EVALUATING THE IMPACT OF Al-
SUPPORTED INQUIRY-BASED
LEARNING ON STUDENTS’ CREATIVE
MATHEMATICAL PERFORMANCE,
CRITICAL PROBLEM-SOLVING
SKILLS, AND ATTITUDES TOWARD
MATHEMATICS

ABSTRACT

Mathematics education increasingly requires teaching approaches that strengthen students’
creativity, problem-solving skills, and positive attitudes toward learning. However, limited
evidence exists on the effectiveness of Al-supported inquiry-based learning in developing
multiple dimensions of mathematical competence among secondary school students.
This study examined the impact of Al-supported inquiry-based learning on creative mathematical
performance, critical problem-solving skills, and attitudes toward mathematics. Using a quasi-
experimental design, students with a mean age of 12.79 years (SD = 0.68) were assigned either
to an experimental group receiving Al-supported inquiry-based learning or to a control group
receiving conventional instruction. Data were collected through validated tests and questionnaires.
The results showed that Al-supported inquiry-based learning significantly improved students’
creative mathematical performance and attitudes toward mathematics compared with traditional
instruction, but it did not produce a statistically significant improvement in critical problem-solving
skills. Multivariate analysis confirmed a significant overall group effect, while correlation analysis
showed positive relationships among all variables in both groups. Overall, the findings suggest that
Al-supported inquiry-based learning mainly supports creativity and affective development, while its
effect on problem-solving skills remains limited. It may also improve instructional efficiency through
guided exploration, adaptive feedback, and reduced cognitive load.
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Highlights

Al-IBL improved students’ creative mathematical performance.

Al-supported inquiry learning strengthened attitudes toward mathematics.
Strong correlations emerged among creativity, problem-solving, and attitude.
Al-IBL promoted active engagement and higher-order mathematical thinking.

INTRODUCTION

Mathematics education has undergone a fundamental
transformation as educators increasingly recognise that
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and deep mathematical understanding
through active problem-solving activities (Niyonizera, 2023). At
the same time, artificial intelligence (Al) is increasingly being

memorisation and direct instruction alone are insufficient for
developing the competencies students need today. Inquiry-based
learning (IBL) enables students to develop critical thinking,
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used in education to create individualised learning experiences
that adapt to students’ needs and make learning more interactive
(Haq, 2025; Khan and Begum, 2025).
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Combining Al technology with inquiry-based learning offers
considerable potential for educational development. Al tools
allow students to explore mathematics dynamically, provide
immediate feedback, and support inquiry processes that help
learners address complex mathematical problems (Asghr et al.,
2025). Although research indicates that Al-based interventions
can improve critical thinking and problem-solving abilities
(Asghr et al., 2025), less is known about how Al-supported
inquiry-based learning affects students’ mathematical creativity
and attitudes toward mathematics in quasi-experimental studies.
Research shows that inquiry-based learning models can
contribute to the development of students’ creative and critical
thinking abilities (Suherman et al., 2025), while Al-based
educational tools show potential for enhancing complex
mathematical thinking (Kim et al., 2025). However, limited
empirical evidence has examined how Al-supported inquiry-
based learning influences students’ creative mathematical
performance, critical problem-solving skills, and attitudes
toward mathematics compared with traditional instructional
approaches (Khan and Begum, 2025). This issue is particularly
relevant in Indonesia, where strengthening students’ higher-
order thinking skills remains a key educational priority in

response to persistent challenges in mathematics achievement
and creativity development. Indonesia is also representative of
many developing education systems that are undergoing digital
transformation while continuing to struggle with fostering
creativity and problem-solving competence in mathematics
learning. Therefore, examining instructional innovations such
as Al-supported inquiry-based learning in this context has both
local significance and broader relevance for similar educational
settings globally.

Evidence from the Programme for International Student
Assessment (PISA) highlights these challenges. In PISA
(2024), Indonesia was among the countries with the lowest
performance in creative thinking, with a substantial proportion
of students failing to reach baseline proficiency levels (59.0%).
Similar patterns of underperformance were also observed
across several other participating countries, particularly in
developing and emerging education systems. This indicates
that low levels of creative thinking in mathematics and
problem-solving are not unique to Indonesia, but reflect
a broader global issue. Figure 1 illustrates the distribution of
students below baseline proficiency in creative thinking among
low-performing participating countries.

