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Abstract: The growing complexity of real-world problems has heightened the need
for critical thinking ability in education, particularly in fields like statistical education.
This study examines the integration of the Flipped Classroom (FC) model with
Problem-Based Learning (PBL) to increase critical thinking ability among university
students. Conducted at Bhineka University, the research involved 60 students
divided into experimental (FC+PBL) and control (PBL-only) groups. A mixed-
methods approach was employed, combining pre-tests, post-tests, classroom
observations, and reflective journals to collect quantitative and qualitative data. The
experimental group participated in pre-class activities such as video lectures and
quizzes, with in-class sessions focusing on collaborative problem-solving guided by
PBL principles. Analysis of Variance (ANOVA) demonstrated a significant increase
in critical thinking ability in the FC+PBL group compared to the PBL-only group (p <
0.001). Qualitative findings highlighted increased engagement, collaboration, and
deeper inquiry among the experimental group. These results underscore the
potential of integrating FC and PBL to create dynamic, student-centered learning
environments that increase critical thinking ability and prepare students to tackle
complex challenges effectively.
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INTRODUCTION

Critical thinking ability is undeniably one of the foundational pillars of
effective education, particularly in a world increasingly shaped by
complex problems requiring well-reasoned solutions. Astuti Anggraeni
et al. (2023) and Domu et al. (2023) highlight that increasing critical
thinking ability supports logical reasoning and informed decision-
making abilities crucial for navigating both academic and professional
environments. Nugraheni et al. (2022) further defines critical thinking
ability as a disciplined process of reflective judgment, relying on
evidence to reach sound conclusions. This is especially evident in
higher education, where increasing critical thinking ability equips
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students with the capacity to analyze, interpret, and synthesize data
abilities that are indispensable in fields such as statistical education.

Despite its acknowledged importance, increasing critical
thinking ability among university students remains a significant
challenge. Conventional lecture-based learning methods, as observed
by Houghton (2023) and Sointu et al. (2023), often dominate
classrooms, prioritizing rote memorization over meaningful
engagement. This traditional approach limits opportunities for students
to increase critical thinking abilities, such as synthesis and evaluation.
Jumhur et al. (2024) demonstrated that implementing problem-based
learning (PBL) led to significant improvements in students' critical
thinking abilities and learning outcomes, further emphasizing the need
for active learning strategies to bridge the gap between theoretical
knowledge and practical application.

The issue is particularly evident in statistical education, where
students often struggle to demonstrate their abilities in analyzing and
interpreting statistical results, as well as synthesizing processed data.
These limitations include difficulties in identifying data processing
steps, describing analysis outcomes, understanding available data,
and proposing improvements. Furthermore, students face challenges
in interpreting data, solving statistical problems, and drawing relevant
conclusions from the materials studied. These are aligned with the
indicators of critical thinking ability outlined by Reynders et al. (2020),
emphasizing the importance of this ability in the learning process.
Critical thinking ability is therefore crucial for tasks such as analyzing
datasets, applying statistical methods, and drawing logical
conclusions. Preliminary studies in Indonesian universities echo these
concerns, indicating that teacher-centered lectures often result in
passive learning environments, leaving students disengaged and
unable to fully understand statistical concepts or effectively utilize
technology (Houghton, 2023).

To address these limitations, pedagogical innovations such as
Problem-Based Learning (PBL) and the Flipped Classroom (FC) have
proven to be effective strategies. PBL promotes student-centered
learning by involving students in real-world problem-solving tasks,
thereby enhancing analytical reasoning and systematic thinking. For
example, a study by Ivan et al. (2023) highlighted how the flipped
classroom model positively influences students’ problem-solving
abilities, showcasing the advantages of active learning approaches.
Similarly, the FC model shifts the delivery of foundational content to
pre-class activities, allowing classroom sessions to concentrate on
interactive, higher-order cognitive tasks like critical analysis
(Simanjuntak et al., 2021).

The integration of PBL and FC presents a promising solution,
blending the strengths of both models to create a dynamic and
engaging learning environment. Domu et al. (2023) argue that this
combination encourages active participation and increases critical
thinking ability by leveraging experiential learning and technology-
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driven instruction. Riyanto et al. (2023) further substantiate these
claims, showing that students in flipped-PBL settings significantly
outperformed peers in analytical and evaluative tasks.

Constructivist theories offer a solid foundation for integrating
PBL and FC. Recent research emphasizes that learning is an active
process in which students construct knowledge through experiences
and interactions (Robertson, 2022). A flipped-PBL environment aligns
with this view, enabling students to explore theoretical concepts
independently before applying them collaboratively to real-world
problems (Samaila et al., 2024). Dewey’s perspective on the value of
experiential learning further supports this approach, emphasizing the
importance of active engagement in meaningful tasks. These findings
reinforce the constructivist principles underpinning the FC+PBL
model, showcasing its potential to foster deeper learning and critical
thinking ability in diverse educational contexts.

