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Abstract 
Blended learning has emerged as an innovative approach in school mathematics, integrating 
traditional face-to-face instruction with digital and online resources to enhance students’ 
learning outcomes. However, despite its widespread adoption, there remains a lack of 
synthesized evidence on how blended learning approaches are designed and implemented in 
mathematics contexts, particularly within school settings. This systematic review aims to 
examine existing empirical studies on blended learning in school mathematics to identify 
implementation patterns, mathematics learning outcomes, and the role of the pedagogical 
models associated with blended learning implementation. Following PRISMA guidelines, a 
structured search was conducted in the Scopus and Web of Science databases, covering 
publications from 2023 to 2025, resulting in 27 studies included in the review. The findings 
indicate that the flipped classroom model is the most frequently adopted blended learning 
design, with research predominantly focused on secondary school students. In terms of 
learning outcomes, blended learning demonstrates consistent positive effects on students’ 
achievement, knowledge retention, higher order thinking skills, and motivation. Effective 
implementation of blended learning in mathematics is also associated with the integration of 
pedagogical approaches such as project-based, inquiry-based, gamification and collaborative 
learning. Future research should focus on underexplored populations, integration of other 
blended learning models with established pedagogical models and explore the potential of 
emerging technologies in blended mathematics learning. In conclusion, this review provides 
evidence-based insights into the strategic integration of blended learning in school 
mathematics, offering practical implications for educators, curriculum developers, and 
policymakers to enhance pedagogical practice and optimise student learning experiences. 
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Introduction 
Education systems have increasingly explored alternative pedagogical approaches that 
integrate technology to support students' learning. The rapid advancement of digital 
technologies has accelerated the adoption of blended learning in education (Suripah et al., 
2025). Graham (2006) describes blended learning as the integration of different delivery 
modalities, the combination of varied teaching methods, and the blending of online with face-
to-face instruction. Similarly, Staker & Horn (2012) define it as formal education in which 
students learn partly through online content, enabling them to control the time, place, path, 
and pace of learning. The growing adoption of blended learning across educational levels 
highlights its potential to remain a key component of sustainable and effective teaching 
practices (Topping et al., 2022; Van der Westhuizen & Hlatshwayo, 2023). In school contexts, 
blended learning is increasingly implemented to support differentiated instruction, enhance 
pedagogical variety, and foster student-centered learning environments. This makes it 
particularly relevant for subjects where conceptual understanding and skill application are 
critical. 
 
The advantages of blended learning are especially pronounced in mathematics education, 
where traditional instruction has often emphasized teacher-centered lectures and repetitive 
procedural exercises, limiting opportunities for active learning, conceptual reasoning, and 
student engagement (Bas & Kivilcim, 2021). Blended learning enables teachers to leverage 
the strengths of both face-to-face and online modalities by combining structured classroom 
instruction with digital resources such as interactive simulations, multimedia content, and 
online exercises (Kadirbayeva et al., 2022). This integration allows students to use online 
technologies to visualize abstract concepts, explore mathematical relationships, manipulate 
virtual environments, and engage with learning material at their own pace (Cirneanu & 
Moldoveanu, 2024; Wolff & Girnat, 2024). Furthermore, face-to-face sessions complement 
these online experiences by facilitating collaborative problem-solving, peer discussion, and 
immediate feedback, which are essential for consolidating conceptual understanding. 
Empirical evidence demonstrates that blended learning in mathematics enhances academic 
achievement, promotes higher-order thinking, and strengthens problem-solving skills 
(Abdelmalak, 2024; Esperanza et al., 2021; Jamaluddin et al., 2022). By strategically 
integrating digital and traditional modalities within a coherent instructional framework, 
blended learning provides a dynamic and adaptive environment that supports students in 
developing the skills required for success in mathematics. 
 
