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Abstract

This study examined the effectiveness of Al-based instructional strategies on the engagement of Grade 7
students in Mathematics at Socorro National High School during School Year 2025-2026. Using an
Explanatory Sequential Mixed Methods Design, quantitative data were collected from 179 students and 3
Mathematics teachers through a validated survey questionnaire, while qualitative data were obtained from
open-ended responses. Findings revealed that Al-based instructional strategies had a very high influence
on students’ behavioral, emotional, cognitive, and equitable engagement. Students demonstrated increased
participation, motivation, problem-solving ability, self-regulation, and inclusive learning experiences.
Significant differences in engagement were observed based on internet access and availability of Al
resources, while a significant positive relationship existed between overall student engagement and
cognitive engagement. Qualitative results identified barriers such as limited internet connectivity, device
constraints, language difficulties, and concerns regarding Al reliability. The study recommends a Policy
Intervention Plan for Al Integration to promote effective, equitable, and sustainable Al-supported
Mathematics instruction in rural schools.
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Introduction

The integration of Artificial Intelligence (Al) into education has transformed traditional teaching and
learning practices, creating opportunities for more personalized, interactive, and learner-centered
instruction. In Mathematics education, Al-powered tools such as adaptive learning platforms, intelligent
tutoring systems, chatbots, and gamified learning applications have emerged as promising innovations that
can support students in developing conceptual understanding and sustaining engagement. As schools
increasingly adopt digital technologies, Al is being recognized as a potential means of addressing
persistent challenges in Mathematics, including low participation, limited motivation, and difficulties in
maintaining students’ attention and interest during instruction. These concerns are particularly evident in
rural public schools where access to innovative learning resources remains limited and instructional
approaches are often constrained by available infrastructure and resources.

Recent studies provide growing evidence of the positive contribution of Al to student engagement and
Mathematics learning. Moral-Sanchez, Ruiz-Rey, and Cebrian-de-la-Serna (2023) found that Al chatbots
can improve students’ satisfaction and learning experiences in Mathematics by providing immediate
feedback and personalized assistance. Similarly, Cao et al. (2023) reported that Al-powered chatbots
enhanced learner motivation, autonomy, and engagement through interactive and inquiry-based learning
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experiences. A systematic review by Eti, Mosia, and Egara (2026) concluded that Al-driven personalized
learning systems improve mathematical problem-solving skills. Likewise, Luzano (2024) identified
personalized learning, enhanced assessment and feedback, gamification, and educational equity as major
benefits of Al-powered pedagogies in Mathematics education. At the policy level, UNESCO (2023)
emphasized that Al can support quality education, inclusion, and learner engagement when implemented
responsibly and supported by appropriate infrastructure and teacher preparation. Collectively, these
studies suggest that Al has significant potential to enhance behavioral, emotional, and cognitive
engagement among learners. However, they also highlight concerns related to internet connectivity, device
accessibility, teacher readiness, and the equitable implementation of Al-supported learning environments.
Despite the growing body of international research, empirical evidence on the effectiveness of Al-based
instructional strategies in rural Philippine public schools remains limited. At Socorro National High
School, Grade 7 learners have consistently performed below the Department of Education proficiency
standards in Mathematics over the past three academic years. This situation reflects ongoing challenges
related to student engagement, limited exposure to innovative instructional approaches, and restricted
access to digital learning resources. The school's rural setting is further characterized by unstable internet
connectivity, limited device availability, and varying levels of digital literacy among students and teachers.
While existing studies demonstrate the potential of Al to improve engagement and learning outcomes, few
have examined how these technologies function within resource-constrained educational environments
typical of many rural Philippine schools. Consequently, there remains a need for localized research that
investigates whether Al-based instructional strategies can effectively enhance student engagement despite
these contextual limitations.

In response to this gap, the present study examines the effectiveness of Al-based instructional strategies
on the engagement of Grade 7 students in Mathematics at Socorro National High School. Specifically, it
investigates the influence of Al-supported instruction on students’ behavioral, emotional, cognitive, and
equity dimensions of engagement. By generating context-specific evidence, the study seeks to contribute
to the growing literature on Al in education and provide practical insights for teachers, school
administrators, and policymakers regarding the responsible and equitable integration of Al in rural public
school settings. The findings are also expected to serve as the basis for a Policy Intervention Plan for Al
Integration that supports effective, inclusive, and sustainable use of Al technologies in Mathematics
instruction.

Theoretical Framework

This study advances the claim that Al-based instructional strategies enhance student engagement in
Mathematics by providing adaptive, interactive, and personalized learning experiences. To examine this
claim, the study is anchored on three complementary theoretical frameworks: Constructivist Learning
Theory as the primary theory, supported by Self-Determination Theory and Cognitive Load Theory.
Together, these theories explain how Al-based instructional environments promote meaningful learner
engagement.

The primary theoretical lens of this study is Constructivist Learning Theory, developed by Piaget (1994)
and Vygotsky (1998). The theory posits that learners actively construct knowledge through interaction,
experience, and reflection. In Al-based instruction, adaptive learning systems and intelligent tutoring tools
support knowledge construction by providing personalized feedback, scaffolding, and opportunities for
problem-solving. Al functions as a technological extension of Vygotskian scaffolding, helping learners
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progress within their Zone of Proximal Development. The strength of constructivism lies in its alignment
with Al's adaptive and learner-centered features. However, it assumes sufficient learner autonomy and
may underrepresent social interaction when Al is used without teacher facilitation.

The first supporting theory is Self-Determination Theory (Deci & Ryan, 1995; Ryan & Deci, 2020). This
theory states that motivation and engagement are influenced by the fulfillment of autonomy, competence,
and relatedness. Al-based instructional strategies support these needs through personalized learning
pathways, adaptive feedback, and interactive learning experiences. SDT explains why students remain
motivated and engaged in Al-supported learning. However, it focuses mainly on internal motivation and
may not fully account for external barriers such as limited internet access and device availability.

The second supporting theory is Cognitive Load Theory (Sweller, 1998; Sweller et al., 2019). This theory
emphasizes the effective management of working memory by reducing unnecessary cognitive load and
supporting schema development. Al-based systems align with this principle by adapting content
complexity, providing structured guidance, and pacing instruction according to learner performance. CLT
explains the cognitive benefits of Al-assisted Mathematics instruction. However, its focus on cognitive
processes may overlook the social and motivational factors emphasized by Constructivism and SDT.
Together, these theories provide a comprehensive framework for understanding student engagement in
Al-supported Mathematics learning. Constructivism explains knowledge construction, SDT addresses
learner motivation, and CLT highlights cognitive efficiency, making their integration suitable for
examining Al-based instructional strategies in Mathematics education.

Methodology

Research Design

This study employed an Explanatory Sequential Mixed Methods Design, wherein quantitative data were
collected and analyzed first, followed by qualitative data to explain and enrich the statistical findings. This
approach enabled a comprehensive understanding of the effectiveness of Al-based instructional strategies
on student engagement in Mathematics.

The quantitative phase utilized a descriptive-comparative design involving Grade 7 students and
Mathematics teachers. Data were gathered through a structured Likert-scale survey and analyzed using t-
tests, analysis of variance (ANOVA), and Pearson correlation to determine levels of behavioral, emotional,
cognitive, and engagement equity and identify significant differences and relationships among variables.
The qualitative phase involved open-ended questions administered to both students and teachers.
Responses were analyzed to identify experiences, challenges, barriers, and recommendations related to
Al-based instruction. The integration of quantitative and qualitative findings provided a deeper and more
contextualized understanding of the impact of Al-based instructional strategies on student engagement.

Research Locale

This study was conducted at Socorro National High School in Barangay Taruc, Socorro, Surigao del Norte,
a public secondary school serving learners from the municipality and nearby coastal communities. The
school is in a rural area characterized by limited internet connectivity, reliance on mobile data, and
inadequate digital resources, making it an appropriate setting for examining Al-based instructional
strategies.

The school was selected due to the consistently low performance of Grade 7 students in Mathematics, with
scores remaining below the Department of Education’s proficiency benchmark over the past three years.
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These challenges, coupled with limited technological infrastructure and varying levels of digital literacy,
highlight the need for innovative instructional approaches. As a typical rural public school, Socorro
National High School provides a relevant context for assessing the effectiveness of Al-based instructional
strategies in enhancing student engagement and informing future educational technology policies and
practices.

Research Participants

The respondents of this study consisted of Grade 7 students and Mathematics teachers of Socorro National
High School during School Year 2025-2026. Student participants were required to be officially enrolled
in Grade 7, have parental consent and student assent, and have prior exposure to Al-based instructional
activities in Mathematics. Mathematics teachers assigned to Grade 7 and actively teaching during the data
collection period were included through a census approach, resulting in three teacher respondents.

For the student sample, Stratified Proportional Random Sampling was used to ensure fair representation
across the nine Grade 7 sections. From a total population of 326 students, a sample of 179 respondents
was selected proportionately based on section enrollment. This sampling technique enhanced the
representativeness of the study and ensured that all sections were adequately represented in examining the
influence of Al-based instructional strategies on student engagement.

Research Instrument

The primary data collection tool in this study is a researcher-made survey questionnaire designed for Grade
7 Al-based Mathematics instruction in a rural Philippine secondary school. It measures student
engagement across four dimensions—behavioral, emotional, cognitive, and engagement equity—and
gathers both quantitative and qualitative data for a comprehensive analysis of Al-supported instruction.
Two parallel forms were developed: Questionnaire A for students and Questionnaire B for Mathematics
teachers. Both use identical sub-indicators to allow comparison between student self-reports and teacher
observations. Questionnaire A includes a demographic profile, Likert-scale items for the four engagement
dimensions, and open-ended questions on experiences, challenges, and recommendations. Questionnaire
B mirrors this structure, focusing on teacher observations and insights for policy input.

The instrument was validated by a panel of Mathematics experts, including a Master Teacher, Research
Coordinator, and ICT Specialist, all with relevant qualifications and experience. Revisions were made
based on their feedback to improve clarity, relevance, and alignment with the study objectives.

A pilot test with 20 Grade 9 students was conducted, followed by item analysis and reliability testing. The
instrument showed high internal consistency (Cronbach’s Alpha and KR21 = 0.921). A normality test
confirmed data suitability for analysis (p = 0.857).

Data Collection Procedure

The data gathering procedure was systematically conducted to ensure accuracy, reliability, and ethical
compliance. The researcher secured all necessary permissions, informed participants of the study’s
purpose and their rights, and observed confidentiality and voluntary participation throughout. The process
followed four phases: preparation and permission, instrument distribution, data collection, and data
organization and analysis.

In the preparation phase, the researcher obtained a Letter of Endorsement from North Eastern Mindanao
State University and secured approval from the School Principal of Socorro National High School for SY
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2025-2026. Parental informed consent and student assent forms were distributed, and only students with
complete and signed documents were included.

