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Abstract

The purpose of this study is to identify the most prominent contemporary approaches to
mathematics teaching and examine their contribution to students’ academic achievement. The
study uses a descriptive-analytical approach (reviewing and analyzing a body of relevant
educational literature and previous theoretical and empirical studies on contemporary
mathematics teaching approaches such as flipped learning, inquiry based learning, project
based learning, technology enhanced learning and artificial intelligence). Studies reviewed
were compared to determine their main findings about how these approaches contribute to
mathematics learning and academic achievement. Contemporary mathematics teaching
approaches can positively contribute to students’ academic achievement through active
participation in class, classroom interaction, mathematical thinking, problem solving skills and
practical application of mathematical knowledge. Digital technologies and artificial intelligence
also offer opportunities for more interactive and personalized learning experiences but
effectiveness may vary depending on instructional design, educational context, student
characteristics and appropriate integration of technology into learning process. Contemporary
mathematics teaching approaches support the transition from teacher-centered instruction to
more learner-centered practices. Therefore, it recommends professional development for
teachers, incorporation of appropriate digital technologies and Al into mathematics instruction,
learning environments that promote inquiry, problem solving, interaction and active student
participation.
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1. Introduction

Mathematics teaching has been increasingly studied in educational research because
students’ academic achievement depends not only on what content is taught but also
on how learning is promoted (teacher-centered methods often focus on explanation,
memorization and repetition of exercises). These teacher-centred approaches may not
be able to meet the diverse abilities and learning needs of all students. Educational
research therefore places more emphasis on modern teaching approaches that
promote active participation, critical thinking, problem solving, self-regulated learning
and collaboration among students (Pellegrini et al., 2021; Johnson et al., 2000; Dignath
& Buttner, 2008; Donker et al., 2014; Cheng et al., 2019). In this way, mathematics
instruction becomes a process where students construct mathematical understanding
actively and apply their knowledge to different problems.
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Although modern teaching approaches have the potential to be beneficial, they are
not equally effective in all educational contexts. Their outcomes may depend on
instructional design (e.g., curriculum characteristics), teachers’ competencies,
students’ abilities and educational and cultural environments in which they are
implemented; therefore, an effectiveness of a particular teaching approach cannot be
assumed to be universal. Furthermore, diversity of students’ learning needs shows that
using one instructional approach will not yield optimal results for all learners.
Mathematics teaching requires approaches responsive to mathematical content,
individual student characteristics and conditions of learning environment (Giambona &
Porcu 2015)

These contextual differences become more relevant in Arab educational contexts
where context-specific empirical evidence is still an important factor when selecting
and implementing instructional approaches (previous research has stressed the need
to strengthen educational research in the Arab region and take into account
institutional and contextual factors that shape teaching and learning practices
(Almutairi et al., 2020; Hallinger & Hammad, 2019; Kayan-Fadlelmula et al., 2022). In
this broader context Iragi educational environment is also a relevant setting for
studying applicability of contemporary mathematics teaching approaches as transition
to interactive and learner centered instruction requires more attention to approaches
that meet students’ needs for learning and improve mathematics education
effectiveness.

A review of the literature reveals several important points. First, previous studies
have looked at different modern mathematics teaching approaches (flipped learning,
inquiry-based learning, project-based learning and technology enhanced learning) but
their findings are scattered across instructional approaches and educational settings.
Second, although these studies show evidence that some individual approaches might
contribute to mathematics learning and academic achievement, they cannot be
compared because of differences in research settings (e.g., lIraqi), student
characteristics (e.g., Iraqi) and instructional designs (e.g., Iraqi). Third, relevance of
these findings for Iragi education should be further investigated (e.g., integration of
major contemporary approaches and reported educational outcomes). Thus, a
research gap remains: Comparative and context sensitive analysis is needed to bring
together the findings from previous studies so as to understand how the contribution
of modern mathematics teaching approaches to students’ academic achievement and
whether they are relevant to Iragi education can be better understood.

In response to this gap the present study reviews and analyzes the literature on
contemporary mathematics teaching approaches and how they contribute to students’
academic achievement. That is, it identifies major approaches discussed in previous
research; compares findings about their effectiveness in mathematics learning; and
examines educational implications of these findings for Iraqi context (bringing together
evidence from different educational studies). Thus, by bringing evidence from different
educational studies the research aims at a wider understanding of what modern
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teaching approaches can do to improve mathematics instruction and support students’
academic achievement.

2. Method

In this study we use a descriptive-analytical literature review to investigate
contemporary approaches to mathematics teaching and their contribution to students’
academic achievement. The literature reviewed is drawn from selected body of
educational literature (theoretical publications as well as previous empirical studies on
modern mathematics teaching practices). Sources were chosen based on relevance
to the research questions (instructional approaches and their effects on mathematics
learning and academic achievement.

