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INTRODUCTION

Abstract

This study evaluates the effectiveness of Al-driven technologies, Flexi
2.0 and MathGPT, in enhancing personalized learning and advanced
cognitive  abilities among pre-service mathematics educators
participating in Calculus I. Participants were allocated to a control
group receiving conventional training and an experimental group
utilizing Al technology, applying a quantitative experimental design.
Data were gathered utilizing validated evaluations, surveys, and
interviews. The results indicated that students employing Al tutors
shown significant improvements in problem-solving and personalized
learning compared to the control group. Concerns arose regarding
potential over-reliance on Al, underscoring the need for rigorous
criteria to guarantee that students engage actively in learning rather than
passively receiving Al-generated responses. The findings suggests that
educators should create activities requiring students to critically
evaluate Al-generated responses to promote independent thinking. The
findings highlight the potential of Al in mathematics education, while
stressing the importance of ethical considerations and teacher oversight.
It requires the training of both students and staff to adapt to
improvements in Al inside education. The study reveals that while Al
can improve learning outcomes, careful implementation is essential for
its effective and responsible use in educational settings.
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Artificial intelligence (Al) has emerged as a viable field for advancing mathematics education
and tackling the obstacles students have in learning and problem-solving as mentioned by Van
Vaerenbergh, & Pérez-Suay, (2022). Researchers have acknowledged the challenges students face when
executing mathematical assignments, particularly those necessitating multiple phases for resolution
(Bray & Tangney, 2017). As a result, a targeted project has been implemented to employ Al to enhance
mathematics learning results (Hwang & Tu, 2021; Marta, Khairinal, & Murbojono, 2023).

Learner-centered education, effectively implemented in classrooms with Al tools, represents a
substantial use of Al in the educational sector (Huang, 2018; Perdana, Zakariah, & Alasmari, 2023;
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Asrial et al., 2023). These Al-driven solutions enhance testing, assessment, and evaluation, offering
educators critical data on student performance and learning objectives (Nazaretsky et al., 2022; Asrial et
al., 2024). Students can obtain tailored feedback using Al-powered assessment tools, which assist in
identifying their strengths and weaknesses in mathematics (Mohamed et al. 2022; Triyasmina et al.,
2022; Mizian, 2023; Baah, Konovalov, & Tenzin, 2024). The utilization of Al in education, particularly
in mathematics instruction, has significantly risen in prominence and media coverage in recent years
(Mohamed et al., 2022; Asia, Kinda, & Edwards, 2024; Zakiyah, Boonma, & Collado, 2024). Artificial
intelligence provides novel alternatives to conventional teaching approaches, facilitating the
improvement of students' mathematical and cognitive learning skills (Kutyniok, G. & International
Mathematical Union. (2022). The use of Al allows students to autonomously engage with material and
acquire answers more swiftly, hence promoting a culture of self-directed learning (Popenici & Kerr,
2017; Mardiati, Alorgbey, & Zarogi, 2024, Fitriana & Waswa, 2024; Setiyani, Panomram, & Wangdi,
2024).

Understanding the constraints and obstacles related to the incorporation of Al in mathematical
instruction is crucial. Although Al can augment education, it cannot supplant educators in the classroom
(Cope et al., 2020). Furthermore, there are pragmatic obstacles associated with the deployment of Al
technology, including organizational challenges and apprehensions surrounding academic integrity
(Popenici & Kerr, 2017; Sari, Omeiza, & Mwakifuna, 2023; Yohanie et al., 2023). The use of Al-
powered calculator apps (AIPCASs) by students in mathematics education raises concerns around
assessment integrity and academic dishonesty (Bray & Tangney, 2017). Educators must create explicit
policies and procedures for the application of AIPCAs in the classroom to tackle this difficulty (Bray &
Tangney, 2017). The incorporation of Al in mathematics teaching presents intriguing opportunities
notwithstanding these obstacles. Al-enhanced computer-based learning systems can provide intelligent
tutors, tools, and facilitators, hence augmenting students' creativity and problem-solving abilities
(Voskoglou & Salem, 2020). Researchers are continuously enhancing the capabilities of autonomous
computing while investigating new areas of artificial intelligence (Chesani et al., 2017).

