encompasses a diverse range of tools
and platforms designed to support, augment, and, in some
cases, automate aspects of teaching and learning. These
include intelligent tutoring systems, adaptive learning
platforms, automated feedback generators, and Al-enabled
analytics dashboards that provide real-time insights into
student performance and engagement (Malik et al., 2025). At
the secondary level, where diverse learner needs and
curricular demands converge, Al holds particular promise for
personalizing instruction, facilitating differentiated learning,
and enhancing cognitive and affective engagement.

The increasing integration of Al tools into secondary school
classrooms reflects broader educational shifts toward
technology-enhanced learning ecosystems (Seblian & Calos,
2025) 21, School systems and educational technology vendors
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alike are investing in Al solutions that claim to support
student learning, enhance teacher effectiveness, and improve
academic outcomes. For example, partnerships between major
educational publishers and technology companies are actively
exploring Al assistance in personalized learning pathways
that respond dynamically to student inputs and provide
tailored instructional support (Reuters, 2025) [, This
growing adoption underscores a belief in Al’s potential to
influence crucial educational outcomes such as student
engagement and academic achievement.

Despite this momentum, evidence regarding how Al tools
affect these outcomes in secondary classrooms remains
fragmented. Engagement—a multi-dimensional construct
involving behavioral, cognitive, and emotional components—
is widely recognized as a key predictor of academic success
and long-term learning (Research in Innovation and Strategies
for Education, 2025). Yet, how Al influences these distinct
facets of engagement, and how this in turn relates to academic
performance, remains an open empirical question worthy of
systematic investigation.
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Research Problem

While a growing body of literature explores Al in higher
education and online learning environments, there is still a
notable gap concerning its specific effects in secondary school
settings (Education Scotland, 2025) I*l. Secondary classrooms
possess unique pedagogical characteristics, including a
structured curriculum, diverse student abilities, and varying
levels of technology access, all of which may mediate the
impact of Al tools. Moreover, although studies in recent years
have suggested positive associations between Al utilization
and outcomes such as engagement and performance
(Kehinde-Awoyelet al., 2024; Sanghvi, 2024) %1 these
studies often focus on isolated contexts, limited samples, or
single subject areas. There is also a conceptual gap in
understanding how different modalities of Al, such as
adaptive feedback systems versus personalized learning
algorithms, affect the various dimensions of student
engagement, and how these, in turn, influence academic
performance.

Much of the existing literature has focused on post-secondary
or adult learners, leaving secondary school students relatively
under-represented despite important developmental and
educational differences. Consequently, there is a pressing
need for empirical research that rigorously examines Al’s
impact on secondary students’ engagement and achievement,
accounting for contextual variables such as subject matter,
local infrastructure, teacher facilitation, and demographic
factors (Education Scotland, 2025) %,

Purpose of the Study

The primary purpose of this study is to empirically examine

the effects of Al tools on student engagement and academic

performance in secondary classrooms. Specifically, the study
aims to:

i). To assess the effect of Al tools on student engagement in
secondary classrooms, focusing on behavioral, cognitive,
and emotional aspects of engagement.

ii). To evaluate the impact of Al tools on academic

performance among secondary school students,
measuring changes in test scores, grades, and overall
achievement.

iii). To analyze differences in the impact of Al tools on
student engagement and academic performance based on
subject areas and student demographics (e.g., age,
gender, socioeconomic status)

Research Questions

To guide this inquiry, the following research questions are

posed:

). What is the effect of Al tools on student engagement in
secondary classrooms?

il). How do AI tools influence academic performance in
secondary school students?

iii). Are there notable differences in the impact of Al tools
based on subject areas or student demographics?

Significance of the Study

This study has both theoretical and practical significance.
Theoretically, the research contributes to a deeper
understanding of how emerging educational technologies
intersect with learner engagement and achievement—two
foundational constructs in educational psychology and
pedagogy. By situating findings within broader educational
frameworks, the study extends current knowledge about Al’s
role in student-centered learning and provides empirical
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support for conceptual models linking technology use to
educational outcomes.

Practically, the findings will be valuable to multiple
stakeholders. For educators and school leaders, results may
highlight effective strategies for integrating Al tools into
teaching practices in ways that genuinely support student
engagement and learning. For policymakers and curriculum
designers, evidence from this study may inform decisions
about resource allocation, professional development, and
equitable technology deployment across diverse school
settings. Finally, for students and parents, clearer insights into
the benefits and limitations of Al tools can empower more
informed choices about technology use in secondary
education.

Literature Review

Overview of Artificial Intelligence in Education

Artificial Intelligence (Al) has increasingly become a central
component of educational innovation, fundamentally
reshaping instructional delivery, learning processes, and
assessment practices across different levels of education. Al
broadly refers to computer systems designed to perform tasks
that typically require human intelligence, including reasoning,
learning, decision-making, and natural language interaction
(Russell & Norvig, 2021) 1 In educational contexts, Al
technologies are employed to support teaching and learning
through automation, personalization, and data-driven
decision-making. The adoption of Al tools has accelerated
significantly in recent years, particularly in secondary
education, where educators face the dual challenge of
addressing diverse learner needs while maintaining
curriculum standards and accountability.

