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ABSTRACT 
 

Studies on blended learning and emerging technologies have transformed mathematics teaching and 
learning through innovative educational approaches. However, integrating these methods presents 
challenges, including technological hardships, instructional design complexities, and the need for 
appropriate digital tools. This study conducted a systematic literature review to analyse the features, issues, 
and prospects of implementing new technologies in mathematics education using thematic analysis. An 
empirical review was conducted using Scopus and Web of Science (WoS) databases, selecting scholarly 
publications from 2023 to 2024. The study followed the PRISMA framework, identifying 33 primary 
studies, which were categorized into three themes using data analysis: (1) blended learning and flipped 
classroom models, (2) virtual and embodied learning environments, and (3) teacher perspectives, 
professional development, and student learning experiences. Findings indicate that blended learning 
enhance student interest, attitude, and achievement, yet their effectiveness critically depends on teachers' 
technological and pedagogical content knowledge (TPACK) and institutional support. Additionally, the 
increasing use of artificial intelligence (AI) in mathematics education presents opportunities but also 
challenges, including implementation limitations, expertise gaps, and funding constraints. This study 
highlights the critical role of professional development in preparing educators to support blended learning 
effectively. Several recommendations are proposed for stakeholders to overcome challenges and maximize 
the benefits of emerging technologies. Findings provide valuable insights for researchers, educators, and 
policymakers in enhancing mathematics education to meet 21st-century learning demands. 
Keywords: Blended Learning, Digital Tools, Mathematics Technologies, Mathematics Teaching 

Innovations, Teacher Technology Proficiency. 
 
1. INTRODUCTION  

 
Blended learning is a one of solution for 

mathematics education that combines face-to-face 
communication with digital technology tools. This 
approach has been increasingly adopted in 
educational institutions, specifically colleges and 
high schools. Moreover, blended learning has been 
associated with increased student interest and 
improved learning outcomes due to the multiple 
modes of access and diverse approaches it offers in 
mathematics instruction [1], [2], [3]. Integrating 
technologies such as Moodle and other 
programmes, has enhanced students’ perceptions of 
mathematics, making the subject more 
approachable and enjoyable [4]. 
 

The application of technology in blended 
learning has also contributed to improvements in 
mathematics teaching, including the development 

of flipped classrooms, hybrid models, and online 
practice platforms, thereby enhancing students’ 
thinking skills, self-regulation, and problem-solving 
abilities [2], [3]. Consequently, the effective use of 
such technologies requires mathematics teachers to 
possess a high level of technological proficiency. 
For example, teachers must be capable of 
integrating technology into the teaching and 
learning of mathematics process to improve student 
achievement [4], [5]. 

 
However, the shift towards blended learning 

in mathematics teaching is not without challenges. 
The Technology Pedagogical Content Knowledge 
(TPACK) framework highlights essential aspects of 
technological readiness, encompassing challenges 
related to technological infrastructure, digital 
competencies and access to professional 
development opportunities [6], [7]. In addition, 
students need greater support, especially when 
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quided by teachers who are struggling or students 
in low-income urban school areas [4]. Addressing 
these issues is critical to improving the delivery of 
blended learning and ensuring equitable benefits 
from technological integration for all students. 
While several studies have explored aspects of 
blended learning in mathematics education, few 
have comprehensively synthesised how 
mathematics teachers’ technological readiness and 
support structures influence its implementation. 
This review addresses that gap by systematically 
analysing current literature to identify influencing 
factors and practical implications. 

 
2. LITERATURE REVIEW 

Incorporating face-to-face teaching enhanced 
by information technology is called blended 
learning, which is a revolution in mathematics 
education. The primary features of the multimedia 
environment that integrates IT tools and 
innovations change the context of teaching-learning 
mathematics education involving 21st-century 
skills and technologies [8], [9], [10]. Numerous 
studies have proven that digital technologies could 
enhance mathematics learning by leveraging tools, 
such as virtual manipulatives, dynamic Geometry 
tools, and artificial intelligence-based learning tools 
[11], [12]. Such instruments encourage meaningful 
and student-centred practices, which engage 
learners with more profound and conceptual 
interactions. 
 

Studies also demonstrated that blended 
learning solutions enhance critical thinking skills 
and team-based problem-solving, as well as the 
flexibility of the learning solutions [13], [14], [15]. 
For example, incorporating adaptive learning 
technologies allows individual learners to provide 
meaningful differentiation and instant feedback and 
support [16], [17]. Additionally, virtual and 
augmented realities as tools are valuable assets in 
creating plausible, comprehensible concepts 
through interactive creations that enable the 
concrete pits of mathematics. Nevertheless, the 
effectiveness of such technological interventions 
depends on teachers’ technological and pedagogical 
content knowledge, which underlines the need for 
rigorous professional development efforts to 
enhance the application of such innovations [11], 
[18]. 
 

