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Abstract

Background and Aim: Developing 21st-century skills such as critical thinking, problem-solving,
and collaboration has become a priority in education. Active learning and inquiry-based learning
are recognized as effective strategies for promoting these skills. This study examines their impact
on senior high school students' mathematics achievement and problem-solving abilities.
Materials and Methods: A quasi-experimental design was conducted with 30 first-year students
in Zhaotong, Yunnan Province, China. Over 15 lessons, active and inquiry-based strategies were
integrated into mathematics instruction. Pre- and post-tests assessed academic achievement and
problem-solving, and paired-sample t-tests with effect size analysis were used to evaluate the
effectiveness of the intervention.

Results: The findings revealed significant gains in both mathematics achievement (Cohen’s d =
1.39) and problem-solving ability (Cohen’s d = 1.37). Additionally, a strong positive correlation
was found between students' academic performance and problem-solving skills (r = 0.68).
Conclusion: This study adds empirical support for integrating active and inquiry-based learning
into high school mathematics instruction. It provides evidence that these strategies enhance
students’ mastery of mathematical concepts and foster broader cognitive skills, contributing to
the development of key competencies essential for academic success.

Keywords: Active Learning; Inquiry-Based Learning; Academic Achievement; Problem-Solving
Ability; Mathematics Education

Introduction

Over the past two decades, China's educational system has undergone substantial reforms
aimed at improving the quality of secondary education. The Ministry of Education's New High
School Curriculum Reform Plan (2004) was a pivotal step, emphasizing a departure from
traditional rote memorization and exam-centric teaching methods. This reform called for fostering

students' creativity, problem-solving abilities, and independent learning skills, reflecting a global
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shift towards more learner-centered approaches. The traditional model, characterized by

repetitive memorization and rigid examination preparation, has frequently been criticized for
limiting students' ability to apply knowledge flexibly in complex, real-world situations (Johnson,
2020; Liu, 2020). Empirical studies support this critique, noting that this approach fails to cultivate
critical thinking and adaptive problem-solving skills, which are essential for students' success in
the 21st century (Hadi & Novaliyosi, 2019).

In mathematics education, these shortcomings are particularly evident. Conventional
teaching methods, which prioritize formula memorization and standardized problem-solving
routines, do not sufficiently encourage students to develop logical reasoning or adaptive problem-
solving abilities (Kusuma, 2017; Liu, 2018). To address these gaps, educational strategies such as
active learning and inquiry-based learning (IBL) have gained traction as effective pedagogical
approaches. Active learning emphasizes student engagement in interactive activities,
experimentation, and reflective practices, all of which have been shown to improve both
academic performance and knowledge retention in STEM fields (Freeman et al,, 2014). IBL
complements this by framing mathematics as a process of inquiry and exploration, encouraging
students to think critically and independently rather than passively receiving information (Chu et
al., 2021; Margunayasa et al., 2019).

Despite these efforts, the enduring influence of the gaokao examination system continues
to shape teaching practices in China, with a significant number of educators still prioritizing exam
performance over holistic student development, particularly in subjects like mathematics (Hadi &
Novaliyosi, 2019). This focus on standardized testing is not only pervasive but also poses significant
challenges to the integration of more dynamic teaching methods. For example, according to a
recent survey, approximately 70% of teachers report that the pressure of preparing students for
the gaokao restricts their ability to implement innovative instructional strategies (Liu & Zhang,
2021). As a result, the incorporation of active learning and IBL into the classroom remains an
urgent yet complex task.

