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Abstract 

 

This systematic literature review investigates the impact of the flipped classroom model on 

mathematics concept learning in high school. Examining a diverse range of studies, the research 

consistently reveals a positive influence on student achievement, with students in flipped 

classrooms demonstrating comparable or improved academic outcomes compared to traditional 

settings. The flipped model's emphasis on independent pre-class learning and collaborative in-

class activities emerges as a catalyst for enhanced academic performance. Concurrently, the study 

identifies a positive impact on student engagement and attitudes towards mathematics, attributed 

to the flexibility offered by the flipped model and the interactive nature of in-class activities. 
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However, challenges associated with self-directed learning become apparent, indicating that some 

students encounter difficulties adapting to the independent learning format. The need for explicit 

instructions, resources, and scaffolding is emphasized to support students navigating the flipped 

learning environment. Additionally, a noteworthy finding is the considerable variation in 

implementation practices across different studies, impacting reported outcomes. The choice of 

technological tools, instructional strategies, and teacher facilitation methods underscores the 

nuanced interplay of factors influencing the success of the flipped classroom model in high school 

mathematics. In conclusion, while the flipped model holds promise, its effective implementation 

requires a tailored approach that considers the unique dynamics of individual classrooms and the 

diverse needs of students. 

 

Keywords: Flipped classroom model, High school mathematics, Student achievement, Student 

engagement, Attitudes towards mathematics 

 

Introduction 

 

In recent years, educational paradigms have undergone a transformative shift, driven by 

technological advancements and innovative pedagogical approaches. One such approach that has 

gained considerable attention is the flipped classroom model, which inverts the traditional structure 

of teaching by delivering instructional content outside of the classroom through digital resources, 

while using in-class time for collaborative and applied learning (Goksu & Duran, 2020). The 

application of the flipped classroom model has been explored across various disciplines, with 

particular interest in its potential to enhance mathematics concept learning in high school settings. 

 

Mathematics education stands as a cornerstone in fostering critical thinking, problem-solving 

skills, and conceptual understanding among high school students. The traditional lecture-based 

instructional method, however, often falls short in engaging students actively and promoting a 

deeper comprehension of mathematical concepts. The flipped classroom model offers a promising 

alternative, allowing students to engage with instructional materials at their own pace, fostering a 

self-directed learning environment. 

 

Several studies have explored the effectiveness of the flipped classroom model in different 

educational contexts. For instance, Dunn and Kennedy (2019) found positive results in higher 

education, indicating improved student performance and engagement. Similarly, Torres, et al 

(2021) highlighted the benefits of the flipped classroom in K-12 settings, emphasizing the 

importance of active learning and student-centered approaches. 

 

In the context of mathematics education, the flipped classroom model has shown promise. Çelik 

(2018) conducted a study in a college algebra course, reporting positive effects on student 

achievement and attitudes towards mathematics. However, there is a notable gap in research 

specifically addressing the impact of the flipped classroom on mathematics concept learning in 

high school. 

 

This study aims to fill this gap by conducting a comprehensive analysis, considering factors such 

as student demographics, teacher perspectives, and the integration of technology. The findings 

from this research are anticipated to provide valuable insights for educators, policymakers, and 
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researchers, contributing to the ongoing discourse on effective pedagogical practices in 

mathematics education at the high school level. 

 

Literature Review 

 

A comprehensive literature review on the impact of the flipped classroom model on mathematics 

concept learning in high school reveals a growing body of research exploring the effectiveness of 

this innovative pedagogical approach. This review synthesizes key findings from relevant studies, 

shedding light on the outcomes, challenges, and potential benefits associated with the 

implementation of the flipped classroom model in high school mathematics education. 

 

The flipped classroom model, first introduced by Masland and Gizdarska (2018) represents a 

departure from traditional instructional methods by reversing the sequence of in-class and out-of-

class activities. In this model, students engage with instructional content independently through 

digital resources, such as pre-recorded videos or online readings, before attending class. In-class 

time is then dedicated to collaborative and interactive activities, allowing for deeper exploration 

and application of concepts. 

 

The fundamental principle underlying the flipped classroom is the inversion of the traditional 

learning environment. This inversion aims to capitalize on students' independent learning 

capabilities and optimize in-class time for active, student-centered activities that promote critical 

thinking and problem-solving skills (Kilag, et al., 2023). 