The five major approaches reviewed in the literature are flipped learning, inquiry-
based learning, project-based learning, technology enhanced learning and artificial
intelligence in mathematics education. The selected studies were analysed for their
main objectives, instructional approaches used, research findings reported and effects
on students’ learning outcomes. Comparative analysis was then done to find common
findings, differences across studies and factors that may influence effectiveness of
these approaches; findings were then synthesized to discuss educational implications
of contemporary teaching approaches in mathematics with particular reference to
relevance to Iraqi context.

3. Results and Discussion

The concept of mathematics teaching methods

Mathematics was the driving force for nearly all technological and scientific
development in the nineteenth and twentieth century. It is of great importance for
professional and social daily life activities (Maasz & Schloegimann, 2006). It has a key
role in the success of students and in the development of a developed nation.
Mathematics education has always been a part of general education and science
education. It is believed that a teaching method is very important in any development.
These differences of beliefs and values with regard to mathematics education systems
result in different mathematics education systems. Teachers are supposed to lead
students' thinking and learning and so need to motivate them to do so. To become
aware of the teaching practice activities done by teachers, we need to know about
learning and teaching methods. Different teaching methods, such as traditional,
problem-solving, and discovery learning, have been used in all educational systems all
over the world (Lessani & Bakar,2017).

Learning is one of the central elements of modern psychology. Different learning
theories and teaching methods have been put in use in all education systems around
the world. These three teaching methods (traditional, problem-solving, and discovery
learning) all rely on different learning theories (behaviorism, cognitivism, and
constructivism). Learning theories play a key role in mathematics teaching and
teaching methods, and each of these theories has implications in mathematics
education. To teach mathematics effectively, teachers are required to understand the
various teaching methods so that they can use this knowledge to inform their
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mathematics teaching processes. The teachers agreed that the teaching and learning
of mathematics is an ongoing process and students must develop an understanding of
the mathematics concepts and procedures at every level of the school. Teachers need
to provide students with the confidence to find their mathematical problems and think
critically to solve them as well as their life problems.

Deringdl (2020) argues that mathematics teaching methods are a set of approaches
and techniques used by teachers to organize the learning process in mathematics.
These include direct instruction, cooperative learning, question-and-answer sessions
and problem-solving. (Liliedahl et al. 2016) argue that mathematics teaching is closely
connected with problem solving, in which the problem is the starting point for building
mathematical knowledge and thinking skills rather than the application of rules after
learning them. Karlberg et al. (2021) suggest that mathematics teaching methods can
be based on cooperative learning by facilitating interaction, dialogue and the exchange
of ideas among students while addressing mathematical problems.

Expanding on these cognitive and social dimensions, Santos-Trigo (2024) argues
that effective mathematics teaching methods should assist mathematical thinking,
reasoning, modeling and communication beyond simply passing on information and
procedures to develop the thinking processes of the learner. As Al-Mukhini (2026)
explains, inquiry-based teaching makes the learner an active participant in research,
exploration, formulating and exploring ideas, and justifying results, with the teacher
acting as a guide and supporter. According to the above, modern mathematics
teaching methods constitute a set of practices that make a student successful in
building mathematical knowledge through understanding, thinking, problem-solving,
inquiry, and collaboration as well as the subject matter of mathematics, learner
characteristics and learning environment.

Evolution of mathematics teaching methods

The methods of teaching mathematics have evolved gradually with the shift in
perception of mathematical knowledge and of the role of the learner in the education
process. In the early stages, the focus was on the transfer of mathematical knowledge
and learning procedures and rules. Today, the emphasis is on understanding,
knowledge building, and the development of students' mathematical thinking.
Educational theories and teaching models developed in the nineteenth and twentieth
centuries changed the mathematics teaching methods and shifted them towards a
more holistic approach that focuses on the learner as well as the learner's active
involvement (Cotic et al., 2024). With the advent of mathematics education, problem
solving became a vital approach to improving the teaching process. A mathematical
problem did not become a means to learn knowledge from scratch but to develop
thinking, reasoning, conjecturing, and mathematical communication. This approach
has seen an increase in interest in the past decades, and this has been in a way driven
by the learners to learn about the problem, to come up with different solutions as well
and to justify their findings (Santos-Trigo, 2024)




Journal of Smart Education and Learning, 3(2), 2026, 83

Mathematics teaching methods then changed with the introduction of digital
technology into the education process. Its use began from simple applications that
were primarily practice and training-based to digital tools that provide dynamic
representations, simulations, and opportunities for exploration, enabling students to
interact more thoroughly with mathematical concepts and relationships (Clark-Wilson
et al., 2020). This change in the nature of mathematics teaching made technology part
of the learning environment instead of just an extra tool that was used by the teacher.
In recent years, mathematics teaching methods have increasingly focused on the use
of interactive digital environments, and technology has become much more related to
inquiry, interaction, mathematical representations, and problem solving. This trend has
been toward the transition away from technological adoption as a tool for aiding the
traditional teaching methods in order to reorganize and create new ways of learning
mathematics (Engelbrecht & Borba, 2024)