This study seeks to address a critical research gap: although active learning and inquiry-
based learning have been widely studied in various STEM contexts, their effects in Chinese high
school mathematics classrooms remain insufficiently explored. By investigating the impact of
these instructional strategies on students' mathematics achievement and problem-solving
abilities, this study aims to contribute empirical evidence supporting pedagogical innovation in
China. Additionally, it offers practical guidance for educators seeking to integrate these methods
into their teaching practices. Through this research, the broader educational community will gain
valuable insights into the benefits of fostering deeper cognitive engagement and problem-solving

skills, both of which are essential for success in an increasingly complex global society.
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Objectives

This study aims to evaluate the impact of active learning and inquiry-based learning on
senior high school students’ mathematics achievement and problem-solving abilities. Specifically,
it seeks to:

1. to assess the effect on mathematics achievement. Determine whether active and inquiry-
based learning significantly improves students’ academic performance in mathematics.

2. to assess the effect on problem-solving ability. Examine whether these instructional

strategies enhance students’ skills in analyzing, reasoning, and solving mathematical problems.

Hypothesis

Hypothesis 1: Active and inquiry-based learning will significantly increase mathematics
achievement compared to pre-intervention scores.

Hypothesis 2: Active and inquiry-based learning will significantly improve problem-solving

ability compared to pre-intervention scores.

Literature Review

The cultivation of 21st-century skills—such as critical thinking, problem-solving,
collaboration, and communication—has emerged as a central goal in contemporary education.
Inquiry-based learning (IBL) has gained prominence for its ability to foster these competencies,
transforming students from passive recipients of knowledge into active participants in the
construction of understanding. Chu et al. (2021) demonstrate that IBL promotes questioning,
investigation, and evidence-based reasoning, all of which contribute to higher-order thinking and
a sense of ownership in learning. This approach aligns with global educational reform trends, as
it emphasizes adaptability and problem-solving, qualities that are increasingly vital in rapidly
evolving educational and societal contexts.

However, while IBL provides a robust foundation for fostering cognitive skills, research
suggests that its impact can be amplified when combined with other student-centered
pedagogies. For example, Darmuki and Hariyadi (2019) emphasize the Jucama learning model,
which aligns with students’ learning styles and significantly improves performance in
communication-based tasks. This model highlights the importance of tailoring instructional
strategies to individual learning preferences, suggesting that such personalization enhances
engagement and academic achievement. Similarly, Jaiswal and Al-Hattami (2020) argue that
student-centered methods not only boost academic performance but also promote creativity
and problem-solving skills. These studies support the idea that IBL, when integrated with

personalized and interactive teaching methods, can significantly enhance both cognitive and
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academic outcomes. However, there is a tension in the literature about the ideal balance between

inquiry-based and structured approaches. Some scholars suggest that too much freedom in IBL
may overwhelm students, especially in complex subjects like mathematics, where clear
frameworks may help guide learning (Liu, 2020).

In addition to cognitive outcomes, emotional well-being plays a critical role in students'
learning experiences. Research by Davey et al. (2022) reveals that student anxiety has increased
over the past two decades, leading to negative impacts on academic performance. This
underscores the importance of addressing not only cognitive but also socio-emotional factors in
education. Large-scale assessments, such as TIMSS and PISA, have shown that educational
systems that focus solely on academic content, without considering students' emotional
resilience and well-being, often fail to prepare students for long-term success (Hopfenbeck et al,,
2018). For instance, in the 2018 PISA study, countries with a more balanced emphasis on both
cognitive and socio-emotional skills, such as Finland, demonstrated higher student achievement
in mathematics and problem-solving (OECD, 2019). These findings suggest that while IBL and
student-centered methods contribute to cognitive development, they must be integrated with
strategies that support students' emotional well-being and metacognitive skills to maximize their
effectiveness.

Importantly, existing research on the effectiveness of IBL and student-centered teaching in
STEM subjects often overlooks the specific context of Chinese high school mathematics
education. While these methods have been widely studied in various international contexts, the
implementation and impact of IBL in the Chinese educational system, particularly in mathematics,
remain underexplored. Moreover, the literature tends to focus heavily on cognitive outcomes,
with less attention given to how socio-emotional factors, such as anxiety or motivation, mediate
the success of these teaching strategies. This gap highlights the need for a comprehensive study
that not only examines the cognitive and academic impacts of IBL and active learning in
mathematics but also considers how these methods can be implemented to support students'
emotional well-being.