Despite growing evidence regarding the effectiveness of blended learning in mathematics 
education, notable gaps remain. Existing reviews either focus primarily on higher education 
contexts (Haziki et al., 2025) or generalize findings across all educational levels without 
distinguishing between them (Ishartono et al., 2023; Jailani et al., 2025), resulting in limited 
coverage of the school context. This gap is significant because school mathematics is shaped 
by specific curricular structures, pedagogical practices, and institutional constraints. 
Furthermore, the school context serves students at critical stages of development, where 
mathematical foundations are established and the need for engaging and effective instruction 
is particularly important. As Angawi & Tasir (2024) argue, examining how different blended 
learning approaches and pedagogical models function within specific subject areas and 
educational levels can provide valuable insights for instructional design. 
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To address these gaps, this systematic literature review synthesizes empirical research 
specifically focused on blended learning in school mathematics education, guided by three 
objectives: (i) to identify implementation patterns of blended learning in school mathematics, 
(ii) to examine the effects of blended learning on students’ mathematics learning outcomes, 
and (iii) to explore the role of pedagogical models in shaping the effectiveness of blended 
learning approaches in school mathematics. This review contributes to the field by providing 
guidance for educators on implementing effective blended learning practices in school 
mathematics and supporting the development of teaching strategies that integrate 
traditional classroom instruction with digital learning technologies. 
 
Methodology  
This study employed a systematic literature review methodology to identify, appraise, and 
synthesize empirical research related to blended learning in mathematics within school 
education context. The review was guided by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) framework, which offers a standardized approach to 
conducting and reporting systematic reviews (Page et al., 2021). The PRISMA was adopted to 
ensure methodological rigor, clarity in study selection, and reproducibility of the review 
process (Sarkis-Onofre et al., 2021). In accordance with the PRISMA protocol developed for 
this study, the review process consisted of three main stages, namely identification, 
screening, and inclusion, as illustrated in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The process of article review 
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In the identification stage, a comprehensive literature search was conducted using two 
databases: Scopus and Web of Science. These databases were selected because they are 
widely regarded as reliable sources of credible and high-quality scholarly publications. The 
search strategy employed a combination of keywords related to blended learning and 
mathematics education, including “blended”, “flipped”, “mathematics”, “school”, “primary” 
and “secondary” which were systematically combined using Boolean operators such as “AND” 
and “OR” to refine the search results (see Table 1). The terms “blended” and “flipped” were 
used to capture the most reported instructional models associated with blended learning. The 
keyword “mathematics” was included to ensure disciplinary specificity and to exclude studies 
related to other subject areas, while the term “school”, “primary” and “secondary” was used 
to restrict the search to school-level educational settings. Together, these keywords ensured 
that the search strategy was sufficiently broad to capture relevant variations of blended 
learning, while focused on mathematics education within school environments. This initial 
search identified a total of 933 records, comprising 528 records from Scopus and 405 records 
from Web of Science. During this stage, duplicate records identified across the two databases 
were removed, resulting in the exclusion of 192 duplicate articles. 

 
Table 1 
The search strings used in the identification stage 

Database Searching string 

Scopus 
TITLE-ABS-KEY ((“blended" OR "flipped”) AND "mathematics" 
AND (“school" OR "primary" OR "secondary”)) 

Web of Sciences 
ALL = (“blended" OR "flipped”) AND "mathematics" AND 
(“school" OR "primary" OR "secondary") 

 
Following the identification stage, the screening stage involved a multi-step evaluation 
process. First, the remaining 741 records were assessed against predefined inclusion and 
exclusion criteria (see Table 2). These criteria focused on the literature type, language, and 
publication period. Only journal articles were considered, as they provide peer-reviewed 
empirical evidence, while reviews, meta-syntheses, meta-analyses, books, book chapters, and 
conference proceedings were excluded. Additionally, the review was limited to English-
language publications. To ensure relevance to current educational practices, only studies 
published between 2023 and 2025 were considered. This time frame was selected to capture 
recent empirical evidence on blended learning implementation and pedagogical design in 
school mathematics. By applying these criteria, the screening process ensured that only 
suitable and relevant studies were retained for further evaluation. 
 