Empirical evidence also highlights the efficacy of PBL and FC
in increasing critical thinking ability. Burce & Callo (2024)
demonstrated that incorporating a flipped classroom strategy
significantly increased students' critical thinking abilities in social
science subjects. Similarly, Saputra & Mahariyanti (2024), observed
that students taught using PBL exhibited superior critical thinking
abilities, excelling in problem-solving and decision-making
assessments.

In Indonesia, however, the adoption of these innovative
approaches remains limited, particularly in statistical education.
Traditional lecture-based methods dominate, creating passive learning
environments that stifle critical thinking ability. Additionally,
technological constraints and a lack of training for educators often
hinder the implementation of models like PBL and FC. Cultural
attitudes toward education, which often prioritize instructor-led
learning, further complicate the shift to student-centered
methodologies.

Given these challenges, the integration of PBL and FC offers a
pathway to transformative change. By fostering collaboration, critical
engagement, and active learning, this approach aligns with the
demands of modern education. Recent studies have demonstrated the
potential of this integrated model to enhance problem-solving
competence, promote reflective thinking, and increase critical thinking
ability (de Jong et al., 2022). For statistical education, where tasks like
data interpretation and synthesis are fundamental, this integrated
model not only increases critical thinking ability but also prepares
students for the demands of the modern workforce.

This study determines the integration of the the Flipped
Classroom model with Problem-Based Learning to increase critical
thinking ability among university students learning statistics. The
research aims to determine the effectiveness of this blended approach
in increasing critical thinking ability through structured pre-class and
in-class activities. Specifically, the objectives include identifying the
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steps students take to process statistical data, analyzing their ability to
interpret and synthesize data, and evaluating how this integrated
model supports proposing actionable solutions to statistical problems.
By focusing on critical thinking development, this study contributes to
innovative pedagogical strategies tailored to the needs of higher
education in Indonesia.

The findings reveal the novelty of the integrated approach,
demonstrating its transformative impact on critical thinking ability.
Students in the experimental group (Flipped Classroom combined with
Problem-Based Learning) showed marked improvements in identifying
and describing data processing steps, synthesizing and interpreting
statistical information, and proposing practical solutions. This model
fosters deeper engagement, analytical reasoning, and collaborative
problem-solving, addressing challenges inherent in traditional learning
methods. The results offer actionable insights for educators and
policymakers, providing a framework for increasing critical thinking in
statistical education and beyond, ultimately paving the way for a more
effective and engaging higher education landscape in Indonesia.

METHOD

This study was conducted at Bhinneka University within a statistical
education course, involving 60 students divided into two classes. The
experimental group experienced a learning model that integrated the
Flipped Classroom with Problem-Based Learning (PBL), while the
control group engaged in traditional PBL methods. To ensure a fair
comparison, both groups were matched for academic ability,
minimizing potential confounding factors.

A mixed-methods approach was employed, combining
guantitative and qualitative data to provide a comprehensive
understanding of the intervention's impact. Quantitative data were
collected through pre-tests and post-tests designed to assess critical
thinking ability, requiring students to tackle statistical tasks involving
analysis, synthesis, and evaluation (Reynders et al., 2020). These
responses were evaluated using a validated rubric tailored for
statistical education.

Qualitative data provided additional depth by capturing
interaction dynamics, engagement levels, and problem-solving
strategies through structured classroom observations and reflective
journals. Classroom observations were conducted using an
observation guide that focused on key indicators, such as participation
frequency, collaboration patterns, and the quality of reasoning
demonstrated during group discussions. The data from these
observations were analyzed using thematic analysis, where recurring
themes related to cognitive engagement and critical thinking
development were identified and categorized. Reflective journals
further enriched the findings by documenting students’ reflections on
their learning process throughout the intervention. The journals were
analyzed through coding to extract themes that revealed students'
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insights into their challenges, progress, and strategies for increasing
critical thinking ability during the integration of the Flipped Classroom
with Problem-Based Learning.

The experimental group participated in a carefully designed
process that combined the strengths of the Flipped Classroom and
PBL. Pre-class activities hosted on an online platform included video
lectures, digital readings, and quizzes to introduce foundational
concepts. In-class sessions focused on collaborative problem-solving
using real-world statistical scenarios. This approach reflects the
findings of Karjanto and Acelajado (2022), who demonstrated that
flipped classrooms promote sustainable learning, cognitive gains, and
improved attitudes by engaging students in active, preparatory
learning tasks before class. The instructor played the role of a
facilitator, encouraging inquiry and critical engagement. In contrast,
the control group followed a conventional PBL approach, with all
learning activities confined to the classroom and no pre-class
preparation.