In summary, while inquiry-driven and student-centered pedagogies have been shown to
stimulate deep cognitive engagement and improve academic outcomes, the integration of these
approaches with personalized instruction and emotional support is essential for cultivating the
full spectrum of 21st-century skills. This study addresses a critical gap in the literature by
examining the effects of active and inquiry-based learning in Chinese high school mathematics
classrooms, with particular attention to both cognitive and socio-emotional factors that influence

student achievement and problem-solving abilities.
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Conceptual Framework

The conceptual framework for this study aims to examine the relationship between the
instructional strategies of active learning and inquiry-based learning (IBL) and the learning
outcomes of senior high school students in mathematics. The framework outlines the
independent and dependent variables that guide this research, along with their hypothesized
relationships.

Independent Variables

The independent variables in this study are the instructional strategies of active learning
and inquiry-based learning (IBL). Active learning involves engaging students in activities such as
problem-solving, gsroup discussions, and hands-on experiments. This strategy emphasizes student
participation, encouraging students to take an active role in their learning, think critically, and
apply knowledge to real-world contexts. IBL focuses on students’ active exploration of
mathematical problems through questioning, investigation, and self-directed learning, which
fosters deeper understanding and critical thinking skills.
By combining these two instructional strategies, this study seeks to promote greater student
engagement and cognitive development, thereby enhancing both students' academic
achievement and problem-solving abilities.

Dependent Variables

The dependent variables in this study are learning achievement and problem-solving ability.
Learning achievement refers to the level of knowledge, skills, and understanding students acquire
as a result of the instructional interventions. This is assessed through tests evaluating students'
mastery of mathematical concepts and their ability to apply these concepts to solve problems.

Problem-solving ability refers to students' capacity to identify, analyze, and solve
mathematical problems. It is a critical skill for the development of mathematical thinking and is
essential both in academic settings and in real-world contexts. This variable is measured through
assessments that evaluate students’ problem-solving approaches, strategy selection, and the
accuracy of their solutions.

Relationship Between Variables

It is hypothesized that active learning and inquiry-based learning (IBL) will have a positive
effect on both learning achievement and problem-solving ability. Through active participation and
inquiry, students are expected to improve their understanding of mathematical concepts, develop
stronger problem-solving skills, and become more engaged in their learning process.

The combination of these two instructional strategies is anticipated to create an interactive
and dynamic learning environment that fosters critical thinking, enhances problem-solving

capabilities, and enables students to apply their knowledge in diverse contexts.
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By investigating the impact of these strategies on students’ learning outcomes, the study

seeks to provide empirical evidence on the effectiveness of active learning and IBL in improving
educational outcomes in mathematics. This framework will guide the analysis of how these

teaching methods influence students' cognitive development and problem-solving skills.

Mothodology

This section outlines the methodology employed to examine the impact of active learning
and inquiry-based learning on the mathematics achievement and problem-solving abilities of
senior high school students. The study design is a quasi-experimental, single-group pretest-
posttest design, where data were collected before and after the intervention. This section
includes details on the sampling procedures, research instruments, data collection methods, and
data analysis techniques.

1. Population and Research Sample

The study population comprised first-year senior high school students in Zhaotong, Yunnan
Province, during the 2024 academic year. Initially, 60 students from two intact classes were
considered for the study. A cluster random sampling procedure was used to randomly select one
class (n = 30) from the two available classes. This ensured that the entire class, rather than
individual students, was chosen, maintaining the natural group structure and minimizing selection
bias. The final sample included students from diverse demographic backgrounds, thereby
enhancing the representativeness of the sample.

While the sample size was determined based on the available class groups, a power analysis was
not conducted due to the constraints of using intact classes. However, the sample size is
considered sufficient for a preliminary investigation of the intervention's effects.

