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Abstract

This systematic review synthesizes findings from 43 past studies to examine the
challenges and effectiveness of integrating Information and Communication
Technology facilities into secondaty school mathematics instruction. The
primary objective was to analyze ICT’s potential to enhance the teaching and
learning of mathematical concepts. Studies were selected based on publication
date, relevance to secondary school mathematics, and focus on both the benefits
and challenges of ICT integration. The review revealed significant benefits of
ICT, including increased student motivation and improved communication.
However, it also underscored that the effectiveness of ICT integration is highly
dependent on implementation and support within the teaching environment. A
detailed analysis of the selected literature highlighted common themes and
barriers teachers face when incorporating ICT. Results indicated that while ICT
tools enhance mathematical learning, successful integration requires linkages to
factors such as teacher training, adequate infrastructure, and the ability to adapt
ICT to the existing curriculum. Furthermore, the review identified a notable gap
in research concerning the challenges teachers face. This suggests a critical need
for future studies to investigate deeper into these obstacles. This analysis stresses
the imperative for more research into the barriers to effective ICT
implementation in secondary school mathematics education. Despite the
documented advantages of ICT in teaching, there is a clear gap in understanding
the challenges teachers encounter. Future research should not only focus on the
benefits of ICT but also on strategies to overcome these obstacles, ultimately
ensuring successful ICT integration to enhance teaching outcomes and student
engagement in mathematics education.
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The integration of Information and Communication Technology (ICT) into secondaty school

mathematics instruction has become a focal point for educational researchers, offering potential
improvements in teaching methods and student engagement (Alshuaybat, 2025). As the role of ICT
continues to evolve in education, understanding both its benefits and challenges is essential for creating
effective learning environments. This paper aimed to explore the challenges and effective use of ICT in the
context of secondary school mathematics, focusing on how ICT can be leveraged to enhance teaching
practices and raise greater student motivation. By addressing both the advantages and obstacles associated
with ICT integration, this study provided insights into its impact on mathematical instruction.

To achieve this, the researcher conducted an extensive literature review, selecting and analyzing
academic studies that explored the role of ICT in secondary school mathematics education. The review was
designed to identify key factors that contribute to successful ICT implementation and to examine the
challenges that teachers face when incorporating these technologies into their teaching practices. Google
Scholar was the primary database used for this search, with a systematic strategy that included a set of
carefully chosen keywords. These included terms such as ICT facilities, mathematics instruction, ICT
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integration in teaching and learning, effective communication, and motivation, ensuring that the review
encompassed a broad range of relevant studies.

By analyzing a wide array of studies, the researcher sought to uncover the underlying themes
surrounding the use of ICT in mathematics education. The goal was not only to highlight the benefits of
ICT, such as enhanced student motivation and improved communication, but also to understand the
barriers that hinder its effective integration. This review was intended to offer a comprehensive overview
of the current state of research on ICT in secondary school mathematics, providing valuable insights for
teachers, policymakers, and researchers who seek to understand and address the challenges of ICT
integration in the classroom.

Research Objective: The overarching goal of this research was to critically examine existing literature
on the integration of ICT facilities in secondary mathematics education. Specifically, this review aimed:

1. To identify how ICT enhances instructional practices in secondary mathematics education.

2. To explore the ways in which ICT supports communication and student motivation within secondary
mathematics learning environments.

3. To analyze the challenges teachers face in the effective implementation of ICT facilities in secondary
mathematics instruction.

1.1. Literature Review

In today’s digital age, Information and Communication Technology (ICT) has revolutionized
education, offering innovative tools to enhance teaching and learning. Various ICT facilities, such as
computers, the internet, digital multimedia, electronic notice boards, overhead projectors, and optical fibers,
have transformed the instructional process (Niyibizi & Mutarutinya, 2024). The potential for ICT to reshape
teacher training, particularly in developing countries, is immense. It provides educators with access to high-
quality resources, expert support, and dynamic teaching strategies (Ofosu-Asare, 2024).