Figure 1: Mean scores in creative thinking and mathematics performance across countries participating in PISA 2024 (Source: OECD, (2024))

These developments reflect the growing integration of inquiry-
based pedagogy and artificial intelligence in mathematics
education, offering new opportunities to enhance how students
learn and engage with mathematical ideas. At the same time,
stronger empirical evidence is needed on how this integration
works in practice, particularly in relation to students’ creative
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mathematical performance, critical problem-solving skills,
and attitudes toward mathematics compared with traditional
instruction. This gap is especially relevant in education
systems that are undergoing rapid digital transformation while
continuing to face challenges in developing higher-order
mathematical thinking. Therefore, this study systematically
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examined the effects of Al-supported inquiry-based learning on
students’ creative mathematical performance, critical problem-
solving skills, and attitudes toward mathematics using a quasi-
experimental design. The study addressed the following three
research questions:

1. Does Al-supported inquiry-based learning enhance
students’ creative mathematical performance compared
to traditional instruction?

2. What is the impact of Al-supported inquiry-based
learning on students’ critical problem-solving skills?

3. How does participation in Al-supported inquiry-based
learning affect students’ attitudes toward mathematics?

LITERATURE REVIEW

Foundation of Inquiry-Based Learning

Inquiry-based learning (IBL) is grounded in constructivist
educational theories, which posit that learners actively
construct knowledge rather than passively receive information.
Constructivist principles suggest that knowledge develops
through meaningful experiences that encourage exploration,
questioning, and discovery. This perspective shifts the teacher’s
role from that of a transmitter of facts to a facilitator who guides
students through active learning processes. In this regard,
IBL emphasises student-centred discovery, enabling learners
to explore complex mathematical problems and develop
meaningful understanding through firsthand investigation
rather than rote memorisation or procedural repetition
(Niyonizera Daniel, 2023).

The effectiveness of IBL depends on adequate scaffolding
and guided inquiry structures, which ensure that students are
supported while also being challenged to engage deeply with
the material. Scaffolding, a concept introduced by Vygotsky and
later developed in educational psychology, refers to temporary
support provided to learners to help them attain higher levels
of understanding and skill mastery. In inquiry-based settings,
such support may include probing questions, problem-solving
frameworks, and conceptual clarification, all of which are
gradually reduced as learners become more proficient (Anugrah
et al., 2025). This type of scaffolding can build students’
confidence and autonomy, both of which are essential for
sustaining engagement and advancing cognitive skills.

The implementation of IBL in mathematics education has been
shown to provide significant benefits, including the development
of creativity, critical thinking, and problem-solving capabilities.
Students who participate in inquiry-oriented mathematics
instruction demonstrate stronger abilities to generate innovative
solutions, analyse problems from multiple perspectives, and
apply logical reasoning in novel contexts. Empirical research
linking inquiry-based methodologies with improvements in
scientific and mathematical thinking supports the value of this
approach in complex domains such as mathematics (Engeln et
al., 2013; Wale & Bishaw, 2020). By promoting exploration
and reflection, IBL fosters curiosity and cognitive flexibility
that align with the demands of 21st-century learning.

Despite these advantages, implementing IBL may also present
several instructional challenges. Inquiry-oriented learning
activities often require more classroom time and more careful
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instructional planning than conventional approaches (Kolbe et
al., 2020). In addition, some students, particularly those with
limited prior knowledge, may initially experience difficulty
when engaging in open-ended inquiry tasks. Studies grounded
in cognitive load theory suggest that inquiry activities are most
effective when accompanied by appropriate scaffolding and
structured guidance from teachers (Kalyuga & Singh, 2016).
Therefore, the success of IBL depends not only on student
exploration but also on the quality of instructional support
provided throughout the learning process.

The importance of artificial
mathematics education

intelligence in

The integration of Al into teaching draws on sociocultural and
constructivist theories, which suggest that meaningful learning
is best achieved when instruction is tailored to learners’ needs
and actively involves students in constructing understanding.
The personalisation capacity of Al in education enables
content and pacing to be adapted to student responses, making
it possible to provide differentiated instruction that is difficult
to achieve in traditional classroom settings.

The integration of artificial intelligence into educational
scaffolding can enhance learning by providing adaptive,
personalised interactions that respond to individual learners’
needs in real time. Al-driven systems can analyse student
responses, detect error patterns, and tailor feedback to
optimise learning pathways. This adaptive capability improves
personalisation by adjusting difficulty levels, offering hints,
or providing exploratory prompts based on each learner’s
performance and engagement, thereby supporting a more
efficient and individualised learning experience (Mohsin Ayaz
Khan, 2025).

In addition to basic adaptation, Al can serve as cognitive and
metacognitive scaffolding, supporting learners not only in
mastering content but also in regulating their own learning
processes. This approach can promote metacognitive awareness
by encouraging students to reflect on their problem-solving
strategies, plan their approaches, and evaluate outcomes
critically. Such cognitive support may enhance self-regulation
and motivation, empowering learners to take ownership of their
learning and persist in challenging tasks (Asghr et al., 2025).
Furthermore, Al’s capacity to monitor learning progress and
provide formative feedback is closely aligned with pedagogical
theories that advocate ongoing assessment and personalised
instruction (Minjung Kim, 2025).