2. Research Instruments

Three main instruments were developed and validated for this study:

Instructional Plans: Fifteen lesson plans were created to integrate active learning and
inquiry-based learning strategies. Each plan focused on key mathematical concepts and included
interactive activities and inquiry tasks. The plans underwent expert review by three mathematics
education specialists to ensure content validity and pedagogical soundness.

Learning Achievement Test: A 20-item multiple-choice test was designed to assess students'
mastery of mathematical concepts and their ability to apply them. Before implementation, the
test was piloted with 15 students from a comparable school. Necessary revisions were made
based on feedback. The test's internal consistency reliability was confirmed with a Cronbach’s O

of 0.82, indicating good reliability. In addition to expert review, further evidence of construct
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validity was obtained through a comparison of the test’s aligsnment with the curriculum objectives

and theoretical frameworks in mathematics education.

Problem-Solving Ability Scale: A 15-item rating scale was used to evaluate students’
cognitive and strategic problem-solving skills, including problem analysis, strategy selection, and
solution accuracy. The scale was also piloted and refined based on feedback. The instrument
achieved a Cronbach’s O of 0.85, suggesting high reliability. Evidence of criterion validity was
established by linking the scale's scores with students' prior performance in problem-solving tasks.
Table 1 summarizes the research instruments and their psychometric properties.

Table 1 Summary of Research Instruments and Reliability Results

Reliability
Instrument ltems ValidationProcess
(Cronbach’sQl)
Instructional Plans 15 Expert review (3 specialists) -
_ _ Pilot test(n=15), expert
Learning Achievement Test 20 S 0.82
validation
_ = Pilot test(n=15), expert
Problem-Solving Ability Scale 15 0.85

validation

3. Data Collection

Data were collected at three points: pre-test (before the intervention), mid-point (during
the intervention), and post-test (after the intervention). Baseline data were collected to assess
students' initial levels of achievement and problem-solving ability. The instructional interventions,
which spanned 15 lessons, were implemented with progress monitored at the mid-point. The
post-intervention data provided outcome measures for both achievement and problem-solving
ability. Ethical procedures adhered to institutional guidelines, with informed consent obtained
from all participants and their guardians. Institutional approval was secured from the school’s
ethics review board before the study commenced. Participant confidentiality was ensured through
anonymous data collection, and all information was stored securely in accordance with ethical
standards.

4. Data Analysis

Data analysis included both descriptive and inferential statistics. Descriptive statistics
(means, standard deviations) summarized student performance at each time point (pre-test, mid-
test, post-test). To assess the effectiveness of the intervention, a paired-sample t-test was

conducted to compare pre-test and post-test scores. This statistical test was chosen to determine
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whether there were significant differences between students' achievement and problem-solving

abilities before and after the intervention.

Before applying the t-test, the assumptions of normality and homogeneity of variance were
tested. Shapiro-Wilk tests were conducted to check for normality of the data, and Levene’s test
was used to assess the homogeneity of variance. If these assumptions were not met, non-
parametric alternatives (such as the Wilcoxon signed-rank test) were considered.

In addition, effect sizes (Cohen’s d) were calculated to evaluate the practical significance
of the observed changes. These combined results allowed for a thorough examination of the

intervention’s impact on students' academic performance and problem-solving ability.

Results

1. Participant Demographics

The 30 participants were first-year high school students aged 15-16. Gender distribution was
balanced (55%male, 45%female). Their socioeconomic backgrounds ranged from rural to urban
households in Zhaotong, Yunnan Province, with most families in the low-to-middle income range.

2. Academic Achievement

Before the intervention, students’ average score was 62.5 (SD=8.3), reflecting a basic but
limited understanding of mathematics. After 15 lessons based on active and inquiry-based
learning, the post-test mean rose to 70.3 (SD=7.1). A paired-sample t-test confirmed this difference
was statistically significant (t (29) =5.21, p<0.001), with a large effect size (d=1.39).