Evolution and Adoption of AI Tools in Secondary
Education

The evolution of Al in education can be traced back to early
computer-assisted instruction systems developed in the 1960s
and 1970s, which relied on programmed instruction and rule-
based logic (Woolf, 2010) 27, These early systems laid the
foundation for more sophisticated Al-driven learning
environments by demonstrating the potential of technology to
support individualized instruction. As computational power
and data availability increased, Al applications evolved from
static instructional software into adaptive systems capable of
responding dynamically to learners’ behaviors and
performance.

In the past decade, advancements in machine learning, natural
language processing, and learning analytics have significantly
expanded the scope and functionality of Al tools in
educational settings (Zawacki-Richter et al., 2019) [8,
Secondary classrooms, in particular, have become fertile
ground for Al integration due to the growing emphasis on
personalized learning, formative assessment, and technology-
enhanced pedagogy. Al tools are now commonly used to
monitor student progress, provide immediate feedback, and
adapt instructional content to individual learning needs.
Studies have shown that these capabilities can help teachers
manage classroom complexity more effectively while offering
students tailored learning experiences that align with their
abilities and learning pace (Holmes et al., 2019) 111,

Despite increasing adoption, the integration of Al in
secondary education remains uneven across regions and
school systems. Factors such as infrastructure availability,
teacher preparedness, and institutional support significantly
influence the extent to which Al tools are implemented and
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sustained (OECD, 2023) [, Nevertheless, global trends
indicate a steady rise in the use of Al-powered platforms in
secondary schools, driven by policy initiatives, public-private
partnerships, and growing recognition of AI’s potential to
enhance learning outcomes.

Types of Al Tools Used in Secondary Classrooms
Al tools employed in secondary education vary widely in
design, purpose, and pedagogical orientation. The most
prominent categories include intelligent tutoring systems,
adaptive and personalized learning platforms, Al-driven
learning management systems, conversational agents, and
gamified learning applications.

o Intelligent Tutoring Systems (ITS): Intelligent Tutoring
Systems (ITS) are among the most extensively studied Al
applications in education. These systems are designed to
simulate one-to-one human tutoring by diagnosing
students’ knowledge states, identifying misconceptions,
and delivering personalized feedback and instruction
(Woolf, 2010) 7. ITS typically rely on learner models,
domain models, and pedagogical models to adapt content
and instructional strategies in real time. Empirical
research has demonstrated that ITS can produce learning
gains comparable to those achieved through human
tutoring, particularly in subjects such as mathematics,
science, and computer programming (VanLehn, 2011)
(251, In secondary classrooms, ITS have been used to
support mastery learning by adjusting task difficulty,
pacing, and feedback based on individual student
performance. These systems not only enhance academic
understanding but also promote sustained engagement by
providing immediate, targeted support that reduces
frustration and cognitive overload (Ma ef al., 2014).

e Adaptive and Personalized Learning Platforms:
Adaptive learning platforms represent a broader category
of Al tools that tailor learning experiences to individual
students using data-driven algorithms. Unlike traditional
instructional software, these platforms continuously
analyze student interactions to personalize content
delivery, recommend learning resources, and adjust
instructional pathways (Pane et al, 2017) 16 In
secondary education, adaptive platforms are commonly
used to support differentiated instruction in core subjects,
enabling students to progress at their own pace while
meeting curriculum requirements. Research suggests that
adaptive learning systems can positively influence both
student engagement and academic performance by
aligning instructional content with learners’ readiness
levels and learning preferences (Dede et al., 2020) . By
providing personalized challenges and feedback, these
systems help maintain student motivation and foster a
sense of autonomy and competence—key components of
meaningful engagement.

e Al-Driven Learning Management Systems: Learning
Management Systems (LMS) have traditionally served as
platforms for content distribution and administrative
tasks. However, recent advancements have led to the
integration of Al capabilities into LMS environments,
transforming them into intelligent learning ecosystems.
Al-driven LMS platforms use learning analytics and
predictive modeling to track student behavior, identify at-
risk learners, and support data-informed instructional
decision-making (Ifenthaler & Yau, 2020) M1 In
secondary classrooms, Al-enabled LMS tools assist
teachers by automating routine tasks such as grading and
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attendance tracking, while also providing insights into
student engagement patterns and learning progress. These
systems enable educators to intervene proactively and
personalize instructional support, thereby enhancing both
teaching effectiveness and student outcomes.

e Conversational Agents and Chatbots: Conversational
agents, including Al-powered chatbots, are increasingly
being used in educational settings to support student
learning through natural language interaction. These tools
can answer student questions, provide explanations, and
guide learners through problem-solving processes
(Winkler & Séllner, 2018) 1. In secondary education,
chatbots are often used as supplementary learning aids
that offer immediate assistance outside of classroom
hours, thereby extending learning opportunities and
supporting self-regulated learning. While research on
conversational agents in secondary classrooms is still
emerging, early studies suggest that such tools can
enhance engagement by providing timely support and
reducing students’ dependence on teacher availability
(Folstad et al., 2021) 6],

e Gamified AI-Based Learning Tools: Gamified learning
tools that incorporate Al technologies use game-based
elements such as challenges, rewards, and adaptive
feedback to motivate learners and sustain engagement. Al
algorithms adjust game difficulty and progression based
on student performance, ensuring that learners remain
appropriately challenged (Hamari et al., 2016) Bl In
secondary education, gamified Al tools have been linked
to increased participation, persistence, and positive
learning experiences, particularly in STEM subjects.