The intersection of Al technology and educational pedagogy
has given rise to an emerging hybrid model in which Al tools
complement teacher-led inquiry by addressing gaps in real-
time support and increasing the scalability of individualised
learning. This synergy represents a significant advancement in
personalised inquiry support, as Al can enhance the teacher’s
capacity to scaffold diverse learning trajectories, particularly
in complex, open-ended mathematical activities. Integrating
Al with pedagogical frameworks may therefore strengthen
the effectiveness of inquiry-based learning in achieving diverse
and meaningful educational outcomes.

Although AI technologies offer considerable potential for
personalised learning and adaptive feedback, several challenges
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should also be considered in educational implementation
(Strielkowski et al., 2025). Al-generated responses may
occasionally provide oversimplified explanations or inaccurate
reasoning in complex mathematical contexts (Sirnoorkar et al.,
2024). Moreover, excessive reliance on Al assistance could
reduce opportunities for students to develop deep reasoning
and reflective thinking skills independently (Zhai et al., 2024).
Nevertheless, recent studies emphasise that these limitations
can be minimised when Al is used as a supportive learning tool
under appropriate teacher supervision and within an inquiry-
based instructional design, rather than as a replacement for
active student thinking and classroom interaction (Yeh, 2025).

The role of inquiry in supporting creativity and
critical thinking

IBL can be regarded as a dynamic pedagogical approach that
fosters creativity and critical thinking by allowing students to
engage actively in the learning process. In IBL environments,
students are encouraged to pose questions, explore, and
investigate in order to construct knowledge, thereby developing
inquiry and problem-solving skills (Smith et al., 2022). Research
indicates that IBL enhances critical thinking by training students
in essential cognitive skills such as problem formulation, data
collection, evaluation, and information synthesis (Kadir &
Satriawati, 2017; Wale & Bishaw, 2020). This enhancement is
especially evident when guided inquiry-based modules are used,
as they have been shown to improve students’ capacity to think
critically and apply learning in context (Algarni, 2025; Wale &
Bishaw, 2020). Moreover, empirical studies demonstrate that
IBL can deepen students’ understanding of scientific processes,
stimulating critical thinking and an innovative mindset that are
essential for solving complex, real-world problems (Dagys,
2017; Syahgiah et al., 2023).

Furthermore, IBL can substantially strengthen students’
creativity through its emphasis on exploration and self-directed
learning. This pedagogical approach encourages students
to move beyond conventional frameworks and continually
refine their ideas and methods in response to empirical
findings and learning experiences (Sam, 2024). For instance,
the implementation of IBL in science education has shown that
students who engage in inquiry-oriented tasks develop not only
scientific knowledge but also a creative disposition that enables
them to imagine new possibilities and solutions (Umbara et al.,
2017; Wale & Bishaw, 2020). This instructional approach is
also consistent with constructivist educational theories, which
propose that knowledge is constructed through experience
and interaction, thereby empowering students to formulate
original ideas and creatively address challenges (Baldock &
Murphrey, 2020; Thoron & Burleson, 2014). Overall, inquiry-
based learning creates an academic environment that supports
the development of creativity and critical thinking skills,
preparing students for both academic tasks and real-world
applications.

Al-enabled technologies and attitudes toward
mathematics

The implementation of Al-enabled technologies in
mathematics education can substantially influence students’
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attitudes toward the subject. As educators increasingly
adopt Al-supported personalised learning methods, students
have more opportunities to receive individualised support,
which can enhance their performance and foster more
positive attitudes toward mathematics (Opesemowo &
Ndlovu, 2024; Orhani, 2021). Al technologies can diagnose
individual learning challenges and tailor instructional
strategies accordingly, leading to improved engagement and
comprehension in mathematics (Opesemowo & Ndlovu,
2024; Orhani, 2021). This tailored approach addresses
students’ distinct learning needs, potentially reducing
anxiety and enhancing self-efficacy in mathematics (Wang,
2025). Studies have also indicated that integrating Al into
inquiry-based creative learning environments may improve
academic performance, suggesting significant potential for
transforming students’ perceptions of the subject (Yeh, 2025).
Furthermore, existing research indicates a relationship
between positive attitudes toward Al and mathematics,
suggesting that students’ perceptions of Al technologies
can significantly influence their feelings about mathematics
learning (Bation & Pudan, 2024; Hussain, 2020). For instance,
the use of Al-based applications can enhance the effectiveness
of educational methods and support the achievement of
learning objectives, thereby creating an environment that
fosters positive attitudes toward mathematics (Aykan,
2024). The impact of these technologies extends beyond
academic performance by cultivating a mindset that values
iterative problem-solving and critical thinking (Cela et al.,
2024). These skills are essential in mathematics. Al-enabled
technologies therefore influence not only how mathematics
is taught, but also how students engage with the subject,
encouraging deeper involvement with mathematical concepts
and applications in their academic lives (Hwang & Son, 2021;
Shakya & Maharjan, 2023).