In contemporary education, such a development has come to include digital learning,
artificial intelligence, and virtual reality, and there is a growing interest in making
learning more interactive, flexible, and responsive to learners. Digital technologies
have increasingly influenced mathematics teaching, learning, and assessment
practices, which is indicative of the ever-evolving nature of education and the role of
teachers and learners (Weigand et al.,, 2024). The development of mathematics
teaching methods can be understood as a gradual progression from the transmission
of mathematical rules and procedures to understanding, mathematical thinking, and
problem solving, as well as interactive and inquiry-based learning, into the integration
of digital technologies and intelligent learning environments. It is a paradigm shift in
mathematics teaching that moves away from what the teacher teaches to what the
learner constructs in terms of mathematical knowledge and competencies (Cotic et al.,
2024; Santos-Trigo, 2024).

Major Modern Approaches to Teaching Mathematics

Today’s mathematics education has moved more towards a learner-driven approach
with emphasis on active participation, mathematical thinking, problem solving, inquiry,
collaboration and technology use. Rather than simply transmitting mathematical rules
and procedures, modern approaches focus on helping students build mathematical
knowledge and apply it in different contexts. This development has led to the
emergence of various modern approaches (Dogan & Kutukgu, 2024).

Problem-Based Learning

Problem-Based Learning (PBL) is one of the more modern approaches to mathematics
teaching. It is based on presenting students with mathematical problems or situations
that require them to use their previous knowledge and develop appropriate strategies
to reach solutions. Students are not required to apply a predetermined rule but they
analyze the problem, find information relevant to the problem, suggest possible
solutions, compare different strategies, and justify their conclusions. So PBL can
contribute to the development of mathematical reasoning, problem-solving skills, and
the ability to represent mathematical situations in different ways (Santos-Trigo, 2024).
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Inquiry-Based Learning

Inquiry-Based Learning (IBL) aims at students taking part in the exploration and
discovery of mathematical ideas rather than receiving concepts directly from the
teacher. Students might start with a mathematical question, problem, or situation that
motivates them to make hypotheses, test ideas, discuss the results, and then justify
their conclusions. In mathematics education, this approach is to teach students to
understand the patterns and relationships in mathematics and provide a deeper
understanding of mathematical concepts. It can serve in conjunction with other
approaches like flipped learning in order to enhance the opportunities for inquiry and
mathematical discussion during classroom time (Berg & Holst, 2024).

Cooperative Learning

Cooperative Learning is about groups of students coming together to solve math
problems or solve mathematical problems. Students discuss ideas, rationalize their
solution, and offer help to each other in the process of learning. It is not only the answer
that is correct but also mathematical communication, interaction, and sharing of
perspectives. As a result, this cooperative learning can bring deeper mathematical
knowledge, and the students have more active involvement in building knowledge
(Fadzil & Osman, 2025).

Project-Based Learning

Project-Based Learning (PjBL) is a method of putting mathematics in useful projects
and real-life situations. Students work on a project that is to show mathematics
concepts and skills in order to produce a product or result. It can be used to take
mathematics from a very abstract subject to a more meaningful and applied learning
experience. It also enables students to learn planning, data gathering, data analysis,
calculation, interpretation, and working together. Project-based learning can enhance
the students’ engagement, problem-solving, and application of mathematics in the real
world (Sanchez-Martin et al., 2021).

Flipped Learning

Flipped Learning restructures the traditional learning process with students able to
access basic instructional materials before class through videos, digital resources, or
other learning materials, while classroom time is devoted to discussion, practice,
inquiry, and problem solving. In mathematics education, this approach can promote
the students to engage in mathematical learning and discuss solving problems in the
classroom rather than just listening to explanations in the course. Recent applications
in mathematics have demonstrated that the combination of flipped learning with
inquiry-based learning methods can be used (Berg & Holst, 2024) to create more
interactive mathematics learning environments.

Technology-Enhanced Learning

Technology-Enhanced Learning is one of the most significant developments in modern
mathematics teaching. Digital technology is no longer limited to just providing
information or making mathematical calculations; rather it is an interactive platform for
dynamic visualization, mathematical representation, exploration, experimentation,
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communication, and assessment. Digital tools can also support flipped learning,
distance learning, and problem solving, as well as immediate feedback. As a result,
technology is a major part of the current mathematics teaching, learning, and
assessment environment that is changing the way we teach and how students learn
today (Weigand et al., 2024).

Artificial Intelligence and Adaptive Learning

Artificial Intelligence (Al) and adaptive learning are the most recent developments in
mathematics education. Al-based systems can analyze students’ performance and
provide learning activities, feedback, or support that are appropriate for the individual
learner and their level of learning. Recent research shows that Al in mathematics
education is not just about the teacher; Al in mathematics is also about intelligent
tutoring systems, automated assessment, personalized learning, and assistance with
math problem solving. However, the teacher still has a role to play to create learning
experiences for students, determine learning outcomes and to help them use Al
technologies in the right way (Yoon & Kwon, 2024).