Table 2 Academic Achievement: Descriptive and Inferential Statistics(n=30)

Test Mean(M) SD Variance t(29) p Cohen’s d
Pre-test 62.5 8.3 69.2
Post-test 70.3 7.1 50.4 5.21 0.000** 1.39

Note. p<0.001

These findings suggest that the intervention improved student performance across the

entire group, with reduced score dispersion indicating more consistent outcomes.

3. Problem-Solving Ability

The problem-solving scale revealed similar progress. Pre-test scores averaged 58.2 (SD=7.5),
while post-test scores increased to 66.7(SD=6.2). The paired-sample t-test indicated significant
improvement (t (29) =5.86, p<0.001), with a large effect size (d=1.37).
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Table 5 Problem-Solving Ability: Descriptive and Inferential Statistics (n=30)

Test Mean (M) SD Variance t (29) p Cohen’sd
Pre-test 58.2 7.5 56.3
Post-test 66.7 6.2 38.4 5.86 0.000** 1.37

Note. p< 0.001

This outcome demonstrates that the instructional approach not only enhanced content

knowledge but also strengthened strategic reasoning and analytical skills.

4. Correlation Between Achievement and Problem-Solving

Pearson correlation analysis indicated a strong positive relationship between mathematics
achievement and problem-solving ability (r=0.68, p<0.001). Students who performed better in
problem-solving tended to achieve higher scores in mathematics, highlighting the mutually

reinforcing nature of these two competencies.

Table 6 Correlation Between Academic Achievement and Problem-Solving Ability(n=30)

Variable 1 2
1. Academic Achievement 1
2. Problem-Solving Ability 0.68*** 1

Note. *p<0.001

Overall, the intervention significantly improved both academic achievement and problem-
solving ability, with large effect sizes in both domains. The strong positive correlation between
the two outcomes suggests that cognitive and analytical skills develop in tandem when active

and inquiry-based learning strategies are employed.

Discussion

1. Comparison with Existing Research

The findings of this study indicate that active learning and inquiry-based learning (IBL)
significantly improved students’ mathematics achievement and problem-solving abilities. These
results are consistent with a substantial body of prior research. Meta-analyses have shown that

active learning enhances student performance and reduces failure rates, largely by increasing
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classroom engagement, formative feedback, and learner accountability (Freeman et al., 2014).

The improvement in problem-solving ability observed in this study also aligns with research
demonstrating how IBL fosters higher-order thinking and knowledge transfer (Chu et al., 2021,
Margunayasa et al., 2019). However, the effect sizes observed in this study are notably larger than
those commonly reported in the literature. This discrepancy can likely be attributed to the close
aligcnment between the intervention tasks and the assessment instruments, a high level of teacher
motivation and implementation fidelity, and the novelty effect in a historically exam-oriented
educational environment. This study extends prior findings by demonstrating substantial effect
sizes within the specific context of an exam-focused Chinese education system, where traditional
methods dominate. While the results are promising, their external generalizability requires further
investigation, particularly in diverse educational contexts.

2. Boundaries of Interpretation

Although the intervention produced significant results, the findings are best understood as
evidence for the effectiveness of guided inquiry, rather than fully open inquiry. The instructional
design in this study provided clear goals, structured scaffolds, and ongoing formative feedback,
which helped manage cognitive load while still offering students opportunities for autonomy. In
mathematics, where concepts are dense and abstract, fully open inquiry can often result in
uneven learning outcomes and potential frustration due to the complexity of the material.
Cognitive load theory supports this view, emphasizing that without adequate support, excessive
cognitive load can hinder learning (Sweller, 1988). Therefore, the advantages demonstrated in this
study should be interpreted as evidence for structured guided inquiry, which aligns with existing
models of cognitive support for novice learners, such as those proposed by Vygotsky (1978) and
more recent adaptations of his zone of proximal development. This approach effectively balances
the need for guided instruction with the development of student independence.