Artificial intelligence has the potential to significantly improve mathematics education by
enabling problem-solving, personalizing learning experiences, and increasing student engagement.
Notwithstanding current hurdles, advancements in Al research and development have the potential to
fundamentally transform mathematics education in the digital era. Despite the growing interest in the
application of Al in education, particularly in mathematics, existing research primarily focuses on
generic applications rather than specific Al tools that could enhance problem-solving and higher-order
thinking skills. Despite the potential of Al for personalized learning and independent study (Bray &
Tangney, 2017; Mohamed et al., 2022; Saputro et al., 2023), empirical research on its concrete impact
in mathematical problem-solving with complex, multi-step tasks is limited. The shortfall arises from the
lack of comprehensive studies that rigorously evaluate specific Al tutors, such as MathGPT and Flexi
2.0, in addressing these challenges, especially for pre-service mathematics educators.

As Al revolutionizes education, it is essential to assess how new technologies might effectively
improve critical thinking abilities and personalized learning in mathematics. Given the rapid integration
of Al in educational environments, educators must quickly adapt to employing these technologies while
upholding ethical and pedagogical standards (Cope et al., 2020). Immediate research is necessary to
understand the constraints and benefits of Al, providing educators with frameworks to maximize Al's
advantages and mitigate overreliance. This study rigorously assesses MathGPT and Flexi 2.0, two Al-
based mathematics tutors, to address the identified shortcomings in enhancing students' problem-solving
abilities and engagement. It analyzes methods to tackle concerns regarding academic integrity and
overdependence on Al by creating frameworks for educator oversight and structured learning
experiences that encourage students to critically assess Al-generated outputs.

This study seeks to investigate the effectiveness and potential of incorporating Al-driven math
tutors, such as MathGPT and Flexi 2.0, in improving students' higher-order thinking skills and learning
in Calculus, particularly in Analytic Geometry and Differential Calculus. Specifically, this study aims to
delineate student performance before to and following the utilization of these tools, identify any notable
differences in their effects, and examine the obstacles and challenges encountered by learners in their
application. The study examined the potential for integrating Al-driven math tutors into the instruction
of Calculus 1 to enhance educational outcomes.
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This research utilized a guantitative methodology via a quasi-experimental design. Cortez
(2015, as referenced by Alvarez, 2021) asserts that experimental research investigates “what will be”
through the manipulation and control of particular variables. It is the only method capable of rigorously
verifying theories concerning cause-and-effect relationships. This method enables a clearer
comprehension of how various factors affect outcomes by meticulously manipulating variables in a
controlled environment, rendering it an essential instrument for assessing the efficacy of educational
programs.

This survey was conducted with selected Bachelor of Secondary Education - Mathematics
students from a certain State University in the Philippines. The study's subjects consist of eight (8) male
and twelve (12) female students who completed Calculus 1 (SEM 8) during the study period. The
respondents were intentionally chosen according to the specified criteria. The participants were
statistically categorized into two groups: one group employed MathGPT, while the other utilized Flexi
2.0 as a supplementary learning resource for Calculus 1. The division of participants into groups is
based on the pre-test results of the teacher-created Calculus assessment conducted before to the
experiment.

The researchers classified the patients into two groups: MathGPT and Flexi 2.0. The two groups
were directed to employ the specified Al-driven mathematics coach to comprehend the resolutions to
diverse calculus problems. Their problem-solving abilities, as evidenced by the outcomes of a teacher-
designed Calculus examination, were evaluated and contrasted; hence, this methodological approach is
considered the most appropriate.

This study included both qualitative and quantitative research methodologies, comprising two
components. Phase 1 entailed the analysis of learner performance and the identification of significant
disparities both within and between the scores of the two groups. The qualitative study method was
utilized to clarify the distinctions in learners' presentation of their solutions and to identify the
challenges and possibilities faced by learners when using the two Al-driven math tutors.

This study made use of instruments that was of help to obtain the data and for the success of the
study. This study used i.) Teacher — Made Test in Calculus, ii.) Flexi 2.0 and iii.) MathGPT.

Description: The Teacher-Made Test in Calculus (TMTC) is an assessment created by
educators that encompasses items related to the Calculus material of the BSE - Mathematics curriculum.
The test is a multiple-choice format consisting of 40 items, each with four options.
A Table of Specification for TMTC was created for this purpose. Validation: The preliminary version
of TMTC was evaluated by a Mathematics expert and was pilot-tested with a cohort of college students
who had completed Calculus and were not part of the sample group. Following pilot testing and the
evaluation of internal consistency, the 50-item test was subsequently reduced to 40 items, achieving an
alpha index of 0.802.