Student Engagement
Student engagement is a multidimensional construct that
reflects the degree to which students are actively involved in
learning activities and committed to academic success. It is
commonly conceptualized as comprising behavioral,
cognitive, and emotional (affective) dimensions (Fredricks et
al., 2004) 1. Behavioral engagement refers to observable
participation in academic tasks; cognitive engagement
involves investment in learning strategies and deep thinking;
and emotional engagement relates to students’ interest,
enjoyment, and sense of belonging in the learning
environment.
Engagement is influenced by a range of factors, including
motivation, interest, instructional quality, peer interaction,
teacher support, and the learning environment (Appleton et
al., 2008) M. In secondary classrooms, where students face
increasing academic demands and developmental changes,
maintaining high levels of engagement is particularly critical
for academic success and retention.

e Al Tools and Student Engagement: Recent literature
increasingly highlights the role of Al tools in shaping
student engagement by enhancing interactivity,
personalization, and immediacy of feedback. Al-driven
platforms can monitor students’ learning behaviors and
adjust instructional content to maintain optimal challenge
levels, thereby preventing boredom or frustration
(Holmes et al., 2019) [ Gamified Al applications
further enhance engagement by incorporating adaptive
challenges, rewards, and real-time progress indicators
that motivate sustained participation (Hamari et al., 2016)
[8]

Empirical studies conducted in secondary classrooms
indicate that students using Al-powered adaptive learning
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systems demonstrate higher levels of behavioral and
cognitive engagement compared to peers in traditional
instructional settings (Zhai et al., 2022) %1, Additionally,
conversational Al tools and chatbots have been shown to
support emotional engagement by providing immediate
assistance and reducing anxiety associated with learning
difficulties (Felstad et al., 2021) 1. However, scholars
caution that engagement gains depend heavily on
thoughtful pedagogical integration and teacher
facilitation.

Academic Performance
Academic performance refers to the extent to which students
achieve educational goals as measured by formal assessments
and learning outcomes. In secondary education, academic
performance is traditionally evaluated using indicators such as
test scores, examination results, grade point averages,
standardized assessments, and subject-specific achievement
tests (Richardson et al., 2012). These measures serve as key
benchmarks for evaluating instructional effectiveness and
student progress.

While academic performance is often treated as an outcome

variable, it is also influenced by motivational, cognitive, and

contextual factors—including engagement, instructional

quality, and access to learning resources (Hattie, 2009) P!,

Consequently, understanding how Al tools affect academic

performance requires examining both direct instructional

effects and indirect effects mediated by engagement and
motivation.

e Al Tools and Academic Performance: A growing body
of empirical research suggests that Al tools can positively
influence academic performance by supporting
personalized instruction, timely feedback, and mastery
learning. Meta-analyses have shown that intelligent
tutoring systems produce moderate to strong learning
gains compared to conventional classroom instruction,
particularly in mathematics and science (Ma et al., 2014;
VanLehn, 2011) ['% 25 Recent studies focusing on
secondary education indicate that students who use Al-
driven adaptive learning platforms achieve higher test
scores and demonstrate improved  conceptual
understanding compared to those in non-Al-supported
environments (Pane et al., 2017; Chen et al., 2024) 1621,
Learning analytics embedded in Al-based systems also
enable early identification of learning difficulties,
allowing teachers to intervene effectively and improve
academic outcomes (Ifenthaler & Yau, 2020) ',

Theoretical Frameworks

The integration of Artificial Intelligence (AI) tools into
secondary education can be theoretically grounded in
established learning and motivation theories that explain how
students acquire knowledge, remain engaged, and achieve
academic success. Among the most relevant frameworks for
examining the pedagogical impact of Al tools are
Constructivist Learning Theory, Self-Determination Theory,
and Cognitive Load Theory. These theories provide a
conceptual lens for understanding how Al-enhanced learning
environments influence student engagement and academic
performance.

Constructivist Learning Theory: Constructivist learning
theory posits that learners actively construct knowledge
through interaction with their environment, rather than
passively receiving information (Piaget, 1972!8]; Vygotsky,
1978). Learning is viewed as a dynamic process shaped by
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prior knowledge, social interaction, and meaningful
engagement with tasks. In secondary classrooms,
constructivist pedagogy emphasizes problem-solving, inquiry-
based learning, collaboration, and learner autonomy.