Multiple barriers exist in applying the blended 
learning system in mathematics education [19], 
[20]. For instance, limited resource access, weak 

institutional support for integrating digital 
technology, and insufficient teacher training [21]. 
Furthermore, current studies demand more attention 
to examining the long-term effects of these tools on 
students’ learning achievements and improving the 
best practice-based guidelines for curricula 
implementation [22]. Another implication of 
teacher self-efficacy is how various emerging 
technologies are implemented and how the overall 
instructional process is organised in blended 
environments, which is essential to student 
engagement [23].  
 

The present study emphasised how teachers’ 
technology expertise impacts effective blended 
learning [24], [25]. Efficient technological 
competence is the general awareness of the 
utilisation of the tools and the ability to incorporate 
them into practice to enhance mathematics learning 
[12], [26]. Teachers with a higher technology 
competency tend to provide an instructive manner 
in integrating technology into teaching by 
providing an appealing and innovative learning 
environment [27], [28]. Consequently, teacher 
training strategies must focus on using technology 
and effective teaching methodologies to enhance 
the possibilities of blended learning [29], [30]. 
More research is required on the interplay of 
technology prowess and teaching performance and 
the critical role of comprehensive approaches to 
facilitate teachers in applying technologies to 
develop mathematics learning experiences [31]. 
 

The use of emerging technologies in 
supporting blended learning to teach mathematics 
can transform mathematics education, provided the 
challenges of implementation are overcome [5], 
[25]. More research should emphasise increasing 
resource availability, improving teacher training, 
and explaining the effective technology usage rules 
[32], [33]. A structured review demonstrated a 
general view of the current and future development 
of blended learning and the issues for establishing a 
scientific basis for developing new techniques in 
teaching mathematics. However, existing reviews 
have not systematically mapped how technology 
competency and professional development intersect 
in shaping effective blended mathematics teaching. 
This review addresses that gap. 

 
3. RESEARCH QUESTIONS 
 

Research questions (RQs) are crucial in 
systematic literature reviews (SLRs) as they define 
the study’s direction and establish clear inclusion 
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criteria. Well-structured RQs enhance focus, 
relevance, and credibility by guiding the review 
process, preventing ambiguity, and enabling 
meaningful outcomes. They systematise data, 
identify patterns, correlations, and gaps in the 
literature, ensuring the review remains aligned with 
its objectives. Additionally, well-defined RQs allow 
other scholars to replicate or build upon the study, 
contributing to the broader knowledge base. 
 

This study adopts [34], PICo framework, 
which consists of Population (P), Interest (I), and 
Context (Co). The Population (P) includes 
mathematics teachers and students, while the 
Interest (I) focuses on the impact of blended 
learning and emerging technologies on teaching 
and learning. The Context (Co) refers to 
mathematics education. This approach supports the 
study’s aim to explore key factors influencing the 
integration of blended learning technologies in 
mathematics education particularly from the teacher 
and student perspectives, as identified in the 
literature gap. Based on this approach, the research 
question is: "What are the impacts of blended 
learning and emerging technologies in mathematics 
education on instructional models, virtual learning 
environments, and teacher and student 
experiences?" 

 
4. METHODOLOGY 
 

This paper follows the Preferred Reporting 
Item for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines to perform systematic 
literature reviews [35]. The PRISMA flow chart 
provides a structured framework for systematically 
searching, evaluating, and including studies in 
research synthesis. This method minimises bias and 
enhances the overall study quality, with a 
preference for randomised designs. To address 
these objectives, the current study used two 

comprehensive databases, WoS and Scopus. The 
PRISMA approach was also organised into four 
stages: identification, screening, eligibility, and 
data extraction, thus ensuring a thorough and 
methodical review process. 

 
The identification phase began with a 

comprehensive search across selected databases to 
collect all relevant articles. The screening phase 
subsequently applied specific criteria to exclude 
unrelated or insufficient quality studies. The 
remaining studies were thoroughly examined 
during the eligibility phase to ensure the established 
inclusion criteria were met. This process involved 
data selection, analysis, and final synthesis, which 
provided a summary of findings from the selected 
studies. These steps are critical for deriving reliable 
and meaningful conclusions that contribute to 
organisational insights. Summarily, the PRISMA 
framework ensures theoretical and methodological 
accuracy throughout the systematic review process, 
which supports knowledge advancement and guides 
future research and practice. To minimise bias and 
enhance rigour, this review applied predefined 
inclusion and exclusion criteria during the 
screening phase. In addition, critique criteria such 
as relevance to the research question, 
methodological transparency, and clarity of results 
were used to determine study eligibility. Potential 
threats to validity such as publication bias, limited 
generalisability and varying study quality were 
addressed by using multiple databases and 
transparent selection procedures. 
 
