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Abstract: 

 

This systematic review explores the role of blended learning in mathematics teacher education, focusing on 
instructional models, effectiveness, challenges, and implications for practice. Through a comprehensive synthesis of 

existing literature, the review identifies diverse blended learning models, including the Rotation Model, Flipped 
Classroom, and Hybrid Flex Model, each offering unique opportunities for integrating online and face-to-face 

instruction. The review highlights the positive impact of blended learning on teacher preparation, as evidenced by 

enhanced content knowledge, pedagogical skills, and self-efficacy among educators. However, challenges such as 
infrastructure limitations, technological barriers, and concerns regarding online content quality require 

comprehensive support and professional development for educators. Collaborative communities of practice, 

mentorship programs, and institutional leadership play a crucial role in fostering a culture of innovation and 
continuous improvement in mathematics teacher education. Ultimately, embracing blended learning as a catalyst for 

educational innovation holds immense potential for enhancing mathematics education and preparing educators for 
the demands of 21st-century classrooms. 

 

Keywords: blended learning, mathematics teacher education, instructional models, effectiveness, challenges, 
professional development 

 
Introduction: 

 

In recent years, the landscape of education has witnessed a significant transformation propelled by advancements in 
technology and pedagogical innovation. Blended learning, characterized by the integration of traditional face-to-face 

instruction with online learning activities, has emerged as a promising approach to enhance teaching and learning 
experiences across various disciplines, including mathematics education. Within the realm of mathematics teacher 

education, the integration of blended learning strategies holds particular relevance, as it offers unique opportunities 

to prepare educators with the necessary skills and competencies to meet the diverse needs of students in 
contemporary classrooms. 

 

Blended learning in mathematics teacher education represents a complex interplay between traditional instructional 
methods and digital technologies, aiming to optimize learning outcomes through a diversified instructional approach. 

While traditional face-to-face instruction remains integral, the incorporation of online components enables flexibility, 
personalized learning experiences, and access to a plethora of resources and interactive tools. Consequently, 

educators can design instructional activities that cater to diverse learning styles and promote deeper conceptual 

understanding of mathematical concepts. 
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To comprehensively understand the implications, effectiveness, and challenges associated with blended learning in 

mathematics teacher education, a systematic review of existing literature is imperative. This study endeavors to 

undertake a rigorous synthesis of empirical research, theoretical frameworks, and practical insights to provide a 
nuanced understanding of the role of blended learning in preparing mathematics educators for the demands of 

contemporary teaching environments. 
 

By synthesizing findings from diverse sources, including empirical studies, qualitative inquiries, and theoretical 

perspectives, this systematic review seeks to contribute to the existing body of knowledge on blended learning in 
mathematics teacher education. Ultimately, the insights garnered from this research endeavor aim to inform 

educational policymakers, curriculum developers, teacher educators, and practitioners in their efforts to design, 
implement, and refine blended learning initiatives that foster excellence in mathematics education. 

 

Literature Review: 
 

Blended learning, characterized by the fusion of traditional face-to-face instruction with online learning components, 
has gained substantial attention in educational discourse due to its potential to enhance teaching and learning 

experiences across various disciplines. In the context of mathematics teacher education, the integration of blended 

learning approaches presents unique opportunities and challenges. This literature review synthesizes existing 
research to examine the role of blended learning in mathematics teacher education, focusing on its theoretical 

underpinnings, instructional models, effectiveness, challenges, and implications for practice. 

 
Blended learning in mathematics teacher education is grounded in various theoretical frameworks that underscore 

its pedagogical foundations and instructional design principles. The Community of Inquiry (CoI) framework, proposed 
by Garrison, Anderson, and Archer (2000), emphasizes the importance of cognitive, social, and teaching presences 

in facilitating meaningful online learning experiences. In the context of mathematics teacher education, CoI provides 

a lens through which to understand how blended learning environments can foster collaborative inquiry, critical 
discourse, and reflective practice among pre-service and in-service educators. 

 
Furthermore, the Constructivist Learning Theory posits that learners actively construct knowledge through authentic 

experiences, social interactions, and reflection (Jonassen, 1991). Blended learning environments offer opportunities 

for mathematics educators to engage in authentic problem-solving tasks, collaborative projects, and peer 
interactions, thereby promoting the construction of mathematical understanding and pedagogical knowledge. 

 

Instructional Models of Blended Learning 
 

Various instructional models have been proposed to guide the design and implementation of blended learning in 
mathematics teacher education. The Rotation Model, as described by Horn and Staker (2015), involves a structured 

rotation between online and face-to-face learning activities, allowing educators to personalize instruction based on 

learners' needs and preferences. In mathematics teacher education, the Rotation Model enables pre-service teachers 
to access instructional resources, engage in interactive simulations, and receive immediate feedback on their learning 

progress. 
 