METHODS

Participants

The research sample consisted of 120 Grade 8 students (79
females and 41 males; mean age = 12.79 years, SD = 0.68)
drawn from two public middle schools in Bandar Lampung
City, Indonesia. The two schools were selected because they
had comparable socioeconomic and educational contexts,
as both were urban public schools with similar institutional
characteristics and resource availability. However, no
individual-level matching procedure was conducted
because of the intact-class quasi-experimental design
and practical constraints in school settings. Instead, class
equivalence was approached at the school level by selecting
schools with broadly similar academic and contextual
profiles (Suherman et al., 2025). One intact Grade 8 class
from each school participated in the study (n = 60 per
group). The experimental group receiving Al-supported
IBL consisted of 41 females and 19 males, while the control
group receiving traditional instruction included 38 females
and 22 males. Before data collection, institutional and
school permissions were secured, and informed consent was
obtained from all participants.
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Design

A pretest—posttest non-equivalent groups design was used.
The experimental group engaged in mathematics lessons
centred on inquiry-based activities and supported by an Al
tool (ChatGPT), which provided adaptive feedback, hints, and

scaffolding during problem-solving. The control group received
teacher-led lessons covering the same topics and problem sets,
but without inquiry tasks or Al support (Chaleelpliam et al.,
2023). Examples of the experimental activities are presented
in Table 1.

Activity Topic Curricular Focus

Understanding basic geometry
concepts; distinction between plane
and solid figures

Introduction to
Geometry

Al & Inquiry Themes

Inquiry-based
learning: observation
and classification

Specific Al-IBL Activities
Group discussion: identify geometric shapes in
daily life
Brainstorming activity: classify classroom objects
into plane vs. solid figures

Al-assisted . N .
. . A Teacher demonstration with visual aids
Plane Figures: Square Properties of squares and rectangles; visualization: L . .
. . . . Individual practice with Al geometry apps to
& Rectangle perimeter and area interactive geometric .
calculate perimeter and area
tools
Inquiry and Al:

Plane Figures:
Parallelogram,
Rhombus, Trapezoid

Properties, perimeter, and area
calculation

exploring properties
of less common
shapes

Group discussion on common mistakes
Worksheet exercises using Al-assisted drawing
tools for shapes

Introduction to
Triangles & Types

Classification of triangles by sides and
angles

Inquiry: hands-on
exploration

Hands-on activity: creating triangles with paper/
rulers
Visual examples to classify triangles

Properties of
Triangles

Sum of angles, relationships between
sides and angles

Inquiry: problem-
solving

Solve basic angle problems in groups
Real-life examples of triangles

Basic Pythagoras Applying Pythagoras theorem in right

Inquiry and Al:

Identify right triangles in images or diagrams
Use Al tools to calculate missing sides (a% +

Theorem triangles calculation support b2 = )
N Vi I h lysis of buildi ith
. . . o ' . . Al & inquiry: real- |.rtua tour / photo analysis of buildings wit
Triangles in Real Life ~ Application of triangles in architecture, triangles

Applications art, engineering

world problem
identification

Project: students diagram triangles in their
environment

Integration of all concepts: plane

Review & Assessment . . .
figures, triangles, and calculations

Inquiry-based
assessment; Al-
assisted feedback

Integrative exercises combining perimeter, area,
triangle identification, Pythagoras
Al tools for instant feedback on calculations

Table 1: AI-IBL Activities (Source: own elaboration)

This study included only Grade 8 students because students at
this developmental stage are generally considered capable of
engaging in higher-order thinking processes, including abstract
reasoning, problem-solving, and creative mathematical
thinking. According to Piaget’s theory of cognitive development,
early adolescents typically begin transitioning into the formal
operational stage, which enables more logical and hypothetical
reasoning (Piaget, 1976). Previous mathematics education
research has also shown that middle school students possess
sufficient cognitive readiness to participate in inquiry-based
and problem-solving-oriented learning activities that require
analytical and creative thinking (Belland et al., 2011; Bicer
et al.,, 2021). At this level, students have usually acquired
foundational knowledge of geometry, making them suitable for
examining the effects of Al-supported inquiry-based learning
on mathematical skills. Limiting participants to a single grade
also helped ensure relatively similar cognitive and educational
backgrounds, thereby reducing variability associated with
developmental and curricular differences.