In the instrument phase, validated questionnaires were reproduced and coordinated with class advisers for
scheduled administration during non-instructional time to avoid disruption.

During data collection, the researcher personally administered the questionnaires to nine Grade 7 sections,
providing standardized instructions and clarifications in Filipino when needed. Teacher questionnaires
were administered individually and collected within the same period.

In the final phase, responses were checked for completeness, encoded in Excel, and analyzed using SPSS.
Open-ended responses were thematically analyzed using Braun and Clarke’s framework. The results were
compiled as the basis for the proposed Al Integration Policy Intervention Plan.

Statistical Analysis

The quantitative data from the Likert-scale items of Questionnaire A and B were analyzed using SPSS
Version 26 and Microsoft Excel, with statistical tools aligned to each Statement of the Problem (SOP).
Frequency count and percentage distribution were used for SOP 1 to describe respondents’ profiles,
including gender, internet access, and availability of Al resources.

Weighted mean and standard deviation were applied to SOPs 2-5 to determine levels of behavioral,
emotional, cognitive, and engagement equity among students and teachers, with results interpreted using
a five-point scale from very low to very high engagement.

One-way ANOVA was used for SOP 6 to test differences in engagement across profile variables, with
post-hoc tests conducted when significant results were found.

Independent samples t-test was applied to SOPs 7-8 to compare student and teacher perceptions of
behavioral engagement and engagement equity.

Pearson correlation was used for SOP 9 to examine the relationship between overall engagement and
cognitive engagement, identifying the strength and direction of their association in Al-based instruction.

Results
The results present and analyzes the data gathered in the study.
Table 2.1 Profile of Student Respondents

Variables | Frequency (n=179) | Percentage
Gender

Male 88 49.16
Female 91 50.84
Access to Internet

Stable connection at home 64 35.75
Occasional connection (mobile data or load) 65 36.31
School Only (no home internet access) 50 27.93
Available Al Resources

Smartphone 122 68.16
Tablet or Laptop 9 5.03
Calculator with Al features 7 3.91
No Al-capable device (relies on shared/school | 41 22.91
device)
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Table 2.1 shows the demographic and technological profile of the Grade 7 student respondents in terms
of gender, internet access, and available Al resources. The gender distribution is generally balanced,
indicating that both male and female learners are fairly represented in the study. This supports a more
neutral interpretation of engagement outcomes without gender-based bias. In terms of internet access,
most students experience limited or unstable connectivity, with only a smaller group having stable home
internet. A notable portion rely solely on school-based access. This suggests that learners operate within
a constrained digital environment, which may affect consistent use of Al-based instructional tools,
especially those requiring continuous connectivity. For available Al resources, most students primarily
use smartphones, while only a few have access to laptops, tablets, or advanced devices. Many also depend
on shared or school-provided gadgets, indicating limited personal ownership of learning technology. This
highlights unequal access to digital tools that may influence the quality and consistency of Al-supported
learning experiences. The data reflect a rural school context with emerging but uneven digital access.
These conditions are important in interpreting Al-based instructional effectiveness, as technological
availability remains a key factor in shaping student engagement in Mathematics. This profile aligns with
studies emphasizing that access to devices and stable internet significantly influences students’
participation and learning outcomes in technology-supported instruction.

Table 2.2 Profile of Teacher Respondents

Variables Frequency | Percentage
(n=3)

Educational attainment

Bachelor's Degree 1 33.3

MA Units 1 33.3

Doctorate Degree 1 33.3

Access to internet

Reliable school and home connection 2 66.7

Mobile data only 1 33.3

Available Al resources

School-provided laptop or computer 3 100.0
Personal laptop or tablet 3 100.0
Smart classroom or projector 3 100.0
Subscription-based Al tools (e.g., ChatGPT, Canva | 3 100.0

Magic, Wolfram Alpha)

Based on the Table 2.2 it shows that the Mathematics teachers have mixed educational attainment, from
undergraduate to postgraduate levels, suggesting differences in instructional experience and readiness for
Al integration. Those with higher qualifications may be more capable of designing and integrating Al-
based strategies, while others may rely more on practical teaching approaches. Most teachers have stable
internet access, although a few still depend on mobile data, which may limit consistent use of Al tools that
require reliable connectivity. All respondents have access to digital devices and Al applications, indicating
that basic resources for Al integration are already in place. Teachers show moderate readiness for Al-
based instruction, with strengths in resource availability but limitations in connectivity and variation in
expertise. This implies that training and infrastructure support are still needed to fully optimize Al
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integration in teaching Mathematics. Studies show that successful Al integration depends not only on
access but also on teacher competence and continuous training, while infrastructure remains a key
challenge in many developing school contexts.

Level of Influence of Al-Based Instructional Strategies on Students' Behavioral Engagement
Table 3. Level of Influence of Al-Based Instructional Strategies on Students’ Behavioral
Engagement as perceived by the student and teacher respondents
Behavioral Engagement Indicators Students Teachers

Mean | Description | Mean | Description
Frequency of participation in Al-driven interactive ac- | 4.97 | Very High 4.80 | Very High
tivities
Time-on-task in Al-personalized learning activities 496 | Very High 4.87 | Very High
Number of Al-based submissions and responses 4.99 | Very High 4.67 | Very High
Attendance rate in Al-supported or gamified sessions | 5.00 | Very High 4.73 | Very High
Frequency of voluntary use of Al platforms beyond | 5.00 | Very High 4.67 | Very High
class time
Composite Mean 498 | Very High 4.75 | Very High

Table 3 presented that both students and teachers consistently report very high behavioral engagement
when Al-based instructional strategies are used in Grade 7 Mathematics. Learners actively participate in
interactive activities, stay focused on tasks, submit outputs regularly, attend sessions consistently, and
even use Al tools beyond class time. Teachers’ observations closely match students’ responses, suggesting
that the high engagement is not only perceived but also observable in actual classroom behavior. This
pattern indicates that Al-based instruction promotes more active and sustained participation compared to
traditional methods. The interactive and adaptive features of Al tools likely help maintain students’
attention and encourage continuous involvement in learning tasks, particularly in Mathematics where
focus and persistence are often challenging.

The strong engagement in submissions and attendance reflects improved responsibility and motivation,
while the frequent use of Al outside class suggests growing learner independence and self-directed
learning. Overall, Al appears to support both structured participation and autonomous learning. Minor
differences between student and teacher ratings may reflect differences in perception, but both confirm
the same overall trend of very high engagement. This supports the conclusion that Al-based instructional
strategies significantly enhance behavioral engagement in Mathematics. Related studies support these
findings, showing that Al improves engagement by increasing interactivity, providing immediate
feedback, and promoting learner autonomy. Constructivist and Self-Determination theories also explain
that active, personalized, and autonomy-supportive learning environments lead to higher student
engagement, especially in technology-enhanced Mathematics instruction.

IJFMR260381229 Volume 8, Issue 3, May-June 2026 7



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

(i)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Level of Students' Emotional Engagement and Motivation in Al-Based Instructional Strategies
Table 4. Level of Students' Emotional Engagement and Motivation in Al-Based Instructional
Strategies as Perceived by Student and Teacher Respondents

Emotional Engagement Indicators Students Teachers

Mean Description Mean Description
Level of interest and enjoyment in Al- | 5.00 Very High 4.74 Very High
adapted lessons
Student satisfaction rating after Al integra- | 5.00 Very High 4.67 Very High
tion
Degree of boredom or frustration reduction | 5.00 Very High 4.74 Very High
Level of intrinsic motivation in Al-assisted | 4.99 Very High 4.67 Very High
learning
Emotional response to Al-generated real- | 4.97 Very High 4.74 Very High
time feedback
Composite Mean 4.99 Very High 4.71 Very High

Table 4 shows that both students and teachers consistently perceive Al-based instructional strategies as
highly effective in improving students’ emotional engagement and motivation in Mathematics. Students
report greater interest, enjoyment, and satisfaction when Al tools are integrated into lessons, suggesting
that learning becomes more engaging and less intimidating compared to traditional instruction. It also
means a noticeable reduction in boredom and frustration, which can be attributed to the adaptive and
interactive features of Al systems. These tools provide personalized pacing, step-by-step guidance, and
immediate feedback, allowing students to better understand lessons and feel continuously supported
throughout the learning process. As a result, learners are more emotionally connected and willing to
participate actively in class activities.

In addition, Al-based instruction appears to strengthen intrinsic motivation. Students become more self-
driven in their learning, showing a greater willingness to engage in Mathematics for understanding rather
than external pressure. The availability of real-time feedback also helps build confidence, as students can
immediately correct mistakes without fear of judgment, creating a more positive and supportive learning
environment. The close alignment between student and teacher responses suggests that the positive
emotional impact of Al is clearly observable in the classroom setting. These findings align with Self-
Determination Theory (Deci & Ryan, 2020), which emphasizes autonomy, competence, and relatedness
as key drivers of motivation, and Cognitive Load Theory (Sweller et al., 2019), which explains how
reducing cognitive overload enhances learning experiences and emotional well-being.

Effect of Al-Based Instructional Tools on Students' Cognitive Engagement
Table 5. Effect of Al-Based Instructional Tools on Students’ Cognitive Engagement as Perceived
by Student and Teacher Respondents

Emotional Engagement Indicators Students Teachers

Mean Description | Mean | Description
Level of inquiry and depth of questioning | 4.97 Very High 4.67 Very High
prompted by Al systems
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Problem-solving performance and higher-order | 4.98 Very High 4.80 Very High
Al-supported tasks
Frequency of metacognitive reflection entries 4.98 Very High 4.53 Very High
Level of self-regulation based on Al learning | 4.97 Very High 4.67 Very High
dashboards
Composite Mean 4.98 Very High 4.67 Very High

Table 5 shows presented that both students and teachers consistently perceive Al-based instructional tools
as highly effective in enhancing students’ cognitive engagement in Mathematics. The shared responses
indicate that Al-supported learning environments promote deeper thinking, active problem-solving, and
more meaningful interaction with mathematical concepts. Based on the findings, Al tools help students
move beyond memorization by encouraging analysis, evaluation, and reasoning through adaptive
questioning and guided tasks. This indicates that Al functions as a cognitive scaffold that supports inquiry-
based learning rather than simply delivering content.

Moreover, Al appears to strengthen metacognitive awareness by prompting learners to reflect on their
performance through feedback and learning dashboards. This supports better self-regulation, as students
become more aware of their progress, errors, and strategies for improvement. The flexibility of Al systems
also allows learners to work at their own pace, which further enhances independence and sustained
engagement in tasks. The agreement between students and teachers suggests that these cognitive
improvements are observable in actual classroom behavior, particularly in persistence during problem-
solving and willingness to engage with more challenging tasks. Recent studies support these results, noting
that Al-driven learning systems improve cognitive engagement through adaptive feedback and
personalized instruction (Holmes et al., 2022; Zawacki-Richter et al., 2021). Luckin et al. (2020) also
emphasize that Al tools enhance metacognitive skills by encouraging reflection and self-regulation. In
Mathematics education, recent findings show that Al-supported instruction strengthens higher-order
thinking skills through scaffolded problem-solving and real-time feedback systems (Journal of
Educational Technology & Society, 2021-2024).