Another prominent model is the Flipped Classroom approach, where instructional content is delivered online outside 

of class time, while in-class sessions are dedicated to collaborative problem-solving, inquiry-based activities, and 
peer instruction (Bergmann & Sams, 2012). In mathematics teacher education, the Flipped Classroom model 

empowers educators to optimize face-to-face interactions for deeper conceptual understanding, mathematical 

discourse, and pedagogical skill development. 
 

Implications for Practice 
 

Empirical studies have examined the effectiveness of blended learning in enhancing mathematics teaching practices 

and student learning outcomes. A meta-analysis by Means et al. (2009) revealed positive effects of blended learning 
on student achievement, engagement, and satisfaction across various educational contexts. In mathematics teacher 

education, blended learning interventions have been associated with improvements in pre-service teachers' content 
knowledge, pedagogical skills, and self-efficacy (Lo & Hew, 2019). 

 

Furthermore, research indicates that blended learning approaches promote active learning, critical thinking, and 
problem-solving skills among mathematics educators (Picciano, 2009). By integrating online resources, multimedia 

tools, and interactive simulations, blended learning environments offer opportunities for pre-service teachers to 
explore mathematical concepts, experiment with teaching strategies, and reflect on their instructional practices. 

 

Despite its potential benefits, blended learning in mathematics teacher education is not without challenges. 
Infrastructure limitations, technological barriers, and access disparities may impede the effective implementation of 

blended learning initiatives (Bates, 2019). Moreover, concerns regarding the quality of online content, instructor 



                 IMJRISE  

                 International Multidisciplinary Journal of  

                 Research for Innovation, Sustainability, and Excellence 

                 Volume 1, Issue no. 2 (2024) 
 

 

 
Page | 283 

preparedness, and learner engagement underscore the importance of comprehensive professional development and 
ongoing support for mathematics educators (Bonk & Graham, 2012). 

 

Additionally, issues related to digital literacy, time constraints, and workload management may hinder pre-service 
teachers' engagement with blended learning activities (Vaughan, Cleveland-Innes, & Garrison, 2013). Thus, careful 

consideration of instructional design principles, technological affordances, and contextual factors is essential to 
ensure the successful integration of blended learning in mathematics teacher education programs. 

 

The integration of blended learning in mathematics teacher education holds significant implications for practice, 
policy, and research. Educational stakeholders are encouraged to adopt a learner-centered approach that prioritizes 

active engagement, collaborative inquiry, and reflective practice in blended learning environments. Moreover, efforts 
to address infrastructure deficiencies, digital divides, and professional development needs are crucial to support the 

effective implementation of blended learning initiatives in mathematics teacher education. 

 
Blended learning represents a promising approach to enhance mathematics teacher education by leveraging digital 

technologies, pedagogical innovation, and theoretical frameworks. By embracing a holistic approach that integrates 
face-to-face instruction with online learning components, mathematics educators can cultivate a dynamic learning 

environment that fosters deep conceptual understanding, critical thinking, and pedagogical excellence. 

 
Methodology: 

 

For this study, a systematic review approach was employed to synthesize existing literature on blended learning in 
mathematics teacher education. The systematic review followed established guidelines outlined in the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework, ensuring transparency and rigor 
in the review process. 

 

A comprehensive literature search was conducted to identify relevant studies published in peer-reviewed journals, 
conference proceedings, books, and dissertations. Electronic databases including ERIC, PsycINFO, Education Source, 

and Google Scholar were systematically searched using predefined search terms such as "blended learning," 
"mathematics teacher education," "online learning," and "hybrid learning." 

 

Initially, titles and abstracts of retrieved articles were screened to assess their relevance to the research topic. 
Subsequently, full-text articles were assessed based on the inclusion and exclusion criteria. Two independent 

reviewers conducted the screening process, and any disagreements were resolved through discussion and consensus. 

 
A standardized data extraction form was developed to systematically extract relevant information from included 

studies. Data extraction focused on study characteristics (e.g., authors, publication year), research design, theoretical 
frameworks, blended learning models, findings, and implications. Extracted data were compiled into a structured 

database for analysis. 

 
The methodological quality of included studies was assessed using established criteria appropriate to their respective 

research designs. Quantitative studies were evaluated based on criteria such as sample size, research design, data 
analysis methods, and validity of measures. Qualitative studies were assessed for credibility, transferability, 

dependability, and confirmability. 

 
Data synthesis involved organizing and categorizing extracted information to identify common themes, patterns, and 

trends across studies. Thematic analysis was employed to systematically analyze qualitative data, while quantitative 

findings were synthesized using descriptive statistics and meta-analysis where appropriate. The synthesized findings 
were interpreted in light of the research objectives to draw conclusions and identify implications for practice and 

future research. 
 