The global connectivity facilitated by undersea fiber-optic cables has played a crucial role in the
expansion of ICT, making the world more interconnected than ever before (O’Malley, 2024). In
mathematics education, ICT tools create unique opportunities for teaching and learning at all levels
(Cirneanu & Moldoveanu, 2024; Drijvers & Sinclair, 2024; Wiest, 2024). Rwanda also recognizes the urgent
need to integrate ICT to enhance students’ learning capacity (Niyibizi & Mutarutinya, 2023; Bibakumana &
Niyibizi, 2024; Mushimiyimana et al., 2025). As traditional classroom models evolve, digital advancements
continue to redefine educational practices, increasing a more engaging and interactive learning environment
(Adera, 2025; Yadav, 2024).

To prepare students for the future, there is a pressing need to transition from conventional teaching
approaches to technology-driven instruction (Gulyamov, Egamberdiev, & Naeem, 2024; Zou, 2024).
Mathematics education, in particular, benefits greatly from ICT integration (Darmayanti, 2024; Drijvers &
Sinclair, 2024; Engelbrecht & Borba, 2024; Mensah & Ampadu, 2024). However, despite the advantages,
the use of ICT in mathematics instruction remains limited (Fitrah, Setiawan, & Marinding, 2024; Mwaniki,
Nyamu, & Waititu, 2024; Yuberta, 2024). Therefore, the Governments and stakeholders must take
proactive steps to equip schools with the necessary ICT tools to maximize their impact in Education
(Darmayanti, 2024). Studies indicate that integrating technology into mathematics teaching not only
improves efficiency but also deepens students’ conceptual understanding (Cirneanu & Moldoveanu, 2024;
Niyibizi & Mutarutinya, 2024; Zhu, 2024).

Educational policies worldwide emphasize the importance of providing adequate ICT resources in
schools. These tools play a significant role in lesson planning, time management, evaluation processes, and
student assessment (Niyibizi & Mutarutinya, 2023). Moreover, ICT facilitates interactive learning
experiences, making education more practical and engaging (Cirneanu & Moldoveanu, 2024). However,
despite its growing influence, ICT remains underutilized in mathematics classrooms (Niyibizi &
Mutarutinya, 2024; Vivian Morenike & Saziwa, 2025). Future research should explore not only how ICT is
used in teaching but also the challenges teachers face in implementing these tools effectively (Farhana,
Khan, & Chowdhury, 2024)
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A crucial aspect of ICT integration in mathematics instruction is the use of calculators. The rapid
advancement of calculator technology has created a gap between traditional mathematics teaching methods
and modern, technology-assisted learning approaches (Lin, Zhang, & Xiong, 2025). Nowadays, students
have access to advanced personal computing devices and software that enable numerical computation,
geometric modeling, and interactive problem-solving (Choirudin, Lubis, & Masuwd, 2025). Research shows
that students’ problem-solving strategies shift depending on the tools available, highlighting the importance
of integrating calculators effectively into mathematics instruction (Agbata, et al., 2024).

Beyond calculators, the internet serves as a powerful educational resource, enabling students and
teachers to access information, download learning materials, and engage in real-time communication
(Ahmad, 2024). In the modern world, where global connectivity is crucial, the internet plays a pivotal role
in ICT-driven education. Without the internet, even the most sophisticated devices would be rendered
ineffective (Vallabhaneni, 2024). The internet facilitates seamless interaction, collaboration, and access to
educational content, making learning more efficient and engaging (Kalyani, 2024).

Mathematics is deeply connected to real-life applications, making it essential for schools to have
strong mathematical infrastructures that support effective learning (Vivian Morenike & Saziwa, 2025). ICT
not only enhances students’ knowledge and problem-solving skills but also improves motivation, self-
learning, communication, and engagement with mathematical concepts (Alshuaybat, 2025). Studies suggest
that students are more motivated to learn mathematics when it is taught using interactive techniques and
digital tools (Cirneanu & Moldoveanu, 2024; Ofosu-Asare, 2024). Technology brings abstract mathematical
concepts to life, making learning more dynamic and enjoyable (Engelbrecht & Borba, 2024).