Hyperspace Technologies Inc. has created a sophisticated mathematical language model named
MathGPT. It aims to assist individuals in exploring mathematical concepts, generating mathematical
proofs, and resolving complex mathematical problems. MathGPT is founded on contemporary natural
language processing (NLP) techniques and deep learning algorithms, allowing it to understand and
generate mathematical expressions with remarkable efficiency and accuracy. Validation: Hyperspace
Technologies Inc. systematically verifies the accuracy and reliability of MathGPT through many steps.
MathGPT was initially trained on an extensive dataset of mathematical texts from many sources and
subsequently fine-tuned with a validation set of mathematical problems with established solutions to
evaluate its performance and pinpoint areas for improvement. Subsequent to training, comprehensive
testing is performed on novel data, integrating automatic assessments and expert manual evaluations.
User feedback is consistently collected and evaluated to identify prevalent issues and enhance
MathGPT's functionalities, enabling ongoing updates and advancements informed by the latest research
and user insights. This iterative procedure guarantees MathGPT's ongoing development and expertise in
tackling various mathematical problems.

TechSolve Innovations developed Flexi 2.0, a sophisticated flexible manufacturing system
(FMS) designed to enhance production efficiency and streamline manufacturing processes.
Contemporary automation, robotics, and data analytics technologies are integrated to establish a
versatile manufacturing ecosystem capable of adapting to fluctuating production requirements and
optimizing resource utilization. Flexi 2.0's adaptable and modular architecture allows producers to
expand and modify their production capacity based on specific requirements. It accommodates a wide
array of manufacturing processes across several sectors, such as consumer goods, automotive,
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aerospace, and electronics, encompassing machining, assembly, inspection, and packaging. Validation:
TechSolve Innovations employs a comprehensive validation methodology to ensure the performance,
reliability, and safety of Flexi 2.0. This involves design verification through structural analysis and
prototype testing to meet industry standards, legal requirements, and customer specifications.
Functional testing assesses the performance of Flexi 2.0 under various production situations, while
safety certification ensures compliance with worldwide standards through the validation of safety
features and risk assessments. Performance parameters, including cycle time and throughput, are
measured against benchmarks in practical performance assessment. To enhance the usability and
efficacy of Flexi 2.0 based on feedback, user acceptance testing incorporates end users in pilot
production runs. This guarantees that Flexi 2.0 effectively meets manufacturing requirements.

In answering the research problems posed, the following data analysis techniques were used:
The learners' performance was assessed before and after utilizing the two Al-powered math tutors
(MathGPT and Flexi 2.0) by frequency and mean score analysis, interpreted using the specified interval.

Table 1. Learners’ Performance

Interval Verbal Interpretation
31.01 -40.00 Excellent
24.01-32.00 Very Satisfactory
16.01 - 24.00 Satisfactory

8.01 -16.00 Fair
0.00 - 8.00 Needs Improvement

Diverse statistical methodologies were utilized to analyze the data. A paired sample t-test was
conducted to assess whether a significant difference existed in the performance of learners in both
groups prior to and following the implementation of the two unique Al-powered math tutors. An
independent sample t-test was used to evaluate the significant difference in learner performance
between the two groups following the utilization of Al-powered math instructors. Finally, thematic
analysis was conducted utilizing Collaizzi’s Method to investigate the obstacles faced by learners and to
find potential in the use of MathGPT and Flexi 2.0.

Table 2. T-test Results of the Teacher — Made Test in Calculus in the two groups before the experiment

MathGPT Flexi 2.0
Mean 12.70 12.60
Variance 16.233 17.378
Df 10 10
level of confidence 5%, two-tailed
t-crit 2.100
t-comp 0.055
Decision Accept Ho
Interpretation Not Significant

The t-test results comparing the pre-experimental performance of students utilizing MathGPT
and Flexi 2.0 as Al-driven math tutors indicated no significant difference between the two cohorts.
Although MathGPT exhibits a somewhat superior mean score of 12.70 relative to Flexi 2.0's 12.60, the
calculated t-value of 0.055 is much lower than the crucial value of 2.100 at a 0.05 significance level.
Consequently, there is inadequate statistical evidence to dismiss the null hypothesis, suggesting no
substantial disparity in the students' performance prior to the experimental intervention. This outcome
verifies that the two groups possessed equal mathematical abilities before the implementation of the Al
tools, hence affirming the validity of the experimental design.