To determine the effectiveness of the integrated Flipped
Classroom-PBL model, Analysis of Variance (ANOVA) was employed.
ANOVA is a robust statistical tool for comparing differences in means
across multiple groups or conditions. In this study, it was used to
analyze pre-test and post-test scores both within each group and
between the experimental and control groups. The analysis,
conducted using SPSS 26 with a 5% significance level, provided
insights into whether the observed changes in critical thinking ability
were statistically significant.

The research design is depicted in the table below to provide a
clear overview of the intervention and control conditions.

Table 1. Research Design

Group Pre-Test Treatment Post-Test
Experimental Fli i
p Yes .|pped Classroom combm.ed Yes
Group with Problem-Based Learning
Control Group Yes Problem-Based Learning only Yes

The ANOVA results aimed to determine whether the Flipped
Classroom-PBL combination had a measurable impact on increasing
critical thinking ability among students compared to traditional PBL. By
examining changes in pre-test and post-test scores, this study seeks
to contribute to a deeper understanding of how integrated learning
models can effectively increase critical thinking ability in statistical
education.

RESULTS

The results of this study are presented with a focus on understanding
the effectiveness of integrating the Flipped Classroom (FC) model with
Problem-Based Learning (PBL) in increasing students' critical thinking
ability. The analysis begins with the validation of assumptions,
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including normality and homogeneity of variances, followed by
hypothesis testing to compare the critical thinking ability between the
PBL-only group and the FC+PBL group. The findings are then
discussed in relation to the study’s objectives, particularly the aim of
identifying how the blended instructional model influences cognitive
engagement and the development of critical thinking ability. This
framework provides a foundation for interpreting the outcomes in the
context of pedagogical innovations for higher education.

Normality Test

The Shapiro-Wilk test was conducted to determine whether the
pretest and posttest scores for critical thinking ability in both the
Problem-Based Learning (PBL) and PBL combined with Flipped
Classroom (PBL+FC) groups followed a normal distribution. The
results were clear and consistent, with p-values exceeding 0.05,
affirming that all datasets were normally distributed.

Table 2. Normality Test Results

Class Test Statistic df Sig.
PBL Pretest 0.942 30 0.105
Posttest 0.945 30 0.124
PBL+FC Pretest 0.941 30 0.094
Posttest 0.939 30 0.085

These outcomes validate the assumption of normality, ensuring
that the data met the prerequisites for conducting further statistical
analyses with reliability and rigor.

Homogeneity of Variances

To ensure the reliability of the analysis, Levene’s test was
applied to assess the homogeneity of variances for both pretest and
posttest data. The results were reassuring, with p-values exceeding
0.05, indicating that the variances were indeed homogeneous.

Table 3. Homogeneity Test Results

Test Levene Statistic dfl df2 Sig.
Pretest 2.646 1 58 0.109
Posttest 0.523 1 58 0.472

These findings affirm that the pretest and posttest datasets for
critical thinking ability scores met the assumptions necessary for
conducting ANOVA, providing a solid foundation for interpreting the
results confidently.

Hypothesis Testing

To determine differences in critical thinking ability between the
PBL and PBL+FC groups, an ANOVA was conducted. The results
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painted a clear picture: the PBL+FC group significantly outperformed
the PBL group on posttest scores, highlighting the superior
effectiveness of this blended learning model. Interestingly, no
significant interaction emerged between the learning model and levels
of self-regulated learning (SRL), suggesting that the benefits of the
PBL+FC approach extend consistently across varying SRL levels.

Table 4. ANOVA Results

Source Sum of df Mean F Sig.
Squares Square

Corrected Model 28.675 3 9.558 34.881 0.000
Intercept 1381.210 1 1381.210 5040.416 0.000
Class (PBL vs
PBL+FC) 25.823 1 25.823 94.234  0.000
Error 15.346 56 0.274
Total 1519.125 60
Corrected Total 44,021 59

The ANOVA revealed a strikingly significant difference between
the groups (F = 94.234, p < 0.001), reinforcing the role of the PBL+FC
model in increasing critical thinking ability. Meanwhile, the absence of
a significant interaction effect (F = 0.491, p = 0.486) indicates that this
learning model’s impact is robust and unaffected by students’ levels of
self-regulated learning. These findings underscore the adaptability and
broad applicability of the PBL+FC model in promoting critical thinking
ability across diverse learning profiles.