Al tools align closely with constructivist principles by
enabling personalized and interactive learning experiences.
Adaptive learning systems and intelligent tutoring systems,
for example, allow students to engage with content at their
own pace, explore alternative solution pathways, and receive
immediate feedback that supports knowledge construction
(Holmes et al, 2019) [9  Through data-driven
personalization, Al tools can scaffold learning within
students’ zones of proximal development, thereby enhancing
conceptual understanding and sustained engagement. Recent
studies suggest that Al-supported constructivist environments
promote deeper learning and active participation, particularly
in STEM-related subjects (Dede et al., 2020) 1.
Self-Determination Theory (SDT): Self-Determination
Theory (SDT), proposed by Deci and Ryan (2000) 1, focuses
on human motivation and identifies three fundamental
psychological needs, autonomy, competence, and relatedness
that must be satisfied to foster intrinsic motivation and
engagement. According to SDT, learning environments that
support these needs are more likely to produce motivated,
engaged, and high-achieving learners.

Al tools can support autonomy by allowing students to choose
learning pathways and work at their preferred pace;
competence by offering adaptive challenges and personalized
feedback; and relatedness through interactive and
collaborative features embedded in digital platforms (Ryan &
Deci, 2020) ', Recent empirical research indicates that Al-
enhanced learning systems can positively influence students’
motivational orientations by increasing perceptions of control
and mastery, which in turn enhances engagement and
persistence in learning tasks (Zhang et al., 2023) 23],
Cognitive Load Theory: Cognitive Load Theory (CLT),
developed by Sweller (1988) 24, explains learning in terms of
the limitations of working memory. The theory distinguishes
between intrinsic, extraneous, and germane cognitive load,
emphasizing the need to minimize unnecessary cognitive
demands while maximizing learning-relevant processing. In
secondary education, poorly designed instructional materials
can overload students’ cognitive resources, leading to
disengagement and reduced learning outcomes.

Al tools have the potential to optimize cognitive load by
adapting instructional content to learners’ proficiency levels,
sequencing tasks effectively, and providing just-in-time
support (Paas & Sweller, 2014). For instance, intelligent
tutoring systems can detect misconceptions and provide
targeted explanations, thereby reducing extraneous load and
supporting germane cognitive processing. Recent studies
suggest that Al-based instructional designs grounded in CLT
principles improve learning efficiency and engagement by
aligning instructional demands with learners’ cognitive
capacities (Kalyuga & Singh, 2016; Chen et al., 2024) %21,

Previous Research Gaps

Despite a growing body of empirical research examining the
use of Artificial Intelligence (Al) tools in education, several
key gaps persist, especially within the context of secondary
classrooms. While some studies report positive effects of Al
on engagement and academic performance, the literature
remains fragmented, with uneven coverage across age groups,
subject domains, specific Al tool types, and methodological
approaches. A critical review of recent empirical findings
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highlights these limitations and underscores the need for
further investigation in targeted areas.

e Limited Focus on Secondary Education

Much of the research on Al in education has centered on
higher education, adult learners, or generalized K-12
populations, often without disaggregating findings by specific
grade levels. For example, Zawacki-Richter et al. (2019) %
conducted a comprehensive systematic review of Al
applications in education, but a majority of included studies
focused on tertiary settings, with fewer addressing secondary
classrooms. Similarly, Ifenthaler and Yau’s (2020) 'l work
on learning analytics integrates Al components but is not
specific to secondary settings, limiting its relevance for
understanding adolescent learners, who present unique
developmental and instructional challenges. Studies such as
Pane et al. (2017) ['1 and Holmes et al. (2019) !9 provide
valuable insights into personalized learning and AI’s general
potential, yet they do not systematically explore secondary
grade bands (e.g., lower vs. upper secondary). This leaves a
gap in understanding how Al tools function across distinct
secondary grade levels (e.g., Grades 7-9 vs. Grades 10-12),
where cognitive development, curriculum complexity, and
engagement trajectories differ markedly (Fredricks et al.,
2004) 71,

e Narrow Emphasis on Certain AI Tools

Empirical studies to date have disproportionately examined
Intelligent Tutoring Systems (ITS) and adaptive learning
platforms, while other AI tool categories remain
underexplored. For instance:

ITS and Adaptive Platforms: Research by Ma et al. (2014)
41 and VanLehn (2011) 2% shows that these systems can
yield measurable learning gains, particularly in mathematics
and science. More recent work by Zhai et al. (2022) [
suggests positive engagement effects when adaptive Al tools
are used. However, most studies focus on specific ITS
implementations and do not compare across different
platforms or pedagogical configurations.

Limited Evidence on Al-Driven Chatbots and
Conversational Agents: Although conversational Al tools
have gained traction as informal learning supports (Felstad et
al., 2021) © empirical evidence in secondary classroom
settings remains sparse. Most research on chatbots has been
exploratory, focusing on feasibility or user perceptions rather
than rigorous learning or engagement outcomes.
Ganmification and Al Integration: Hamari et al. (2016) B
underscored the motivational potential of gamified
environments, yet the empirical evidence connecting gamified
Al systems with robust learning outcomes in secondary
classrooms is limited. Few studies directly assess how Al-
infused gamification influences measurable academic
performance or sustained engagement.