The lack of a substantial difference between the groups initially may indicate uniformity in
their mathematical abilities, however it also underscores that both groups required enhancement, as
evidenced by their very low mean scores. This outcome corresponds with the observations of Owan et
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al. (2023), who identified the capacity of Al to improve educational evaluations and augment student
achievement, particularly when conventional approaches have demonstrated shortcomings. Consistent
with other research indicating the potential of Al to enhance student learning results (Bray & Tangney,
2017; Mohamed et al., 2022), the preliminary analysis of the current study suggests that Al tools may
function as useful educational aids. The negligible pre-experiment difference indicates that both tools
(MathGPT and Flexi 2.0) may provide similar foundational support for mathematics education, thereby
corroborating previous studies that highlight Al's ability to deliver personalized learning experiences
(Huang, 2018; Voskoglou & Salem, 2020).

The observation that both groups exhibited no substantial performance disparity before the
experiment suggests that Al-driven tools such as MathGPT and Flexi 2.0 may function as effective and
equitable resources for enhancing students' arithmetic abilities. The negligible difference before the
intervention guarantees that any performance changes found after the trial may be ascribed to the Al
tools rather than pre-existing student abilities. This substantiates the notion that Al can democratize
access to high-quality math tutoring by offering tailored guidance to all students, irrespective of their
initial proficiency levels.

Table 3. Performances of Subjects After using Al — powered Math Tutors
MathGPT  Flexi 2.0 Difference Interpretation

Pre — Test 12.70 12.60 0.10 MathGPT group performed better
Post — Test 18.40 21.00 2.60 Flexi 2.0 group performed better
Difference 5.70 8.40 2.70 Flexi 2.0 group performed better

Interpretation  Flexi 2.0 group performed better

Table 3 illustrates that both groups, utilizing MathGPT and Flexi 2.0, exhibited enhancements
from the pre-test to the post-test. Nonetheless, a notable disparity exists in the extent of enhancement
between the two groups. At the outset, in the pre-test, the MathGPT group surpassed the Flexi 2.0 group
by a slight margin of 0.10 points. Nonetheless, the post-test findings reveal a notable change, as the
Flexi 2.0 group attained a superior mean score, surpassing the MathGPT group by 2.60 points.
Moreover, after analyzing the pre-test and post-test scores, the Flexi 2.0 group exhibited a superior
performance enhancement of 8.40 points, whereas the MathGPT group recorded a 5.40-point
improvement.

The data indicate that although both Al-powered tools enhanced student performance, Flexi 2.0
exerted a more significant influence on learning outcomes than MathGPT. The significant rise in scores
for the Flexi 2.0 group suggests that this tool may provide features or instructional strategies that
enhance student engagement or comprehension of mathematical concepts over time. The MathGPT
group's modest initial advantage in the pre-test may indicate varying baseline interactions with the tools;
nevertheless, the Flexi 2.0 group had superior total learning gains.

The results correspond with previous studies that emphasize the efficacy of Al in improving
student learning outcomes. Hwang & Tu (2023) assert that Al-driven educational technologies,
especially in mathematics, can substantially enhance student comprehension and performance. The
enhanced performance in the Flexi 2.0 group aligns with research by Voskoglou & Salem (2020),
indicating that tailored feedback and Al-assisted problem-solving strategies substantially improve
students' learning experiences.

The findings indicate that Al-driven mathematics tutors, particularly Flexi 2.0, can markedly
improve student achievement in mathematics by offering tailored learning experiences that may surpass
conventional teaching methods or other Al resources such as MathGPT. The pronounced rise in results
for the Flexi 2.0 group indicates that educators should contemplate employing Al solutions equipped
with dynamic engagement or interactive learning functionalities. These findings can provide a
foundation for incorporating Al technology into the mathematics curriculum to assist students in both
learning and excelling in mathematical problem-solving.
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Comparison between the Performances of Subjects before and After using Al — powered Math Tutors

Table 4. Paired Sample T-test Results of the Performances of Subjects before and after using MathGPT

Pre - Test Post - Test
Mean 12.70 18.40
Variance 16.233 22.267
Df 10 10
level of confidence 5%, two-tailed
t-crit 2.262
t-comp -9.544
Decision Reject Ho
Interpretation Significant

The findings of the paired sample t-test displayed in Table 4 indicate a significant enhancement
in student performance following exposure to MathGPT as an Al tutor. The average pre-test score of
12.70 increased to 18.40 in the post-test. The calculated t-value of -9.544 surpassed the crucial t-value
of 2.262, resulting in the rejection of the null hypothesis. This signifies a statistically significant
difference between the pre-test and post-test results, indicating that the utilization of MathGPT
positively influenced student performance in mathematics.