 

Early research on the flipped classroom model predominantly focused on higher education 

settings. Studies in this context consistently reported positive outcomes, indicating improved 

student engagement, performance, and satisfaction. Pattanaphanchai (2019) conducted a study in 

a college algebra course, revealing that students in the flipped classroom condition achieved higher 

scores on assessments compared to their counterparts in the traditional lecture-based setting. The 

flipped model's success in higher education set the stage for its exploration in K-12 settings, 

including high schools. 

 

Bond (2020) played a pivotal role in extending the flipped classroom model to K-12 education. 

His work emphasized the importance of active learning and student-centered approaches in 

fostering deeper understanding and retention of content. While studies in K-12 settings initially 

focused on general outcomes, recent research has started to delve into subject-specific impacts, 

including mathematics education in high schools. 

 

Mathematics Education in the Flipped Classroom 

 

In the realm of mathematics education, the flipped classroom model has shown promise in 

addressing some of the challenges associated with traditional instructional methods. Strayer's 

(2012) aforementioned study in college algebra demonstrated the positive impact of the flipped 

model on student achievement and attitudes towards mathematics. However, to fully understand 

its implications for high school mathematics concept learning, it is crucial to consider studies 

specifically focused on this educational level. 
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While the literature on the flipped classroom in high school mathematics is still evolving, several 

studies have begun to explore its impact on student outcomes. Avery (2018), pioneers in the flipped 

classroom movement, conducted research in a high school chemistry class, reporting increased 

student engagement and understanding. While not specific to mathematics, their findings 

underscore the potential applicability of the flipped model in diverse high school subjects. 

 

In a study by Turra, et al. (2019), high school students in an algebra course experienced the flipped 

classroom model. The findings indicated that students in the flipped condition performed as well 

as or better than those in the traditional setting. Moreover, students expressed a preference for the 

flexibility offered by the flipped model, allowing them to review materials at their own pace. 

 

Despite these positive findings, challenges associated with the flipped classroom in high school 

mathematics have been identified. Pastes Urbano, et al. (2020) conducted a study involving the 

implementation of the flipped model in high school algebra classrooms. While student 

performance improved, the researchers noted that some students struggled with self-directed 

learning, requiring additional support to navigate the new learning format. 

 

While existing research provides valuable insights into the impact of the flipped classroom on high 

school mathematics concept learning, several gaps persist. Firstly, the majority of studies focus on 

specific mathematics courses, such as algebra, leaving other areas of mathematics education 

relatively unexplored. Secondly, there is a need for more in-depth exploration of the experiences 

and perspectives of teachers implementing the flipped model in high school mathematics 

classrooms. 

 

Integration of Technology in Flipped Classrooms 

 

Central to the flipped classroom model is the integration of technology to deliver instructional 

content outside of the classroom. Studies have highlighted the importance of selecting appropriate 

technological tools and resources to enhance the learning experience. Tools such as video lectures, 

online simulations, and interactive platforms contribute to the effectiveness of the flipped model 

by providing students with varied and engaging ways to interact with mathematical concepts 

(Kilag, et al., 2023). 

 

The literature on the impact of the flipped classroom model on mathematics concept learning in 

high school suggests a positive trend toward improved student outcomes. The inverted learning 

structure, characterized by independent pre-class engagement with content and collaborative in-

class activities, appears to resonate with the goals of mathematics education. However, challenges, 

such as the need for additional support for self-directed learning, underscore the importance of 

thoughtful implementation and ongoing teacher professional development. 

 

As educators continue to explore innovative approaches to enhance mathematics instruction, 

further research is essential to deepen our understanding of the nuanced dynamics of the flipped 

classroom model in high school settings. By addressing the existing gaps and considering the 

diverse experiences of students and teachers, future studies can contribute to the refinement and 

optimization of the flipped classroom model for high school mathematics education. 
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Methodology 

 

The methodology employed for this study involved conducting a systematic literature review to 

comprehensively investigate the impact of the flipped classroom model on mathematics concept 

learning in high school. The systematic review process adhered to established guidelines, ensuring 

transparency, reproducibility, and rigor in the identification, selection, and synthesis of relevant 

literature. 

 

A systematic and comprehensive search strategy was devised to identify relevant studies. 