Findings and Discussion: 

 
Diverse Blended Learning Models: 

 
Upon conducting a systematic review of blended learning in mathematics teacher education, it became evident that 

a plethora of blended learning models have been embraced within this domain. Notable among these are the Rotation 

Model, Flipped Classroom, and Hybrid Flex Model. Each of these models provides distinct avenues for merging online 
and face-to-face instruction, thereby addressing the diverse needs and preferences of mathematics educators and 

learners alike. 
 

The Rotation Model, as expounded by Horn and Staker (2015), involves a structured rotation between online and 

face-to-face learning activities. This model allows educators to personalize instruction based on the individualized 
learning styles and paces of students, thereby fostering a more tailored educational experience. Moreover, by 
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leveraging online platforms for delivering instructional content and resources, educators can maximize class time for 
interactive problem-solving, collaborative discussions, and personalized feedback. 

 

Similarly, the Flipped Classroom approach, pioneered by Bergmann and Sams (2012), has gained prominence in 
mathematics teacher education. In the Flipped Classroom model, instructional content is delivered online outside of 

class time, while in-class sessions are dedicated to active learning, inquiry-based activities, and peer collaboration. 
This approach empowers educators to optimize face-to-face interactions for deeper conceptual understanding and 

application of mathematical concepts, thereby promoting student engagement and mastery of content. 

 
Furthermore, the Hybrid Flex Model, as proposed by Vaughn, Cleveland-Innes, and Garrison (2013), offers flexibility 

and adaptability in the delivery of instruction by blending synchronous and asynchronous learning modalities. This 
model allows mathematics educators to design learning experiences that accommodate diverse learning styles, 

preferences, and scheduling constraints (Ompad Jr, et al., 2024). By combining online resources with periodic face-

to-face meetings, the Hybrid Flex Model provides a balanced approach to instruction, fostering student-centered 
learning and autonomy. 

 
The diversity of blended learning models in mathematics teacher education underscores the importance of 

pedagogical flexibility and innovation in meeting the evolving needs of educators and learners. By leveraging a variety 

of instructional approaches, mathematics educators can create dynamic and engaging learning environments that 
promote deep conceptual understanding, critical thinking, and collaborative problem-solving skills among students. 

 

Positive Impact on Teacher Preparation: 
 

The synthesis of literature unequivocally demonstrates the affirmative influence of blended learning initiatives on the 
preparation of mathematics educators. Empirical evidence from various studies underscores the positive impact of 

blended learning environments on the professional development of pre-service teachers (Rabillas, et al., 2023). 

Specifically, exposure to blended learning has been associated with heightened content knowledge, pedagogical skills, 
and self-efficacy among aspiring educators (Lo & Hew, 2019). Through the integration of online resources, multimedia 

tools, and interactive simulations, blended learning fosters an immersive and dynamic learning experience that 
transcends traditional instructional methods. 

 

Moreover, the interactive nature of blended learning environments cultivates active engagement, critical thinking, 
and collaborative inquiry among mathematics educators (Picciano, 2009). By facilitating peer interaction, reflective 

practice, and real-world application of teaching strategies, blended learning empowers educators to deepen their 

understanding of pedagogical concepts and refine their instructional practices (Igcasama, et al., 2023). Furthermore, 
the flexibility afforded by blended learning allows educators to tailor learning experiences to meet the diverse needs 

and learning styles of their students, thereby enhancing their effectiveness as classroom instructors. 
 

The synthesis of literature provides compelling evidence of the positive impact of blended learning on teacher 

preparation in mathematics education. By harnessing the potential of digital technologies and pedagogical innovation, 
blended learning equips educators with the knowledge, skills, and confidence needed to excel in the dynamic and 

evolving landscape of mathematics teaching. 
 

Challenges in Implementation: 

 
Despite its promise, the implementation of blended learning in mathematics teacher education is not without hurdles. 

The systematic review highlighted several challenges that impede the effective integration of blended learning 

approaches into educational practice. Among the most prevalent challenges identified were infrastructure limitations, 
technological barriers, access disparities, and apprehensions regarding the quality of online content (Bates, 2019). 

These challenges underscore the need for adequate technological support, investment in infrastructure, and efforts 
to bridge the digital divide among educators and learners. 

 

Moreover, issues related to digital literacy, time constraints, and workload management were identified as significant 
impediments to the successful adoption of blended learning in mathematics teacher education (Vaughan, Cleveland-

Innes, & Garrison, 2013). Educators may face challenges in navigating online platforms, integrating technology into 
instructional practices, and managing the demands of blended learning alongside other professional responsibilities. 