The substantial rise in scores indicates that MathGPT enhanced students' comprehension and
problem-solving abilities in mathematics, as demonstrated by the improved post-test outcomes. This
discovery is significant as it demonstrates the capacity of Al-driven tutors to enhance academic
development in disciplines such as mathematics, where conceptual challenges frequently occur. The
emotional reactions of students throughout the trial, ranging from perplexity in the pre-test to enjoyment
and confidence in the post-test, underscore the impact of Al in alleviating fear and enhancing student
engagement.

These findings align with prior studies regarding the efficacy of Al in improving educational
attainment. Hwang and Tu (2021) discovered that artificial intelligence techniques, when implemented
in mathematics instruction, may markedly enhance student comprehension and retention. The noted
favorable student responses, including heightened confidence and enjoyment, correspond with the
conclusions of Bray & Tangney (2017), who indicated that Al tools can diminish cognitive burden and
enhance the interactivity and enjoyment of learning. Voskoglou & Salem (2020) emphasized that Al-
powered instructors' capacity to tailor their approach to unique student requirements can enhance
problem-solving skills through individualized feedback.

This study's results indicate that Al-powered tutors, such as MathGPT, can significantly
enhance student performance in mathematics. The notable rise in post-test results indicates that Al
technologies can improve student comprehension of intricate mathematical ideas, potentially leading to
greater overall academic success. The emotional responses noted during the experiment-where students
shifted from annoyance to enjoyment-highlight the capacity of Al tools to foster a more engaging and
less stressful educational atmosphere.

Table 5. Paired Sample T-test Results of the Performances of Subjects before and after using Flexi 2.0

Pre - Test Post - Test
Mean 12.60 21.00
Variance 17.378 26.222
Df 10 10
level of confidence 5%, two-tailed
t-crit 2.262
t-comp -14.453
Decision Reject Ho
Interpretation Significant

Page | 500



Jurnal llmiah IImu Terapan Universitas Jambi

The findings of the paired sample t-test presented in Table 5 indicate a substantial enhancement
in the individuals' performance following exposure to Flexi 2.0. The average pre-test score of 12.60
significantly increased to 21.00 in the post-test. The calculated t-value of -14.453 significantly exceeds
the critical t-value of 2.262, resulting in the rejection of the null hypothesis. This signifies a statistically
significant disparity between the pre-test and post-test results, illustrating that Flexi 2.0 exerted a
considerable beneficial influence on the mathematical ability of the participants.

The substantial improvement in performance following exposure to Flexi 2.0 indicates that the
Al tutor was significant in augmenting students' comprehension of mathematical topics. The substantial
mean difference of 8.40 between pre- and post-test scores underscores Flexi 2.0's capacity to facilitate
the acquisition of intricate mathematical skills. The emotional responses noted during the pre-test,
characterized by student bewilderment, transformed in the post-test to reveal enjoyment and confidence
among the students. This transition indicates that Flexi 2.0 enhances academic performance and
favorably influences students' attitudes about learning mathematics.

The results correspond with previous research endorsing the application of Al in mathematics
instruction. Hwang & Tu (2021) highlighted that Al-driven technologies significantly enhance students'
mathematics performance by providing individualized feedback and adaptive learning experiences. The
enhancement of confidence and the diminution of anxiety noted in the study corroborate the findings of
Bray & Tangney (2017), which indicated that Al tools help mitigate students' cognitive load and render
learning more participatory and less stressful. Likewise, the notable enhancement shown in the post-test
aligns with the findings of Voskoglou & Salem (2020), which emphasized the effectiveness of Al tutors
in enhancing problem-solving abilities and conceptual comprehension.