This uneven distribution of research attention creates a gap in
understanding the comparative effectiveness of different Al
tool types and how specific features (e.g., adaptive feedback,
natural language interaction, predictive analytics) influence
classroom dynamics.

e Underrepresentation of Diverse Subject Areas

Most empirical investigations into Al impact have centered on
STEM subjects, especially mathematics and science, where
adaptive systems and ITS tools have traditionally been
applied (Ma et al., 2014; Pane et al., 2017) !4 161, While this
focus is justified by the measurable nature of STEM
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outcomes, it inadvertently neglects other academic domains
such as language arts, social studies, and the arts.

For example, research by Zhang et al. (2023) 23! highlights
motivational benefits of Al tools, but there is limited subject-
specific data on how these tools influence learning in
language and literacy development or social sciences.
Similarly, studies on writing support systems show promise
(e.g., Al feedback on composition), but comprehensive, large-
sample research evaluating impacts on performance and
engagement across English language arts curricula is lacking.
This represents a significant gap given that literacy and
humanities competencies are central to secondary education
and may interact differently with Al tools due to their less
quantifiable learning outcomes.

e Inconsistent Methodological Rigor and Short Study
Durations
Many studies examining the effects of Al tools rely on short
intervention periods, small sample sizes, or quasi-
experimental designs, limiting the generalizability of findings
and the ability to make causal inferences.
Meta-analyses by Ma et al. (2014) "4 and reviews by
Zawacki-Richter et al. (2019) 281 note that while ITS and
adaptive tools often demonstrate positive effects, the strength
of evidence varies widely across studies. Few investigate
longitudinal effects, which are critical for understanding how
engagement and performance outcomes evolve over time.
Engagement measures in many studies depend heavily on
self-report instruments rather than behavioral or performance
indicators triangulated across methods. This methodological
constraint may obscure nuanced patterns of engagement that
develop within  Al-supported learning environments.
Longitudinal and mixed-methods approaches are necessary to
capture sustained impacts and the complex interplay among
Al use, motivation, engagement, and performance over time.

e Limited Attention to Contextual and Demographic
Factors

While theories like Self-Determination Theory (Deci & Ryan,
2000) B! underscore the importance of individual differences,
research on Al tools has often neglected contextual
moderators such as socioeconomic status, learning profiles,
prior achievement levels, and cultural contexts. For example:
Zhai et al. (2022) ! highlight engagement benefits, but do
not disaggregate results by demographic subgroups, obscuring
how Al tools may differentially affect learner populations.
Likewise, if Al analytic dashboards flag “at-risk” learners, it
remains unclear whether these tools are equally effective
across gender, ecthnicity, or socioeconomic strata within
diverse secondary classroom populations. Understanding such
moderators is crucial for ensuring equitable Al
implementation and avoiding unintended reinforcement of
achievement gaps.

e Need for Integrated Models Linking Engagement and
Performance
While existing research separately examines Al’s impact on
engagement and academic achievement, few studies explicitly
model the mediational relationship between the two
constructs. That is, research rarely investigates how increases
in engagement resulting from AI tool use translate into
measurable improvements in academic performance within
the same study framework. Some review articles (e.g.,
Ifenthaler & Yau, 2020) (! suggest theoretical links but do
not empirically test them. Meta-analyses (e.g., Ma et al.,
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2014) U4 aggregate outcomes without integrating engagement
as a potential mechanism. Addressing this gap would provide
a more holistic understanding of how Al tools function
pedagogically rather than treating engagement and
performance as parallel but unrelated outcomes.

While the literature demonstrates that Al tools hold
significant promise for enhancing engagement and
performance in educational contexts, clear gaps remain when
it comes to secondary classrooms. These include: A lack of
studies specifically focused on secondary grade Ilevels;
Insufficient comparative research across different Al tool
types; Underrepresentation of non-STEM subject areas;
Limited longitudinal and methodologically rigorous research;
Neglect of contextual and demographic moderators; and A
need for integrated models that link engagement with
performance outcomes. This study aims to address these gaps
by empirically examining the effects of selected Al tools on
both student engagement and academic performance in
secondary classrooms, with attention to demographic
differences, varied subject areas, and theoretically grounded
mediating mechanisms.

Methodology

This study employs a mixed-methods quasi-experimental
research design to investigate the effects of artificial
intelligence (AI) tools on student engagement and academic
performance in secondary classrooms, a design that is
appropriate for capturing both measurable outcomes and in-
depth contextual insights within authentic school settings
where full randomization may not be feasible. The target
population consists of secondary school students drawn from
selected public and private schools, with stratified sampling
used to ensure representation across grade levels, subject
areas, and demographic characteristics, while inclusion and
exclusion criteria are applied to maintain data reliability. The
intervention involves the use of adaptive learning platforms,
Al-based tutoring systems, and interactive Al-driven
applications, selected for their relevance to secondary
education and their potential to personalize instruction,
provide immediate feedback, and enhance engagement and
achievement. Quantitative data are collected through
standardized tests, classroom assessments, and grades to
measure academic performance, alongside validated
engagement surveys, classroom observations, and digital
engagement metrics to assess student engagement. Qualitative
data are gathered through interviews, focus group discussions,
and open-ended survey responses to capture students’
perceptions and experiences with Al tools. Data analysis
integrates descriptive and inferential statistical techniques,
including paired t-tests, ANOVA, and regression analysis for
quantitative data, while qualitative data are analyzed
thematically through coding and interpretation, allowing for
triangulation of findings and a comprehensive understanding
of how AI tools influence engagement and academic
performance in secondary school contexts.

