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Abstract  

This study explores the potential of Artificial Intelligence (AI) in enhancing the quality of 

mathematics education and its implications for national security and sustainable development. 

Consequently,  four hypotheses  formulated  were tested using a structured modified 

questionnaire validated through pilot survey to elicit responses  from mathematics teachers, 

educational policymakers, and AI education experts  purposefully via a mixed-methods 

approach, Quantitative data from the questionnaire were analyzed using descriptive and 

inferential statistics with SPSS, inferential statistics such as Correlation analysis and ANOVA 

was used to test the significance of the findings related to the hypotheses while qualitative data 

underwent thematic analysis. The findings revealed significant improvements in teaching 

effectiveness influenced by positive perceptions of AI tools among teachers, enhances student 

learning outcomes. Then, it was recommended among others that collaborative partnership 

among stakeholders should be encouraged to enhance AI based instructions in Mathematics. 
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Introduction 

 The integration of Artificial 

Intelligence (AI) into various sectors has 

revolutionized traditional practices, creating 

new opportunities for innovation and 

efficiency. In the realm of education, AI has 
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the potential to significantly enhance 

teaching methodologies and learning 

experiences. This research focuses on 

leveraging AI to revitalize mathematics 

education with a specific emphasis on its 

implications for national security and 

sustainable development. National security 

in the 21st century is increasingly tied to 

technological prowess and a robust 

understanding of STEM, Similarly, 

sustainable development requires innovative 

solutions to complex problems, which are 

often grounded in mathematical principles. 

As Mathematics is a foundational subject 

critical to numerous fields, improving its 

teaching quality is paramount. AI 

technologies can enhance teacher education 

by providing personalized learning 

experiences, automating administrative 

tasks, and offering advanced analytics to 

inform teaching strategies. Intelligent 

tutoring systems, adaptive learning 

platforms, and predictive analytics are some 

of the AI tools that have shown promise in 

improving educational outcomes (Holmes et 

al., 2019). These tools can help tailor 

educational content to individual learning 

needs, provide real-time feedback, and 

support differentiated instruction, thereby 

enabling teachers to be more effective in 

their roles. This study aims to explore these 

opportunities, assess the current state of AI 

integration in mathematics education, and 

propose strategies for optimizing its use to 

meet broader societal goals. 

The Role of AI in Education 

 Artificial Intelligence has been 

increasingly applied in education to tailor 

learning experiences, automate 

administrative tasks, and provide data-

driven insights. AI-powered tools, such as 

intelligent tutoring systems, adaptive 

learning platforms, and automated grading 

systems, have demonstrated significant 

potential in enhancing educational 

outcomes. According to Luckin et al. 

(2016), AI can support personalized learning 

by adapting content to individual student’s 

needs, thereby improving engagement and 

understanding. Jamal (2023) stated that AI 

has the potential to improve the quality of 

teacher education, enhance teachers' skills, 

and facilitate personalized learning and  also 

raises concerns about data privacy, bias, and 

cultural acceptability. The use of AI in 

education, specifically in teacher education, 

has the potential to revolutionize the way 

educators are trained and improve the 

quality of education in general. AI systems 

can provide personalized and adaptive 

learning experiences that cater to the 

individual needs of learners, enhancing the 

effectiveness of teaching methods. 

 AI in Mathematics Education 

 Mathematics education stands to 

benefit greatly from AI integration. AI can 

assist in diagnosing learning difficulties, 

providing real-time feedback, and offering 

additional practice problems tailored to 

individual learning gaps. Woolf et al. (2013) 

highlight that, intelligent tutoring systems in 

mathematics can lead to improved student 

performance by providing personalized 

instruction that adapts to the learner's pace 

and level of understanding. In the context of 

Mathematics education, AI can address 

several longstanding challenges. For 

example, AI-driven platforms can identify 

specific areas where teachers or students 

struggle and provide targeted interventions 
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(Luckin et al., 2016). This level of 

personalization is crucial in Mathematics, 

where foundational concepts build on one 

another, and gaps in understanding can 

hinder progress. 

Teacher Education and Professional 

Development 

 Effective teacher education is critical 

for fostering high-quality teaching practices. 