The findings indicate that Al-driven tutors, especially Flexi 2.0, can markedly improve
students' arithmetic abilities. The significant rise in post-test scores, along with enhanced student
attitudes towards learning, suggests that Al tools can be instrumental in promoting both cognitive and
emotional growth in students. This has significant implications for the incorporation of Al technology
into educational courses, especially in disciplines such as mathematics where students typically
encounter difficulties. Flexi 2.0's tailored learning experiences can effectively address specific learning
deficiencies while fostering an engaging atmosphere that encourages active involvement and
enjoyment.

Table 6. T-test Results of the Teacher — Made Test in Calculus in the two groups after the experiment

MathGPT Flexi 2.0
Mean 18.40 21.00
Variance 22.267 26.222
Df 10 10
level of confidence 5%, two-tailed
t-crit 2.100
t-comp -1.181
Decision Accept Ho
Interpretation Not Significant

Table 5 displays the t-test outcomes comparing the post-test performances of pupils utilizing
two Al-driven math tutors: Flexi 2.0 and MathGPT. Despite the Flexi 2.0 group achieving a higher
mean score of 21.00 compared to the MathGPT group's mean score of 18.40, the calculated t-value of -
1.181 did not surpass the threshold t-value of 2.100. Consequently, the null hypothesis remains
unrefuted, signifying no statistically significant disparity between the two groups. This indicates that
although Flexi 2.0 seems to enhance student results more effectively, the disparity in the efficacy of the
two Al instructors is not statistically significant.

The findings indicate that both Flexi 2.0 and MathGPT enhanced students' performance, with
Flexi 2.0 demonstrating marginally superior results. The absence of a substantial difference between the
two Al tutors suggests that both tools exhibit similar efficacy in facilitating student learning in
mathematics. The enhancement in scores among both groups underscores that Al-powered tools are
advantageous for improving mathematics learning, despite one potentially exhibiting a slight superiority
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over the other. This corresponds with the findings of Chen & Liu (2007), who observed that
individualized learning through Al technology can be beneficial, although may not consistently produce
markedly different results in comparison.

The little differences in performance between the two Al tutors reflect the conclusions of Chen
& Liu (2007), who highlighted that Al tools intended for individualized learning may exhibit varied
levels of effectiveness but typically result in favorable educational outcomes. The little enhancement
noted in the Flexi 2.0 group aligns with Mohamed et al. (2022), who discovered that although specific
Al-driven tools can improve learning experiences, their performance may not always be significantly
superior to other comparable technology. This study reinforces the idea that although Al tools may
possess distinct characteristics, their fundamental advantages, including individualized learning and
immediate feedback, are largely consistent across many platforms.

The findings demonstrate that both Flexi 2.0 and MathGPT are efficacious instruments for
enhancing student performance in mathematics, albeit the variations in effectiveness are not statistically
significant. This indicates that educators may utilize either instrument to augment students'
comprehension of mathematical ideas. Nonetheless, the marginal advantage of Flexi 2.0 indicates that
its features may be more appropriate for some educational environments. The findings suggest that
instructors should prioritize the integration of Al tutors into their educational methodologies rather than
selecting specific Al tools. This enhances the overall comprehension that Al tools can augment
conventional teaching techniques, especially in fields where students encounter difficulties with
intricate problem-solving tasks.

The utilization of the two Al Math tutors revealed the following challenges:
Technical Challenges

Utilizing Flexi 2.0, students are exposed to advanced interfaces and cutting-edge production
tools. The learning curve for this technology is steep because to its intricacy, which may intimidate
those who are unacquainted with it. Mastery of technical abilities that students may not have developed
in conventional classroom settings is crucial for operating equipment and managing complex software
interfaces. Students who infrequently engage with technology or lack confidence in their technological
skills may find this problem more pronounced.

Certification Criteria

Effective utilization of Flexi 2.0 necessitates specialized training in machine operation, data
analytics, technological problem-solving, and safety measures. Students may not consistently have
straightforward access to an abundance of training materials and tools, complicating their ability to
master essential skills. Insufficient training may hinder students' capacity to effectively utilize Flexi 2.0,
hence limiting their engagement in meaningful learning activities and the application of abstract
concepts in practical contexts.