4.1 Identification 

The identification phase of the systematic 
literature review (SLR) emphasised a rigorous 
search for articles relevant to each question, 
considering Scopus and WoS as the primary 
sources of articles. Initially, 315 records were 

 
Table 1: Keywords and Strategy to Search for Information Keywords 
  Database search string 

Scopus TITLE-ABS-KEY (( "blended learn*" OR "blended strategy*" OR "blended education" 
OR "b-learn*" OR "blended-learn*" OR "blend* learn*" OR "blended e-learn*" OR 
"blended learn* environment" OR "online learn*" OR "online teach*" OR "flip* teach*" 
OR "flip* learn*" OR "hybrid learn*" OR "hybrid teach*" ) AND (“technolog*” OR 
“artificial intelligen*” OR “virtual reality” OR “digital technolog*” OR “digital tool*”) 
AND ("mathematic* educat*" OR “mathematic* teach*” OR “mathematic* learn*”) 

  
WoS ("blended learn*" OR "blended strategy*" OR "blended education" OR "b-learn*" OR 

"blended-learn*" OR "blend* learn*" OR "blended e-learn*" OR "blended learn* 
environment" OR "online learn*" OR "online teach*" OR "flip* teach*" OR "flip* learn*" 
OR "hybrid learn*" OR "hybrid teach*" ) AND (“mathematic* technolog*” OR 
“technolog*” OR “artificial intelligen*” OR “virtual reality” OR “digital technolog*” OR 
“digital tool*”) AND ("mathematic* educat*" OR “mathematic* teach*” OR 
“mathematic* teach* innovat*” ) 
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screened through Scopus. The search employed 
diverse terms using appropriate keywords and 
Boolean operators, focusing on blended learning 
and emerging technologies in mathematics 
education as shown in Table 1. Meanwhile, the 
WoS search resulted in 188 records. This database 
is unique for its high methodological standards 
concerning article indexing, specifically in 
educational research and technological 
publications. The same search keywords and 
Boolean combinations were both databases to 
ensure consistency and comparability. The search 
strategy was designed to minimise selection bias 
and ensure a broad coverage of relevant literature. 
In total, 503 records were initially identified, 

reflecting the scope of current research on blended 
learning and emerging technologies in mathematics 
education. At this phase, 21 duplicate records were 
removed, resulting in 482 records that proceeded to 
the screening phase (Figure 1). 

 
4.2 Screening 

The first step of screening involved reviewing 
the titles and abstracts of the 482 identified records. 
A total of 402 records were excluded for not 
meeting the established inclusion criteria, which 
required articles to be written in English, published 
after 2023, and focused on blended learning or 
emerging technologies in the context of 
mathematics education. Excluded documents 
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include conference papers, review articles, book 
chapters and records listed as “In Press”.  

Following the title and abstract screening, 80 
records were shortlisted for full-text retrieval. 
However, 21 of these reports could not be 
retrieved due to access limitations, including 
subscription paywalls and unavailable digital 
versions. The remaining 59 full-text articles were 
assessed thoroughly to determine their eligibility. 
The evaluation focused on the relevance of the 
articles' content to the review objectives. Any 
articles that lacked focus on mathematics education, 
used vague or non-substantial titles, or had 
abstracts misaligned with the research questions 
were excluded.  

This multi-step screening ensured a consistent 
and transparent process aligned with the review’s 
methodological rigour. Out of the 59 full-text 
articles reviewed, 26 were excluded. Specifically, 7 
articles were rejected because the subject matter 
was outside the scope of the review. Another 8 
articles were excluded due to titles that lacked 
significant relevance, and 11 more were excluded 
because their abstracts did not align with the 
study’s objectives. This strict screening phase 
minimised the risk of inclusion bias and 
strengthened the validity of the selected sample. As 
a result, 33 high-quality and contextually relevant 
studies advanced to the eligibility stage. 