The assignment of classes to the experimental and control
conditions was conducted using a lottery-based procedure, in
which the first class drawn was assigned to the experimental
group and the second to the control group. However, this
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procedure was implemented within practical constraints
imposed by school scheduling. Because it was not feasible
to create new classes or reorganise existing timetables,
the selection of participating classes was coordinated with
school administrators to ensure compatibility with academic
schedules and teacher availability. To strengthen the internal
validity of the study, efforts were made to ensure that
the selected classes were comparable in terms of prior academic
exposure, curriculum coverage, and learning experiences
before the intervention.

In the experimental class, instruction was organised around
small-group activities, with students grouped according to
age, interests, developmental readiness, and skill levels. These
groups engaged in collaborative AI-IBL activities, such as
exploring two- and three-dimensional shapes, calculating
areas and perimeters, and constructing and analysing triangles.
Research indicates that group-based, inquiry-oriented
instruction is often more effective than traditional one-on-one
teaching approaches. In contrast, the control class followed
the standard curriculum, which relied on teacher-led lectures,
individual exercises, and minimal hands-on problem-solving,
thereby providing a baseline for comparison. The study’s
experimental design is shown in Figure 2.
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Sessions began at around 8:30 a.m. and lasted 60—90 minutes,
typically starting with a brief physical activity to help students
release energy and focus on learning. After completing
the nine-week AI-IBL geometry programme, students’ creative
and critical thinking skills were assessed, and outcomes from
the experimental and control groups were compared.

Finally, after the intervention, students completed two types of

post-assessment measures. First, a post-test was administered
to evaluate students’ creative mathematical performance and
critical problem-solving skills, with a duration of approximately
45-60 minutes. Second, a follow-up questionnaire was
administered to assess students’ attitudes toward mathematics.
The questionnaire was completed individually in a quiet setting
and took approximately 5—10 minutes per student.

Figure 2: Research procedure (Source: modified from Suherman et al. (2025))
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Instrument

The instruments used in this study consisted of a questionnaire
and two separate essay-based tests. The questionnaire assessed
students’ attitudes toward mathematics. The first essay test
measured creative mathematical performance (CMP) and
consisted of five open-ended items. The second essay test
measured critical problem-solving (CPS) and consisted of
four open-ended items. Both tests required students to solve
non-routine mathematical problems and were adapted from
Suherman and Vidakovich (2025). An example of the essay
test items is presented in Figure 3. Students’ responses were
scored using a five-point analytic rubric (1-5) to assess both

CMP and CPS. A score of 1 indicated very limited or incorrect
responses with no valid mathematical reasoning, while a score
of 2 reflected minimal understanding with largely incorrect or
incomplete solutions. A score of 3 represented partially correct
responses with some appropriate steps but noticeable errors
in reasoning or computation. A score of 4 indicated mostly
correct and logically structured solutions with minor errors,
whereas a score of 5 represented fully correct, well-reasoned,
and complete solutions demonstrating strong mathematical
understanding. For CMP, this included originality of strategies,
while for CPS it reflected strong logical justification and
problem-solving accuracy.

The triangle is designed by Tapis Lampung ornament with Jung Sarat
motif. The triangle is a right triangle with legs 8 and 6. The vertices
are at the points A(0,0), B(0,6), and C(0,8). The red line segment is
perpendicular to hypotenuse. Find the length of the red line segment.

Figure 3: An example of a creative and critical thinking test (Source: adapted from Suherman and Vidakovich (2025))

The Attitude toward Mathematics questionnaire was adapted
from Suherman and Vidakovich (2022) and included five
statements, each with five response options. Scores were
assigned using a Likert scale ranging from 1 (strongly disagree)
to 5 (strongly agree). Sample items included statements such as
“I am really good at math” and “I feel confident in my abilities
to solve mathematics problems.”

Loading factors

Cronbach’s alpha

In this study, the validity and reliability of the instruments
were evaluated. The critical thinking test initially included five
items; however, one item had a factor loading below 0.4 and
was therefore removed, leaving four valid items. The creative
thinking test consisted of five items, and the Attitude toward
Mathematics questionnaire also contained five items. A summary
of the instruments’ validity and reliability is presented in Table 2.