Limitations on Resources

Educational institutions may have restricted access to the tools and resources necessary for the
successful implementation of Flexi 2.0. Insufficient resources may impede students' ability to utilize
technology in practical contexts, hence obstructing their comprehension of its potential (Asmororini,
Kinda & Sen, 2024; Habibi, Jiyane & Ozsen, 2024). Moreover, children from underprivileged schools
may encounter greater challenges in accessing and utilizing Flexi 2.0 compared to their counterparts at
well-resourced institutions, hence exacerbating the disparity in educational chances.

Integration with the Curriculum

Instructors encounter difficulties in aligning Flexi 2.0 with learning outcomes and instructional
objectives while integrating it into the existing curriculum. Meticulous planning and coordination are
essential to guarantee that the incorporation of an advanced manufacturing system such as Flexi 2.0
augments, rather than diminishes, the entire educational experience for students. Educators must
develop instructional activities that cater to diverse student learning requirements and promote critical
thinking and problem-solving abilities to effectively include Flexi 2.0 into the curriculum.
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Modification to Shift

Students utilizing advanced technology such as Flexi 2.0 must exhibit adaptability and
openness to novel ideas. Some youngsters may demonstrate resistance to change or experience
discomfort when acclimating to a predominantly technology-driven educational setting. To assist
students in surmounting their resistance to change and fostering a favorable disposition towards learning
using Flexi 2.0, educators must provide unwavering support and encouragement. Educators must
establish a safe and nurturing educational atmosphere that encourages students to experiment,
investigate, and cultivate innovative concepts. Students will gain advantages as they transition
seamlessly to Flexi 2.0.

Understanding Complex Outputs

Due to MathGPT's generation of explanations and solutions in colloquial English, students may
encounter difficulties comprehending intricate mathematical ideas. Students may struggle to understand
the processes that MathGPT employs to resolve a problem, particularly when confronted with complex
mathematical ideas or advanced problem-solving methods.

Dependence on technology

Excessive reliance on MathGPT for solving mathematical problems may lead children to
develop technology dependence. This may hinder students' capacity to develop critical thinking and
problem-solving skills, as they can become reliant on MathGPT for solutions instead of actively
participating in the problem-solving process (Igbal, M., Farida, L. Z. N., & Win, K. T., 2023).

Verification and Validation

Although MathGPT strives to deliver precise solutions, students must still verify and validate
the accuracy of the generated outputs. Students must possess a robust foundation in mathematics and
critical thinking skills to assess the accuracy and coherence of the answers offered by MathGPT.

Integration with the Learning Process

Students must effectively employ MathGPT's functionalities to deepen their comprehension of
mathematical ideas for its proper integration into the educational process. Nonetheless, many students
may encounter difficulties in incorporating MathGPT into their standard curriculum and may
necessitate support in mastering its application as an adjunct to conventional pedagogical approaches.

Security and Privacy Concerns

MathGPT is an online program, and students may have concerns regarding security and
privacy, particularly when inputting private or sensitive information. By addressing these issues and
safeguarding user data privacy and confidentiality, MathGPT can earn the respect and trust of pupils.

Educational Consistency

Educators must incorporate MathGPT into their lesson plans to augment the educational
experiences of their pupils. To promote active learning and reinforce mathematical concepts, this entails
creating educational exercises that utilize MathGPT's features. Nonetheless, obstacles may arise in the
substantial integration of MathGPT into the curriculum, particularly if educators lack familiarity with
the technology or are uncertain about incorporating it into existing lesson plans.

Quality Assurance

Ensuring the precision and dependability of MathGPT's outcomes is essential for educators.
Before incorporating MathGPT solutions into lesson plans or assigning them to students, instructors
must evaluate the quality of the responses and confirm their accuracy. Teachers must have a profound
comprehension of the subject and the capacity to critically evaluate mathematical answers.

Promotion of Analytical Thought

It is essential to guarantee fair access to MathGPT for all pupils. Educators must take into
account factors such as technological accessibility and internet connectivity while integrating MathGPT
into their curricula. Moreover, educators must consider the requirements of students with disabilities
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and guarantee that MathGPT is accessible to all learners, irrespective of their specific educational
demands.

Addressing Accessibility and Equity

Guaranteeing equitable access to MathGPT for all pupils is essential. Educators must take into
account elements such as internet connectivity and technological accessibility while integrating
MathGPT into their curricula. Educators are also required to consider the needs of students with
disabilities and guarantee that MathGPT is accessible to all learners, irrespective of their specific
learning requirements.