3. Limitations and Threats to Validity

Several limitations should be acknowledged when interpreting the results. First, the study
used a single-group pretest-posttest design without a control group, which makes it difficult to
rule out alternative explanations such as history effects, test effects, or regression to the mean.
Second, while the research instruments demonstrated acceptable reliability, they were
researcher-developed and closely aligned with the intervention, which could have inflated the
observed effects. The problem-solving scale, which was used to assess students' problem-solving
ability, was teacher-rated, which raises the potential for expectancy bias—where the teacher’s
expectations might influence how they rate student performance. Additionally, there could be
some rating bias if teachers unconsciously rated students more favorably due to their involvement

in the intervention. This potential bias should be acknowledged in future studies. Third, while the
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sample was drawn from a single school in Zhaotong, Yunnan (n = 30), within a specific exam-

oriented cultural context, this limits the study's external validity. Finally, the absence of classroom
process data (e.g., teacher-student interactions, fidelity checks) prevents the identification of the
precise mechanisms driving the observed improvements. These limitations suggest that the
findings should be interpreted with caution, and further studies using more rigorous designs are
needed to confirm the results.

4. Implications for Policy and Practice

Despite its limitations, this study provides several important insights for educational practice
and policy. The significant improvements in achievement and problem-solving ability suggest that
traditional, lecture-based, exam-oriented teaching should be reconsidered in favor of more
interactive, student-centered approaches. Teachers should incorporate strategies such as group
discussions, project-based tasks, and real-world problem-solving into mathematics curricula to
foster engagement and transferable skills. At the policy level, curriculum and assessment systems
should be reviewed to emphasize reasoning and problem-solving as explicit objectives, rather
than focusing narrowly on content mastery.

While the study suggests that policy-level changes could support the integration of active
and inquiry-based learning, such recommendations should be considered cautiously. Systemic
reforms—such as revising exam blueprints—require broader empirical evidence from diverse
educational contexts before they can be effectively implemented. Professional development
programs should also move beyond one-off workshops to provide sustained support through
peer collaboration, lesson study, and classroom observation, enabling teachers to refine their
inquiry-based practices. Furthermore, given the negative impact of student anxiety on learning
outcomes (Davey et al., 2022), classrooms should balance challenge with adequate support by
providing clear goals, transparent criteria, and constructive feedback to alleviate stress and foster
positive learning experiences.

5. Directions for Future Research

Future research should employ more rigorous experimental designs, such as cluster-
randomized controlled trials or matched comparison groups, to strengthen causal inference.
Additionally, studies should collect classroom process data (e.g., fidelity logs, questioning
strategies, task complexity) to identify which components of active and inquiry-based learning are
most effective in enhancing student outcomes. Research should also be extended to other
contexts and subjects, using delayed posttests and standardized measures to assess the durability
and generalizability of the effects over time. Mechanisms underlying the impact of these
strategies—such as whether the gains are mediated by factors like self-efficacy, metacognitive

regulation, or motivation—should also be explored. Finally, comparative studies that directly test
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guided inquiry against traditional instruction or fully open inquiry would provide valuable insights

into the boundary conditions for different groups of learners and help clarify which instructional

approach is most effective in different contexts.

Conclusion

This study provides valuable evidence supporting the effectiveness of active learning and
inquiry-based learning in enhancing both mathematics achievement and problem-solving ability.
The recommendations outlined above aim to guide educators, policymakers, and researchers in
fostering more engaging and effective learning environments. By continuing to explore and refine
these approaches, we can better equip students with the skills needed to succeed in both

academic and real-world contexts.

Recommendation

Based on the findings of this study, which demonstrate the positive effects of active learning
and inquiry-based learning strategies on academic achievement and problem-solving ability, the
following recommendations are made for educators, policymakers, and future research in the
field of mathematics education.

Pedagogical Recommendations for Teachers

Integrate Active Learning and Inquiry-Based Learning Strategies. Given the significant
improvements observed in both academic achievement and problem-solving ability, it is
recommended that educators incorporate active learning and inquiry-based learning strategies
into their mathematics curriculum. These student-centered approaches encourage greater
student engagement, promote critical thinking, and enhance the application of mathematical
concepts in real-world contexts. Teachers should design interactive lessons that encourage
students to explore, question, and collaboratively solve problems, fostering an environment
conducive to deeper learning.