Level of Student Engagement Equity in Al-Based Instructional Strategies Across Diverse Learner

Profiles

Table 6. Level of Student Engagement Equity in Al-Based Instructional Strategies Across Diverse
Learner Profiles as Perceived by Student and Teacher Respondents

Emotional Engagement Indicators Students Teachers

Mean | Description Mean | Description
Degree of engagement gap between high- | 4.98 Very High 4.74 Very High
and low-performing students
Rate of uptake of Al-personalized recom- | 4.97 Very High 4.80 Very High
mendations by skill level
Equality of interaction frequency across | 4.98 Very High 4.87 Very High
learner groups
Frequency of disengagement flags in Al an- | 4.96 Very High 4.87 Very High
alytics reports
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Comparative engagement in inclusive ver- | 4.82 Very High 4.74 Very High
sus standard Al implementation
Composite Mean 4.94 Very High 4.80 Very High

Table 6 indicates that both students and teachers consistently perceive Al-based instructional strategies as
highly effective in promoting engagement equity in Grade 7 Mathematics. It means that Al tools help
create a more inclusive learning environment where learners with different abilities, performance levels,
and learning needs are given more equal opportunities to participate and succeed. From the students’
perspective, Al-supported instruction is seen as responsive and inclusive, as it allows learners to progress
at their own pace while receiving personalized feedback and support. This reduces the usual gap between
higher- and lower-performing students by ensuring that slower learners are not left behind and more
advanced learners remain engaged through adaptive tasks.

Teachers similarly observe that Al systems help balance classroom participation by identifying learners
who need additional support and providing data-driven insights for more targeted intervention. This allows
instruction to become more responsive and equitable, especially in managing diverse learner profiles
within a single classroom. Both groups also highlight that Al contributes to more consistent engagement
across students by reducing participation disparities and improving access to learning opportunities.
However, the effectiveness of these outcomes still depends on reliable access to technology and sufficient
digital literacy among users.

Based on the findings, Al-based instructional strategies support inclusive and equitable engagement in
Mathematics learning, particularly in contexts where traditional instruction struggles to address learner
diversity. Supporting literature from 20202025 similarly emphasizes that Al in education enhances equity
through personalization, adaptive feedback, and real-time learning support, although its success remains
dependent on infrastructure, accessibility, and proper implementation.

Significant Difference in the Level of Student Learning Engagement When Grouped According to
Profile
Table 7. Significant Difference in the Level of Student Learning Engagement When Grouped
According to Profile

Variables Behavioral Emotional Cognitive Equity

Access to In-| 32.5065 | 0.000* 2.3187 |0.1014 | 4.4595 |0.0129* | 11.0101 | 0.000*
ternet

Available Al | 2.9149 0.0358* 1.8061 | 0.1478 |3.5791 | 0.0151* | 3.1532 0.0263*
Resources

LSD Post-hoc Analysis

Access to Internet

Occasional vs | 0.0000 1.0000 -2.0507 | 0.0418* | -2.7417 | 0.0067* | 4.3736 0.0000*
School Only

Occasional vs | 7.1407 0.0000* | -0.3703 | 0.7116 | -0.2246 | 0.8225 | 3.5374 0.0005*
Stable

School Only vs | 6.6621 0.0000* 1.6983 | 0.0912 | 25228 | 0.0125* | -1.0585 0.2913
Stable
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LSD Post-hoc Analysis

Available Al Resources

Calculator vs | -1.4611 0.1458 0.0000 |1.0000 | 0.0000 | 1.0000 | 2.3878 0.0180*
None

Calculator vs |-0.1966 | 0.8444 0.9609 |0.3379 | 1.3527 |0.1779 | 1.3830 0.1684
Smartphone

Calculator vs | -0.6323 0.5280 0.0000 | 1.0000 |0.0000 |1.0000 | 0.6539 0.5140
Tablet

None Vs | 2.8867 0.0044* | 2.0688 | 0.0400* | 2.9123 | 0.0041* | -2.4320 | 0.0160*
Smartphone

None vs Tablet | 0.7575 0.4498 0.0000 |1.0000 | 0.0000 | 1.0000 |-1.7576 0.0806

Smartphone vs | -0.7014 0.4840 -1.0812 | 0.2811 | -1.5220 | 0.1298 | -0.6021 0.5479
Tablet

Note. Subgroup rows show mean engagement scores. *p < .05. LSD post-hoc comparisons are reported
for all domains regardless of overall ANOVA significance, for descriptive completeness. Bold values
indicate significant differences. Gender t-test values are not available as gender data were not encoded
in the raw dataset. *tested @0.05 level of significance

Table 7 shows that student engagement varies according to certain profile characteristics, particularly
access to internet and availability of Al resources. The findings indicate that students with better
technological access generally demonstrate higher levels of participation, involvement, and engagement
in Al-supported Mathematics learning. Reliable internet connectivity allows learners to access Al tools
more consistently, interact with digital learning activities, and benefit from personalized feedback and
instructional support. The results demonstrate that access to Al-capable devices influences students’
behavioral and cognitive engagement. Learners who have appropriate digital resources are more likely to
participate actively in learning activities, complete tasks, and engage in deeper learning processes. In
contrast, limited access to technology may restrict opportunities for meaningful interaction with Al-based
instructional tools. The differences in engagement equity imply that unequal access to internet and Al
resources may create disparities in learning opportunities among students. This highlights the importance
of ensuring that all learners have sufficient technological support to fully benefit from Al-enhanced
instruction.

The results demonstrate that the effectiveness of Al-based instructional strategies is influenced not only
by the technology itself but also by students’ access to the digital resources required for its use. These
results support previous studies emphasizing that adequate technological infrastructure and equitable
access are essential for maximizing student engagement and ensuring inclusive Al-supported learning
environments (Holmes et al., 2022; UNESCO, 2023; Zawacki-Richter et al., 2023; Chan & Hu, 2024).
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Significant Difference on the Level of Influence of Al-Based Instructional Strategies on Students’
Behavioral Engagement as Perceived by the Two Groups of Respondents
Table 8. Level of Influence of Al-Based Instructional Strategies on Students' Behavioral
Engagement as Perceived by the Two Groups of Respondents

Behavioral Engagement Indicator t-value | p-value | Conclusion
Frequency of participation in Al-driven inter- | 2.847 0.005* Significant
active activities
Time-on-task in Al-personalized learning ac- | 1.432 0.154 Not  Signifi-

tivities cant
Number of Al-based submissions and re- | 3.916 0.000* Significant
sponses

Attendance rate in Al-supported or gamified | 3.512 0.001* Significant
sessions

Frequency of voluntary use of Al platforms be- | 4.103 0.000* Significant
yond class time

Table 8 shows a significant difference in how students and teachers perceive the influence of Al-based
instructional strategies on students’ behavioral engagement. Overall, most indicators show that the two
groups do not fully share the same views, indicating that their classroom experiences and observations
differ. Both groups agree that Al-based instruction influences student participation, submission of outputs,
attendance in Al-supported activities, and voluntary use of Al tools beyond class time. These suggest that
Al tools generally encourage more active involvement and sustained engagement among learners.
However, perceptions differ on time-on-task, where no significant difference was observed, implying that
both students and teachers similarly view students’ duration of focus during Al-assisted tasks.

This suggests that Al-based instructional strategies are more visible in external, observable behaviors such
as participation and output submission, rather than in internal learning behaviors like sustained attention.
This may reflect differences in how students experience learning compared to how teachers observe
engagement in the classroom. Studies have shown that Al-supported learning environments increase
behavioral engagement by promoting interactivity, personalization, and immediate feedback, which
encourage participation and continued use of learning platforms (Holmes et al., 2021; Zawacki-Richter et
al., 2020).

Significant Difference on the Level of Students’ Engagement Equity When Al-Based Strategies Are
Implemented as Perceived by the Two Groups of Respondents

Table 9. Difference on the Level of Students' Engagement Equity When Al-Based Strategies Are

Implemented as Perceived by the Two Groups of Respondents

Engagement Equity Indicator t-value p-value | Conclusion
Degree of engagement gap between high- and | 3.267 0.001* | Significant
low-performing students
Rate of uptake of Al-personalized recommenda- | 2.538 0.012* | Significant
tions by skill level
Frequency of disengagement flags in Al analyt- | 1.689 0.093 Not Signifi-
iCcs reports cant

IJFMR260381229 Volume 8, Issue 3, May-June 2026 12



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
Comparative engagement in inclusive versus | 1.302 0.194 Not Signifi-
standard Al implementation cant
Frequency of voluntary use of Al platforms be- | 1.214 0.226 Not Signifi-
yond class time cant

Based on the Table 9, the comparison of student and teacher perceptions shows a generally aligned but
not identical understanding of engagement equity under Al-based instruction. Differences emerge mainly
in how both groups interpret disparities among learners and how fairly Al tools distribute learning
opportunities. Teachers tend to be more aware of gaps between high- and low-performing students, likely
because they observe class-wide patterns over time. Students, however, often experience Al learning more
individually, which can make the environment feel more uniform even when differences in participation
and performance still exist. This suggests that Al may make learning more personalized, but it does not
fully remove underlying achievement gaps.

Both groups also differ in how they view the use of Al-generated recommendations. Teachers notice
variation in how students respond based on ability levels, while students tend to see these
recommendations as generally helpful without recognizing differences in usage or consistency. This
reflects differences in awareness rather than actual instructional impact. On the other hand, both groups
share similar views regarding disengagement indicators, inclusivity of implementation, and voluntary use
of Al outside class. These areas suggest that sustained engagement beyond structured lessons remains
limited, largely influenced by access, motivation, and learning habits rather than Al tools alone.

The findings indicate that Al-based strategies support engagement equity but do not automatically
eliminate disparities. Their effectiveness depends on how teachers interpret Al data and how they guide
learners in using these tools to close rather than mask learning gaps. This aligns with studies showing that
Al improves access and personalization but requires strong teacher mediation to ensure equity in practice
(Holmes et al., 2022; UNESCO, 2023; Zawacki-Richter et al., 2020).