In this light, current mathematics teaching is transforming and moving towards
active learning, mathematical thinking, problem solving, inquiry, collaboration, practical
application and the use of digital technologies and artificial intelligence. These
approaches are not competing or separate; they can be incorporated in a single
teaching design. For example, problem-based learning should be combined with
flipped learning and digital technologies to create an interactive, flexible and learner-
centered mathematics learning environment (Santos-Trigo, 2024; Weigand et al.,
2024).

Studies that have examined these methods and their impact on academic
achievement

Recent studies have considered the effects of modern approaches to mathematics
teaching on students’ academic performance and have generally supported positive
results, but the extent of the effect will depend as a function of individual teacher and
the educational environment. Egara and Mosimege (2024) found that the flipped
classroom approach significantly increased mathematics achievement in secondary
school students compared to conventional teaching. Pham et al. (2024) used data from
5,711 students in Vietnam and found a positive association between inquiry-based
pedagogy and mathematics performance, showing that students need to be
encouraged to engage in inquiry and mathematical thinking (Egara & Mosimege, 2024;
Pham et al., 2024).

As for cooperative learning, Phiwkham and Thienyutthakul (2024) showed that using
the STAD cooperative learning strategy with skill exercises improved mathematics
achievement among fifth-grade students, achieving better than the pre-defined
criterion. (Suttivilai and Kamrat, 2024 ) also showed that using the STAD strategy with
graphic organizers improved mathematics achievement among lower-secondary
students, with post-test performance exceeding the pre-defined criterion (Phiwkham &
Thienyutthakul, 2024; Suttivilai & Kamrat, 2024). In terms of project-based learning,
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(Rijken and Fraser, 2024) investigated the effectiveness of project-based learning
among 284 high school students and found that the impact on student outcomes was
sensitive to the learning context and the project-based group had a lower score than
the traditional group in some achievement measures. On the other hand, Safitri & Rizki
(2024) observed that students who participated in project-based learning had a higher
mathematics score than the traditional group.

Regarding technology-supported learning, Erayta¢g and Tarim (2024) studied the
impact of technology-supported mathematics instruction on students’ academic
achievement and found positive effects on learning outcomes. In the same vein, a
second-order meta-analysis conducted by Demir et al. (2024) combined results of
previous meta-analyses and found that technology-based mathematics instruction was
beneficial for students’ mathematics performance. Such findings imply that digital
technologies can enhance mathematics learning and be implemented into instructional
practices in a satisfactory manner (Erayta¢ & Tarim, 2024; Demir et al., 2024).

In terms of artificial intelligence, Pardos and Bhandari (2024) found that teaching
with ChatGPT-generated instructional assistance provided similar learning results as
that by human tutors. Mathematical topics such as algebra and statistics were covered
in the study, suggesting that generative artificial intelligence could be useful for
mathematics education. In addition, Hwang (2022) reviewed 21 experimental studies
and 30 independent samples to find a positive effect of artificial intelligence on the
mathematics achievement of elementary students, but the overall effect was small.
These studies show that there are different ways in which mathematics teaching
methods, such as flipped learning, inquiry-based learning, cooperative learning,
project-based learning, technology-enhanced learning, and artificial intelligence, can
be used to enhance students’ mathematics learning, but the results do not support the
claims of being an overall good mathematics teaching method and their effectiveness
is not uniform, as well as dependent on the instructional design, students’
characteristics, educational level, learning environment, and how technology is
incorporated into the learning environment. How effective the modern mathematics
teaching methods are to teach is still of necessity to identify the teaching methods
which students need to work on to improve their learning and learning performance.

The most significant studies that have considered the teaching methods of
mathematics and their applications to academic achievement can be summarized in
terms of the type of teaching, the main focus of the studies, the samples used and the
most important results. Table 1 summarizes these studies in a systematic manner to
describe the trends and findings of previous research in mathematics teaching and
student academic achievement.
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Table 1. Previous Studies on Modern Mathematics Teaching Approaches and Their Effects
on Students’ Academic Achievement