4.3 Included, Data Abstraction and Analysis 
 

Following the screening and eligibility 
processes, a total of 33 studies met all inclusion 
criteria and were selected for the final review. 
These studies provided substantial insights into the 
integration of blended learning and emerging 
technologies within mathematics education. An 
integrative analysis approach was applied to 
organize findings and identify emerging patterns 
across the studies, which included quantitative, 
qualitative, and mixed methods reseach. Data from 
all 33 eligible publications were coded for theme 
generation. To ensure analytical rigour, the primary 
author developed initial themes based on consistent 
patterns aligned with the research questions. Co-
authors reviewed and refined the preliminary codes, 
and through collaborative discussions, achieved 
consistent theme interpretation and enhanced the 
credibility of the analysis. Final adjustments were 
made to improve clarity, conceptual alignment and 
coherence in presenting the findings. 

4.4 Quality of Appraisal 
 
Based on [37] guideline, the quality of primary 

studies must be assessed and compared 
quantitatively once they are selected. The present 
study adopted the quality assessment framework by 
[38] which outlines six criteria for the SLR. Each 
criterion is evaluated using a scoring system: “Yes” 
(Y) for full compliance, which earns 1 point; 
“Partly” (P) for partial compliance with some 
limitations, which earns 0.5 points; and “No” (N) for 
non-compliance, which earns 0 points. The quality 
of the selected studies was assessed using six criteria 
to ensure a comprehensive and objective evaluation: 
QA1: Is the purpose of the study clearly stated? 
QA2: Is the interest and usefulness of the work 

presented? 
QA3: Is the study methodology established? 
QA4: Are the concepts of the approach clearly 

defined? 
QA5: Is the work compared and measured with 

other similar work? 
QA6: Are the limitations of the work mentioned? 
 

These criteria provided a structured 
approach for evaluating the clarity, relevance, and 
methodological quality of each study. Each 
specialist assessed the studies based on these criteria 
and summarised the results to determine the final 
rating. A study was required to obtain a total score 
above 3.0, calculated from the combined ratings of 
all three experts to proceed to the next stage. 
Therefore, only studies that met the quality 
threshold were included in the subsequent phase of 
the review. Table 2 demonstrates the quality 
assessment for the selected papers. 

 
5. RESULTS 
 

The findings of this systematic review are 
organised into three overarching themes, each 
encompassing several subthemes that synthesise the 
results from the 33 selected studies in mathematics 
education. These themes highlight key concepts and 
innovative practices related to the implementation 
of digital and blended learning approaches. 

 
The first theme explores Blended Learning and 

Flipped Classroom Models, addressing their 
benefits, limitations, and instructional strategies. 
The second theme focuses on Virtual and 
Embodied Learning Environments, examining the 
influence of tools such as virtual reality and AI-
driven platforms on students' learning. The third 
theme examines Teacher Perspectives, Professional 
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Development, and Student Learning Experiences, 
revealing how teacher expertise, institutional 
support, and training initiatives affect the successful 
integration of technology. 

 
Together, these themes offer a comprehensive 

understanding of how digital innovations are 
reshaping mathematics education, highlighting 
what contributes to effective implementation and 
what challenges persist despite technological 
advancements. 
 

Table 2: Quality assessment for selected papers 

 
 
5.1 Theme 1: Blended learning and Flipped 

Classroom Models 
 
The integration of classroom teaching with 

digital tools is a growing trend in modern 
mathematics education, offering the potential to 
enhance learning outcomes through the 
combination of face-to-face and online approaches. 
This model enables the creation of adaptive 
learning environments, where learners experience 
tailored instruction effective across varied learning 
levels. Within this theme, three critical sub-themes 
emerge. The first sub-theme, Effectiveness and 

Student Outcomes, explores how blended and 
flipped classroom models impact achievement, 
interest, and learning skills. The second, 
Pedagogical Strategies and Implementation, 
discusses integration approaches, curriculum 
design, and teacher professional development. The 
third, Student Perception and Satisfaction, analyses 
learner attitudes, feedback, and technology 
acceptance. These categories provide a 
comprehensive perspective on the implementation, 
experience, and advancement of blended learning 
practices in mathematics education. 
 
5.1.1 Effectiveness and student outcomes 

 
Studies reveal that blended and flipped 

classroom models positively impact student 
performance and participation in mathematics. The 
author [39] highlighted that delivering 3D 
trigonometry by combining both approaches 
improved subject performance. The mean 
difference was 19.2% among the 12th-grade 
students, where using digital materials enhanced the 
students’ conceptual learning and problem-solving 
abilities. Similarly, the author [41] examined 
elementary students’ perception of the flipped 
classroom model post-pandemic and revealed 
although several students were sceptical, most had 
positive attitudes regarding the classroom teacher’s 
directions. European participants identified 
students’ digital skills and the effective use of 
flipped learning in practice despite the issues, such 
as the increased load on teachers and the need to 
form independent learning activities. The author 
[40] devised e-learning remedial videos that taught 
fractions, which were effective and practical and 
received positive student feedback. These tools 
demonstrated how targeted interventions can 
increase accessibility and engagement in 
mathematics instruction. The author [42] employed 
deep learning to promote a blended teaching and 
learning model that improves students’ 
performance and interest in mathematics classes in 
secondary schools within ethnic regions. Overall, 
these findings reinforce the value of blended and 
flipped models in improving learning outcomes by 
promoting resource accessibility, content 
personalisation, and active engagement. 