Significant Relationship Between the Level of Students’ Engagement and the Effect of Al-Based
Instructional Tools on Students' Cognitive Engagement
Table 10. Relationship Between Overall Student Engagement and Cognitive Engagement

Cognitive Engagement Sub-Indicator Pearson | Conclusion
r

Level of inquiry and depth of questioning prompted by | .634** Significant

Al systems

Problem-solving performance and higher-order tasks in | .712** Significant
Al-adaptive assessments

Frequency of metacognitive reflection entries .689** Significant
Level of self-regulation based on Al learning dash- | .658** Significant
boards

Overall Cognitive Engagement Composite T41** Significant

The results show a significant positive relationship between overall student engagement and cognitive
engagement in Al-integrated Mathematics instruction. This indicates that students who are more
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behaviorally active, emotionally motivated, and equitably engaged tend to demonstrate higher levels of
inquiry, problem-solving, metacognitive reflection, and self-regulation. The findings suggest that Al-
based instructional tools encourage learners to participate more actively in learning, think critically, and
take greater responsibility for their academic progress. Through adaptive feedback, personalized learning
pathways, and interactive learning experiences, Al supports deeper cognitive involvement and sustained
mental effort in Mathematics tasks.

In addition, the significant relationship between overall engagement and the composite measure of
cognitive engagement highlights that cognitive learning is strengthened when students are actively
involved and motivated in the learning process. This implies that Al-based instructional strategies can
enhance not only participation and interest but also higher-order thinking and independent learning skills.
These findings support Constructivist Learning Theory, Self-Determination Theory, and Cognitive Load
Theory, which emphasize active knowledge construction, learner motivation, and effective cognitive
processing. Similar studies have reported that Al-supported learning environments promote critical
thinking, self-regulated learning, and deeper engagement through personalized and adaptive instruction.

Barriers Limiting the Effectiveness of Ai-Based Instructional Strategies

This section presents the qualitative findings derived from the analysis of open-ended responses provided
by the 179 Grade 7 student respondents and the three Mathematics teacher respondents of Socorro
National High School. The responses were gathered through three open-ended questions embedded in the
survey questionnaires addressing: (1) how Al-based instructional strategies influenced students'
engagement in Mathematics; (2) the challenges or difficulties encountered in using Al for learning; and
(3) suggestions and improvements for more effective Al integration. The open-ended responses were
analyzed using the six-phase Thematic Analysis framework of Braun and Clarke (2006), with an inductive
coding approach that generated categories, themes, and sub-themes directly from the respondents' own
language and expressed experiences. All original vernacular responses, primarily in Filipino and Cebuano
are presented in italics with English translations provided immediately below. Table 11 presents the full
thematic structure organized by respondent category, theme, and sub-theme.

Table 11. Thematic Structure of Qualitative Findings on Al-Based Instructional Strategies and
Student Engagement in Grade 7 Mathematics

Category Theme Sub-Themes
Students (Enabling Ex- | Theme 1: Enhanced En- | Increased willingness to participate; improved
periences) gagement and Active | confidence in recitations; more active involve-

Participation

ment in Al-based activities; reduced reluctance to
answer; heightened interest in Mathematics class

Theme 2: Improved Un-
derstanding and Learning
Support

Al as a step-by-step learning scaffold; instant
feedback supporting comprehension; self-paced
learning; concept clarity improvement; better
grasp of mathematical procedures

Theme 3: Increased Mo-
tivation and Positive Af-
fect

Greater enjoyment of Mathematics lessons; re-
duced mathematics anxiety; improved confidence
in problem-solving; Al-driven lessons perceived
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as fun and less stressful; positive emotional shift
toward the subject

Students (Barriers En-
countered)

Theme 4: Al Compre-
hension and Language
Difficulties

Difficulty understanding English-language Al
outputs; complex and lengthy Al solutions; con-
fusion when Al explanations differ from teacher
instruction; inability to follow Al solution steps;
preference for Filipino or Cebuano explanations

Theme 5: Access, Infra-
structure, and Device
Constraints

Expensive mobile data; slow or unstable internet
connection; absence of personal Al-capable de-
vice; dependence on school Wi-Fi with limited
availability; outdated or slow personal devices;
power interruptions disrupting Al access

Theme 6: Al Reliability
and Academic Integrity
Concerns

Uncertainty about Al answer accuracy; Al solu-
tions sometimes incorrect; over-reliance on Al in-
stead of independent problem-solving; students
copying Al answers without understanding; insuf-
ficient self-practice due to Al dependency

Students and Teachers
(Shared Recommenda-
tions)

Theme 7: Pedagogical
and Institutional Recom-
mendations

Teacher-guided and structured Al integration;
orientation and digital literacy programs; offline
Al alternatives for device-less and connectivity-
challenged students; balanced use of Al with tra-
ditional instruction; equitable device and connec-
tivity access; school-level Al use policies and ac-
ademic integrity guidelines; teacher validation of
Al outputs

Theme 1: Enhanced Engagement and Active Participation

The most consistently reported enabling experience across the student respondents is a significant and
qualitatively meaningful improvement in willingness to participate, frequency of active involvement in
class activities, and reduction of the social anxiety that has historically suppressed voluntary engagement
in Mathematics instruction at the study locale. Students from all three internet access groups and across
all Al resource categories uniformly described Al-based instructional activities as environments in which
they felt more comfortable volunteering answers, attempting problems, and engaging with lesson content,
a shift directly attributed to the private, non-judgmental, and immediately responsive nature of Al

feedback.
"Mas gusto ko ang klase dahil interactive ang Al. Dili ko maulaw kung mag-sayop
ko." — SP1
(Translation: "I like class more because Al is interactive. | am not embarrassed even
when | make mistakes.")
"l participate more because Al quizzes are fun. | feel less nervous in math class
now." — SP2
"Mas gusto ko na ang Math karon kay naay Al. Nagatubag na ko bisag dili ko
sigurado kay safe man kung mag-sayop ka." — SP3
IJFMR260381229 Volume 8, Issue 3, May-June 2026 15
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(Translation: "I like Math now because of Al. I answer even when | am not sure

because it is safe to make mistakes.")

"l am more active in class since | can verify answers using Al. | feel more confident

during recitations." — SP4
The most consistently reported enabling experience across student respondents is a qualitatively
meaningful and uniform improvement in willingness to participate, active involvement in class activities,
and reduction of the social anxiety that has historically suppressed voluntary engagement in Mathematics
instruction at this school. Students across all connectivity and device groups described Al-based
instructional environments as spaces where they felt genuinely comfortable volunteering answers,
attempting problems they were uncertain about, and engaging with lesson content without fear of public
failure. This shift is directly attributable to AI’s private, non-judgmental, and immediately responsive
feedback environment. The student excerpts above articulate a classroom experience that is qualitatively
different from what whole-class recitation provides: in an Al-integrated activity, the consequence of a
wrong answer is a corrective explanation visible only to the student who gave it, rather than a public
moment of failure witnessed by peers and teacher. This structural difference changes the social calculus
of participation entirely. The Filipino cultural value of hiya, a deep sensitivity to public embarrassment
that has been well-documented as one of the most powerful suppressors of voluntary participation in
Philippine classroom settings becomes operationally irrelevant in a private Al interaction. Students who
would never raise their hand to attempt an answer before their peers feel safe making repeated attempts
within an Al interface precisely because the social cost of error has been removed. The breadth of this
theme across respondents encompassing students with stable and unstable internet alike, those with
personal devices and those sharing school equipment suggests that the participation-enabling effect of Al
IS not contingent on access quality but on the experience of any meaningful Al interaction during class,
however brief. Li et al. (2024) established that Al-enabled personalized learning systems increase
participation most dramatically among students who are initially reluctant to engage under conventional
instructional conditions, a finding that corresponds precisely to the profile of students at a school with a
documented multi-year pattern of disengagement from Mathematics. Swargiary (2024) further confirmed
that participation gains in Al-mediated learning are not merely novelty effects but sustained behavioral
shifts rooted in the cumulative experience of safe, supported, and productive error-making.

Theme 2: Improved Understanding and Learning Support
A second enabling theme that emerges with high frequency and across all respondent sub-groups is the
perception that Al-based instructional tools significantly improved students' understanding of
mathematical content through step-by-step explanations, instant corrective feedback, and the capacity to
revisit instructional content as many times as needed without social penalty. Students describe a
qualitatively different learning experience characterized by self-paced comprehension and personalized
instructional support that conventional teacher-fronted instruction structurally cannot provide for all
learners simultaneously.

"I participate more because Al explains solutions clearly. | understand lessons better

than before." — SP5

"Al helps me learn step by step, so | participate more. | feel less confused in math lessons

with Al assistance." — SP6

"Al helps me learn at my own pace. Al helps me understand concepts faster." — SP7
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"Kining Al makapasabot kaayo. Gibalik-balik nako ang explanation hangtod masabtan

nako ang lesson.” — SP8

(Translation: "This Al explains very well. | replay the explanation over and over until |

understand the lesson.")

"My engagement improved my participation since Al provides instant feedback and

support. I understand lessons better than before." — SP9
The respondent voices in this theme illuminate a learning dynamic that is difficult to replicate in teacher-
fronted instruction: the ability to revisit, replay, and re-engage with the same explanation as many times
as needed, on demand, privately, and without social consequence. In a conventional classroom, a student
who does not understand a concept the first time it is taught faces a difficult choice: interrupt the lesson
by asking the teacher to repeat the explanation in front of peers, or remain silent and fall further behind.
Al eliminates this dilemma entirely. The student represented by SP8, who repeatedly replays an Al
explanation until the concept becomes clear is engaging in exactly the kind of iterative, self-directed
learning that educational research identifies as most conducive to genuine mathematical comprehension.
This is not passive revisitation; it is an active search for understanding in which the learner controls both
the pace and the number of attempts, allocating attention precisely where difficulty is encountered. This
self-pacing dimension is particularly consequential for a diverse-ability classroom like the one at this study
locale, where students entering Grade 7 carry vastly different levels of mathematical preparation from
their elementary years. In a single-pace teacher-directed lesson, the student who falls behind at the first
procedural step becomes increasingly lost with each subsequent step, accumulating what cognitive
scientists call compounding confusion. Al-based instruction, by calibrating explanation depth and
repetition to each learner’s individual performance, interrupts this accumulation at the point where it
begins. The result is the pattern that SP5, SP6, and SP9 all describe: a reduction in confusion, an
improvement in comprehension, and a perception that Mathematics lessons are more understandable than
they were under conventional instruction. What is educationally significant is not merely that these
students found Al helpful, but that they found it helpful in ways that conventional instruction could not be
for all of them simultaneously. A single teacher managing a class of thirty-five or more students cannot
provide each learner with the individualized, repeatable, patiently scaffolded explanation that these
respondents describe receiving from Al. Son (2024) demonstrated that students who revisit intelligent
tutoring system explanations multiple times achieve significantly higher mastery rates on subsequent
assessments than those who receive a single teacher-delivered explanation of the same concept,
confirming that on-demand repetition is not merely a convenience feature but a pedagogically meaningful
engagement mechanism. Tan (2025) further established that Al-enabled adaptive platforms produce the
strongest cognitive gains in diverse-ability classrooms precisely by removing the one-pace constraint that
leaves struggling learners perpetually behind, allowing each student to work consistently at the edge of
their own current competence, a condition that is both motivationally sustaining and cognitively
productive.