Table 2 
The inclusion and exclusion criteria used in this review 

Criteria Inclusion Exclusion 

Literature type Journal (article) 
Reviews, meta-syntheses, meta-analyses, books, 

book chapters, and conference proceedings 

Language English Non-English 

Timeline 2023 - 2025 < 2023 

 
As a result, 199 records remained and proceeded to the next step of the screening process. 
The subsequent screening step involved a detailed examination of the titles and abstracts of 
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the 199 remaining records to determine their relevance to the objectives of the review. 
Studies were excluded if their titles and abstracts indicated that they were not empirical, not 
focused on blended learning in mathematics education, or not conducted in school-level 
contexts. Subsequently, the Mixed Method Appraisal Tools (MMAT) by Hong et al. (2018) was 
employed by the authors based on the tools’ assessment criteria, which were specifically 
designed to evaluate the quality of empirical studies. This screening and eligibility assessment 
resulted in the exclusion of 172 records. 
 
The final inclusion stage comprised 27 empirical studies that met all predefined criteria and 
aligned with the research focus of the review. Eligible studies were required to present 
empirical findings, explicitly involve blended learning in the context of mathematics 
education, and be conducted at the school level. These studies were systematically analyzed 
and synthesized to examine patterns in the implementation of blended learning for school 
students in mathematics. The structured and transparent application of PRISMA-guided 
procedures ensured that the review was conducted rigorously and methodologically sound. 
The details of the 27 studies are summarized in Table 3 and further analyzed and discussed in 
the subsequent sections. 
 
Table 3 
Summaries of the studies 

No Authors Year Sample 
Size and 
School 
Level 

Blended 
Learning 
Model(s) 

Implementations 
of Blended 

Learning 

Findings 

1 Oladejo & 
Olateju 

2025 208 - 
Secondary 
School 

Flipped 
Classroom 
with 5I 
Model 

Pre-class 
YouTube videos; 
in-class 
discussion and 
problem solving. 

The 5I flipped 
classroom model 
performed 
significantly better 
than 
the conventional 
flipped classroom. 

2 En-Nhiri et 
al. 

2025 80 - 
Secondary 
School 

Station 
Rotation 

Teacher-led 
instruction, 
small-group 
discussion, and 
online learning 
through digital 
platform. 

Blended learning 
significantly positively 
affected students’ 
mathematics 
achievement 
compared to 
traditional teaching 
methods. 

3 Abdissa et 
al. 

2025 83 - 
Secondary 
School 

Lab Rotation Face-to-face 
teaching with 
online 
assignments and 
assessments via 
Google 
Classroom. 

Blended learning is 
more effective than 
conventional 
methods in improving 
mathematics 
achievement. 

4 Widyasari 
et al.  

2025 60 - 
Secondary 
School 

Flipped 
Classroom 

Pre-class videos; 
in-class 
discussion, 

Flipped classroom 
more effective than 
conventional learning 
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problem-solving 
and concept 
application. 

in improving 
mathematics learning 
outcomes. 

5 Mansour & 
Wardat 

2025 61 - 
Secondary 
School 

Flipped 
Classroom 

Videos via Google 
Classroom; in-
class peer 
collaboration and 
quizzes. 

Flipped classroom 
substantially 
enhances students’ 
engagement and 
motivation in 
mathematics that 
conventional model. 

6 Fitrah et al. 2025 91 - High 
School 

Flipped 
Classroom 
with project-
based 
learning 

Pre-class videos; 
in-class 
collaborative 
project work. 

Project-based 
learning integrated 
with flipped 
classrooms 
significantly improved 
computational 
thinking skills. 

7 Egara & 
Mosimege 

2024 94 - 
Secondary 
School 

Combination 
of Station 
Rotation and 
Flipped 
Classroom 

In-class learning 
rotate from face-
to-face group 
and online 
stations; post-
class videos, 
quizzes, and 
tasks. 

Blended learning 
improved 
mathematics 
achievement and 
retention more than 
the conventional 
approach. 

8 Egara & 
Mosimege  

2024 84 - 
Secondary 
School 

Flipped 
Classroom 

In-class group 
activities; post-
class videos and 
online quizzes. 

Students had higher 
mathematics 
achievement and 
interest in flipped 
classroom than the 
conventional 
approach. 