 
5.1.2 Pedagogical strategies and 

implementation 
 

The current trends towards blended and 
flipped classrooms have developed new teaching-
learning strategies that enhance student learning. 
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Figure 1: Theme 1 Blended learning and flipped classroom models 

Effectiveness and 
Student Outcomes 

Improvement in student 
performance and 

engagement 
([39], [40], [41], [42]) 

 

Pedagogical Strategies and 
Implementation 

New teaching strategies and professional 
development 

([43], [44], [45] 
 

Student Perceptions 
and Satisfaction 

Student attitudes and 
satisfaction with learning 

models 
([46], [47], [48], [49]) 

Blended Learning and Flipped 
Classroom Models 

The author [44] emphasised the role of Professional 
Teacher Education (PTE) programmes in reshaping 
instructional practices through collaborative online 
learning communities. This finding reveals the 
variation in teachers’ ICT readiness and the need 
for continuous professional development. The 
author [45] discussed flipped learning technologies 
in higher education, specifically the students’ 
manageability and transformation of the 
conventional teaching method.  Likewise, the 
author [43] promoted a technology-integrated 
approach among engineering students, improving 
mathematical problem-solving through group-based 
ICT sessions. These findings underscore the 
importance of clear implementation strategies, 
supportive teacher training, and purposeful design 
of resources to ensure effective adoption of blended 
and flipped classroom methods. 

 
5.1.3 Student perception and satisfaction 
 

Understanding student attitudes toward 
blended learning is vital for refining instructional 
delivery. The author [48] investigated polytechnic 
students’ satisfaction with technology-aided 
learning in Bangladesh and discovered that self-
efficacy and social interaction positively affected 
the students’ attitudes despite some initial 
reluctance. The author [49] outlined the advantages 
and disadvantages of online and blended learning 
and emphasised teachers’ benefits and appreciation 
of blended and traditional forms of teaching with 
challenges, such as insufficient online tools and 
trainers’ preparation. The author [46] investigated 
ICT impacts on ESP learning for pre-service 
mathematics teachers in Ukraine and concluded 
that teachers’ communication abilities improved 
even in conflict situations such as war. Machine 

learning was applied by the author [47] to 
categorise mathematics test questions in terms of 
difficulty to provide optimised tasks to adaptive 
systems. These results support using data to deliver 
content relevant to a specific student. Conclusively, 

these studies emphasised the significance of 
reducing technological challenges, increasing 
student self-competency, and applying learning 
technologies within blended and flipped classroom 
environments. 

 
5.2 Theme 2: Virtual and Embodied Learning 

Environments 
 

The current forms of virtual educational 
environments are increasingly replacing traditional 
models by offering immersive, interactive 
educational experiences in mathematics. These 
transformative designs leverage technology to 
create learning contexts that replicate or simulate 
real-world scenarios, thereby engaging students 
both cognitively and emotionally. This theme 
comprises two main sub-themes. Embodied and 
Sensory Learning, which explores how physical 
movement, gestures, and touch can anchor 
mathematical understanding. Virtual Reality and 
Interactive Simulations, which focus on student 
experimentation and concept mastery in digitally 
replicated environments. Both sub-themes 
demonstrate how these emerging approaches 
translate abstract concepts into experiential, 
practice-based learning opportunities. 
 
5.2.1 Embodied and sensory learning 
 

Physical and multisensory teaching and 
learning contexts have been demonstrated in 
mathematics education using movement and actions 
to enhance the meaning of concepts. The author 
[52] explained how building sine graph concepts in 
distance learning using sensory-motor experiences 
is possible. Observably, students characterised by 
tables based on embodied activities discovered new 