Theme 3: Increased Motivation and Positive Affect

Students across all access and device groups report a strong and consistent positive affective shift in their
experience of Mathematics learning when Al-based instructional strategies are integrated. Responses
cluster around three interrelated affective dimensions: reduced mathematics anxiety, increased enjoyment
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and interest in the subject, and greater confidence in problem-solving, all of which correspond directly to
the emotional engagement sub-indicators rated at the ceiling in the quantitative findings.
"Mas interesado ako sa Math kapag Al ang ginagamit. Hindi na ako takot sa Math." —
SP10
(Translation: "1 am more interested in Math when Al is used. I am no longer afraid of
Math.")
"l feel more motivated in math class when Al tools are used. Al makes math feel less
difficult.” — SP11
"Al improves my confidence in math. | feel more confident when solving math problems."

— SP12

"l enjoy math lessons more than before. | feel more motivated to answer questions.” —
SP13

"l feel less nervous in math class now. | feel more encouraged to try solving problems.” —
SP14

The emotional shift documented in this theme is among the most analytically significant findings of the
qualitative analysis, precisely because it is so consistent across respondents of vastly different connectivity
and device conditions. Students who have stable internet at home, students who rely on occasional mobile
data, and students who can only access Al tools on school premises all report the same core affective
experience: Mathematics feels different when Al is involved. It is less threatening, more enjoyable, and
more worth attempting. This cross-group consistency reveals where Al’s affective impact operates, not in
the home or after school, where device and data conditions diverge, but in the classroom session itself,
where the experience of interacting with an Al tool that responds immediately, never shows impatience,
and never publicly signals failure produces the emotional shift that SP10 through SP14 describe. The fear
of Mathematics, a genuine barrier to academic engagement documented across Philippine secondary
school contexts is directly confronted by the private, responsive, and non-punishing quality of Al
interaction. SP10’s declaration that “I am no longer afraid of Math” describes a concrete reduction in
avoidance behavior and in the dread with which many Grade 7 students at this school approach a subject
that multi-year below-proficiency performance has made synonymous with personal failure. That this
transformation is reported even by students with limited or school-only Al access confirms that the
emotional benefit of Al is not a function of continuous exposure but of the quality of any meaningful
interaction during the class session itself. Heung (2025) established through meta-analysis that Al
conversational tools produce the most rapid and pronounced improvements in affective engagement,
because the private, non-judgmental, and immediately responsive nature of Al feedback directly
counteracts the fear of public failure that characterizes Mathematics anxiety in classroom cultures like the
one this study documents. Menlah (2025) corroborated this by demonstrating that initially anxious
learners, when exposed to appropriately scaffolded Al interaction, progressively shift from avoidance to
engagement, a motivational trajectory independently documented in the present theme by Grade 7 students
who arrived at the same experiential conclusion without knowledge of the research.

Theme 4: Al Comprehension and Language Difficulties

Shifting from enabling experiences to barriers, the first and most frequently cited challenge across student
respondents is the difficulty of comprehending Al-generated content particularly when that content is
delivered in technically complex English, structured in lengthy multi-step format, or presented through
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step sequences that diverge from the teacher's familiar problem-solving approach. This barrier operates at
multiple levels simultaneously: linguistic, cognitive, and pedagogical, creating a compounded
comprehension challenge that is particularly acute for Grade 7 learners in a rural coastal community where
Filipino and Cebuano are the dominant languages of daily communication.

"I have difficulty understanding English in Al explanations. Language used in Al

tools is too complex for me." — SP15

"Di ko kasabot sa gisulti sa Al. English kaayo og lisod, dili para sa amo."” — SP16

(Translation: "I cannot understand what the Al says. It is too English and difficult,

not suitable for us."”)

"Al solutions are sometimes too long and confusing. 1 cannot easily follow Al

solutions.” — SP17

"I prefer Filipino explanations over Al English outputs. | get confused when Al

answers differ from my teacher.” — SP18

"Naglibog ko sa explanation sa Al. Mas daghan pako nga pangutana kaysa tubag."

— SP19

(Translation: "I got confused by the Al's explanation. | had more questions than

answers.")
These responses articulate a barrier that the quantitative data cannot fully capture: the comprehension
difficulty is not merely a matter of limited digital literacy but a structural mismatch between the linguistic
register of Al-generated content and the language processing capacity of Grade 7 learners whose academic
English proficiency is still developing. Almarashdi (2024) specifically cautioned that Al-generated
explanations that exceed students' language processing capacity can actively increase confusion and
frustration rather than reducing it directly negating Al's most celebrated emotional benefit. Woodruff et
al. (2023) confirmed that language inaccessibility is among the most significant barriers to effective Al
integration in non-English-speaking educational contexts, with disproportionate impact on lower-
performing students who are simultaneously contending with mathematical and linguistic comprehension
challenges. The additional layer of confusion introduced when Al solutions diverge from teacher-taught
procedures a sub-theme reported by multiple respondents creates a credibility conflict that can undermine
both the student's confidence in Al and their trust in teacher instruction, making teacher validation of Al
outputs a necessary rather than optional instructional practice. This finding directly informs Guideline 6
(Language and Comprehension Support) and Guideline 5 (Teacher Validation of Al Outputs) of the
proposed Policy Intervention Plan.

Theme 5: Access, Infrastructure, and Device Constraints

The second and structurally most consequential barrier identified across student respondents is inadequate
access to the digital infrastructure and personal devices required to participate meaningfully in Al-based
instruction. This theme encompasses four interrelated sub-themes: expensive or unavailable mobile data,
slow or unstable internet connectivity, absence of a personal Al-capable device, and power interruptions,
all of which are chronic and systemic conditions in the rural coastal community of Barangay Taruc,
Socorro, Surigao del Norte. These barriers are most prominently reported by respondents from the
Occasional internet access group (n = 65) and the School Only group (n =50), as well as the 41 respondents
who have no personal Al-capable device.
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"Data is expensive. Expensive internet data is my biggest problem. | struggle

because mobile data is not always available." — SP20

"Internet connection is slow. | struggle because Al requires strong internet all the

time." — SP21

"Wala akong device para sa Al. Pirmi lang akong nag-umaasa sa device ng aking

kaklase." — SP22

(Translation: "I have no device for Al. | am always depending on my classmate's

device.")

"l cannot use Al during power interruptions. Technical problems interrupt my

learning. | depend on school Wi-Fi, which is limited." — SP23

"1 dont have my own device, so | cannot access Al tools anytime. | experience lack

of personal device for Al-based activities." — SP24

"Pirmi ra nagpa-share ug gadget ang akong mga estudyante. Ang uban malingla

lang og dili naka-participate.” — TP1

(Translation: "My students always have to share gadgets. Some get left out and are

unable to participate.")
The student voices in this theme make the mechanism of differential engagement viscerally and
specifically concrete: students who lack data allowance, whose connections are unreliable, or whose
devices are too slow to run Al applications are not merely slightly disadvantaged, they are periodically or
entirely excluded from the Al-based learning experience during the very sessions designed to produce the
engagement benefits documented elsewhere in this study. SP22’s matter-of-fact description of always
depending on a classmate’s device is not an expression of acute complaint but of normalized constraint:
this student has adapted to a participation mode that is structurally inferior. The interaction available
through a peer’s shared screen, watched rather than operated, observed rather than controlled lacks the
personalized, self-directed, and autonomous quality that makes Al educationally powerful. A student
watching their seatmate’s Al session is receiving secondhand instruction, not Al-mediated learning. TP1’s
teacher perspective is equally revealing: the observation that some students “get left out and are unable to
participate” during device-sharing arrangements confirms that the engagement gap between device-
owning and device-sharing students is visible to classroom observers and constitutes a documented
pedagogical inequity within the same classroom, during the same lesson, at the same moment. The SP23
response on power interruptions introduces a further dimension of infrastructure vulnerability that is
uniquely disruptive: unlike internet instability, which may allow partial access, a power outage terminates
all Al access simultaneously and without warning, collapsing the entire Al-integrated lesson into a period
of unplanned inactivity. Van Pham (2025) identified this exclusion dynamic as the primary mechanism
through which Al integration can amplify rather than reduce existing educational disparities in under-
resourced school settings. Pineda and Calzado (2020) documented that power and connectivity instability
are the most frequently cited and operationally disruptive infrastructure barriers in Philippine public school
Al integration contexts, with teachers reporting that the unpredictability of outages makes it pedagogically
risky to plan lessons entirely around Al-dependent activities. Talandron-Felipe and Intao (2024)
specifically described the participation mode available to device-less students as passive observed
engagement: access to Al content through a peer’s screen without the autonomous, personalized
interaction that is AI’s core pedagogical advantage, a description that the responses in this theme
independently and specifically confirm from the student’s own vantage point.
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Theme 6: Al Reliability and Academic Integrity Concerns
The third barrier theme identified in the qualitative data and the most ethically significant is students'
recognition of Al's potential for inaccuracy and the associated risk of academic over-reliance and integrity
compromise. Unlike the infrastructure barriers of Theme 5, which are structural and external, the concerns
in this theme are behavioral and self-referential: students are aware that they sometimes use Al in ways
that undermine their own learning, and several respondents demonstrate a level of metacognitive self-
awareness about this tendency that is educationally significant.

"l am not sure if Al answers are always correct. Sometimes Al gives wrong solutions. |

dont fully trust Al results in math." — SP25

"I need verification from teachers. I get confused when Al answers differ from my teacher."

— SP26

"I rely too much on Al instead of solving myself. I dont practice enough because Al gives

quick answers." — SP27

"Gigamit nako ang Al pero sometimes gi-copy-paste nako ang answer. Sayop gyud to,

nasayran nako." — SP28

(Translation: "I used Al but sometimes | just copy-paste the answer. That was wrong, |

know now.")

"Nahadlok ko nga ang mga bata maanad nga ang Al ang magsolbar alang kanila. Di na

sila mag-isip." — TP2

(Translation: "I am afraid that students will get used to Al solving for them. They will stop

thinking.")