Specifically, educators should include activities such as group discussions, problem-
solving tasks, case studies, and projects that allow students to apply their knowledge in authentic
contexts. This not only supports academic performance but also nurtures essential problem-
solving skills that students can apply beyond the mathematics classroom.

Provide Training and Support for Teachers

For successful implementation, teachers must receive adequate training in active learning
and inquiry-based methods. Training programs should focus on equipping teachers with strategies
for managing classroom dynamics, promoting student collaboration, and assessing student

outcomes using both formative and summative methods. Schools should support teachers by
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providing access to educational technologies, collaborative planning opportunities, and

professional learning communities where teachers can share best practices and refine their
teaching approaches.
Promote Problem-Solving Tasks in the Curriculum

As problem-solving ability is a key outcome of this study, it is recommended that
teachers integrate problem-solving tasks more prominently into the mathematics curriculum.
These tasks should include not only routine problems but also real-world applications that
require students to use critical thinking, creativity, and collaboration. Teachers should encourage
students to approach problems from multiple perspectives, apply various strategies, and reflect
on their reasoning processes. By providing opportunities for students to engage with complex,
real-world problems, teachers will foster environments where students can develop independent,
critical problem-solving skills.

Policy Recommendations for Administrators and Educational Authorities

Encourage Student-Centered Approaches in Mathematics Education. The findings suggest
that traditional, lecture-based, exam-oriented teaching should be reconsidered. Policymakers
should encourage the adoption of more interactive, student-centered approaches to teaching.
This includes incorporating group discussions, project-based tasks, and real-world problem-solving
into the curriculum to foster student engagement and the development of transferable skills.
Curriculum and assessment frameworks should be reviewed to emphasize reasoning and
problem-solving skills, alongside content mastery.

Provide Professional Development for Educators. At the policy level, professional
development programs should move beyond isolated workshops and focus on sustained,
collaborative support for teachers. Professional development should include peer collaboration,
lesson study, and classroom observation, allowing teachers to refine their inquiry-based practices.
This will enable teachers to continuously improve their methods and better meet the needs of
their students.

Directions for Future Research

Investigate Long-Term Effects of Active and Inquiry-Based Learning

While this study provides compelling evidence of the effectiveness of active learning and
inquiry-based learning in improving academic achievement and problem-solving abilities, further
research is needed to explore the long-term effects of these strategies. Future studies should
examine whether improvements in students' academic performance and problem-solving abilities
are sustained over time and whether these skills transfer to other subjects or real-world
applications.

Explore the Specific Components of Effective Teaching Strategies
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Future research should investigate which components of active and inquiry-based learning

contribute most to student success. For example, studies could focus on the role of teacher
feedback, student collaboration, or self-regulation in enhancing learning outcomes. Longitudinal
studies would provide valuable insights into how these teaching strategies influence students'
cognitive and social development over the course of their education.

Address Individual Differences in Learning Styles and Needs

As students have varying learning styles, abilities, and prior knowledge, research should
explore how active and inquiry-based learning can be tailored to accommodate these differences.
Differentiated instruction, personalized feedback, and the use of adaptive technologies are key
areas for investigation. Understanding how to best support diverse learners will ensure that all
students benefit from active learning and inquiry-based methods.

Examine the Role of Socio-Emotional Factors

Although not a primary focus of this study, the positive correlation between problem-solving
ability and socio-emotional factors such as student motivation and anxiety warrants further
research. Exploring how emotional resilience and social responsibility impact academic and
problem-solving outcomes could provide deeper insights into the holistic development of
students. This could involve examining how teacher-student relationships, classroom
environments, and emotional well-being influence learning and achievement, which may further

enhance the effectiveness of active learning strategies.
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