Traditional teacher training programmes 

often struggle to keep pace with rapid 

technological advancements. Darling-

Hammond et al. (2017) argue that 

continuous professional development is 

essential for teachers to stay current with 

new educational technologies and 

methodologies. Integrating AI into teacher 

education can provide teachers with the 

tools they need to enhance their instructional 

strategies and better support their students. 

Moreover, the integration of AI in 

Mathematics education can help address the 

shortage of qualified Mathematics teachers, 

a significant issue in many countries. By 

leveraging AI, teacher training programs can 

become more scalable and accessible, 

providing high-quality training to a larger 

number of educators (McKnight, O'Malley, 

Ruzek & Delbridge, 2016). This is 

particularly important in developing 

countries, where educational resources are 

often limited. 

AI and National Security 

 The intersection of education and 

national security is increasingly recognized, 

particularly in the context of developing 

critical thinking and problem-solving skills. 

Mathematics, being a discipline that 

enhances analytical skills, plays a vital role 

in this regard. As AI continues to evolve, its 

applications in cyber-security, data analysis, 

and strategic decision-making underscore 

the importance of robust mathematics 

education. Johnson et al. (2020) emphasize 

that preparing students with strong 

mathematical and analytical skills is crucial 

for national security in the digital age. 

Sustainable Development and Education 

 Education is a key driver of 

sustainable development, as outlined by the 

United Nations Sustainable Development 

Goals (SDGs). Quality education contributes 

to economic growth, social equity, and 

environmental sustainability. AI can 

enhance educational access and quality, 

particularly in underserved areas. According 

to UNESCO (2019), AI can help bridge 

educational gaps by providing scalable, cost-

effective solutions that reach diverse 

populations. 

Challenges and Opportunities 

 While the potential benefits of AI in 

education are substantial, there are also 

challenges to be addressed. These include 

issues of data privacy, the digital divide, and 

the need for teacher training in AI tools 

(Selwyn, 2019). However, the opportunities 

for leveraging AI to improve Mathematics 

education and contribute to national security 

and sustainable development are 

compelling. Implementing AI in 

mathematics education programmes requires 

a strategic approach that considers these 

challenges while maximizing the benefits. 
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Research Objectives 

1. To assess the current level of AI 

integration in Mathematics education 

programmes. 

2. To identify the perceived benefits and 

challenges of using AI in Mathematics 

education. 

3. To analyze the impact of AI on teaching 

effectiveness and student learning outcomes 

in Mathematics. 

4. To propose strategies for optimizing AI 

integration in Mathematics education to 

enhance national security and sustainable 

development. 

 Research Hypotheses 

H1: There is no significant relationship 

between teaching effectiveness with AI tools 

and Mathematics education programme. 

H2: There is no significant difference in the 

perception of Mathematics teachers 

regarding the benefits and challenges of 

using AI tools for instructional purposes. 

H3: There is no significant positive impact 

on student learning outcomes from the use 

of AI tools in Mathematics education. 

H4: There is no significant contribution to 

national security from the integration of AI 

tools in Mathematics education through 

enhancement analytical and problem-solving 

skills. 

Research Methodology 

This research employed a mixed-methods 

approach to investigate the impact of AI on 

mathematics education in Oyo, Oyo State, 

Nigeria, and its implications for national 

security and sustainable development. 

Participants include Mathematics teachers, 

policymakers, and AI education experts, 

selected through purposive sampling to 

ensure relevant expertise and perspectives. 

The primary instrument for data collection is 

a structured questionnaire comprising 

demographic data. Likert-scale items on AI 

impact and preparedness, and open-ended 

questions for detailed insights. A pilot was 

conducted to validate   the instrument 

Quantitative data from the questionnaire 

were analysed using descriptive and 

inferential statistics with the use of SPSS 

package. Inferential statistics such as 

Correlation analysis and ANOVA was used 

to test the significance of the variables 

related to the hypotheses while qualitative 

data was subjected to thematic analysis. 

Ethical considerations including obtaining 

informed consent and ensuring participant 

confidentiality and anonymity were given 

priority. Potential limitations include self-

report bias and limited generalizability.  

 

Results 

Research Hypothesis One: There is no significant relationship between teaching effectiveness 

with AI tools and Mathematics education programmes. 