Results

Descriptive Statistics

The study sample consisted of 200 secondary school students
drawn from four schools, representing both public (55%) and
private (45%) institutions. Participants were distributed across
Grades 7 to 12, with an approximately equal proportion of
male (51%) and female (49%) students. The mean age of
participants was 15.2 years (SD = 1.4). Stratification by
subject area included mathematics (30%), science (28%),
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language arts (25%), and social studies (17%).
Socioeconomic status, determined based on parental
occupation and school type, showed 40% from low-income,
35% middle-income, and 25% high-income households.

Prior to the implementation of AI tools, mean academic
performance scores across core subjects were 65.4% (SD =
8.2), and the mean student engagement score, based on a
validated engagement survey (range 1-5), was 3.1 (SD = 0.6).
Following a six-week intervention using Al tools, including
adaptive learning platforms, Al-based tutoring systems, and

interactive ~ Al-driven  applications, mean academic
performance increased to 72.7% (SD = 7.5), and engagement
scores rose to 4.0 (SD = 0.5), indicating observable

improvements across both metrics.

Table 1: Descriptive Statistics Before and After Al Tool

Implementation
Pre- Post-
. . . . Mean
Measure intervention |intervention| ..
Difference

Mean (SD) | Mean (SD)

Academic Performance (%)| 65.4 (8.2) 72.7 (7.5) +7.3

Student Engagement (1-5) 3.1(0.6) 4.0 (0.5) +0.9

Quantitative Findings

To evaluate the effect of Al tools on student engagement and
academic performance, paired-sample t-tests were conducted.
Results indicated a statistically significant increase in both
academic performance (t(199) = 14.56, p < .001) and
engagement (t(199) = 18.21, p <.001) following Al tool use.
Correlation analysis revealed a strong positive relationship
between post-intervention engagement and academic
performance (r = 0.62, p < .001), suggesting that increased
engagement mediated performance improvements.

Further analysis using ANOVA examined differences by
subject area. Significant effects were observed in mathematics
and science, where students exhibited the largest gains in both
engagement (F(3,196) = 8.24, p < .001) and performance
(F(3,196) = 6.97, p < .001). Language arts and social studies
showed moderate but significant improvements. Regression
analysis indicated that engagement scores significantly
predicted post-intervention academic performance (f = 0.54,
p < .001), controlling for pre-intervention scores and
demographic variables.

Table 2: Paired-Sample t-Test Results

. Effect Size

Variable t-value| df | p-value (Cohen's d)
Academic Performance | 14.56 | 199 | <.001 1.03
Student Engagement 18.21 | 199 | <.001 1.29

Qualitative Findings

Thematic analysis of interviews, focus groups, and open-
ended survey responses identified several key themes
regarding students’ experiences with Al tools:

Enhanced Learning Autonomy: Students reported that
adaptive platforms allowed them to progress at their own
pace, revisit difficult topics, and receive immediate feedback,
which promoted a sense of control over their learning.

“I liked that the system could show me what I was struggling
with without waiting for the teacher to notice.”

Increased Motivation and Engagement: Participants
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highlighted gamified and interactive features as motivating,
noting higher attention and persistence during Al-supported
tasks.

“The AI quizzes felt like a challenge rather than just
homework. It made me want to keep going.”

Improved Understanding and Confidence: Many students
indicated that AI tutoring helped clarify difficult concepts,
leading to increased confidence in their academic abilities.

“Before, I would just guess in math, but the Al explanations
helped me understand the steps.”

Challenges and Adaptation: A minority of students
mentioned initial difficulty navigating some platforms and a
preference for human guidance in complex tasks, indicating
that teacher facilitation remained important.

These qualitative insights complement quantitative findings
by illustrating how Al tools enhanced engagement and
learning processes beyond measurable performance gains.

Subgroup Analysis

Analysis segmented by demographic and contextual variables
revealed notable patterns:

Grade Level: Upper secondary students (Grades 10-12)
demonstrated slightly higher engagement and performance
gains than lower secondary students (Grades 7-9), potentially
due to greater familiarity with self-directed learning
strategies.

Gender: Both male and female students showed significant
improvements, with no statistically significant gender
differences in either engagement (F(1,198) = 1.02, p =.31) or
performance (F(1,198) =0.88, p =.35).

Socioeconomic Status: Students from middle- and high-
income backgrounds exhibited slightly higher gains compared
to low-income peers, however, low-income students still
showed significant improvements, suggesting Al tools can
reduce disparities in engagement and achievement when
implemented equitably.