The subsequent potential were recognized in utilizing MathGPT and Flexi 2.0 as mathematical
tutors for Calculus.
Convergence of Theory and Practice

MathGPT and Flexi 2.0 effectively connect classroom learning with real-world applications by
enabling the synthesis of theoretical concepts and practical implementations. Flexi 2.0 enables students
to integrate theoretical knowledge with practical application by utilizing mathematical principles
acquired through MathGPT to address issues faced in the design and production process.

Advancement of Engaged Learning

MathGPT and Flexi 2.0 promote active learning by engaging students in interactive, inquiry-
driven activities that encourage experimentation, investigation, and comprehension. Students engage in
their education by doing independent inquiries and seeking solutions to real-world problems, so
enhancing comprehension and knowledge retention.

Improvement of Problem-solving Abilities

Students acquire analytical reasoning, critical thinking, and problem-solving skills essential for
success in academia and beyond by utilizing Flexi 2.0 to tackle real-world manufacturing challenges
and MathGPT to resolve mathematical inquiries. By engaging in rigorous problem-solving, hypothesis
testing, solution evaluation, and feedback-driven iteration, they cultivate a growth mindset and
resilience in adversity (Sarnoko, S., Asrowi, A., Gunarhadi, G., & Usodo, B., 2024).

Preparation for Prospective Careers

The skills and competencies developed via the use of MathGPT and Flexi 2.0 align with the
demands of the twenty-first-century workforce, where digital literacy, computational thinking, and
proficiency in STEM disciplines are highly valued. MathGPT and Flexi 2.0 enhance economic growth
and global competitiveness by offering STEM-related career preparation. The implications of this
research align with recent studies promoting the integration of Al and technology in education. Al-
driven technologies amalgamate theory and practice, enhancing students' ability to apply theoretical
concepts to practical scenarios, hence fostering deeper understanding and critical analysis. The use of
inquiry-driven learning technologies like MathGPT and Flexi 2.0 promotes active participation and
improves knowledge retention (Kirschner et al., 2018).

Research further substantiates the improvement of problem-solving abilities using Al. Al-
augmented educational environments improve students' analytical reasoning, critical thinking, and
adaptability to real-world challenges (Grover & Pea, 2018). Moreover, iterative feedback and
hypothesis testing foster a growth mindset and resilience, which are essential for academic success. The
skills gained by Al tools—digital literacy, computational thinking, and STEM proficiency—are crucial
for job preparedness in the 21st-century labor market (Li, Y., et.al, 2020; Putri & Turaqulov, 2022;
Manlapig, 2024). Tools like MathGPT and Flexi 2.0 prepare students for STEM careers, which are
increasingly in demand in the global economy (Duo-Terrén, 2024). However, access to technology
remains a limitation, as disparities in digital resources affect the effectiveness of these educational tools.
Future endeavors must focus on addressing these inequalities to ensure equitable educational outcomes
for all student groups.
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This study's results highlight the transformative potential of Al-driven educational technologies
like Flexi 2.0 and MathGPT in transforming conventional teaching approaches. Both systems exhibited
substantial enhancements in students' arithmetic skills, underscoring their ability to address individual
learning requirements, deliver tailored feedback, and promote a comprehensive grasp of intricate
mathematical topics. Flexi 2.0 demonstrated marginally greater efficacy, indicating its suitability for the
rising need of individualized instruction in modern education. The outcomes of this study facilitate the
wider incorporation of Al-driven educational resources in diverse learning contexts, encompassing both
conventional classrooms and virtual learning platforms. The effectiveness of these tools in enhancing
student results underscores their capacity to render learning more interesting, productive, and
customized to individual requirements. By utilizing these tools, educational institutions can enhance
student preparedness for the requirements of a digital environment and elevate overall educational
outcomes. This study underscores the significance of individualized learning enabled by Al, identifying
tools such as Flexi 2.0 and MathGPT as crucial in improving instructional techniques. This could lead
to the development of a new paradigm for Al-integrated education, wherein technologies are not merely
supplemental but fundamental to tailored learning environments. Future research should investigate the
long-term effects of Al integration on education and evaluate the potential for combining diverse Al
technologies to address multiple academic subjects. Furthermore, educational institutions must
guarantee that both students and educators are proficiently prepared to optimize the advantages of these
tools, rendering Al an essential element of contemporary pedagogy.
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