9 Gasparič et 
al. 

2024 55 - 
Primary 
School 

Flipped 
Classroom 

Pre-class videos; 
in-class guided 
practice and 
repetition. 

Flipped learning and 
traditional approach 
were equally 
successful in 
transferring 
knowledge but 
flipped classroom 
students had higher 
knowledge retention. 

10 Chen et al. 2024 120 - 
Primary 
School 

Self-
Regulated 
Gamified 
Flipped 
Classroom 

Pre-class self-
regulated 
gamified e-books 
and videos; in-
class discussion 
and practice. 

Self-regulated in 
gamified e-books with 
flipped classroom 
enhance students’ 
achievement, self-
regulation abilities, 
motivation, and 
meta-cognition 
tendency than 
gamified flipped and 
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traditional flipped 
classroom. 

11 Baidoo & 
Luneta 

2024 381 - 
Secondary 
School 

Flipped 
Classroom 

Out-of-class 
online learning 
using YouTube 
and WhatsApp. 

Blended learning 
outperforming 
traditional teaching 
approach in term of 
students’ 
performance. 

12 Johnson et 
al. 

2024 3 - 
Secondary 
School 

Station 
Rotation 

Rotate through 
computer-based 
instruction, 
teacher-led 
groups, and 
seatwork 
stations. 

There is a functional 
relation between 
blended learning and 
on-task behaviour. 

13 Latif et al. 2024 91 - 
Secondary 
School 

Station 
Rotation 

Randomly 
assigned groups 
to video learning, 
independent 
practice, 
collaborative and 
teacher-led 
stations. 

Station rotation 
model positively 
impacts students’ 
performance in 
adding and 
subtracting fractions. 

14 Ansari et al. 2024 44 - High 
School 

ANSARI 
Blended 
Learning 

Structured six-
stage learning 
across online and 
face-to-face 
sessions. 

ANSARI blended 
learning has effects in 
improving all 
categories of 
students' HOTS and 
its aspects but in 
moderate level. 

15 Mohammed 
& Bello 

2024 70 - 
Secondary 
School 

Flipped 
Collaborative 
Classroom 

After-school 
video learning; 
in-class 
discussion and 
guidance. 

Students in flipped 
collaborative 
classroom performed 
better in both 
achievement and 
retention compared 
to conventional 
flipped classroom. 

16 Ergene & 
Karaboğaz 

2024 56 - 
Secondary 
School 

Flipped 
Classroom 

Pre-class videos 
and tests; in-class 
question-answer 
and discussion 
using online 
platform and 
WhatsApp. 

Flipped classroom 
model was more 
effective in terms of 
mathematics 
achievement than the 
control group. 

17 Kavaz & 
Kocak 

2024 48 - 
Secondary 
School 

Flipped 
Classroom 

Pre-lesson videos 
and materials; 
live problem-
solving sessions. 

The flipped classroom 
group performed 
better in the first 
stage, but no 
difference in the 
second stage. They 
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also experienced 
lower cognitive load 
except in the first 
week. Students in 
flipped learning had 
more positive 
attitudes toward 
mathematics.  

18 Özcan & 
Zengin 

2024 18 - 
Secondary 
School 

Inquiry-
based 
Flipped 
Classroom 
with 5E 
Model 

GeoGebra-based 
pre-class 
learning; in-class 
interaction. 

Through the 5E-based 
flipped classrooms 
using GeoGebra, the 
students created 
productive 
arguments using 
different 
representations. 

19 Nguyen et 
al. 

2023 74 - 
Secondary 
School 

Flipped 
Classroom 

Video-based 
preparation; in-
class practice 
using GeoGebra. 

Flipped classroom 
and GeoGebra has 
positive impact on 
learning outcomes 
and students' 
problem-solving 
ability. 

20 Cortez et al. 2023 40 - High 
School 

Cooperative 
Flipped 
Classroom 
with 5E 
Model 

Pre-class videos; 
cooperative 
teacher-guided 
in-class activities. 

Cooperative learning 
techniques proved to 
be an excellent 
complement to 
flipped learning. 