In testing research hypothesis one, Pearson Product Moment Correlation Coefficient (PPMCC) 

were used. The hypothesis was tested at 5% level of significance. 
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Table 1: Correlation Analysis Showing the Relationship between AI Integration Levels and 

Teaching Effectiveness 

 AI integration level Teaching effectiveness 

AI integration level 1.0000  0.924* 

Teaching effectiveness 0.924* 1.0000  

 

In table 1, the PPMCC of 0.924 

indicates a very strong positive correlation 

between the integration of AI tools in 

Mathematics education programmes and 

teaching effectiveness. This high correlation 

coefficient suggests that as AI integration 

increases, teaching effectiveness also 

increases significantly. Given the strength of 

this correlation and since the PPMCC is 

greater than 0.5 at 5%level of significant, 

the null hypothesis (Ho) will be rejected 

while alternative hypothesis (H1) will be 

accepted. Therefore, there is significant 

relationship between AI tools integration 

and effective Mathematics teaching. 

 

Research Hypothesis Two: There is no significant difference in the perception of Mathematics 

teachers regarding the benefits and challenges of using AI tools for instructional purposes. 

Table 2: ANOVA Summary Table showing the perception of Mathematics teachers regarding 

the benefits and challenges of using AI tools for instructional purposes tested at 5% level of 

significant. 

Source of Variation Sum of 

Squares 

DF Mean of 

Square 

F Significance of 

F 

Between Groups 41.257 3 13.752 92.711 .000b 

Within Groups 6.823 46 .148   

Total 48.080 49    

 

The results in table 2 indicates that there is a 

statistically significant difference in the 

perception of Mathematics teachers 

regarding the benefits and challenges of 

using AI tools for instructional purposes 

with F = 92.711, p< 0.05. Thus, the null 

hypothesis is hereby rejected ,hence there is 

significant difference in the perception of 

Mathematics teachers regarding the benefits 

and challenges of using AI tools for 

instructional purposes.  

 

Research Hypothesis Three: There is no significant positive impact of AI tools in Mathematics 

education on student learning outcomes. 
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Table 3: ANOVA Summary Table showing the positive impact of the use of AI tools on student 

learning outcomes tested at 5% level of significant. 

Source of Variation Sum of 

Squares 

DF Mean of 

Square 

F Significance of 

F 

Between Groups 65.247 4 16.312 78.646 .000 

Within Groups 9.333 45 .207   

Total 74.580 49    

 

The results in table 3 indicates the positive 

impact of the use of AI tools on student 

learning outcomes, the ANOVA shows that 

its significant with F = 78.646, p< .05. Thus, 

the null hypothesis was rejected at 0.05 level 

of significance. Thus, AI integration in 

Mathematics education enhances students’ 

performance and understanding in 

Mathematics.  

 

Research Hypothesis Four: There is no significant contribution of AI tools integration into 

Mathematics education on   analytical and problem-solving skills enhancement. 

Table 4: ANOVA Summary Table showing the contribution of AI integration in mathematics 

education to national security tested at 5% level of significant. 

Model Sum of 

Squares 

Df Mean 

Square 

F Significance 

of F 

Between 

Groups 

31.420 4 7.855 78.550 .000 

Within Groups 4.500 45 .100   

Total 35.920 49    

 

The results in table 4 reveals the 

contribution of AI integration in 

mathematics education to national security.  

ANOVA reveals that F = 78.550, p< .05. 

Thus, the null hypothesis was rejected  at 

0.05 level of significance. Hence, the 

finding supports the alternative hypothesis 

that effective AI integration in Mathematics 

education  contributes to national security by 

enhancing analytical and problem-solving 

skills.  

 

Discussion of Findings 

The study aimed to investigate the 

role of Artificial Intelligence (AI) in 

enhancing the quality of Mathematics 

Education in and its implications for 

national security and sustainable 

development. After careful analysis, all the 

null hypotheses were rejected, indicating 

significant findings across multiple 

dimensions. 

The findings in research hypothesis 

one revealed a significant improvement in 

teaching effectiveness from the integration 
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of AI tools in mathematics education 

programs. The findings are in accord with 

the study of Holmes et al. (2019), who stated 

that AI technologies, such as intelligent 

tutoring systems and adaptive learning 

platforms, provide personalised learning 

experiences and real-time feedback, 

substantially enhancing teaching practices. 