Modern

Aut:}zg?) & Teaching Study Objective /SI\’/IaeThpcl)(caj Main Findings
Approach
Egara & Flipped Looking at the Secondary Students who taught
Mosimege Learning impact of flipped school through the flipped
(2024) classroom students / classroom achieved
techniques on Experimental  significantly better math
student study achievement than those
mathematics who taught through
success and traditional coaching.
interests.
Liu et al. Inquiry- Exploring the 5,711 Inquiry-based pedagogy
(2024) Based relationship between students in was positively associated
Learning inquiry-first Vietnam / with overall mathematics
pedagogy and PISA 2022 achievement, suggesting
mathematics data the importance of vigorous
achievement. inquiry in mathematics
mastery.
Rijken & Project- To examine the 284 high- The effects of project-
Fraser (2024) Based effectiveness of school based learning varied
Learning project-based students / across learning outcomes
mathematics Empirical and depended on the
learning in relation study educational context and
to the learning implementation.
environment and
student outcomes.
Eraytag & Technology- To investigate the Grade 6 Technology-supported
Tarim (2024)  Enhanced effect of technology- students / mathematics instruction
Learning supported Experimental  had a positive effect on
mathematics study students’ academic
instruction on achievement.
students’ academic
achievement.
Demir et al. Technology- To synthesize Second-order  The findings indicated a
(2024) Based previous evidence meta-analysis positive overall effect of
Teaching concerning the technology-based
effect of technology- mathematics instruction on
based mathematics students’ mathematics
instruction on performance.
students’
mathematics
performance.
Pardos & Artificial To examine whether 274 ChatGPT-generated
Bhandari Intelligence / ChatGPT-generated participants / assistance produced
(2024) ChatGPT instructional Experimental  learning gains comparable
assistance can study to those achieved through
support the human tutor-authored

acquisition of
mathematics skills.

assistance in mathematics
skills.

Analysis and Discussion of the Previous Studies

The study results presented in the table indicate a growing interest in modern
mathematical teaching to enhance students’ academic performance. In general, most
of the studies studied found a positive impact of modern teaching methods compared
to traditional teaching methods, as such methods are more productive (engaged
students, interaction, mathematical thinking, and problem solving) (Egara & Mosimege,
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2024; Liu et al., 2024). There are positive outcomes in mathematics achievement and
learning in flipped learning and inquiry-based learning, so students get better math
performance (Egara & Mosimege, 2024; Liu et al., 2024). Technology-enhanced
learning is found to enhance students’ mathematics performance and academic
performance (Erayta¢g & Tarim, 2024; Demir et al., 2024). Project-based learning,
however, does not show that the effectiveness of modern teaching is consistent across
different educational settings. The study of artificial intelligence in mathematics
education is also earlier research in mathematics education and demonstrated that Al-
driven teaching assistance can assist students in learning mathematics and can have
similar educational benefits to human tutoring (Pardos & Bhandari, 2024).

Taken together, these studies indicate a transition from teacher-centered teaching
to a new kind of teaching in mathematics education and to teaching methods that invite
students to be more active in building mathematical knowledge. However, the
differences between studies in the literature are more evidence that modern teaching
approaches not only need to be effective but also are designed for the purposes of
teacher-based teaching and the implementation of the techniques for students and the
educational environment is also important (Rijken & Fraser, 2024; Demir et al., 2024).
There is also more research that is needed to test the effectiveness of the modern
mathematics teaching approaches in different educational systems and to assess its
effect on students’ performance.

Role of Modern Teaching Approaches in Developing Academic Achievement
The contemporary mathematics teaching approach is important in students’ academic
achievement and can shift the learning process from passive reception of information
to active engagement, interaction and formation of knowledge. These methods allow
students to learn how to do math in a more realistic way, learn about mathematical
concepts, discuss different solution ideas, and use mathematical knowledge in actual
life situations. These activities can help in understanding mathematics and
mathematical skills in a more meaningful way (Egara & Mosimege, 2024; Liu et al.,
2024)T. his approach is crucial also in developing students' mathematical thinking and
problem-solving skills. Inquiry-based and project-based learning will get students to
analyze problems, develop explanations, make sense of and connect mathematical
concepts to real-world situations. Students are better able to get an understanding of
mathematics by engaging in this activity and the mathematics (Liu et al., 2024; Rijken
& Fraser, 2024). And cooperative and interactive learning environments will enable
students to share ideas and explain their mathematical reasoning and can help
students develop ideas and classroom participation.

Digital technologies further enhance the current teaching framework by giving
hands-on representations, immediate feedback, opportunities for exploration and
broad learning resources. If technology is incorporated into mathematics instruction it
may help students visualize abstract mathematical concepts and learn more actively,
which will help them better in mathematics (Erayta¢ & Tarim, 2024; Demir et al., 2024).
Similarly, artificial intelligence has brought new opportunities for personalized learning
and instructional support, where Al-generated assistance has been shown to enhance
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learning in mathematics skills (Pardos & Bhandari, 2024). In other words, modern
mathematics teaching methods are at the heart of their successful delivery because
they encourage students to actively develop knowledge (and not just teach it in order
to make it more accessible).

4. Conclusions

The literature reviewed is clear that modern mathematics teaching can improve
students’ achievement but the effectiveness of modern methods depends on the
context in which it is implemented. Flipped learning and inquiry-based learning have
been shown to increase mathematics learning in students and they have more
opportunities for interaction and mathematical thought (Egara & Mosimege, 2024; Liu
et al.,, 2024). And technology-enabled mathematics teaching has shown positive
effects as well, that if digital tools are integrated into teaching practices, they can
enhance learning (Eraytag & Tarim, 2024; Demir et al., 2024). However, project-based
learning research also suggests that modern methods may not produce the same
outcomes as old methods because they vary in the learning environment, teaching
method, and learning outcomes (Rijken & Fraser, 2024). So, modern teaching methods
are not enough to lead to improved academic achievement, but learning is designed
to be successful, implemented and aligned to the students’ needs.