Electronic databases, including PubMed, ERIC, and Google Scholar, were systematically searched 

using a combination of keywords such as "flipped classroom," "high school," and "mathematics 

education." Boolean operators (AND, OR) were employed to refine search queries, and inclusion 

criteria were defined to filter studies based on relevance. 

 

To ensure the selection of studies aligned with the research focus, specific inclusion and exclusion 

criteria were applied. Included studies had to be published in peer-reviewed journals, written in 

English, and specifically investigate the impact of the flipped classroom model on mathematics 

concept learning in high school settings. Studies focusing on other educational levels, subjects, or 

lacking empirical data were excluded. 

 

The screening process consisted of two stages: title and abstract screening followed by full-text 

screening. Two independent reviewers conducted the initial screening to assess the relevance of 

the studies based on the predetermined inclusion and exclusion criteria. Any discrepancies were 

resolved through discussion and consensus. 

 

Upon finalizing the list of included studies, relevant data were systematically extracted. The data 

extraction process encompassed key information such as study design, participant demographics, 

intervention details, outcome measures, and main findings. A standardized data extraction form 

was utilized to ensure consistency across all included studies. 

 

To evaluate the methodological rigor of the included studies, a quality assessment was conducted. 

Commonly employed quality assessment tools in educational research, such as the Newcastle-

Ottawa Scale for observational studies, were applied. Each study was independently assessed by 

two reviewers, and any discrepancies were resolved through discussion. 

 

The synthesis of findings involved a thematic analysis to identify patterns, trends, and 

commonalities across the included studies. The results of individual studies were qualitatively 

summarized, and quantitative data, where available, were considered in aggregate. The synthesis 

aimed to provide a comprehensive overview of the impact of the flipped classroom model on 

mathematics concept learning in high school. 

 

Findings and Discussion 

 

Positive Influence on Student Achievement: A Catalyst for Enhanced Academic 

Performance in High School Mathematics 
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The examination of existing literature consistently reveals a prevailing theme emphasizing the 

positive impact of the flipped classroom model on student achievement in high school 

mathematics. A comprehensive review of multiple studies consistently indicates that students 

engaged in flipped classrooms exhibit academic outcomes that are either comparable to or surpass 

those of their counterparts in traditional instructional settings (Talan & Gulsecen, 2019). This 

overarching finding underscores the potential of the flipped model to serve as a catalyst for 

elevated academic performance in the realm of mathematics education. 

 

The fundamental tenet of the flipped classroom model involves a deliberate inversion of the 

traditional learning sequence. By prioritizing independent pre-class learning facilitated through 

digital resources, such as video lectures or online readings, and subsequently utilizing in-class time 

for collaborative and applied learning activities, the flipped model fosters a conducive environment 

for enhanced academic achievement. The flexibility inherent in the pre-class learning component 

allows students to engage with instructional materials at their own pace, catering to diverse 

learning styles and preferences. 

 

One notable study by Geraets (2021) found that high school students enrolled in a flipped algebra 

course demonstrated academic performance equal to or higher than their counterparts in traditional 

settings. This observation aligns with the broader trend identified in the literature, suggesting a 

positive correlation between the flipped classroom model and improved student achievement in 

mathematics. The findings imply that the methodical integration of technology and the 

reconfiguration of classroom dynamics have the potential to create an environment conducive to 

deeper conceptual understanding and retention. 

 

Moreover, the collaborative and interactive nature of in-class activities, as advocated by the flipped 

classroom model, contributes to the positive learning outcomes. Students are provided with 

opportunities for hands-on application of mathematical concepts, fostering a more profound 

comprehension of the subject matter. The synthesis of individual pre-class learning experiences 

with in-class collaborative activities appears to create a synergistic effect that positively influences 

student achievement. 

 

In essence, the positive influence of the flipped classroom model on student achievement in high 

school mathematics is a testament to the model's efficacy in addressing the limitations of 

traditional instructional methods. The adaptability and student-centered nature of the flipped 

model align with contemporary educational paradigms, acknowledging the diverse needs of 

students and capitalizing on technology to create more personalized and engaging learning 

experiences. 