21 Zaitoun et 
al. 

2023 50 - High 
School 

Flipped 
Classroom 

Pre-class videos 
and note-taking; 
in-class group 
problem solving. 

Flipped classroom 
was more effective 
than the traditional 
method in improving 
students’ 
performance in 
mathematics. 

22 Ruiz-
Palmero et 
al. 

2023 113 - 
Secondary 
School 

Flipped 
Classroom 

Asynchronous 
videos; 
synchronous 
group work and 
guidance. 

Flipped classroom in 
teaching 
mathematics 
particularly for 
geometry helps 
develop students’ 
skills and 
competencies. 

23 Kundu et al. 2023 200 - 
Primary 
School 

Flipped 
Classroom 

Pre-class videos 
and quizzes; 
collaborative in-
class problem 
solving. 

Students in the face-
to-face group 
performed the best, 
but the flipped group 
reported the highest 
satisfaction 
compared to face-to-
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face and fully online 
groups. 

24 Diana et al. 2023 128 – 
High 
school 

Flipped 
Classroom 

Online video 
learning and 
online 
discussion; in-
class problem-
solving, group 
discussion and 
presentation. 

Flipped classroom 
more effectively 
junior high school 
students’ 
understanding of 
mathematical 
concepts and higher 
order thinking skills 
compared to 
conventional 
learning. 

25 Nadarajan 
et al. 

2023 131 - 
Secondary 
School 

Flipped 
Classroom 

Pre-class videos, 
online discussion 
and quizzes; 
student-centred 
in-class activities; 
and after class 
reflections. 

Flipped classroom 
successfully created 
an effective learning 
situation in improving 
students' higher 
order thinking skills. 

26 Jamaluddin 
et al. 

2023 128 - 
Secondary 
School 

Flipped 
Classroom & 
Flex Models 

Flipped: pre-class 
videos; and in-
class discussion 
Flex: in-class 
online learning 
with teacher 
support. 

Flipped classroom 
students performed 
better in their 
problem-solving 
abilities than those in 
the flex class. 

27 Zahedi et al. 2023 221 - 
Primary 
School 

Station 
Rotation 

Collaborative 
problem-solving 
activities then 
split groups to 
teacher-led 
instruction and 
online learning 
using math 
platform. 

Significantly higher 
increase in the 
performance of the 
station rotation group 
compared to the 
traditional teaching 
group. 

 
Results 
Implementation Patterns of Blended Learning in School Mathematics 
Based on the analysis of 27 articles, the findings indicate that the flipped classroom was the 
most frequently implemented blended learning approach, accounting for 20 of the 28 
reported implementations. This model was predominantly applied at the secondary school 
level, which constituted the largest proportion of the study populations. Across these studies, 
the flipped classroom was characterised by the delivery of initial instructional content outside 
the physical classroom, while face-to-face sessions were primarily devoted to active learning 
activities. 
 
In flipped classroom, pre-class activities typically involved students engaging asynchronously 
with instructional videos or digital learning materials, allowing them to access mathematical 
content at their own learning pace prior to formal classroom interaction (Mohammed & Bello, 
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2024; Widyasari et al., 2025). Teachers generally prepared or selected digital materials 
distributed through online platforms such as YouTube, Google Classroom, GeoGebra 
Classroom, or messaging applications (Baidoo & Luneta, 2024; Nguyen et al., 2023; Özcan & 
Zengin, 2024). These online materials were often accompanied by quizzes, note-taking tasks, 
or guided questions to structure students’ self-directed learning. Thus, the use of 
technological tools in the flipped classroom was served to extend learning time and support 
preparation before face-to-face interactions. Meanwhile, in-class activities for the flipped 
classroom model were structured around discussion, problem-solving, clarification of 
misconceptions, and formative assessment (Diana et al., 2023; Nadarajan et al., 2023). 
Teachers acted as facilitators by guiding students through collaborative problem-solving and 
providing ongoing feedback. 
 