Another important conclusion of the reviewed works is that digital technologies and
artificial intelligence are replacing traditional educational methods in mathematics
education. As technology-driven learning has given students a better experience with
visualization and exploration, interaction and feedback, artificial intelligence can help
in providing support for their learning by focusing on students in their learning (Demir
et al., 2024; Pardos & Bhandari, 2024). But these technologies should be viewed as
complementary to the teaching process and not as substitutes for the best teaching
practices. In general, the studies reviewed indicate that we are moving towards
learner-centered mathematics education in which students are encouraged to
participate, understand mathematics, solve problems and use knowledge to help
students, but different dimensions of the results are studied differently and further
empirical research and data to be done in other fields and in different contexts should
be done. So, studying the role of modern mathematics teaching approaches in
developing academic achievement remains important for identifying instructional
practices that can effectively enhance students’ mathematical learning and
achievement.

The study suggests that mathematics teachers should be encouraged to use
contemporary teaching approaches (flipped learning, inquiry-based learning, project-
based learning and technology enhanced learning) according to the nature of
mathematical content and students’ needs and implement continuous professional
development programs so teachers have the knowledge and skills to design and apply
them. Digital technologies and artificial intelligence should also be appropriately used
in mathematics instruction to enable interactive learning experiences; mathematical
representation support; personalized learning; immediate feedback. Mathematics




Journal of Smart Education and Learning, 3(2), 2026, 90

curricula should offer more opportunities for active learning through mathematical
inquiry, problem solving, practical applications, classroom discussion and collaboration
than traditional instructional presentations only.

When selecting modern teaching approaches and implementing them teachers
need to take individual differences among students into account as well as how learner
characteristics and educational contexts influence effectiveness of instruction. Schools
and universities must provide technological infrastructure and digital resources for
technology enhanced mathematics education. Assessment practices should also be
aligned with contemporary teaching approaches — rather than memorization they
evaluate students’ mathematical understanding, reasoning, problem solving abilities
and practical application of knowledge. Finally empirical research should be conducted
to evaluate modern mathematics teaching approaches at different educational levels
and contexts (comparing instructional approaches), long term effects on students’
academic achievement.

Acknowlegment

The author wishes to thank the editors and anonymous reviewers of the Journal of
Smart Education and Learning for their time, efforts, and valuable consideration of this
manuscript.

References

Al-Mukhini, W. R. R. (2026). Mathematics teachers’ perceptions and practices of
inquiry-based teaching in basic education schools in the Sultanate of Oman.
Discover Education, 5(511), 1-14. https://doi.org/10.1007/s44217-026-01380-6

Almutairi S, Heller M, Yen D (2020) Reclaiming the heterogeneity of the Arab states.
Cross Cultural Strategic Management, 28(1), 158-176.
https://doi.org/10.1108/CCSM-09-2019-0170

Berg, A., & Holst, S. (2024). Inquiry-based linear algebra teaching and learning in a
flipped classroom framework: A case study. PRIMUS, 35(9-10), 1071-1091.
https://doi.org/10.1080/10511970.2024.2375712

Cheng L, Ritzhaupt A, Antonenko P (2019) Effects of the flipped classroom
instructional strategy on students’ learning outcomes: a meta-analysis.
Educational Technology Research and Development, 67(4):793-824.
https://doi.org/10.1007/s11423-018-9633-7

Clark-Wilson, A., Robutti, O., & Thomas, M. (2020). Teaching with digital technology.
ZDM-Mathematics Education, 52, 1223-1242. https://doi.org/10.1007/s11858-
020-01196-0

Cotic, M., Doz, D., Jenko, M., & Zakelj, A. (2024). Mathematics education: What was
it, what is it, and what will it be? International Electronic Journal of Mathematics
Education, 19(3), 1-14. https://doi.org/10.29333/iejme/14700

Demir, M., Kaya, M., Celik, A., & Filiz, T. (2024). The effect of technology-based
mathematics teaching on mathematics performance: A second-order meta-
analysis. Educational Technology Theory and Practice, 14(2), 260-285.
https://doi.org/10.17943/etku.140189



https://doi.org/10.1007/s44217-026-01380-6
https://doi.org/10.1108/CCSM-09-2019-0170
https://doi.org/10.1080/10511970.2024.2375712
https://link.springer.com/journal/11423
https://doi.org/10.1007/s11423-018-9633-7
https://doi.org/10.1007/s11858-020-01196-0
https://doi.org/10.1007/s11858-020-01196-0
https://doi.org/10.29333/iejme/14700
https://doi.org/10.17943/etku.1401897?utm_source=chatgpt.com