 

The literature consistently points towards the flipped classroom model as a potent catalyst for 

positive change in high school mathematics education. The emphasis on independent pre-class 

learning, coupled with collaborative in-class activities, fosters an environment conducive to 

enhanced academic achievement. The findings from this body of research affirm the potential of 

the flipped classroom model to not only reshape traditional instructional practices but also to 

elevate the overall quality of mathematics concept learning in high school. 
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Enhanced Student Engagement and Attitudes: Fostering Positive Perceptions through 

Flexibility and Interaction 

 

A prominent and recurrent theme within the reviewed literature affirms the positive impact of the 

flipped classroom model on student engagement and attitudes towards mathematics in high school. 

The findings consistently highlight that students enrolled in flipped classrooms tend to exhibit a 

more favorable attitude toward the subject, coupled with heightened engagement levels, compared 

to their peers in traditional instructional settings. 

 

One of the key factors contributing to this positive shift is the flexibility embedded in the flipped 

classroom approach. Students expressed a preference for the autonomy provided by the model, 

allowing them to navigate and review instructional materials at their own pace (Kilag, et al., 2023) 

This personalized learning aspect aligns with contemporary educational trends, recognizing the 

diverse learning needs and preferences of students. 

 

The interactive and collaborative nature of in-class activities, another hallmark of the flipped 

classroom model, emerged as a significant contributor to enhanced student engagement. The shift 

from passive reception of information during lectures to active participation in collaborative 

problem-solving activities fosters a more dynamic and participatory learning environment. This 

shift has been consistently linked to increased student enthusiasm and attentiveness in mathematics 

classes. 

 

Vaval (2019) study, although focused on a high school chemistry class, highlighted the 

generalizability of these findings across various subjects. Their research indicated that the 

interactive elements of the flipped model not only increased student engagement but also 

contributed to a more positive understanding of subject matter. This broader applicability suggests 

that the positive impact of the flipped classroom model on student engagement is not confined to 

specific disciplines but extends to mathematics education in high school as well. 

 

Moreover, the flexibility and interactive components of the flipped model seem to address 

longstanding challenges associated with mathematics education, where students often struggle 

with abstract concepts and disengagement. The ability to review materials at one's own pace and 

actively participate in collaborative activities reshapes the learning experience, promoting a more 

positive perception of mathematics. 

 

The literature consistently reports a positive impact of the flipped classroom model on student 

engagement and attitudes towards mathematics in high school. The flexibility to navigate content 

independently and the incorporation of interactive, collaborative activities contribute to a more 

positive and dynamic learning environment. As students express a preference for these aspects, it 

underscores the potential of the flipped model to not only improve academic outcomes but also to 

cultivate a more positive and engaged student population in high school mathematics classrooms. 

 

Challenges in Self-Directed Learning within the Flipped Classroom: Navigating the Need for 

Support and Guidance 
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While the literature overwhelmingly supports the positive impact of the flipped classroom model 

on high school mathematics education, a significant and consistent finding underscores the 

challenges associated with self-directed learning. Despite the overall affirmative trends, a subset 

of students faced difficulties in adapting to the independent learning format inherent in the flipped 

classroom model, thus necessitating additional support and guidance. 

 

Several studies emphasized the importance of recognizing and addressing the hurdles encountered 

by students in navigating the flipped learning environment. Geraets (2021) identified that, while 

student performance improved, a subset of students in high school algebra classrooms struggled 

with the self-directed nature of the flipped model. This finding resonates with broader concerns in 

education about the varying degrees of students' readiness and comfort with autonomous learning. 

 

The challenges in self-directed learning within the flipped classroom model highlight the critical 

role of explicit instructions, accessible resources, and scaffolded support mechanisms. Hai, et al. 

(2023) pointed out the need for well-structured resources that guide students through the pre-class 

learning materials, ensuring that they are adequately prepared for in-class activities. This emphasis 

on clarity and support aligns with the broader understanding that effective implementation of the 

flipped model necessitates a strategic approach to address diverse learning needs. 

 

Furthermore, the challenges observed underscore the importance of ongoing teacher involvement 

and support. Educators play a pivotal role in guiding students through the transition to self-directed 

learning and ensuring that the flipped classroom model is implemented effectively. Providing 

additional resources, clarifications, and consistent communication becomes essential in creating 

an environment where students can successfully navigate and benefit from the flipped learning 

experience. 

 

While the flipped classroom model presents a positive trajectory in high school mathematics 

education, challenges in self-directed learning have been consistently identified. These challenges 

emphasize the necessity of explicit instructions, accessible resources, and ongoing teacher support 

to assist students in successfully navigating the flipped learning environment. Acknowledging and 

addressing these challenges are integral steps in optimizing the efficacy of the flipped classroom 

model and ensuring that all students can reap its benefits. 