In contrast to the flipped classroom, the station rotation model was implemented through 
multiple learning modes within the physical classroom environment. Studies adopting the 
station rotation model designed sequences of stations that included teacher-led instruction, 
online or computer-based learning, as well as collaborative or independent activities (En-Nhiri 
et al., 2025; Johnson et al., 2024; Latif et al., 2024; Zahedi et al., 2023). Students rotated from 
one station to another according to a fixed schedule to ensure that each student experienced 
a variety of instructional modes within a single learning session (En-Nhiri et al., 2025). This 
enabled teachers to provide targeted instruction to small groups, while other students 
engaged in online practice or collaborative tasks. 
 
The implementation of the station rotation model in mathematics classrooms commonly 
involved the use of digital platforms to provide practice, feedback, and interactive learning 
opportunities. Platforms such as Digital Classes-Morocco and Zearn Math were used to deliver 
online tasks that complemented teacher-led instruction (En-Nhiri et al., 2025; Zahedi et al., 
2023). At the same time, non-digital stations incorporated the use of physical manipulatives, 
written exercises, or peer discussions to maintain instructional balance (Latif et al., 2024). The 
adoption of the station rotation model in mathematics education was driven by its capacity 
to support diverse learning approaches and immediate instructional support. By enabling 
students to engage with content through multiple modes within the same learning session, 
this model addressed differences in prior knowledge, learning pace, and levels of student 
engagement. 
 
Other patterns of blended learning implementation in mathematics classrooms reflected the 
strategic integration of multiple models to create more varied instructional arrangements. 
For instance, Egara & Mosimege (2024a) integrated the mixed of flipped classroom and 
station rotation models, where students rotated between face-to-face instruction, small-
group discussions, and online learning during class, and subsequently engaged in 
asynchronous learning activities through videos, quizzes, and mathematics tasks outside the 
classroom. In addition, models such as lab rotation (Abdissa et al., 2025) and flex (Jamaluddin 
et al., 2023) further demonstrated the diversity of blended learning implementations in 
mathematics education. Overall, blended learning in mathematics education was 
implemented with the aim of restructuring learning time, promoting active engagement, and 
supporting diverse learning approaches. 
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Effects of Blended Learning on School Students’ Mathematics Learning Outcomes 
The reviewed studies indicate that blended learning positively impacts students’ mathematics 
learning outcomes, including academic achievement, knowledge retention, higher-order 
thinking, motivation, and attitudes. In terms of academic achievement, students in blended 
learning environments demonstrate better performance compared to those in traditional 
classrooms (Abdissa et al., 2025; Baidoo & Luneta, 2024; Diana et al., 2023; En-Nhiri et al., 
2025; Oladejo & Olateju, 2025; Widyasari et al., 2025; Zahedi et al., 2023; Zaitoun et al., 2023). 
These achievement gains are attributed to the combination of technology-enabled online 
learning and face-to-face classroom activities. Online learning components allow students to 
access instructional materials, learn at their own pace, and prepare for classroom 
engagement (Mohammed & Bello, 2024; Oladejo & Olateju, 2025). At the same time, students 
involved in discussion, problem-solving, and collaborative tasks, which help to clarify 
misconceptions during class. The integration of both online and in-class learning promotes 
deeper understanding in mathematics (Latif et al., 2024; Zahedi et al., 2023). 
 
Blended learning also demonstrates advantages in supporting knowledge retention. Several 
studies report that students retain mathematical concepts more effectively over time when 
learning involves both digital and classroom components (Egara & Mosimege, 2024a; 
Gasparič et al., 2024; Mohammed & Bello, 2024). According to Gasparič et al. (2024), the 
availability of digital materials that can be accessed repeatedly enables students to revisit 
learning content, while classroom-based practical activities allow them to apply knowledge 
more effectively. This supports the development of long-term memory and enhances 
students’ ability to reapply mathematical knowledge in subsequent learning contexts. 
 
Higher order thinking and problem-solving are also strengthened in blended learning 
environments. By shifting lower-order tasks, such as initial concept acquisition, to online 
learning, classroom time can be focused on cognitively demanding activities including 
reasoning and the application of mathematical ideas (Diana et al., 2023; Nadarajan et al., 
2023; Nguyen et al., 2023). Consequently, blended learning provides opportunities for 
students to compare different approaches and solve more complex problems, thereby 
supporting the development of analytical skills. 
 