Composite reliability | Average variance

(standardized) (rho_c) extracted (AVE)

Creative mathematical performance (CMP) 0.921 0.924 0.703
CMP1 0.700
CMP2 0.798
CMP3 0.880
CMP4 0.870
CMP5 0.925

Critical problem-solving (CPS) 0.710 0.728 0.401
CPS1 0.651
CPS2 0.829
CPS3 0.524
CPS4 0.469

Attitude toward Mathematics (ATM) 0.903 0.902 0.651
ATM1 0.767
ATM2 0.808
ATM3 0.856
ATM4 0.822
ATM5 0.780

Table 2: Psychometric evaluation of the instruments (Source: own elaboration)

Data analysis

The data were analysed using both descriptive statistics (means and
standard deviations) and inferential statistics to compare groups
and report effect sizes, primarily using SPSS 31. SPSS was used
to conduct correlation analyses, independent samples t-tests, and
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MANOVAS to examine differences between the experimental and
control groups across multiple dependent variables. SmartPLS 4
was used to assess the psychometric properties of the instruments,
while R software was used to generate visualisations illustrating
students’ performance across all variables in both groups.
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RESULTS

Table 3 presents the descriptive statistics and correlation
analysis among CMP, CPS, and ATM for both groups.
The experimental group showed slightly higher mean scores
across all variables (CMP = 3.63, CPS = 3.36, ATM = 3.56)
than the control group (CMP =3.22, CPS=3.17, ATM =3.14),
with comparable levels of dispersion, as indicated by standard
deviations ranging from 0.77 to 0.95. Skewness and kurtosis
values further confirmed that the data approximated a normal
distribution in both groups.

The correlation analysis revealed strong and statistically
significant positive relationships among all variables in both
groups. However, the control group consistently demonstrated
slightly stronger interrelationships among CMP, CPS, and
ATM (r = 0.720 to 0.896) than the experimental group
(r=0.688 to 0.892). This indicates that the associations among
cognitive and affective variables were more tightly connected
under traditional learning conditions, whereas the AI-IBL
intervention resulted in slightly weaker interdependencies
among the constructs.

Group Variable M SD Skewness Kurtosis CmMP CPS ATM
Experimental CMP 3.63 0.89 -0.32 -0.23 -
CPS 3.36 0.92 -0.46 -0.33 0.718™ -
ATM 3.56 0.77 -0.51 -0.72 0.892™ 0.688™ -
Control CMP 3.22 0.95 -0.16 -0.23 -
CPS 3.17 0.77 0.06 -0.33 0.761" -
ATM 3.14 0.93 0.06 -0.72 0.896™ 0.720™ -

Note: **. Correlation is significant at the 0.01 level (2-tailed).

Table 3: Summary of descriptive statistics and correlations among groups (Source:

Regarding data normality, following Kline (2015), skewness
values within £3 and kurtosis values within +10 indicate
acceptable normal distribution. In this study, skewness values
ranged from -0.51 to 0.06 across both experimental and
control groups, while kurtosis values ranged from -0.72 to
-0.23. These results suggest that all variables (CMP, CPS, and
ATM) demonstrated acceptable levels of normality, indicating
that the data distributions did not substantially deviate from
normality assumptions.

Homogeneity of variance was examined using Levene’s test.
The results indicated that the assumption of equal variances
was met for all variables, including CMP (F = 0.000,
p =0.986), CPS (F=1.101, p = 0.296), and ATM (F = 1.714,
p = 0.193). Because all p-values exceeded the 0.05 threshold,
the homogeneity assumption was satisfied, supporting the use
of independent samples #-tests with equal variances assumed.
Multicollinearity was examined using Pearson correlation
coefficients among the dependent variables. The results
indicated strong positive relationships between CMP, CPS,
and ATM, with correlation values ranging from » = 0.695 to
r = 0.898. Although the correlation between CMP and ATM

own elaboration)

was relatively high, it did not exceed the critical threshold of
0.90, suggesting that multicollinearity was not severe and that
the variables could be retained for multivariate analysis.

Table 4 presents the results of the multivariate tests examining
the effect of group (experimental vs. control) on the combined
dependent variables (CMP, CPS, and ATM). The intercept
showed a highly significant effect across all dependent
variables (Pillai’s Trace = 0.948, F(3,116) = 705.94, p < 0.001,
n? = 0.948), reflecting the overall mean levels of the measures.
More importantly, the group effect was statistically
significant at the multivariate level (Pillai’s Trace = 0.065,
F(3,116)=2.694, p=0.049, *>= 0.065), indicating a significant
difference between the experimental and control groups when
the dependent variables were considered together. The effect
size (> = 0.065) suggests a small-to-moderate practical impact
of the intervention. This finding implies that the instructional
approach, namely the AI-IBL intervention, influenced students’
creative mathematical performance, problem-solving skills,
and attitudes toward mathematics collectively, warranting
further investigation through follow-up univariate tests for
each variable.