movement patterns that aided mathematics 
problem-solving with additional teacher assistance. 
Similarly, the author [53] highlighted both the 
potential and limitations of applying embodied 
cognition theory in virtual learning environments, 
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emphasising that many body-based learning 
activities cannot be fully replicated in remote 
contexts. Nevertheless, through the strategic use of 
digital tools, embodied reasoning was effectively 
embedded in teaching practices, even without 
physical movement. The author [50] further 
expanded on this concept by introducing MOVES-
NL, an AI-driven hybrid teaching system that 
integrates real-time student feedback with 
movement-based interaction. Another system 
incorporated whole-body movement and 
reinforcement learning to support the teaching of 
integer arithmetic, demonstrating the feasibility of 
blending AI and human facilitation. These systems 
respond dynamically to students’ learning needs, 
encourage mathematical thinking, and offer 
valuable design guidance for future technology-
enhanced instruction. The author [51] examined 
how locus conceptions could be taught using virtual 
environments supported by metaverse technology. 
The results revealed that fully developed virtual 
scenes enhance students’ knowledge, although 
some issues could be more technical. These studies 
highlighted the positive impact of embodied and 
sensory learning technologies in mathematics 
learning technologies, along with the importance of 
innovation and teaching support for higher 
achievement. 

 
5.2.2 Virtual reality and interactive 

simulations 
 

Virtual reality (VR) and interactive 
simulations offer unique and exciting learning 
forms that help simplify complex mathematical 
concepts. The author [55] discussed the 
implementation and effectiveness of VR modules 
when teaching multivariable calculus. They 
discovered that animated icons advance students’ 
conceptual awareness, and dynamic graphics 
lessons are vital for enhancement. The author [54] 
investigated manipulative-based interventions for 
teaching equivalent fractions to students with 
disabilities or those at academic risk. These virtual 
interventions, when paired with explicit instruction 
and a structured sequence, contributed to improved 

mathematical accuracy and learner independence. 
The author [57] suggested that WhatsApp provided 
emotional support and collaborative learning 
despite raising concerns about distractions during 
high school Mathematics teaching. Additionally, 
the author [56] extended knowledge of interactive 
simulations by analysing the role of teacher 
noticing in online professional development. The 
transformative potential of VR and interactive 
simulations in mathematics education was 
demonstrated, which emphasised the need for well-
designed tools and comprehensive support to 
ensure success. These studies suggest the potential 
of VR and interactive simulations in transforming 
mathematics education, which require adequate 
tools and supportive systems to succeed. 

 
5.3 Theme 3: Teacher Perspectives, Professional 

Development and Student Learning 
Experiences 
 
This theme focuses on teachers’ roles, 

expertise, and training, which directly impact 
instructional quality and student learning outcomes. 
The first sub-theme is Teacher Knowledge, 
technological pedagogical content knowledge 
(TPACK) and Adaptation, analyses TPACK and 
how teachers modify their practices to incorporate 
technology. The second subtheme is Self-Efficacy, 
Attitudes, and Teacher Competence, which focuses 
on teachers’ confidence, attitude, and competence 
while teaching in technology-integrated settings 
and how these impact their performance in 
contributing to the learning environments. The last 
subtheme is Student Engagement, Preparedness, 
and Learning Outcomes. The subtopics cover the 
disposition of teachers and instructional practices 
and their influence on student engagement, 
willingness to learn, and the accomplishment of 
learning objectives. These subthemes revealed a 
symbiotic nature of teacher professional 
development, instructional and learning 
environment quality, students’ active engagement, 
and achievement of purposeful learning outcomes 
in educational practice. 
 

 

 
 
 
 
 
 

Figure 2: Theme 2 Virtual and embodied learning environment 

 

Virtual and 
Embodied 
Learning 

Environments 

Virtual Reality and 
Interactive Simulations 
Transforms learning with 

immersive simulations 
([54], [55], [56], [57]) 

Embodied and Sensory 
Learning 
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through physical and sensory 
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5.3.1 Teacher knowledge, TPACK and 
adaptation 

 
The current study established specific patterns 

of change and technology incorporation in the 
teaching and learning of mathematics via specific 
teacher characteristics and professional 
development. The author [58] determined the 
impact of classroom-related factors, such as gender, 
age, and years of teaching experience, on 
mathematics teachers’ TPACK in an online 
learning setting. Differences in technology 
envisioning were evident, with male teachers 
demonstrating higher confidence in using 
technology, while more experienced teachers 
exhibited stronger pedagogical content knowledge, 
suggesting that both gender and experience shape 
distinct aspects of TPACK development. The 
author [59] stated that their university-based online 
training shapes pre-service teachers’ evolving 
perceptions of the online mathematics teaching and 
learning environment. This suggests a need for 
systematic, scaffolded training in teacher education 
programmes. 