The ability of AI to identify individual 

student’s needs and tailor instructional 

strategies accordingly is a crucial factor in 

this improvement, supporting the findings of 

Luckin et al. (2016). 

Moreover, from hypothesis two, the 

study also found that mathematics teachers 

perceive more benefits than challenges in 

using AI tools for instructional purposes. 

The findings align with the study of Woolf 

(2010), who stated that AI tools facilitate 

differentiated instruction, streamline 

administrative tasks, and provide valuable 

insights through data analytics. While 

challenges such as data privacy concerns 

and the need for adequate training were 

noted, the overall perception was positive, 

corroborating the literature that highlights 

the transformative potential of AI in 

education, as Selwyn (2019) stated. 

In research hypothesis three, the 

results indicated a significant positive 

impact on student learning outcomes from 

the use of AI tools in mathematics 

education. The findings are in accord with 

the study of Pane et al. (2017), who stated 

that AI-enhanced learning environments 

improve student engagement, provide timely 

interventions for struggling students, and 

support mastery of complex mathematical 

concepts. This finding corroborates previous 

research by Chen et al. (2020), who reported 

that AI can lead to better educational 

outcomes through personalised and adaptive 

learning. 

The finding of research hypothesis 

four indicated that integration of AI in 

mathematics education was found to 

significantly contribute to national security 

by enhancing analytical and problem-

solving skills. The findings support the 

study of Dandurand & Gertler (2018), which 

stated that the development of these skills is 

essential for careers in data science, 

cybersecurity, and other fields critical to 

national security. AI tools that provide 

rigorous analytical tasks and complex 

problem-solving scenarios help cultivate a 

workforce equipped to tackle contemporary 

security challenges. This supports the 

argument made by Gordon & Beckett 

(2020), who stated that a strong foundation 

in mathematics, bolstered by AI, is vital for 

national security. 

Overall, the findings of this study 

highlight the substantial benefits of 

integrating AI into Mathematics education. 

The significant improvements in teaching 

effectiveness, positive perceptions among 

teachers, enhanced student learning 

outcomes, and contributions to national 

security underscore the potential of AI to 

drive educational and societal progress. 

Addressing challenges such as ethical 

considerations and the need for investment 

in infrastructure and training will be crucial 

for maximising the impact of AI in 

education. 

 

Conclusion 

This study demonstrates the significant 

impact of Artificial Intelligence (AI) on 
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enhancing mathematics education, 

contributing to national security and 

sustainable development. The findings 

reveal that AI integration improves teaching 

effectiveness, is positively perceived by 

teachers, enhances student learning 

outcomes, and develops critical analytical 

and problem-solving skills crucial for 

national security. The rejection of all null 

hypotheses underscores the transformative 

potential of AI in education. Future research 

should explore the long-term impacts of AI 

integration on various educational levels and 

subjects, as well as its broader societal 

implications. Additionally, investigating the 

cost-effectiveness of AI tools in education 

and their accessibility in under-resourced 

settings would provide valuable insights for 

policymakers and educators. 

 

Recommendations 

With regards to the findings of this 

study, the researchers made the following 

recommendations: 

1. Enhanced Professional 

Development: Implement extensive 

training programs for teachers 

focused on the effective use of AI 

tools. This will ensure that educators 

are well-equipped to integrate AI 

into their teaching practices, 

maximising the benefits for student 

learning. 

2. Infrastructure Investment: Allocate 

resources to develop and maintain 

the technological infrastructure 

necessary for the effective use of AI 

in education. This includes reliable 

internet access, hardware, and 

software tools tailored for 

educational purposes. 

3. Ethical and Privacy Guidelines: 

Establish and enforce robust ethical 

guidelines to address data privacy 

and security concerns associated 

with AI use in education. This will 

help build trust among educators, 

students, and parents. 

4. Curriculum Integration: Integrate AI-

related content into the teacher 

education curriculum to prepare 

future educators for the evolving 

technological landscape. This should 

include both theoretical knowledge 

and practical skills. 

5. Collaborative Partnerships: Foster 

partnerships between educational 

institutions, government bodies, and 

AI developers to align AI tools with 

educational goals and ensure their 

effective implementation and 

sustainability. 
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