Despite its potential, many primary and secondary school mathematics teachers still do not integrate
ICT into their lessons (Dockendorff & Zaccarelli, 2024). Research findings suggest that ICT tools allow
students to focus on conceptual exploration rather than spending excessive time on manual computations
(Mwaniki et al., 2024). This efficiency highlights the necessity of incorporating ICT in mathematics
instruction at all educational levels (Bibakumana & Niyibizi, 2024). In fact, the impact of ICT on
mathematics education appears to be greater than previously recognized (Niyibizi & Mutarutinya, 2024).

From increased motivation and learning enjoyment to improved performance and teamwork skills,
ICT significantly enhances student outcomes (Kalyani, 2024). The steady adoption of technology in
education reflects a shift in organizational learning approaches (Ofosu-Asare, 2024). However, despite its
advantages, a lack of ICT facilities often limits its impact on students’ mathematics performance (Drijvers
& Sinclair, 2024). Additionally, teachers’ confidence in using ICT for mathematics instruction is influenced
by factors such as age, experience, and prior exposure to technology (Arhin et al., 2024).

Several challenges delay the seamless integration of ICT in education. According to Buabeng and
Amo-Darko (2025) highlighted key obstacles including inadequate ICT training, time constraints, complex
implementation processes, and limited technical support. Teachers also report infrastructural challenges,
such as unreliable electricity, poor internet connectivity, and insufficient access to hardware and software.

Barriers to ICT integration extend beyond infrastructure. Teachers struggle with factors like ethical
considerations, resource management, affordability, and tool integration (Nwuke & Yellowe, 2025). In
many cases, available ICT resources are not fully utilized in mathematics instruction (Arhin et al., 2024).
Teachers often lack the necessary training and support to incorporate digital tools effectively into their
lessons (O’Malley, 2024). Furthermore, limited internet access and low motivation to use ICT further hinder
its adoption (Alshuaybat, 2025).

The COVID-19 pandemic exposed further challenges in ICT-based mathematics instruction.
Secondary school mathematics teachers faced significant difficulties in transitioning to e-learning during
school closures (Ion & Popescu, 2024). Students, in particular, struggled due to limited device availability,
poor internet connectivity, and inadequate digital literacy (Mavutha & Mabotja, 2024). To keep pace with
rapid technological advancements, teachers must continuously update their knowledge and skills (Rahimi
& Oh, 2024). Unfortunately, a lack of computers, insufficient training, and unreliable internet access
continue to limit the successful integration of ICT in mathematics education (Ofosu-Asare, 2024).

Despite these challenges, ICT has proven to be a powerful tool for enhancing student engagement,
improving communication, and making mathematical concepts more tangible (Chisunum & Nwadiokwu,
2024). When integrated effectively, ICT raises interactive learning experiences, helping students connect
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mathematical theories to real-world applications. Research confirms that students who use ICT tools in
mathematics instruction demonstrate higher motivation, better problem-solving abilities, and greater
conceptual understanding (Supriadi & Suherman, 2024). Teachers also benefit from ICT, as it enhances
their instructional strategies, professional development, and overall teaching effectiveness (Mahmoud &
Bawaneh, 2025).

Moving forward, it was crucial to address the barriers that prevent the widespread adoption of ICT
in mathematics education. Policymakers, teachers, and stakeholders must work collaboratively to ensure
schools have the necessary infrastructure, training, and support to influence technology effectively. Future
research should focus not only on the benefits of ICT but also on identitying practical solutions to
overcome the challenges associated with its implementation. By embracing digital tools in mathematics
education, we can create a more engaging, efficient, and effective learning environment for students
worldwide.