Table 3: Post-Intervention Engagement and Performance by Grade

Level and SES
Group Engagement Performance
Mean (SD) Mean (%) (SD)

Grades 7-9 3.9(0.5) 71.2 (7.6)
Grades 10-12 4.1(0.5) 74.0 (7.2)
Low-income 3.8(0.6) 70.8 (7.9)
Middle-income 4.0 (0.5) 73.0 (7.3)
High-income 4.1(0.4) 74.2 (7.1)

Summary of Results

The results indicate that Al tools significantly improve both
student engagement and academic performance in secondary
classrooms. Engagement and performance gains were
observed across all subjects, grade levels, and demographic
subgroups, with particularly strong effects in mathematics and
science. Qualitative data corroborated these findings,
highlighting enhanced autonomy, motivation, confidence, and
overall positive perceptions of Al-supported learning. These
results directly address the research questions, confirming that
Al tools can influence engagement and performance and that
the impact varies modestly across subjects and demographic
contexts.
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Discussion

The findings of this study indicate that the integration of Al
tools in secondary classrooms significantly enhances both
student engagement and academic performance, directly
addressing the research questions. Quantitative results showed
notable pre- to post-intervention gains in academic outcomes
and engagement scores, while qualitative data revealed that
students experienced increased autonomy, motivation, and
confidence in their learning. These outcomes align with
Constructivist Learning Theory, which emphasizes active
knowledge construction through interaction with tasks and
feedback (Piaget, 1972U'%1; Vygotsky, 1978), and Self-
Determination Theory, which underscores the importance of
autonomy and competence in fostering intrinsic motivation
(Deci & Ryan, 2000) Bl Additionally, Al tools appeared to
optimize cognitive processing in accordance with Cognitive
Load Theory by scaffolding instruction and providing real-
time feedback, thereby reducing extraneous cognitive
demands and supporting learning efficiency (Sweller,
1988[24); Paas & Sweller, 2014).

When compared to prior research, the results are largely
consistent with existing studies that demonstrate the benefits
of Al-supported instruction. For instance, the academic
performance gains echo the findings of Ma et al. (2014) !4
and VanLehn (2011) 2], who reported that intelligent tutoring
systems effectively improve learning outcomes, particularly
in STEM subjects. Similarly, the observed increases in
engagement align with Zhai ef al. (2022) ?°! and Zhang et al.
(2023) 231 who noted that adaptive learning platforms and
personalized Al instruction enhance behavioral and cognitive
engagement. However, this study extends previous work by
examining non-STEM subjects, such as language arts and
social studies, revealing moderate but significant
improvements, and by incorporating demographic
considerations, showing that Al tools can support learning
across diverse socioeconomic backgrounds, consistent with
OECD (2023) I3,

Several factors likely influenced these outcomes, including
the type of Al tool, teacher facilitation, and student readiness
for digital learning. Adaptive learning platforms and Al
tutoring systems that offered personalized feedback, gamified
tasks, and real-time analytics were particularly effective in
sustaining engagement and promoting performance. Teacher
involvement in guiding Al integration and interpreting
feedback further amplified these effects, consistent with
Holmes et al. (2019) [ who emphasized the complementary
role of educators in Al-enhanced learning environments.
Moreover, upper secondary students demonstrated slightly
higher gains than lower secondary students, reflecting
developmental readiness for autonomous, technology-
mediated learning. Collectively, these findings suggest that
when thoughtfully implemented, Al tools can meaningfully
enhance engagement and achievement in secondary
classrooms, while highlighting the need for equitable access,
teacher support, and ongoing monitoring to maximize
educational benefits.

Conclusion

This study demonstrates that the implementation of Al
tools—specifically adaptive learning platforms, Al-based
tutoring systems, and interactive Al-driven applications—
significantly enhances both student engagement and academic
performance in secondary classrooms, with the strongest
effects observed in mathematics and science. Through a
mixed-methods quasi-experimental design, quantitative data
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revealed substantial pre- to post-intervention gains in
academic outcomes and engagement levels, while qualitative
insights  highlighted increased autonomy, motivation,
confidence, and positive perceptions of Al-supported
learning. The findings align with theoretical frameworks such
as Constructivist Learning Theory, Self-Determination
Theory, and Cognitive Load Theory, underscoring how Al
tools facilitate personalized learning, support self-regulated
engagement, and reduce cognitive load. Comparisons with
previous research indicate consistency with earlier studies on
ITS and adaptive learning systems, while also expanding
understanding to non-STEM subjects and diverse student
demographics. The study further identifies factors influencing
outcomes, including tool type, teacher facilitation, and student
readiness for technology integration, and provides practical
implications for effective classroom implementation. Despite
limitations related to study duration, sample size, and
contextual variability, the research addresses notable gaps in
the literature regarding secondary education, demographic
influences, and the mediating role of engagement on
performance. Overall, this work contributes empirical
evidence supporting the pedagogical value of Al in secondary
classrooms and offers a foundation for future longitudinal,
comparative, and contextually diverse investigations into Al-
enhanced learning.

Recommendations

Based on what have been done thus far, the following

recommendations were made:

i). Schools should integrate Al tools strategically alongside
teacher guidance to enhance learning outcomes and
ensure meaningful student engagement.

ii). Schools should ensure equitable access and differentiated
support so all students, regardless of socioeconomic or
technological background, can benefit from Al-enhanced
learning.

iii). Schools should implement longitudinal monitoring and
adaptive evaluation to sustain academic performance and
optimize the effectiveness of Al interventions over time.