Qualitative Findings

Qualitative data provided additional depth by capturing
interaction dynamics, engagement levels, and problem-solving
strategies through structured classroom observations and reflective
journals. Classroom observations were conducted using an
observation guide that focused on key indicators, such as participation
frequency, collaboration patterns, and the quality of reasoning
demonstrated during group discussions. Observations revealed a
vibrant classroom dynamic in the FC+PBL group, characterized by
heightened collaboration, active participation, and a marked shift
toward critical inquiry. Students were observed questioning
assumptions, building on peers' ideas, and systematically analyzing
problems to propose well-reasoned solutions. These behaviors
underscored the blended model's impact on fostering a collaborative
and inquiry-driven learning environment.

Reflective journals added another layer to this narrative,
offering personal insights into students’ journeys of increasing critical
thinking ability. Many students described how they had grown in their
ability to approach problems methodically, articulate their reasoning
clearly, and critically evaluate diverse perspectives. These reflections
were analyzed through coding to identify recurring themes, such as
the development of self-regulated learning strategies, increased
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confidence in tackling complex problems, and an enhanced capacity
for critical analysis. These personal accounts echoed the trends seen
in the quantitative data, underscoring the FC+PBL model’s capacity to
inspire deeper cognitive engagement and foster meaningfully
increased critical thinking ability.

DISCUSSION

This study illuminates the transformative potential of blending the
Flipped Classroom (FC) model with Problem-Based Learning (PBL) to
nurture critical thinking ability among students. Quantitative analysis
demonstrates that students in the PBL+FC group significantly
outperformed their peers in the PBL-only group on posttest measures
(F =52.546, p < 0.001), with a mean score of 5.64 compared to 4.28.
These results affirm the added value of this innovative hybrid
approach, which combines pre-class content delivery with
collaborative in-class problem-solving. The findings align with prior
studies, such as research by Indrowati (2024) indicates that the flipped
classroom offers greater flexibility and meaningfulness in learning
activities, providing students with more space and time to construct
their knowledge and abilities freely.

Complementary qualitative data enriches this foundation,
revealing heightened engagement, collaborative problem-solving, and
increased confidence in critical thinking ability within the PBL+FC
group. Observations captured lively and purposeful interactions, while
reflective journals documented students’ growing ability to articulate
reasoning and critically evaluate diverse perspectives. These findings
echo the results of Domu et al. (2023), who found that PBL in an online
flipped classroom context positively influenced statistical literacy and
student satisfaction in project-based learning (Dwitias Sari et al.,
2022).

The effectiveness of integrating FC and PBL lies in their
synergy, with the flipped model addressing common challenges of
PBL, such as limited classroom time for deep exploration. Pre-class
preparation ensures that students arrive ready to engage in
meaningful discussions and problem-solving tasks, a dynamic
supported by research from Akhsani, (2023), who demonstrated that
flipped classroom models enhanced mathematical problem-solving
abilities compared to traditional methods. Similarly, Astuti et al., (2023)
observed significant improvements in problem-solving abilities when
using a flipped-PBL approach for high school students, emphasizing
the model’'s adaptability across various educational levels.

The findings also align with the study by Orhan (2024), which
demonstrated that the flipped classroom approach produces the
greatest gains in critical thinking abilities and dispositions. This
research underscores the importance of structured instructional
design and expert validation in maximizing the benefits of flipped
classroom environments combined with problem-based learning
(PBL).
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Nevertheless, this study is not without limitations. Its focus on
critical thinking ability excluded other outcomes, such as creativity or
teamwork. Additionally, the modest sample size and relatively short
intervention period may limit generalizability. Triangulating qualitative
data with additional sources could further enhance the robustness of
the findings.

For educators, the integration of PBL and FC offers a proven
strategy for increasing critical thinking ability, particularly in fields
requiring analytical and problem-solving abilities. For researchers, this
study provides a platform for future exploration of hybrid pedagogical
models in diverse contexts. Overall, the PBL+FC model stands as a
robust and adaptable framework for increasing critical thinking ability,
empowering students to navigate the complexities of contemporary
education with confidence and ability.

CONCLUSION

This study demonstrates the transformative potential of integrating the
Flipped Classroom (FC) model with Problem-Based Learning (PBL) to
increase critical thinking ability among university students in statistical
education. The results show that students in the FC+PBL group
significantly outperformed their peers in the PBL-only group, as
evidenced by improved post-test scores and qualitative insights into
engagement, collaboration, and analytical reasoning. The integration
of FC and PBL leverages pre-class preparation and in-class problem-
solving to create a dynamic and student-centered learning
environment. This approach not only increases critical thinking ability
but also prepares students to navigate complex challenges in
academic and real-world contexts. These findings offer actionable
insights for educators and policymakers seeking to implement
innovative learning strategies to increase critical thinking ability in
higher education.
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