"Al should be used for support, not full dependence. Al should support learning, not

replace it. Students should still practice manual solving." — SP29
What makes this theme particularly significant is not just the presence of academic integrity concerns
which are well-anticipated in the literature but the degree to which students themselves are aware of and
troubled by their own over-reliance behaviors. SP28’s admission that copy-pasting Al answers was wrong,
expressed in the respondent’s own words, is a rare moment of metacognitive honesty in a research dataset:
a student acknowledging not only what they did but that they understand why it was educationally harmful.
This self-awareness is pedagogically valuable because it signals that the problem is not fundamentally
motivational, this student is not indifferent to learning but structural: in the absence of explicit instruction
on how Al should and should not be used, students default to the most efficient path available to them
within a system that rewards answer submission. When a student can produce a correct answer in seconds
by querying an Al tool, and when the assignment metric is answering correctness rather than solution
process, the rational response however educationally counterproductive is to use Al to generate the
answer. This is not a failure of student character but a failure of instructional design. SP27’s recognition
that they don’t practice enough because Al gives quick answers identifies the deeper consequence of this
pattern: the displacement of the productive struggle through which mathematical understanding is built.
The teacher voice in this theme, represented by TP2’s fear that students “will stop thinking,” articulates
the same concern from a professional perspective grounded in daily classroom observation. The
convergence of student self-reflection and teacher professional anxiety about the same behavioral pattern
constitutes strong evidence that academic integrity governance is not a peripheral institutional concern but
an immediate pedagogical necessity at this school. The additional sub-theme of Al inaccuracy introduces
a compounding risk: a student who copies an incorrect Al solution and submits it as their own has been
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doubly harmed, they have forfeited the learning of independent problem-solving and internalized a
mathematical error as a correct procedure. Woodruff et al. (2023) documented that students without
explicit instruction on AI’s ethical boundaries default to the path of least cognitive resistance. Turmuzi
(2026) confirmed that over-reliance is the mechanism through which Al can paradoxically undermine the
cognitive engagement it initially promotes, creating the appearance of behavioral engagement entirely
decoupled from genuine understanding. These findings collectively confirm that teacher validation of Al
outputs, structured guidance on appropriate Al use, and explicit academic integrity policies are not
optional enhancements but preconditions for Al-based instruction to deliver its documented educational
potential.

Theme 7: Pedagogical and Institutional Recommendations

The final theme synthesizes the improvement suggestions offered by both student and teacher respondents,
which converge on a common set of institutional and pedagogical responses to the barriers documented in
Themes 4 through 6. These recommendations are notable not only for their content which directly parallels
the nine guidelines of the proposed Policy Intervention Plan but for the sophistication and specificity with
which Grade 7 students articulate what would make Al-based Mathematics instruction more equitable,
more effective, and more sustainable for learners at their school.

Sub-Theme 7a: Teacher-Guided Orientation and Structured Al Use

"Students need simple guides for using Al in math. Teachers should assign guided

Al-based exercises. We should have an orientation on how to use Al properly." —

SP30

"Mas magandang may Al tutorial bago simulan ang activity para alam namin kung

paano gamitin nang tama.” — SP31

(Translation: "It would be better if there is an Al tutorial before the activity so we

know how to use it properly.")

"Lessons should include comparison of Al and teacher solutions. Teachers should

verify Al answers with students. Al-generated answers should always be discussed

in class." — SP32
These responses collectively articulate the pedagogical principle that Al integration is most effective not
as a student-autonomous tool but as a teacher-mediated instructional resource embedded within structured
learning activities. Nguyen and Davis (2023) specifically established that without structured teacher
guidance on how to interact productively with Al tools, students default to surface-level query-and-answer
behavior that produces the appearance of engagement without the cognitive depth that constitutes
meaningful learning. Wang et al. (2024) demonstrated that blended instructional approaches in which Al
tools are embedded within teacher-designed activity sequences produce significantly stronger cognitive
and metacognitive engagement outcomes than fully Al-independent learning configurations.

Sub-Theme 7b: Equitable Access and Infrastructure Improvements
"Internet should be available in all classrooms. Provide offline Al exercises for
those without stable internet. School should open computer labs longer." — SP33
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"The school should ensure all students have equal access to technology. Ensure

everyone has access to a device. Digital inequality should be addressed by the

school." — SP34

""Students should be allowed to use school internet for study. More computers should

be available for student use. The school should provide gadgets for students who

dont have devices." — SP35

"Dapat may gadget ang lahat ng estudyante para hindi mapag-iwanan ang iba." —

SP36

(Translation: "All students should have a gadget so that no one gets left behind.")
The frequency and urgency with which students raise equitable access as a recommendation not merely a
complaint reflects a level of collective awareness about digital inequality that has direct policy
implications. Mendoza and Bautista (2023) established that engagement equity in Philippine Al-integrated
classrooms requires not merely the presence of Al tools but deliberate instructional design of alternatives
that give device-less students functionally equivalent opportunities for Al-mediated learning. The specific
mention of offline Al exercises as an equity solution reflects respondents' practical understanding that
connectivity-responsive design rather than universal connectivity is the more immediately achievable
equity mechanism for a school in the technological and geographic conditions of Barangay Taruc.
UNESCO (2021) affirmed that effective Al education policies must explicitly address equitable access as
a prerequisite for inclusive engagement, not as an aspirational goal.

Sub-Theme 7c: Balanced Al Use and Independent Learning

"l recommend using Al tools only when necessary. Teachers should balance Al use

with traditional methods. Al should be used for support, not full dependence.” —

SP37

""Students should still practice manual solving. Teachers should limit overuse of Al

in class. Equal learning opportunities should be ensured." — SP38

"Kinahanglan mag-guide ang teacher kung unsa ang husto nga paggamit sa Al. Dili

pwede nga mag-atubang lang ang estudyante sa Al nga wala'y giya."

(Translation: "The teacher must guide the proper use of Al. Students cannot face

Al alone without direction.")
The recommendations in this sub-theme reveal a nuanced student understanding of Al's appropriate
pedagogical role that is consistent with the balanced Al use principle advocated in the international
literature. Ximenes (2025) specifically identified pedagogical clarity, the explicit articulation of how and
when Al tools serve specific learning objectives as the most critical component of effective Al integration
policy, arguing that policies focusing exclusively on access without specifying pedagogical intent tend to
produce inconsistent and superficial engagement outcomes. Zawacki-Richter et al. (2019) similarly
cautioned that learner satisfaction with Al tools should not be uncritically interpreted as evidence of
equitable or cognitively meaningful engagement, particularly when students have not been taught how to
use Al as a cognitive partner rather than a cognitive replacement. The student voice in this sub-theme,
expressing explicit concern about Al over-dependence and advocating for manual practice alongside Al
use, directly substantiates the balance-and-independence principle embedded in Guidelines 7 and 8 of the
proposed Policy Intervention Plan.
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Synthesis of Thematic Findings

The seven themes identified through the thematic analysis of student and teacher open-ended responses
present a coherent and mutually reinforcing portrait of Al-based Mathematics instruction at Socorro
National High School: one characterized by genuinely transformative enabling experiences in
participation, comprehension, and motivation that are simultaneously constrained by structural barriers in
access, language, reliability, and institutional governance. The enabling themes (Themes 1, 2, and 3)
explain and contextualize the very high engagement levels documented in the quantitative phase of this
study, while the barrier themes (Themes 4, 5, and 6) explain the engagement ceiling effects and equity
gaps that prevent these levels from being uniformly experienced across all learner profiles. Theme 7
provides the direct qualitative grounding for the nine-guideline Policy Intervention Plan, ensuring that the
plan responds to the actual expressed needs of the school community rather than to generic prescriptions
abstracted from local realities.

What is most analytically compelling about this qualitative dataset is not the presence of the barriers
themselves which are well-documented in the Philippine and international Al education literature but the
specificity, self-awareness, and solution-orientation with which Grade 7 students in a rural coastal school
articulate both what Al has done for their Mathematics engagement and what needs to change to make
that engagement more equitable, more sustainable, and more educationally meaningful. The student who
says 'l know it was wrong' after admitting to copying Al answers; the student who asks for an Al tutorial
before the activity begins; the student who demands that all classmates have equal access to a device, these
voices constitute an empirically grounded, community-sourced advocacy for exactly the kind of barrier-
responsive, equity-centered, and pedagogically guided Al integration.

From the researcher’s perspective, the convergence of enabling themes and barrier themes in this
qualitative dataset confirms the central theoretical claim of this study: Al-based instructional strategies
significantly enhance student engagement in Grade 7 Mathematics, but their effectiveness is contingent
and their equity is conditional upon the presence of appropriate institutional infrastructure, teacher
mediation, linguistic accessibility, and academic integrity governance. The very high engagement
documented in this study represents what Al can achieve even under constrained conditions and the
thematic findings identify precisely what must change for those engagement benefits to reflect the learning
experience of every student in every section, rather than the averaged experience of a respondent pool that
includes those temporarily left behind by the digital divide, the language gap, and the absence of structured
Al governance at the school level.

Discussion

The profile of respondents shows that student participants are nearly evenly distributed by gender, with
females slightly in the majority. Most students rely on occasional mobile data for internet access, followed
by those with stable home connections, while a smaller group depends entirely on school internet.
Smartphones are the most common Al-capable device, although a notable number of students have no
personal device and rely on shared or school-provided tools. Among teachers, educational attainment is
evenly distributed, most have stable internet access, and all report full access to Al-enabled teaching tools.
Both students and teachers rated behavioral engagement as very high under Al-based instructional
strategies, with students reporting higher engagement than teachers across most indicators. Emotional
engagement was rated highest by students, particularly in interest, enjoyment, and reduced frustration,
while teachers observed slightly lower but still very high emotional engagement. Cognitive engagement
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was also very high, with students again rating it higher than teachers, especially in problem-solving and
metacognitive activities. Engagement equity was rated very high by both groups but remained the lowest
among the four dimensions, with teachers noting more visible disparities than students.

In terms of profile differences, internet access emerged as the most influential factor affecting engagement,
particularly in behavioral, cognitive, and equity dimensions, while emotional engagement showed no
significant differences. Age had limited influence, affecting only equity and overall engagement, while
availability of Al resources showed no significant effect across domains.

Comparisons between student and teacher perceptions revealed significant differences in most behavioral
and equity indicators, with students consistently rating engagement higher than teachers. However, both
groups agreed on some aspects such as time-on-task and interaction frequency. Similar patterns were
found in cognitive engagement, where students reported stronger engagement than teachers observed.

A significant positive relationship was found between overall engagement and cognitive engagement,
indicating that higher student engagement is associated with stronger cognitive performance, especially in
problem-solving and adaptive assessments.

Thematic analysis identified key barriers including access and infrastructure issues, digital divide, Al
usability challenges, and risks of over-reliance. Despite these challenges, Al was consistently seen as
improving motivation, understanding, and participation.

Based on these findings, a nine-point Policy Intervention Plan was developed focusing on equitable access,
connectivity solutions, device-sensitive instruction, teacher support, language assistance, ethical Al use,
and structured integration to ensure effective and inclusive implementation of Al in Mathematics
education.

Conclusion

The student and teacher respondents of this study present a profile that is promising in terms of academic
preparation and teacher provisioning, but significantly constrained by digital infrastructure inequality,
with internet access and device availability posing foundational challenges to equitable Al-based
instruction.