2. METHODS

The process of selecting and eliminating studies for this research involved a systematic and structured
approach to ensure the inclusion of only the most relevant and high-quality literature. The initial search,
conducted using Google Scholar, yielded a large number of studies based on the keywords; ICT facilities,
mathematics instruction, ICT integration in teaching and learning, effective communication, and
motivation. After reviewing the search results, 51 studies were identified as potentially relevant. However,
to narrow this down to studies that most closely aligned with the research objectives, an inclusion and
exclusion criterion was applied. Inclusion criteria focused on studies that specifically addressed ICT
integration in secondary school mathematics, while exclusion criteria were based on factors such as the
absence of empirical data and a focus on other educational levels or subjects.

The elimination process from 51 studies to 43 studies was carried out in several stages. Initially,
studies that did not focus on secondary school mathematics and did not address ICT integration were
excluded. For example, studies that focused only on primary education or higher education were removed,
as they were considered not directly applicable to the research objective. Next, studies that lacked empirical
data and failed to present clear findings were eliminated. This also included papers that only provided
theoretical discussions without practical evidence of ICT use in the classroom. Furthermore, duplicate
studies were identified and removed from the selection. This structured process helped refine the pool of
studies to those that were most pertinent to the research focus, ensuring the integrity and relevance of the
final set.

To provide a clearer and more structured overview of the elimination process, a list was used to
show the breakdown of the studies at each stage. The downloaded list of previous studies presented the
initial 51 studies, followed by categories for the reasons of exclusion, such as irrelevant subject focus, lack
of empirical data, or duplicate studies, leading to the final 43 studies. The list allowed researcher to easily
understand the rationale behind each decision and how the number of studies was reduced in a transparent
and systematic manner. The list elimination process was integral to narrowing the research focus to only
the most valuable and relevant studies for the review.

The selected 43 studies were then reviewed in-depth, with the findings organized into three central
focus areas: the integration of ICT facilities into mathematics instruction, the role of ICT in enhancing
communication and motivation, and the challenges teachers face when incorporating technology. Each
focus area was assessed using a thematic analysis approach, which allowed for a clear categorization of
tindings across studies. The review model applied to each focus area involved identifying common themes,
trends, and patterns across the studies, which were then synthesized to offer insights into the broader
implications for ICT use in secondary school mathematics. This thematic approach allowed the researcher
to compare and contrast the results from various studies in a structured and organized manner.

The number of studies reviewed within each focus area varied. For example, the integration of ICT
facilities into mathematics instruction was explored in 15 studies, with a focus on specific ICT tools such
as interactive whiteboards and educational software. The second focus area, which examined the role of
ICT in enhancing communication and motivation, involved 12 studies that highlighted the positive impact
of ICT in raising interactive and collaborative learning environments. Finally, the challenges faced by
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teachers in integrating ICT were discussed in 16 studies, with common barriers identified, such as lack of
teacher training, insufficient infrastructure, and resistance to change. This detailed, thematic analysis helped
to form a comprehensive understanding of how ICT is utilized in secondary school mathematics education
and the factors that influence its success or failure.

To improve the methodology’s clarity and replicability, the search strategy used on Google Scholar
including the specific keywords. The inclusion criteria were strictly limited to empirical studies in English
focusing on ICT integration in secondary school mathematics, while excluded documents included
theoretical papers, review articles, and research from other educational levels or subjects. The chosen
timeline for studies, from 2023 to 2025, was selected to ensure the review captured the most relevant and
current research on contemporary ICT applications in education.

3. RESULTS AND DISCUSSION

The review synthesized findings from 43 selected studies categorized into three major themes: (1)
the integration of ICT facilities into mathematics instruction, (2) the role of ICT in enhancing
communication and motivation, and (3) the challenges teachers face in integrating ICT. The structured and
systematic approach in selecting these studies ensured empirical grounding, relevance to secondary school
mathematics, and a focus on ICT-based learning.

This study contributed significantly to existing literature by providing a thematically organized
synthesis of empirical evidence on ICT integration in mathematics education at the secondary level. While
previous research has broadly addressed the use of ICT in education, this review narrows the focus to
secondary school mathematics, identifying specific digital tools and their pedagogical roles. It also adds
value by aligning findings with practical classroom applications, such as enhancing conceptual
understanding through visualization software, improving problem-solving through simulations, and
promoting student-centered learning through interactive platforms.