Beyond cognitive domain, another important effect of blended learning is on affective 
outcomes. Several studies show that students are more motivated, willing to participate, 
remain focused, and develop more positive attitudes towards mathematics when learning is 
conducted in a blended format (Egara & Mosimege, 2024b; Johnson et al., 2024; Mansour & 
Wardat, 2025). The combination of online learning and teacher-guided activities helps 
students feel more prepared, confident, and supported. This approach enables students to 
engage with challenging content with lower levels of anxiety, while actively interacting with 
learning materials and peers. 
 
The Role of Pedagogical Models in Shaping the Effectiveness of Blended Learning in School 
Mathematics 
The effectiveness of blended learning in school mathematics is also influenced by the 
integration of pedagogical models which shape the quality of the learning environment. 
Project-based learning, for instance, strengthens blended learning by engaging students in 
mathematical tasks that require the application and reasoning of ideas. Findings from Fitrah 
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et al. (Fitrah et al., 2025) show that the use of pre-class videos in a flipped classroom helps to 
prepare students before they practice concepts in project work during face-to-face learning. 
The implementation of projects which supported along with the use of online simulations 
tools further assists students in understanding more complex concepts and applying 
knowledge beyond the classroom context. This highlights that blended learning allows 
mathematics learning to occur as a continuous process through meaningful integration of 
online and face-to-face activities. 
 
Inquiry-based learning models, such as the 5E learning cycle (Engage, Explore, Explain, 
Elaborate, Evaluate) also play an important role in strengthening blended mathematics 
instruction. Studies integrating inquiry-based elements within blended learning environments 
enable the use of online materials to gather information, answering questions, or 
independently exploring concepts online, before transferring these experiences into face-to-
face sessions through discussion, shared exploration, and concept explanation (Özcan & 
Zengin, 2024). This sequence capitalises on the affordances of blended learning by allocating 
individual exploration to online spaces, while classroom time is devoted to sense-making and 
argument-based discussion. 
 
Gamification elements offer clear pedagogical advantages within blended learning 
environments. Research from Chen et al. (Chen et al., 2024) shows that the use of a Self-
Regulated Gamified Interactive E-Book (S-GIEB) in a flipped classroom supports students’ 
mathematics achievement, motivation, self-regulation, and metacognitive skills. Gamified 
elements such as virtual characters, badges, scores, and interactive tasks make pre-class 
learning more engaging and structured, helping students remain involved with mathematical 
content before classroom instruction. Unlike traditional flipped classrooms that rely heavily 
on students’ self-discipline to engage with learning materials, the integration of gamification 
provides additional learning support that guides students in goal setting, progress monitoring, 
and reflection. These features enhance the effectiveness of the online component and better 
prepare students for in-class discussion and practice. 
 
On the other hand, collaborative learning further strengthens blended learning by promoting 
shared understanding and mathematical communication. Mohammed and Bello 
(Mohammed & Bello, 2024) describe a flipped collaborative classroom in which students first 
engaged individually with video lessons after school hours and then participated in group 
discussions during classroom sessions. This approach enabled students to articulate their 
reasoning, compare solution strategies, and address misconceptions through peer interaction 
thereby encouraging deeper engagement with mathematical ideas. 
 
In addition, other instructional models contribute to effective blended learning practices by 
providing clear learning stages. Studies employing phased models such as the 5I model 
(Oladejo & Olateju, 2025) and the ANSARI model (Ansari et al., 2024) in the blended learning 
showed that structured sequences help organise online preparation, in-class engagement, 
and reflection. These models support students’ progression from initial exposure to concepts 
towards application, discussion, and evaluation. Furthermore, it also assists teachers in 
managing classroom interaction and ensuring that each learning phase serves a clear 
instructional purpose. 
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Discussion 
Examining blended learning approaches illustrates how learning activities can be delivered 
across online and face-to-face environments to support mathematics learning at the school 
level. The implementation of models such as the flipped classroom and station rotation 
typically utilizes online spaces for content delivery, whereas face-to-face activities are 
dedicated to discussion, practice, and teacher support. This arrangement benefits school 
mathematics learning, where students often require repeated exposure, step-by-step 
reasoning, and clarification of misconceptions (Esperanza et al., 2021). In addition, technology 
within online learning provides support through accessible tools to facilitate content 
exposure, provide feedback, and support visualisation which is particularly helpful for 
mathematical topics involving abstract concepts, procedures, and representations (Nasrullah 
et al., 2025). Meanwhile, face-to-face sessions remain essential for guiding problem-solving 
processes and collaborative tasks, which are difficult to fully replicate in online settings (Zhu 
et al., 2021). This reinforces the view that blended learning approaches address core 
mathematical demands while maintaining instructional coherence. 
 