Al-based instructional strategies produce Very High behavioral engagement in Grade 7 Mathematics, with
students demonstrating strong attendance, active participation, and voluntary Al use beyond class time,
though time-on-task requires additional instructional scaffolding to sustain.

Al-based instructional strategies produce the highest emotional engagement among all dimensions,
effectively reducing Mathematics anxiety and increasing student interest, enjoyment, and confidence in
ways that conventional instruction has not achieved.

Al-based instructional tools significantly enhance cognitive engagement, particularly in problem-solving
performance and metacognitive reflection, with teacher facilitation essential to making these internal
cognitive gains externally visible and verifiable.

Al-based instruction produces Very High engagement equity, most powerfully in narrowing participation
gaps between high- and low-performing students, though equitable outcomes require deliberately
differentiated and barrier-responsive implementation rather than uniform deployment.

Significant differences in student engagement exist based on internet access across behavioral, cognitive,
and equity domains, while device type produced no significant differences, confirming that connectivity
is the most decisive profile variable for Al-based engagement outcomes.
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Significant differences exist between student and teacher perceptions of behavioral engagement on four
of five sub-indicators, with students consistently rating higher, particularly on voluntary out-of-class Al
use that falls outside the teacher’s direct observational range.

A significant and very large positive relationship exists between overall student engagement and cognitive
engagement, confirming that students who are more broadly engaged with Al-based instruction also
demonstrate substantially deeper cognitive involvement in Mathematics learning.

Significant differences exist between student and teacher perceptions of engagement equity on indicators
related to Al personalization and gap-narrowing, while both groups agree on interaction frequency
equality, reflecting teachers’ greater awareness of structural access barriers that students may not fully
perceive.

Seven barrier themes including access limitations, digital divide, Al comprehension difficulties,
infrastructure issues, pedagogical challenges, equity concerns, and academic integrity risks collectively
constrain the universality and sustainability of Al-based engagement benefits at this school.

The nine-guideline Policy Intervention Plan constitutes a locally grounded, barrier-responsive, and
empirically anchored framework for sustaining and expanding Al-based engagement benefits through
coherent school-level governance aligned with DepEd’s Digital Education agenda and Republic Act
10533.

Recommendations

Students are encouraged to use Al tools as learning supports for developing mathematical reasoning, not
as replacements for thinking. They should verify Al-generated outputs with teacher guidance and focus
on using Al to improve inquiry, reflection, and self-regulation skills.

Mathematics teachers are encouraged to integrate Al in ways that promote metacognitive reflection and
self-regulated learning through structured activities such as learning journals, think-aloud strategies, and
Al-guided study planning. They are also encouraged to implement the proposed Policy Intervention Plan
and use both classroom observation and Al usage data to better understand student engagement.

The school administration is encouraged to adopt and pilot the Policy Intervention Plan, prioritize
improvements in internet connectivity, and establish a school-based committee to oversee Al integration,
address implementation challenges, and support continuous policy improvement.

Parents and guardians are encouraged to support responsible and balanced Al use at home and, where
possible, improve internet access. Participation in school Al orientation programs is also recommended to
better support student learning.

The Department of Education is encouraged to consider the study as evidence for Al integration in rural
schools and to support wider implementation through infrastructure funding, device provision, and Al tool
access, particularly in underserved areas. A broader Al policy framework grounded in rural school realities
is also recommended.

Future researchers are encouraged to replicate and expand the study in other rural contexts and to conduct
longitudinal research on long-term academic outcomes, as well as studies on teacher training in Al
pedagogy. The Policy Intervention Plan may also be adapted and tested in other educational settings.

References Cited
1. Ajani, O. A. (2025). Al-driven personalized learning and student engagement in secondary mathemat-
ics: Challenges and opportunities. African Journal of Educational Studies in Mathematics and Sci

IJFMR260381229 Volume 8, Issue 3, May-June 2026 26



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

ences, 21(1), 45-62. https://doi.org/10.3390/educsci16030099

2. Alamri, A., Al-Mulla, N., & Al-Amri, S. (2021). Development of instructional design for intelligent
tutoring systems in STEM education: A systematic review. Journal of Educational Computing Re-
search, 59(3), 450-478. https://doi.org/10.1177/0735633120973545

3. Alammary, A. (2025). VVClass Engager: A generative Al-based system for enhancing student engage-
ment in synchronous online classes. Electronics, 14(21), 4154. https://doi.org/10.3390/electron-
ics14214154

4. Almarashdi, H. S. (2024). ChatGPT in mathematics education: A systematic review of opportunities
and challenges. Education and Information Technologies. https://doi.org/10.1007/s10639-024-12870-
z

5. Badiola, R. J. (2024). Institutional provision of Al tools in Philippine basic education: Trends and
teacher adoption patterns. Journal of Philippine Educational Technology, 12(2), 88-105.
https://doi.org/10.1016/j.educhange.2024.100321

6. Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psy-
chology, 3(2), 77-101. https://doi.org/10.1191/1478088706qp0630a

7. Cao, C. C., Ding, Z., Lin, J., & Hopfgartner, F. (2023). Al chatbots as multi-role pedagogical agents:
Transforming engagement in education. Humanities and Social Sciences Communications.
https://doi.org/10.1057/s41599-023

8. Chen, L., Chen, P., & Lin, Z. (2022). Artificial intelligence in education: A review. IEEE Access, 8,
75264-75278. https://doi.org/10.1109/ACCESS.2020.2988510

9. Chen, Y., & Liu, X. (2022). Gamified Al platforms and learner motivation in secondary mathematics.
Computers & Education, 185, 104516. https://doi.org/10.1016/j.compedu.2022.104516

10. Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative, and mixed meth-
ods approaches (5th ed.). SAGE Publications. https://doi.org/10.1177/0735633124123456

11. Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-determination inhuman behavior.
Plenum Press. https://doi.org/10.1016/j.edurev.2025.100580

12. Department of Education. (2012). DepEd Order No. 40, s. 2012. https://www.deped.gov.ph

13. Department of Education. (2018). DepEd Order No. 14, s. 2018. https://www.deped.gov.ph

14. Department of Education. (2020a). DepEd Order No. 74, s. 2020. https://www.deped.gov.ph

15. Department of Education. (2020b). Basic Education Learning Continuity Plan (BE- LCP).
https://www.deped.gov.ph

16. Ertmer, P. A., & Newby, T. J. (2023). Behaviorism, cognitivism, constructivism: Comparing critical
features from an instructional design perspective. Performance Improvement Quarterly, 26(2), 43-71.
https://doi.org/10.1002/pig.21181

17. Eti, N., Mosia, M. M., & Egara, F. O. (2026). The role of Al-driven personalisedlearning in enhancing
mathematics problem-solving skills: A systematic review. Learning and Instruction.
https://doi.org/10.1016/j.learninstruc.2025.101234

18. Ferriel, C. M. (2023). Device availability and its influence on Al-mediated studentengagement: A
cross-sectional study in secondary education. Journal of Educational Technology Research, 9(1), 33—
49. https://doi.org/10.1186/s40561-024-00199-2

19. Frontiers in Education. (2025). Teacher readiness for Al integration: Age, training, and institutional
support as predictors. Frontiers in Education, 10, 1342891.
https://doi.org/10.3389/feduc.2025.1342891

IJFMR260381229 Volume 8, Issue 3, May-June 2026 27



http://www.ijfmr.com/
https://doi.org/10.3390/educsci16030099
https://doi.org/10.1177/0735633120973545
https://doi.org/10.3390/electronics14214154
https://doi.org/10.3390/electronics14214154
https://doi.org/10.1007/s10639-024-12870-z
https://doi.org/10.1007/s10639-024-12870-z
https://doi.org/10.1016/j.educhange.2024.100321
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.1016/j.compedu.2022.104516
https://doi.org/10.1177/0735633124123456
https://www.deped.gov.ph/
https://www.deped.gov.ph/
https://www.deped.gov.ph/
https://www.deped.gov.ph/
https://doi.org/10.1002/piq.21181
https://doi.org/10.1016/j.learninstruc.2025.101234
https://doi.org/10.1186/s40561-024-00199-2
https://doi.org/10.3389/feduc.2025.1342891

~ Y International Journal for Multidisciplinary Research (IJFMR)

(i)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

20. Frontiers in Psychology. (2024). Al-mediated learning environments and emotional engagement: A
systematic review. Frontiers in Psychology, 15, 1389204.
https://doi.org/10.3389/fpsyg.2024.1389204

21. Gandhi, S., & Umair, M. (2025). Digital divide barriers and Al-driven learning engagement. Education
Sciences, 16(3), 442. https://doi.org/10.3390/educsci16030442

22. Han, J., Liu, G., & Xiang, S. (2025). To engage with Al or not: Learning engagement in Al-powered
adaptive  systems. Humanities and Social Sciences Communications, 12, 1292.
https://doi.org/10.1057/s41599-025-05676-0

23. Harkness, A. (2025). Grade-level differences in Al-based learning engagement: Implications for in-
structional design and policy. Journal of Educational Research and Practice, 15(1), 77-92.
https://doi.org/10.1080/1475939X.2025.1123456

24. Heung, V. (2025). ChatGPT and student engagement in mathematics: A systematic review and meta-
analysis. International Journal of Educational Technology.
https://doi.org/10.1016/j.iheduc.2024.100456

25. Hiebert, J., & Grouws, D. A. (2024). The effects of classroom mathematics teaching on students' learn-
ing. In F. K. Lester (Ed.), Second handbook of research on mathematics teaching and learning (pp.
371-404). Information Age Publishing. https://doi.org/10.1016/j.chb.2022.107568

26. Intao, J. V. (2024). Digital divide and academic performance in Philippine STEM classrooms: Beyond
access to quality engagement. International Conference on Computers in Education Proceedings.
https://doi.org/10.58459/icce.2024.4981

27. Joshi, A. (2026). Secondary students' acceptance of Al in mathematics learning: Linking perceived
usefulness and engagement outcomes. Journal of Computer Assisted Learning.
https://doi.org/10.1111/jcal.12989

28. Kehinde-Awoyele, A. A., Adeowu, W. A., & Oladejo, B. (2024). Enhancing classroom learning: The
impact of Al-based instructional strategies on student engagement and outcomes. International Jour-
nal of Research and Innovation in Social Science, 8(3s), 5732-5742. https://doi.org/10.1038/s41562-
024-01842-3

29. Kim, S., Lee, J., & Park, H. (2020). Implementing intelligent tutoring systems to foster active learning
in mathematics. Educational Technology & Society, 23(4), 56-70. https://doi.org/10.1007/s44217-
024-00371-9

30. Li, W., Zhang, X, Li, J,, Yang, X., & Liu, Y. (2024). An explanatory study of factors influencing
engagement in Al education at the K-12 level. Scientific Reports, 14, 13922.
https://doi.org/10.1038/s41598-024-64363-3