Addressing these challenges requires comprehensive professional development, ongoing support, and institutional 

commitment to fostering a culture of innovation and digital fluency among mathematics educators (Cordova Jr, et 
al., 2024). 

 
While blended learning holds immense potential for enhancing mathematics teacher education, its implementation is 

fraught with challenges that must be carefully addressed. By recognizing and mitigating these challenges through 

targeted interventions, policy reforms, and collaborative efforts, stakeholders can pave the way for the effective 
integration of blended learning approaches into mathematics teacher education programs. 
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Need for Comprehensive Support and Professional Development: 
 

The synthesis of literature underscores the critical importance of providing comprehensive support and professional 

development opportunities for mathematics educators engaged in blended learning initiatives. Effective 
implementation of blended learning requires more than just access to technology; it necessitates ongoing training, 

mentorship, and resources to address the diverse needs and challenges faced by educators (Bonk & Graham, 2012). 
Professional development programs tailored to the unique demands of blended learning can equip educators with the 

pedagogical strategies, technological skills, and instructional design expertise needed to effectively integrate online 

and face-to-face instruction (Bahena, et al., 2024). 
 

Furthermore, collaborative communities of practice, peer learning networks, and instructional support systems play 
a pivotal role in fostering a culture of innovation and continuous improvement in mathematics teacher education 

(Vaughan, Cleveland-Innes, & Garrison, 2013). By creating opportunities for educators to share best practices, 

exchange ideas, and engage in collaborative problem-solving, these support structures facilitate professional growth 
and promote collective efficacy among mathematics educators. 

 
Moreover, mentorship programs pairing experienced educators with novices can provide valuable guidance, feedback, 

and encouragement throughout the implementation process (Bonk & Graham, 2012). Mentors can offer insights into 

effective teaching strategies, assist with technology integration, and provide emotional support to educators 
navigating the challenges of blended learning. 

 

Institutional support and leadership are also essential for fostering a conducive environment for blended learning 
adoption. Educational administrators must prioritize investment in professional development, allocate resources for 

technological infrastructure, and promote a culture of innovation and experimentation (Bates, 2019). By championing 
blended learning initiatives and providing strategic guidance, educational leaders can empower educators to embrace 

change, overcome obstacles, and achieve transformative outcomes in mathematics teacher education. 

 
The successful implementation of blended learning in mathematics teacher education hinges on the provision of 

comprehensive support, ongoing professional development, and collaborative learning opportunities (Abella, et al., 
2024). By investing in the growth and development of mathematics educators, stakeholders can cultivate a culture 

of innovation, excellence, and continuous improvement that ultimately benefits students and enhances the quality of 

mathematics education. 
 

Conclusion: 

 
This systematic review of blended learning in mathematics teacher education has shed light on the multifaceted 

landscape of integrating online and face-to-face instruction in preparing educators for the dynamic challenges of 
modern classrooms. Through the exploration of diverse blended learning models, the review has elucidated the 

potential of approaches such as the Rotation Model, Flipped Classroom, and Hybrid Flex Model to cater to the diverse 

needs and preferences of mathematics educators and learners. 
 

Furthermore, the synthesis of literature has underscored the positive impact of blended learning on teacher 
preparation, as evidenced by enhanced content knowledge, pedagogical skills, and self-efficacy among pre-service 

teachers. Blended learning approaches have also been shown to foster active engagement, critical thinking, and 

collaborative inquiry among educators, paving the way for innovative and student-centered teaching practices. 
 

However, the review has also highlighted the challenges associated with the implementation of blended learning in 

mathematics teacher education, including infrastructure limitations, technological barriers, and concerns regarding 
the quality of online content. Addressing these challenges requires comprehensive support and professional 

development for educators, as well as collaborative communities of practice, mentorship programs, and institutional 
leadership to foster a culture of innovation and continuous improvement. 

 

In light of these findings, it is evident that blended learning holds immense potential for enhancing mathematics 
teacher education by leveraging the affordances of digital technologies and pedagogical innovation. By embracing a 

learner-centered approach, investing in professional development, and fostering collaborative learning communities, 
stakeholders can harness the transformative power of blended learning to prepare educators for the demands of 

21st-century classrooms. 

 
Further research is needed to explore the long-term impacts of blended learning on teacher effectiveness, student 

learning outcomes, and educational equity. Additionally, ongoing evaluation and refinement of blended learning 
initiatives are essential to ensure their effectiveness and sustainability in meeting the evolving needs of mathematics 

educators and learners. Ultimately, by embracing blended learning as a catalyst for educational innovation and 

excellence, stakeholders can work towards creating inclusive, engaging, and effective mathematics education 
environments for all learners. 
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