In practice, this research provides actionable insights for mathematics educators by mapping out
how ICT tools support differentiated instruction and personalized learning. By highlighting how technology
fosters engagement and motivation, it supports the shift from traditional lecture methods to more
interactive pedagogies. Additionally, this review exposes gaps in teacher readiness and infrastructural
provisions, offering a foundation for professional development and policy formulation.

Fifteen reviewed studies revealed that digital tools such as dynamic geometry software, graphing
calculators, interactive whiteboards, and computer-assisted instructional platforms significantly enhance
students’ comprehension and engagement. These tools enable visualization of abstract mathematical
concepts and promote inquiry-based learning. For instance, one study demonstrated how the use of
GeoGebra improved students’ spatial reasoning and performance in geometry tasks.

Twelve studies focused on how ICT fosters communication and motivation. Digital platforms enable
collaborative learning, immediate feedback, and more interactive classtoom environments. Tools such as
virtual learning environments (VLEs), online discussion forums, and educational games were shown to
increase student interest, communication skills, and self-directed learning. Students reported a heightened
sense of ownership and participation in their learning processes, which positively influenced their academic
motivation.

Sixteen studies explored the barriers teachers face. These include limited access to technology (e.g.,
lack of computers or internet), insufficient training for teachers on ICT pedagogy, and poorly maintained
infrastructure. Organizational issues such as the absence of an education management information system
(EMIS), lack of technical support, and inefficient resource management further limit effective ICT use. In
rural areas, the digital divide was a recurrent theme, with disparities in access leading to unequal learning
opportunities. The studies also highlighted a lack of ongoing professional development to support teachers
in using ICT tools confidently and effectively.

The current findings corroborate and extend recent literature by confirming that while digital tools
significantly enhance conceptual understanding and raise student motivation in secondary mathematics,
their effective integration is consistently delayed by infrastructural limitations, insufficient teacher training,
and a lack of sustained technical and administrative support. This persistent gap, as highlighted by our
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synthesis of 16 studies on challenges, suggests that despite global pushes for digital literacy, many
educational policies and existing teacher competencies are not adequately addressing the practical realities
of classroom implementation, particularly in various contexts like Rwanda. The observed trends underscore
a critical need for targeted professional development and robust, context-specific technological readiness
initiatives to bridge the persistent digital divide and ensure equitable learning opportunities.

4. CONCLUSION

The findings of this systematic review offer significant implications for various educational
stakeholders. For teachers, the emphasis on intentional pedagogical design, such as balancing teacher
modeling with student exploration and embedding communication-enhancing features, provides actionable
strategies for more effective ICT integration in mathematics instruction. Students stand to benefit from
increased motivation and improved communication fostered by well-implemented ICT tools, leading to
enhanced learning outcomes. For school administrators and policymakers, the findings highlight the
necessity of investing in strong teacher training, developing sustainable ICT infrastructure, and establishing
consistent resource tracking. By understanding the systemic challenges highlighted, decision-makers can
formulate evidence-based policies that support successful ICT implementation, moving beyond mere
technology provision to truly transformative educational practices.

Despite its comprehensive nature, this review acknowledges certain limitations. The reliance on
publicly accessible databases, primarily Google Scholar, may introduce a publication bias, as studies with
negative or non-significant findings might be underrepresented. Furthermore, while the review is
systematic, the inherent diversity in research methodologies and geographical contexts across the 43
selected studies could limit the generalizability of some findings. Future research should prioritize empirical
studies, particularly longitudinal and mixed-methods designs, to validate these findings in diverse real-world
classroom settings. Such studies could rigorously assess the impact of specific ICT interventions on student
learning outcomes and further explore how identified challenges can be effectively overcome, thereby
bridging the gap between research, policy, and practical implementation in mathematics education.
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