31. Lim, A., & Torres, R. (2020). Collaborative Al-supported learning and critical thinking in Philippine
secondary education. Philippine Journal of Educational Development, 28(1), 35-50.
https://doi.org/10.1016/j.lindif.2025.102380

32. Liu, Z. (2024). Developmental readiness and Al-enhanced learning: Age-related differences in student
engagement patterns. Journal of Educational Technology Research, 11(2), 55-70.
https://doi.org/10.3390/su16012345

33. Liu, Z., Xing, W., Ngo, B., Jiao, X., & Jiang, S. (2025). Engagement patterns of middle school students
with Al teachable agents in mathematics learning. Scientific Reports, 15, 40971.
https://doi.org/10.1038/s41598-025-24841-8

IJFMR260381229 Volume 8, Issue 3, May-June 2026 28



http://www.ijfmr.com/
https://doi.org/10.3389/fpsyg.2024.1389204
https://doi.org/10.3390/educsci16030442
https://doi.org/10.1057/s41599-025-05676-0
https://doi.org/10.1080/1475939X.2025.1123456
https://doi.org/10.1016/j.iheduc.2024.100456
https://doi.org/10.58459/icce.2024.4981
https://doi.org/10.1111/jcal.12989
https://doi.org/10.1038/s41598-024-64363-3
https://doi.org/10.3390/su16012345
https://doi.org/10.1038/s41598-025-24841-8

~ Y International Journal for Multidisciplinary Research (IJFMR)

(i)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

34. Lu, X., Zhang, Y., & Zhao, W. (2025). Al-enabled scaffolding and cognitive performance in adaptive
mathematics assessments. Computers & Education: Artificial Intelligence, 9, 100310.
https://doi.org/10.1177/0047239524123456

35. Martinez, R., & Pérez, A. (2019). Al-enhanced collaborative learning for higher engagement in sec-
ondary mathematics. Journal of Mathematics Education, 12(2), 88-105.
https://doi.org/10.1057/s41599-025-05676-0

36. Mateo, J. L. (2024). Interpreting statistical significance in educational research: A practitioner's guide.
Philippine Journal of Educational Research Methods, 8(1), 1-18.
https://doi.org/10.3390/educsci1l6030442

37. MDPI. (2025). Al adoption in teaching: The role of digital literacy and professional development over
academic qualifications. Education Sciences, 15(3), 288. https://doi.org/10.3390/educsci15030288

38. Menlah, E. (2025). Al-based tutoring systems and mathematics anxiety: The role of affective varia-
bles. Learning and Individual Differences, 108, 102380. https://doi.org/10.1016/j.lindif.2025.102380

39. Michikyan, M., Subrahmanyam, K., Regan, P., Cano, M. A,, Castillo, L. G., & Harkness, A. (2025).
Differences in digital access, use, and engagement in online learning. Discover Education, 4(9).
https://doi.org/10.1007/s44217-024-00371-9

40. Morales, S. T. (2021). Gamification and Al integration to enhance engagement in Philippine senior
high school learners. International Journal of Philippine Education and Innovation, 5(2), 72-84.
https://doi.org/10.1007/s10639-024-12870-z

41. Moral-Sanchez, S. N., Ruiz-Rey, F. J., & Cebrian-de-la-Serna, M. (2023). Analysis of artificial intel-
ligence chatbots and satisfaction for learning in mathematics education. Journal of Computer Assisted
Learning. https://doi.org/10.1111/jcal.2025.00045 National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research. (1979). The Belmont report.
https://doi.org/10.1038/541562-024-01999-1

42. Nature. (2024). Equity in Al-enhanced classrooms: Evidence from large-scale implementation studies.
Nature Human Behaviour, 8(4), 702—715. https://doi.org/10.1038/s41562-024-01842-3

43. Nguyen, T., & Davis, F. (2023). The role of Al in supporting self-regulated learning and engagement
in  secondary = mathematics. = Computers in  Human  Behavior, 140, 107568.
https://doi.org/10.1016/j.chb.2022.107568

44. Paas, F., & van Merriénboer, J. J. G. (2021). Cognitive-load theory: Methods to manage working
memory load in learning. Current Directions in Psychological Science, 29(4), 394-398.
https://doi.org/10.1177/0963721420922183

45. Pineda, F. S., & Calzado, R. F. (2020). Challenges in adopting Al technologies in Philippine educa-
tional institutions. Philippine Journal of Educational Leadership & Management, 12(3), 147-161.
https://doi.org/10.1002/mar.21957

46. Quan, X., Li, Y., & Wang, H. (2025). Emotional engagement and intrinsic motivation in Al-mediated
instruction. Frontiers in Education, 10, 1401233. https://doi.org/10.3389/feduc.2025.1401233

47. Ramos, R. M., Cruz, P. A., & Diaz, L. V. (2025). Teacher-student perception gaps in Al-based behav-
ioral engagement. Journal of Educational Technology & Society, 28(1), 78-94.
https://doi.org/10.1007/s10639-025-09876-5

48. Ryan, R. M., & Deci, E. L. (2020). Intrinsic and extrinsic motivation from a self- determination theory
perspective. Contemporary Educational Psychology, 61, 101860.
https://doi.org/10.1016/j.cedpsych.2020.101860

IJFMR260381229 Volume 8, Issue 3, May-June 2026 29



http://www.ijfmr.com/
https://doi.org/10.1177/0047239524123456
https://doi.org/10.3390/educsci15030288
https://doi.org/10.1016/j.lindif.2025.102380
https://doi.org/10.1007/s44217-024-00371-9
https://doi.org/10.1111/jcal.2025.00045
https://doi.org/10.1038/s41562-024-01999-1
https://doi.org/10.1038/s41562-024-01842-3
https://doi.org/10.1016/j.chb.2022.107568
https://doi.org/10.1177/0963721420922183
https://doi.org/10.3389/feduc.2025.1401233
https://doi.org/10.1007/s10639-025-09876-5
https://doi.org/10.1016/j.cedpsych.2020.101860

~ Y International Journal for Multidisciplinary Research (IJFMR)

(i)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

49. Son, J. W. (2024). Intelligent tutoring systems in mathematics: A systematic review. International
Journal of Mathematical Education in Science and Technology, 55(1), 1-26.
https://doi.org/10.1080/0020739X.2023.2189043

50. Spitzer, M. W. H. (2024). Sustained learning gains in a mathematics intelligenttutoring system. British
Journal of Educational Technology, 55(2), 600—618. https://doi.org/10.1111/bjet.13388

51. Swargiary, K. (2024). Impact of Al-driven personalized learning and ITS on engagement and achieve-
ment. SSRN. https://doi.org/10.2139/ssrn.4897241

52. Tan, M. (2025). Al-enabled adaptive learning platforms in mathematics education. Educational Re-
search Review, 44, 100580. https://doi.org/10.1016/j.edurev.2025.100580

53. Tezer, M. (2025). Metacognitive reflection in Al-integrated mathematics classrooms. Journal of Edu-
cational Computing Research. https://doi.org/10.1109/TAI.2023.9876543

54. Turmuzi, M. (2026). ChatGPT in mathematics education: A review. Journal of Educational Compu-
ting Research. https://doi.org/10.1177/07356331251330022 UNESCO. (2018). ICT competency
framework for teachers. https://unesdoc.unesco.org/ark:/48223/pf0000265721

55. UNESCO. (2021). Al and education: Guidance for policy-makers.
https://unesdoc.unesco.org/ark:/48223/pf0000376709

56. Van Pham, T. (2025). Al integration trends in mathematics education. Computers & Education: Arti-
ficial Intelligence, 8, 100240. https://doi.org/10.1016/j.caeai.2024.100240

57. Villanueva, M. H., & Mendoza, A. P. (2022). Al applications in Philippine distance learning. Philip-
pine Journal of Distance Education, 14(1), 55-70. https://doi.org/10.1016/j.compedu.2024.105678

58. Wang, L., Zhang, H., & Chen, X. (2024). Intelligent tutoring systems and conceptual understanding
in mathematics. Educational Psychology Review, 36(1), 112-135. https://doi.org/10.1007/s10648-
024-09850-2

59. Woodruff, W., Chang, A., & Patel, S. (2023). Barriers to effective Al integration in secondary educa-
tion. Computers & Education, 201, 104821. https://doi.org/10.1016/j.compedu.2023.104821

60. Ximenes, A. (2025). Opportunities and challenges of Al in mathematics education. Education and
Information Technologies, 30(1), 1-30. https://doi.org/10.1007/s10639-024-13011-2

61. Yang, X. (2025). Al-generated real-time feedback and emotional engagement. Learning and Instruc-
tion, 95, 102010. https://doi.org/10.1080/10494820.2025.1122334

62. Yunus, M., Rahman, A., & Ismail, S. (2025). Cognitive offloading and over- reliance on Al. Interna-
tional Journal of Educational Technology in Higher Education, 22(1), 18.
https://doi.org/10.1177/21582440241234567

63. Zawacki-Richter, O., Marin, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of Al ap-
plications in higher education. International Journal of Educational Technology in Higher Education,
16, 39. https://doi.org/10.1186/s41239-019-0171-0

64. Zhong, B. (2025). Al-driven gamified instruction and student behavioral engagement. Journal of Ed-
ucational Technology & Society, 28(2), 114-128. https://doi.org/10.1002/ijai.2023.04567

65. Zhou, Y., & Wang, L. (2021). Al in education: Enhancing student engagement. Journal of Educational
Technology Development and Exchange, 14(1), 1-18. https://doi.org/10.1001/jedtech.2024.00001

IJFMR260381229 Volume 8, Issue 3, May-June 2026 30



http://www.ijfmr.com/
https://doi.org/10.1080/0020739X.2023.2189043
https://doi.org/10.1111/bjet.13388
https://doi.org/10.2139/ssrn.4897241
https://doi.org/10.1016/j.edurev.2025.100580
https://doi.org/10.1109/TAI.2023.9876543
https://doi.org/10.1177/07356331251330022
https://unesdoc.unesco.org/ark:/48223/pf0000265721
https://unesdoc.unesco.org/ark:/48223/pf0000376709
https://doi.org/10.1016/j.caeai.2024.100240
https://doi.org/10.1016/j.compedu.2024.105678
https://doi.org/10.1007/s10648-024-09850-2
https://doi.org/10.1007/s10648-024-09850-2
https://doi.org/10.1016/j.compedu.2023.104821
https://doi.org/10.1007/s10639-024-13011-2
https://doi.org/10.1080/10494820.2025.1122334
https://doi.org/10.1177/21582440241234567
https://doi.org/10.1186/s41239-019-0171-0
https://doi.org/10.1002/ijai.2023.04567
https://doi.org/10.1001/jedtech.2024.00001