Journal of Smart Education and Learning, 3(2), 2026, 91

Deringdl, Y. (2020). Methods and techniques that classroom teachers use in
mathematics lesson. Inéni University Journal of the Faculty of Education, 21(1),
1-12. https://doi.org/10.17679/inuefd.467893

Dignath C, Buttner G (2008) Components of fostering self-regulated learning among
students. A meta-analysis on intervention studies at primary and secondary school
level. Metacognition and Learning, 3(3), 231-264. https://doi.org/10.1007/s11409-
008-9029-x

Dogan, A., & Kutukgu, S. (2024). Classroom teachers' perspectives on new
approaches to teaching mathematics. Asian Journal of Instruction, 12(2), 1-20.
https://doi.org/10.47215/aji. 1497320

Donker AS, De Boer H, Kostons D, Van Ewijk CD, Van der Werf MP (2014)
Effectiveness of learning strategy instruction on academic performance: a meta-
analysis. Educational Research Review, 11(9), 1-26.
https://doi.org/10.1016/j.edurev.2013.11.002

Egara, F. O., & Mosimege, M. (2024). Effect of flipped classroom learning approach
on mathematics achievement and interest among secondary school students.
Education and Information Technologies, 29, 8131-8150.
https://doi.org/10.1007/s10639-023-12145-1

Engelbrecht, J., & Borba, M. C. (2024). Recent developments in using digital
technology in mathematics education. ZDM-Mathematics Education, 56, 281—
292. https://doi.org/10.1007/s11858-023-01530-2

Eraytag, O. F., & Tarnim, K. (2024). 6. Sinif matematik dersinde teknoloji destekli
ogretimin 6grencilerin akademik basarilarina etkisi. Journal of Theory and Practice
in Education, 20(2), 184—205. https://doi.org/10.17244/eku.1482878

Fadzil, N. M., & Osman, S. (2025). Scoping the landscape: Comparative review of
collaborative learning methods in mathematical problem-solving pedagogy.
International Electronic Journal of Mathematics Education, 20(2), em0820.
https://doi.org/10.29333/iejme/15935

Giambona F., & Porcu M. (2015) Student background determinants of reading
achievement in Italy. A quantile regression analysis. International Journal of
Educational Development, 44(September 2015), 95-107.
https://doi.org/10.1016/j.ijjledudev.2015.07.005

Hallinger P, Hammad W (2019) Knowledge production on educational leadership and
management in Arab societies: a systematic review of research. Educational
Management Administration & Leadership, 47(1), 20-36.
https://doi.org/10.1177/1741143217717280

Hwang, S. (2022). Examining the Effects of Artificial Intelligence on Elementary
Students’ Mathematics Achievement: A Meta-Analysis. Sustainability, 14(20),
13185. https://doi.org/10.3390/su142013185

Johnson, D.W., Johnson, R.T., & Stanne, M.B. (2000). Cooperative learning methods:
A meta-analysis. Cooperative Learning Center at the University of Minnesota

Karlberg, M., Kilborn, W., & Eriksson, P. (2021). Mathematical problem-solving through
cooperative learning—The importance of peer acceptance and friendships.
Frontiers in Education, 6, 710296. https://doi.org/10.3389/feduc.2021.710296



https://doi.org/10.17679/inuefd.467893
https://doi.org/10.1007/s11409-008-9029-x
https://doi.org/10.1007/s11409-008-9029-x
https://doi.org/10.47215/aji.1497320
https://www.researchgate.net/journal/Educational-Research-Review-1878-0385?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1016/j.edurev.2013.11.002
https://doi.org/10.1007/s10639-023-12145-1
https://doi.org/10.1007/s11858-023-01530-2
https://doi.org/10.17244/eku.1482878?utm_source=chatgpt.com
https://doi.org/10.29333/iejme/15935
https://doi.org/10.1016/j.ijedudev.2015.07.005
https://doi.org/10.1177/1741143217717280
https://doi.org/10.3390/su142013185
https://doi.org/10.3389/feduc.2021.710296

Journal of Smart Education and Learning, 3(2), 2026, 92

Kayan-Fadlelmula F, Sellami A, Abdelkader N, Umer S (2022) A systematic review of
STEM education research in the GCC countries: Trends, gaps and barriers.
International Journal of STEM Education, 9(1), 1-24.
https://doi.org/10.1186/s40594-021-00319-7

Lessani, A., Yunus, A., & Bakar, K. (2017). Comparison of New Mathematics Teaching
Methods with Traditional Method. People: International Journal of Social
Sciences, 3(2), 1285-1297. https://doi.org/10.20319/pijss.2017.32.12851297

Liljedahl, P., Santos-Trigo, M., Malaspina, U., & Bruder, R. (2016). Problem solving in
mathematics education. In A. Gutiérrez, G. Leder, & P. Boero (Eds.), The second
handbook of research on the psychology of mathematics education, (1-39).
Springer. https://doi.org/10.1007/978-3-319-40730-2_1

Liu, J., Abdul, A., Amin, A., Aziku, M., & Chen, Y. (2024). Can inquiry-based pedagogy
improve math performance? Evidence from 5711 students in Vietham on the

mediating role of math attitude. International Journal of Educational Development,
111, 103170. https://doi.org/10.1016/j.ijedudev.2024.103170

Maasz, J., & Schloeglmann, W. (2006). New Mathematics Education Research and
Practice. Sense Publishers.