The learning outcomes associated with blended learning further underscore its significance 
in school mathematics. Evidence from the reviewed studies consistently demonstrates 
improvements in both cognitive and affective dimensions. Gains in academic achievement 
and higher-order thinking can be attributed to the strategic distribution of cognitive tasks 
between online and classroom sessions. Moreover, the combination of accessible digital 
resources and practical in-class activities strengthens knowledge retention by promoting 
learning beyond rote memorization. Repeated exposure to digital materials, together with 
classroom-based application, reinforces memory consolidation and facilitates the transfer of 
knowledge to novel problems. In addition, increased motivation and positive attitudes 
suggest that students perceive blended learning environments as more supportive and less 
intimidating, which is crucial for sustaining persistence when engaging with challenging 
mathematical tasks. Overall, these findings indicate that blended learning supports deeper 
and sustained learning outcome through the integration of the technological tools, teacher 
facilitation, and students’ engagement (Yu et al., 2025). 
 
The pedagogical models embedded within blended learning environments plays a critical role 
in enhancing the effectiveness of school mathematics instruction (Schallert et al., 2022; Zheng 
et al., 2020). Instructional approaches such as project-based, inquiry-based, and collaborative 
learning, help educators structure online activities that foster purposeful preparation and 
exploration, while classroom interactions are used for sense-making, justification, and 
clarification of understanding. By integrating project works, inquiry-oriented activities, and 
collaborative tasks, students are encouraged to engage in analytical reasoning, apply 
mathematical concepts, and actively participate in problem-solving rather than passively 
receiving information. Furthermore, gamification elements and phased instructional models 
address challenges associated with self-directed online learning by supporting motivation, 
self-regulation, and structured learning progression. These highlights the effectiveness of 
blended learning also depend on how instructional activities are sequenced and aligned with 
learning goals. 
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Conclusions 
This systematic literature review examined blended learning approaches in school 
mathematics classrooms to identify key patterns across implementation, learning outcomes, 
and pedagogical design. The results indicate that blended learning is predominantly 
implemented through the flipped classroom model and is largely applied in secondary school 
contexts. The findings highlight that blended learning improves mathematical achievement, 
knowledge retention, higher-order thinking, and motivation by providing flexible access to 
online content while maintaining the pedagogical benefits of direct classroom interaction. 
Importantly, the effectiveness of blended learning is closely linked to pedagogical models that 
ensures coherence across learning phases and aligns online and face-to-face activities with 
clear instructional objectives. Overall, this review underscores that blended learning 
represents a robust and adaptable approach for mathematics instruction and offers valuable 
implications for educators, curriculum designers, and policymakers seeking to enhance 
mathematics teaching and learning in school. 
 
Recommendation for Future Research 
Based on the findings of this review, several directions for future research are proposed. First, 
research should extend beyond secondary school students, as evidence for primary school 
contexts remains limited. This would provide additional insight into how blended learning can 
enhance mathematics outcomes from earlier stages. Second, while most existing studies 
implement the flipped classroom, future research should investigate other blended learning 
models and their integration with established pedagogical models to further inform the 
design and implementation of blended learning in mathematics classrooms. Third, while 
current studies frequently employ video platforms and learning management systems, future 
research should explore emerging technologies such as artificial intelligence, augmented 
reality, virtual reality and other immersive applications for online learning to fully leverage 
their potential in enhancing blended learning for mathematics instruction. 
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