Hypothesis df Error df
Intercept
Pillai’s Trace 0.948 705.936 3 116 <0.001 0.948
Wilks” Lambda 0.052 705.936 3 116 <0.001 0.948
Hotelling’s Trace 18.257 705.936 3 116 <0.001 0.948
Roy’s Largest Root 18.257 705.936 3 116 <0.001 0.948
Group
Pillai’s Trace 0.065 2.694 3 116 0.049 0.065
Wilks” Lambda 0.935 2.694 3 116 0.049 0.065
Hotelling’s Trace 0.070 2.694 3 116 0.049 0.065
Roy’s Largest Root 0.070 2.694 3 116 0.049 0.065
Table 4: Multivariate test results (Source: own elaboration)
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To evaluate the effects of the instructional intervention on students’
outcomes, independent samples t-tests were conducted for CMP,
CPS, and ATM, as presented in Table 5. The results showed that
students in the experimental group achieved significantly higher
CMP scores (M = 3.63, SD = 0.90) than those in the control
group (M = 3.22, SD = 0.95), «(117.579) = 2.386, p = 0.019,
d = 0.436, indicating a moderate effect of the AI-IBL approach
on creative mathematical performance. Similarly, students in
the experimental group reported significantly higher ATM scores
(M=3.56,SD=0.77) than the control group (M =3.14, SD =0.93),
#(114.257) = 2.702, p = 0.008, d = 0.493, suggesting a moderate
positive effect of the intervention on attitudes toward mathematics.

In contrast, no statistically significant difference was
found in CPS between the experimental group (M = 3.36,
SD = 0.92) and the control group (M = 3.17, SD = 0.77),
#(114.640) = 1.213, p = 0.228, d = 0.221, suggesting that
the intervention had a limited effect on critical problem-
solving skills. Overall, these findings indicate that the Al-
IBL instructional approach was most effective in improving
creative mathematical performance and students’ attitudes
toward mathematics, while its impact on critical problem-
solving skills remained relatively small. The distribution
of students’ performance across variables is illustrated in
Figure 4.

Variables Experimental M (SD) Control M (SD) t df P Cohen’s d
CMP 3.63 (0.90) 3.22 (0.95) 2.386 117.579 0.019 0.436
CPS 3.36(0.92) 3.17 (0.77) 1.213 114.640 0.228 0.221
ATM 3.56 (0.77) 3.14 (0.93) 2.702 114.257 0.008 0.493

Table 5: Summary of the independent sample t-test (Source: own elaboration)

Figure 4: Students’ performance among variables (Source: R software output)

DISCUSSION

The results of this study demonstrate that the AI-IBL instructional
approach had a positive impact on students’ mathematical
learning outcomes, particularly attitudes toward mathematics
and creative mathematical performance, with the strongest effect
observed in the affective domain. Students in the experimental
group consistently scored higher than those in the control
group across all measured variables. The most pronounced
improvement was found in attitudes toward mathematics,
indicating that Al-supported inquiry-based learning plays
a particularly important role in shaping students’ motivation,
interest, and emotional engagement in mathematics learning.
This was followed by improvements in creative mathematical
performance, where students in the experimental group
demonstrated greater originality, flexibility, and diversity in
solution generation compared with traditional instruction. These
findings suggest that Al tools may support divergent thinking
processes by scaffolding exploration and prompting multiple
solution pathways (Guo et al., 2025; Wei et al., 2025).

The descriptive statistics and correlation analysis showed that
CMP, CPS, and ATM were strongly interrelated in both groups.
However, slightly stronger interrelationships were observed in
the control group than in the experimental group, suggesting
that in traditional learning environments, cognitive and affective
dimensions tend to be more tightly coupled. In contrast, the Al-
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IBL condition appeared to promote a more differentiated pattern
of relationships among constructs, indicating a possible shift
toward more independent development of cognitive and affective
domains. This pattern aligns with previous research indicating
that inquiry-based learning environments can simultaneously
support creativity, problem-solving, and positive attitudes in
mathematics education (Bhardwaj et al., 2025; Conradty &
Bogner, 2019; Engeln et al., 2013; Huang, 2022).

In contrast, no statistically significant improvement was
found in critical problem-solving skills, indicating that
the intervention did not produce a measurable effect on this
domain. Although students in the experimental group showed
slightly higher mean performance, the difference was not
sufficient to indicate a meaningful impact. This suggests that,
while Al-supported inquiry-based learning may facilitate
exploration and idea generation, the development of structured
and evaluative problem-solving skills likely requires more
sustained instructional scaffolding, explicit metacognitive
guidance, and longer-term practice beyond a short-term
intervention (Hidayatullah et al., 2024; Lai, 2025).