 
The author [61] analysed teachers’ adaptation 

processes in Nepal before, during, and after the 
pandemic, emphasising that challenges of 
technology use continue even when people 
familiarise themselves with such technologies 
during the pandemic. Moreover, integrating these 
devices remains challenging in face-to-face 
teaching despite the teachers’ increased technology 
awareness. The author [60] studied the evolution of 
digital technologies and highlighted the 
transformation of mathematics classrooms by 
applying AI and multimodal tools. Nonetheless, 

comprehending and integrating these technologies 

necessitates the reconceptualisation of learning 
spaces and teachers’ ongoing professional 
development. The author [62] examined teachers’ 
emergency remote teaching adjustment and 
highlighted their challenges in integrating research 
and problem-solving practices into an online model. 
Collectively, these investigations underlined the 
need for targeted training to equip teachers with the 
skills to utilise technology effectively. 
 
 
5.3.2 Self-efficacy, attitudes and teacher 

competence 
 

Adopting technology in mathematics 
classroom teaching is significantly impacted by 
teachers’ beliefs and perceptions of the technology. 
The author [65] stressed the significance of self-
efficacy, perceived enjoyment, and ease of use in 
determining student satisfaction in a virtual 
learning environment. Resultantly, ICT adoption by 
teachers with content knowledge accelerates a 
positive learning environment. The author [64] 
discovered that although many teachers possess 
average technical competence in conducting online 
classes, they manage issues, such as motivating 
students to participate and issues arising from 
inequalities in access to teaching materials. The 
author [67] examined middle school mathematics 
teachers and discussed their use of online platforms 
during the COVID-19 pandemic. The results 
revealed that enhanced implementation yielded 
better results when paired with coach support where 
experience is a critical factor influencing the 
former. The author [66] investigated 
exemplification in mathematics education and 
disclosed that teachers shift their approach by 

concentrating on conceptual examples instead of 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 3: Theme 3 Teacher perspectives, professional development and student learning 
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procedural ones, therefore requiring higher 
technological pedagogical skills.  

 
The author [63] distinguished between before, 

during, and after the pandemic teaching 
management styles in the United Arab Emirates and 
discovered that blended learning yielded the best 
academic results and was well-received by teachers 
despite the majority preferring face-to-face. These 
studies highlighted the relationship between teacher 
self-efficacy, attitudes, and effective technology 
implementation in improving student learning. 
These sub-themes also emphasised the relationship 
between teacher development, instructional quality, 
and student-centred learning experiences in gaining 
significant educational outcomes. 
 
5.3.3 Student engagement, preparedness and 

learning outcomes 
 

The sudden transition to online learning 
exposed varying levels of student readiness and 
engagement, influenced in part by teacher support 
and learning conditions. According to the author 
[69], first-year mathematics students were 
moderately prepared for a fully online learning 
delivery mode, which impacted their performance. 
The present study outlined the importance of role of 
learner autonomy and suitable technology tools. 
The author [71] focused on gifted mathematics 
students and and found that while online learning 
reduced some social inequalities, rural students still 
struggled with internet and device access. The 
author [68] discussed intentional self-organisation 
to meet student needs in higher mathematics 
learning and research. Notably, the quarantine 
restrictions enhanced the learner’s independent 
learning skills. Furthermore, learners in the online 
environment utilise time inefficiently and manage 
their study skills poorly, which outlined the 
teacher’s role in structuring independent work.  

 
The author [70] analysed vocational school 

students' voluntary use of online learning resources 
and reported high engagement, particularly with 
materials that supported relational repetition. 
However, slight variations in resource usage were 
observed across different vocational fields, 
suggesting that discipline-specific customisation 
could further enhance student engagement. enhance 
student engagement. Summarily, these findings 
highlight the importance of equipping students with 
self-regulation skills and ensuring equitable access 
to essential learning resources. Such measures are 
critical to supporting effective learning in both 

online and blended mathematics education 
environments. 
 
6. DISCUSSION 

 
This section discusses the impact of blended 

learning and emerging technologies through three 
key areas: the effectiveness of blended learning and 
flipped classroom models in enhancing student 
engagement and learning, the role of virtual and 
embodied learning environments, including 
interactive simulations, VR, and sensory learning, 
in improving mathematical understanding, and the 
influence of teacher perspectives, professional 
development, and institutional support on the 
successful implementation of blended and virtual 
learning approaches. 

 
Blended learning and flipped classroom 

models consistently enhance student engagement, 
participation, and learning outcomes in 
mathematics education. Students exposed to these 
approaches demonstrated improved conceptual 
understanding and problem-solving abilities due to 
increased access to digital content and structured 
opportunities for self-regulated learning [72], [73]. 
The integration of in-class teacher guidance 
provides structured reinforcement, addressing 
digital scepticism while fostering a more interactive 
learning environment [72]. However, challenges 
such as increased teacher workload and student 
struggles with self-regulated learning persist, 
requiring scaffolded support and adaptive 
instructional strategies [74]. 