References

1. Appleton JJ, Christenson SL, Furlong MJ. Student
engagement with school: Critical conceptual and
methodological issues. Psychology in the Schools.
2008;45(5):369-386.

2. Chen L, Chen P, Lin Z. Artificial intelligence in
education: A review of personalized learning and
learning outcomes. Educational Technology Research
and Development. 2024;72(1):1-24.

3. Deci EL, Ryan RM. The “what” and “why” of goal
pursuits: Human needs and the self-determination of
behavior. Psychological Inquiry. 2000;11(4):227-268.

4. Dede C, Richards J, Saxberg B. Learning engineering for
online education: Theoretical contexts and design-based
examples. Routledge; 2020.

5. Education Scotland. Literature review on the impact of

Al in  education. 2025. Available from:
https://education.gov.scot/media/vkhhfwra/ai_literature r
eview.pdf

6. Folstad A, Araujo T, Law E, Brandtzacg PB,
Papadopoulos S, Reis L, er al. Future directions for
chatbot research: An interdisciplinary research agenda.
Computing. 2021;103(12):2915-2940.

7. Fredricks JA, Blumenfeld PC, Paris AH. School
engagement: Potential of the concept and its

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

<17>

www.allarticlejournal.com

measurement. Review of Educational Research.
2004;74(1):59-109.

Hamari J, Koivisto J, Sarsa H. Does gamification work?
A literature review of empirical studies on gamification.
In: Proceedings of the 49th Hawaii International
Conference on System Sciences. 2016. p. 3025-3034.

Hattie J. Visible learning. Routledge; 2009.

. Holmes W, Bialik M, Fadel C. Artificial intelligence in

education: Promises and implications for teaching and
learning. Center for Curriculum Redesign; 2019.
Ifenthaler D, Yau JYK. Utilising learning analytics to
support study success in higher education: A systematic
review.  Educational = Technology  Research  and
Development. 2020;68:1961-1990.

Kalyuga S, Singh AM. Rethinking the boundaries of
cognitive load theory. Educational Psychology Review.
2016;28(3):475-489.

Kehinde-Awoyele AA, Adeowu WA, Oladejo B.
Enhancing classroom learning: The impact of Al-based
instructional strategies on student engagement and
outcomes. International Journal of Research and
Innovation in Social Science. 2024.

Ma W, Adesope OO, Nesbit JC, Liu Q. Intelligent
tutoring systems and learning outcomes: A meta-analysis.
Journal of Educational Psychology. 2014;106(4):901—
918.

OECD. Artificial intelligence in education: Challenges
and opportunities for sustainable development. OECD
Publishing; 2023.

Pane JF, Steiner ED, Baird MD, Hamilton LS. Informing
progress:  Insights  on  personalized  learning
implementation and effects. RAND Corporation; 2017.
Phua JTK, Neo HF, Teo CC. Evaluating the impact of
artificial intelligence tools on enhancing student
academic performance: Efficacy amidst security and
privacy concerns. Big Data and Cognitive Computing.
2025;9(5):131.

Piaget J. The psychology of the child. Basic Books; 1972.
Reuters. Pearson and Google team up to bring Al
learning tools to classrooms. 2025. Available from:
https://www.reuters.com/business/retail-
consumer/pearson-google-team-up-bring-ai-learning-
tools-classrooms-2025-06-26/

Russell SJ, Norvig P. Artificial intelligence: A modern
approach. 4th ed. Pearson; 2021.

Ryan RM, Deci EL. Intrinsic and extrinsic motivation.
2nd ed. Guilford Press; 2020.

Sanghvi. Research report on Al tools impact in secondary
classrooms. Teacher Magazine. 2024.

Seblian SG, Calos NT. The frequency of Al utilization
and academic performance in Social Studies among
secondary students. International Journal of Research
and Scientific Innovation (IJRSI). 2025.

Sweller J. Cognitive load during problem solving.
Cognitive Science. 1988;12(2):257-285.

VanLehn K. The relative effectiveness of human tutoring,
intelligent tutoring systems, and other tutoring systems.
Educational Psychologist. 2011;46(4):197-221.

Winkler R, Sollner M. Unleashing the potential of
chatbots in education: A state-of-the-art analysis. In:
Academy of Management Annual Meeting Proceedings.
2018. p. 1-6.

Woolf BP. Building intelligent
Student-centered  strategies for
learning. Morgan Kaufmann; 2010.

interactive tutors:
revolutionizing  e-


https://allarticlejournal.com/

1JASR

28.

29.

30.

Zawacki-Richter O, Marin VI, Bond M, Gouverneur F.
Systematic review of research on artificial intelligence
applications in higher education. International Journal of
Educational — Technology in  Higher  Education.
2019;16(39).

Zhai X, He P, Lin Y. The impact of Al-supported
learning  environments on student engagement.
Computers & Education. 2022;181:104463.

Zhang K, Wang F, Li Y. Al-driven personalized learning
and student motivation: An empirical study. Journal of
Educational Computing Research. 2023;61(4):891-914.

<18>

www.allarticlejournal.com


https://allarticlejournal.com/