At the multivariate level, the group effect was significant,
indicating that the intervention influenced students collectively
across the three dependent wvariables. Consistent with
the univariate results, this finding suggests that the instructional
approach primarily affected affective and creative dimensions,
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while contributing less to structured problem-solving
performance. Although the overall effect size was modest,
the result confirms that instructional models integrating
Al and inquiry-based strategies can produce measurable
changes in students’ learning outcomes. This aligns with
prior studies showing that digital and interactive pedagogical
tools can enhance engagement and cognitive development
in mathematics education (Cirneanu & Moldoveanu, 2024;
Engelbrecht & Borba, 2024).

The findings further suggest that Al-supported inquiry-based
learning can foster students’ creative mathematical performance
and positive attitudes toward mathematics by promoting active
exploration, idea generation, and interactive learning experiences.
Inquiry-oriented environments supported by generative Al
encourage students to engage in open-ended reasoning (Li et
al., 2025), receive immediate feedback (Dong et al., 2026), and
explore multiple solution pathways (Lee & So, 2025), which may
strengthen mathematical creativity and learning engagement.
Recentstudies have similarly reported that Al-assisted mathematics
learning environments contribute positively to students’ creativity,
motivation, and attitudes (Akosah, 2025; B. Liu et al., 2026; J. Liu
etal., 2025) by facilitating adaptive support and reflective learning
processes. However, the limited improvement in critical problem-
solving skills indicates that higher-order reasoning development
requires more sustained scaffolding, metacognitive regulation, and
deeper conceptual engagement beyond short-term Al integration.
However, the results warrant several caveats. Not all students
experienced the intervention in the same way, as some lower-
achieving learners reported initial difficulty adapting to self-
directed inquiry even with Al support. Teacher facilitation and
peer collaboration appeared to play an important moderating
role in supporting student engagement. Although this limitation
is consistent with findings from other technology-enhanced
inquiry-based studies, it highlights the importance of blended
instructional designs that combine digital tools with structured
teacher guidance (Supriadi et al., 2025). Furthermore, attitudes
toward mathematics remain influenced by broader contextual
and socio-emotional factors, including classroom climate, teacher
beliefs, and school culture (Hidayatullah & Csikos, 2023, 2025;
Suherman & Vidékovich, 2024).

These findings have important practical implications. In
the context of increasing digital transformation in education,
fostering positive attitudes and creative thinking in mathematics
is essential for preparing students to face complex problem-
solving demands. The study highlights the value of Al-supported

inquiry-based approaches that encourage active participation,
collaboration, and exploration while also enhancing instructional
efficiency through timely feedback, adaptive scaffolding, and
optimised learning processes. Teachers are therefore encouraged
to integrate Al-supported inquiry activities within structured
instructional design, ensuring a balance between exploratory
learning and guided mathematical reasoning.

LIMITATIONS AND FUTURE RESEARCH

Although this study provides evidence supporting the efficacy of
Al-supported inquiry-based mathematics instruction, its quasi-
experimental design means that residual selection bias may persist
because intact classes were used without random assignment or
statistical covariate adjustment at baseline. Because the groups
were not randomly assigned, causality should be interpreted
with caution. In addition, the intervention occurred over one
academic term, so longer-term effects and sustainability remain
unknown. Future research should examine the scalability of Al-
IBL across diverse school settings, grade levels, and demographic
backgrounds. Longitudinal studies could further clarify
the persistence of the observed gains, and qualitative investigations
may help explain the experiences of lower-achieving or differently
motivated students. Studies comparing different Al tools or levels
of inquiry complexity would also add valuable nuance to the field.

CONCLUSION

This study demonstrates that Al-supported inquiry-based
learning contributes positively to students’ creative mathematical
performance and attitudes toward mathematics compared
with traditional instruction. The findings underscore the value
of combining technological innovation with inquiry-driven
pedagogy in mathematics education, particularly as schools
seek to prepare students for the demands of a rapidly evolving,
knowledge-based society. Although students exposed to the
Al-supported approach tended to show more favorable critical
problem-solving outcomes, the evidence suggests that its
influence in this area may be less pronounced and warrants further
investigation. Educators and policymakers should therefore
consider the strategic use of Al to scaffold inquiry learning,
enhance learning effectiveness and instructional efficiency, and
address issues of equity and differentiation to ensure that all
students benefit from these advances. In addition, Al integration
may contribute to more efficient learning processes by providing
immediate feedback and reducing delays in concept clarification
during classroom activities.
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