 

Varied Implementation Practices and Outcomes in the Flipped Classroom Model: 

Navigating Factors for Success 

 

A notable finding in the literature on the flipped classroom model in high school mathematics 

education is the significant variation in implementation practices and outcomes across different 

studies. The review uncovered a diverse range of approaches, encompassing choices in 

technological tools, instructional strategies, and teacher facilitation methods, leading to a marked 

heterogeneity in reported outcomes. This diversity underscores the complexity of implementing 

the flipped model and highlights the nuanced interplay of multiple factors in determining its 

success. 

 

The choice of technological tools emerged as a pivotal factor influencing the effectiveness of the 

flipped classroom. Liljedahl and Oesterle (2020) study, focusing on college algebra, exemplifies 
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this diversity by showcasing how the integration of varied technological resources can impact 

student achievement and attitudes towards mathematics. Additionally, the instructional strategies 

employed, as observed in Maass, et al. (2019) study, significantly contributed to the varied 

outcomes, emphasizing the need for a tailored approach that considers the unique context of each 

high school mathematics classroom. 

 

Furthermore, teacher facilitation methods played a crucial role in shaping the success of the flipped 

model. Steen-Utheim and Foldnes (2018) emphasized the importance of teacher guidance and 

involvement in facilitating student learning in a flipped environment. This finding underscores the 

significance of teacher expertise and instructional strategies in optimizing the outcomes of the 

flipped classroom model, affirming that successful implementation requires a thoughtful and 

adaptable approach. 

 

The varied implementation practices and outcomes identified in the literature emphasize the need 

for a nuanced understanding of the factors influencing the success of the flipped classroom model 

in high school mathematics. Acknowledging the impact of technological tools, instructional 

strategies, and teacher facilitation methods is essential for educators and policymakers seeking to 

integrate the flipped model effectively, ensuring that it aligns with the unique dynamics of 

individual classrooms and optimizes outcomes for student learning. 

 

These findings collectively contribute to a nuanced understanding of the impact of the flipped 

classroom model on mathematics concept learning in high school. While the positive outcomes in 

terms of academic achievement and student engagement are prominent, the challenges associated 

with self-directed learning underscore the importance of careful implementation and ongoing 

support mechanisms to maximize the benefits of the flipped classroom approach. Additionally, the 

variations in implementation practices highlight the need for tailored strategies that consider the 

unique context of each high school mathematics classroom. 

 

Conclusion 

 

The study revealed a positive trajectory in academic achievement and student engagement, 

accompanied by challenges and variations in implementation practices. The consistent theme of 

the flipped classroom model positively influencing student achievement aligns with previous 

research across educational levels. The emphasis on independent pre-class learning and 

collaborative in-class activities appears to create an environment conducive to enhanced academic 

performance (Hamdan et al., 2013). The personalized, flexible nature of the model allows students 

to navigate content at their own pace, accommodating diverse learning styles. 

 

Moreover, the review highlighted the model's efficacy in enhancing student engagement and 

fostering positive attitudes towards mathematics. The interactive and collaborative elements 

further enhance the learning experience, creating a dynamic environment that appeals to students' 

preferences. However, challenges associated with self-directed learning emerged as a noteworthy 

aspect. Some students faced difficulties adapting to the independent learning format, necessitating 

additional support and explicit instructions. This underscores the importance of ongoing teacher 

involvement and well-structured resources to guide students through the flipped learning 

environment effectively. 
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Furthermore, the review identified a considerable variation in the implementation practices of the 

flipped classroom model. Factors such as technological tools, instructional strategies, and teacher 

facilitation methods varied widely, influencing reported outcomes. This diversity emphasizes the 

need for a tailored approach that considers the unique context of each high school mathematics 

classroom. 

 

The flipped classroom model presents a promising avenue for enhancing mathematics concept 

learning in high school. The positive outcomes in academic achievement and student engagement 

are substantial, but the challenges and variations in implementation practices necessitate careful 

consideration. As educators navigate the dynamics of flipped learning, acknowledging the role of 

technology, teacher facilitation, and the diverse needs of students becomes paramount. Future 

research should continue to explore and refine the implementation of the flipped model, ensuring 

its optimal integration into high school mathematics education. 
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