Pardos, Z. A., & Bhandari, S. (2024). ChatGPT-generated help produces learning
gains equivalent to human tutor-authored help on mathematics skills. PLOS ONE,
19(5), e0304013. https://doi.org/10.1371/journal.pone.0304013

Pellegrini M., Lake C., Neitzel A, Slavin R.E. (2021). Effective programs in elementary
mathematics: a meta-analysis. AERA Open, 7.
https://doi.org/10.1177/233285842098621 1

Pham, K. T., Thi Do, L. H., Dinh, H. V. T., Nguyen, Q. A. T., Phan, Q. N., & Ha, X. V.
(2024). Professional development of primary school teachers in Vietnamese
educational reform context: an analysis from a sociocultural perspective.
Education 3-13, 52(3), 428—443. https://doi.org/10.1080/03004279.2023.2168502

Phiwkham, T., & Thienyutthakul, S. (2024). A Study of Mathematical Learning
Achievement on Problems Including Addition, Subtraction, Multiplication, Division
of Fractions and Mixed Numbers by Using the STAD Cooperative Learning
Management with Skill Exercises of Grade 5 Students. Journal of Education Yala
Rajabhat University, 3(2), 99-110. https://so008.tci-
thaijo.org/index.php/jeduyru/article/view/2796

Rijken, P. E., & Fraser, B. J. (2024). Effectiveness of project-based mathematics in
first-year high school in terms of learning environment and student outcomes.
Learning Environments Research, 27, 241-263.
https://doi.org/10.1007/s10984-023-09477-7

Safitri, S. A., & Rizki, N. A. (2024). Analisis Efektivitas Model Pembelajaran Project-
Based Learning Terhadap Hasil Belajar Matematika Kelas VII SMP Boarding-
School. JP2M (Jurnal Pendidikan dan Pembelajaran Matematika), 10(2), 393-400.
https://doi.org/10.29100/jp2m.v10i2.6273

Sanchez-Martin, J., et al. (2021). Analysis of the use and integration of the flipped
learning model, project-based learning, and gamification methodologies by
secondary school mathematics teachers. Sustainability, 13(5), 2606.
https://doi.org/10.3390/su13052606



https://doi.org/10.1186/s40594-021-00319-7
https://doi.org/10.20319/pijss.2017.32.12851297
https://doi.org/10.1007/978-3-319-40730-2_1
https://doi.org/10.1016/j.ijedudev.2024.103170
https://doi.org/10.1371/journal.pone.0304013?utm_source=chatgpt.com
https://doi.org/10.1177/2332858420986211
https://doi.org/10.1080/03004279.2023.2168502
https://so08.tci-thaijo.org/index.php/jeduyru/article/view/2796
https://so08.tci-thaijo.org/index.php/jeduyru/article/view/2796
https://doi.org/10.1007/s10984-023-09477-7
https://doi.org/10.3390/su13052606

Journal of Smart Education and Learning, 3(2), 2026, 93

Santos-Trigo, M. (2024). Problem solving in mathematics education: Tracing its
foundations and current research-practice trends. ZDM-Mathematics Education,
56, 211-222. https://doi.org/10.1007/s11858-024-01578-8

Suttivilai, W., & Kamrat, N. (2024). The Effects of Cooperative Learning STAD
Technique with Graphic Organizer on Learning Achievement and Attitude towards
Mathematics Learning on Mathayomsuksa 1 Students. Education Journal Faculty
of Education, Nakhon Sawan Rajabhat University, 7(2), 102-112.
https://doi.org/10.2774.EDU2024.2.265970

Weigand, H.-G., Trgalova, J., & Tabach, M. (2024). Mathematics teaching, learning,
and assessment in the digital age. ZDM-Mathematics Education, 56, 525-541.
https://doi.org/10.1007/s11858-024-01612-9

Yoon, J., & Kwon, O. N. (2024). Systematic literature review on Al-based mathematics
teaching and learning: Focusing on the role of Al and teachers. The Mathematics
Education, 63(3), 573-591. https://doi.org/10.7468/mathedu.2024.63.3.573



https://doi.org/10.1007/s11858-024-01578-8
https://doi.org/10.2774.EDU2024.2.265970
https://doi.org/10.1007/s11858-024-01612-9
https://doi.org/10.7468/mathedu.2024.63.3.573