 
The pedagogical effectiveness of blended 

learning depends on the quality of instructional 
design [13], [75]. Successful implementations 
leverage video-based instruction, interactive 
simulations, and collaborative problem-solving 
activities, which enhance student motivation and 
learning retention [76]. Nonetheless, disparities in 
technological access and student digital literacy 
highlight the need for institutional support and 
equitable infrastructure to maximise the benefits of 
blended learning in diverse educational settings 
[77]. 

 
Emerging virtual and embodied learning 

technologies, such as interactive simulations, VR, 
and sensory-motor learning, have reshaped 
mathematics education by providing immersive 
learning experiences [78]. Sensory learning 
activities, including tablet-based problem-solving 
interfaces, support cognitive development by 
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engaging both motor skills and conceptual 
understanding [79]. However, full comprehension 
still relies on teacher mediation, as students may 
struggle with independent interpretation of digital 
simulations. 

 
Blended learning environments that integrate 

AI-driven interactions and physical learning 
activities have shown potential in improving 
arithmetic skills, student motivation, and self-
assessment abilities [7], [24]. Additionally, studies 
on virtual immersive learning demonstrate that 
immersive environments can deepen conceptual 
understanding but are hindered by technical 
challenges and accessibility issues. The success of 
virtual learning models depends on effective 
instructional design, teacher facilitation, and well-
structured digital interactions to ensure meaningful 
engagement and improved learning outcomes [80]. 

 
Teacher attitudes, confidence, and 

professional development significantly influence 
the successful implementation of blended and 
virtual learning models [81], [82], [83]. Teachers 
with higher self-efficacy in digital instruction tend 
to create more engaging and student-centered 
learning environments, while those lacking 
sufficient training struggle to fully integrate 
technology into their pedagogy [32]. Structured 
exposure to technology-enhanced teaching 
strategies in pre-service and in-service professional 
development has proven essential in building 
digital competence and pedagogical adaptability 
[84]. 

 
The effectiveness of blended learning also 

depends on teachers’ ability to facilitate student 
engagement and self-regulation [19], [85]. While 
blended learning models offer flexibility and 
personalized instruction, challenges remain in 
ensuring equitable access, maintaining student 
motivation, and addressing technological barriers. 
Moreover, the shift to digital instruction highlighted 
the need for stronger institutional support, teacher 
training, and student digital literacy development to 
sustain effective long-term technology integration 
[86], [87]. 
 

 
7. LIMITATIONS 
 

This study limited into blended learning and 
emerging technologies in mathematics education. 
First, the scope was constrained by the availability 
of recent, peer-reviewed literature, which may not 

fully reflect the rapid pace of technological 
innovation. Second, the variability in research 
methodologies among the selected studies limits 
direct comparisons of effectiveness across different 
learning environments.  

 
Additionally, most studies focus on short-term 

impacts, leaving gaps in understanding long-term 
student engagement and academic outcomes. 
Future research should explore longitudinal studies 
and examine the sustainability and scalability of 
technology-enhanced learning models in diverse 
educational contexts. 

 
8. RECOMMENDATIONS 
 

To enhance the impact of blended learning 
and digital technologies, educational stakeholders 
must implement strategic support systems. First, 
institutions should invest in structured teacher 
training programmes grounded in TPACK to 
improve digital pedagogical competence. Second, 
addressing technological disparities, especially 
those affecting marginalised communities, requires 
ensuring equitable access to digital tools and stable 
internet connectivity.  

 
Policymakers should support evidence-based 

integration of VR, AI, and interactive learning 
platforms into curricula. Further studies should 
focus on long-term student engagement and 
achievement metrics, particularly in 
underrepresented educational settings. 
Strengthening collaboration between educators, 
researchers, and technology developers is essential 
to refine and expand effective technology-enhanced 
learning models. 

 
9. CONCLUSION 
 

This review underscores the importance of 
addressing digital access barriers, nurturing teacher 
self-efficacy, and implementing responsive 
instructional strategies to improve blended learning 
environments in mathematics education. 
Thoughtfully designed interventions and consistent 
pedagogical support are vital for maximising the 
effectiveness of immersive and interactive tools in 
mathematics education.  

 
Moreover, equipping students with self-

regulation skills and ensuring equitable access to 
technology is critical for achieving improved 
learning outcomes and higher satisfaction in digital 
and blended contexts. These approaches create a 



 
 Journal of Theoretical and Applied Information Technology 

31st August 2025. Vol.103. No.16 
©   Little Lion Scientific  

 
ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
6260 

 

more supportive, engaging, and successful learning 
environment, which empowers educators and 
students to leverage the full potential of modern 
educational technologies. 
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