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Preface   

Welcome to Volume 1, Number 2, April 2025 Edition of the Journal for Science, Technology, 

Engineering and  

Mathematics Education in Africa (JSTEMEA)  

  

The 21st Conference on Mathematics, Science and Technology Education in Africa 

(COMSTEDA 21), held from 10th – 12th September 2024 in Kaduna, Nigeria, brought together 

educators, policymakers, researchers, industry experts, and development partners in a blended 

format (physical and virtual). Guided by the theme, “Empowering the Next Generation through 

Innovative STEM Education”, the forum reaffirmed the collective African commitment to 

reimagining STEM education in ways that equip learners with knowledge, skills, values, and 

attitudes relevant for 21st century living. 

This edition of the journal captures a selection of seventeen (17) peer-reviewed papers presented 

at the conference. These papers reflect diverse strands of discourse, including: 

1. Curriculum Design, Development and Assessment in STEM Education 

2. Innovative Pedagogical Approaches and Emerging Technologies in STEM Learning 

3. Teacher Training and Professional Growth in STEM Education 

4. Emerging Issues in STEM Education: Access, Equity, and Outreach 

5. Artificial Intelligence in STEM Education 

Together, these contributions showcase both theoretical perspectives and classroom-based 

practices, enriching the ongoing dialogue on STEM education in Africa. They also highlight 

practical innovations ranging from competence-based curriculum implementation to AI-driven 

learning models that mirror the dynamism of education systems across the continent.
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Looking Ahead 

As SMASE-Africa continues to serve as a continental hub for strengthening STEM education, this 

journal is more than a record of proceedings. It is a springboard for further inquiry and innovation. 

We hope that readers will find in these pages not only valuable research but also practical insights 

to inspire reforms in classrooms, policies, and institutions across Africa. 

We look forward to building on the momentum of Kaduna as we prepare for COMSTEDA 22 in 

Malawi, confident that each forum brings us closer to realizing the African Union’s Agenda 2063 

and the aspirations of SDG 4: Quality Education. 
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About SMASE-Africa and COMSTEDA 

SMASE-Africa was founded in 2001 to strengthen mathematics and science education in Africa. 

It is now a continental association uniting ministries of education, teacher educators, researchers, 

and development partners in advancing STEM education. With a vision “to be a leading 

organization in promoting quality STEM education in Africa”, SMASE-Africa works through 

research, professional development, policy advocacy, and collaborative networks. Its mission is to 

“To promote quality STEM education through research, capacity development, advancing policies, 

good governance, collaboration, and linkages in Africa.” 

From 2001 – 2013, the regional conference was known as SMASE-WECSA (Strengthening of 

Mathematics and Science Education in Western, Eastern, Central and Southern Africa). 

In 2014, the forum was renamed the Conference on Mathematics, Science and Technology 

Education in Africa (COMSTEDA) to reflect its continental scope. 

The Conference on Mathematics, Science and Technology Education in Africa 

(COMSTEDA) is SMASE-Africa’s annual flagship platform for dialogue, research dissemination, 

and professional exchange. Since 2014, COMSTEDA has rotated among member countries, 

bringing together educators, policymakers, NGOs, and the private sector to deliberate on 

innovations and challenges in STEM education. Its scholarly outputs are published in the Journal 

on STEM Education in Africa (JSTEMEA; ISSN 2617-6300), of which this volume is the 5th 

edition. 

COMSTEDA Editions 

• COMSTEDA 14   2016, Nairobi, Kenya 

• COMSTEDA 15   2017, Livingstone, Zambia 

• COMSTEDA 16   2018, Maun, Botswana 

• COMSTEDA 17   2019, Nairobi, Kenya 

• COMSTEDA 18   2021, Virtual (hosted by Mozambique) 

• COMSTEDA 19   2022, Blended (Kampala, Uganda) 

• COMSTEDA 20   2023, Blended (Accra, Ghana) 

• COMSTEDA 21   2024, Blended (Kaduna, Nigeria) 

The Objectives of COMSTEDA-21 

The 21st Conference on Mathematics, Science and Technology Education in Africa 

(COMSTEDA-21) was designed to: 

1. Provide a continental platform for educators, governments, academic institutions, private 

sector, and development partners to interrogate issues and share best practices in STEM 

education. 
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2. Improve the quality of education in Africa by sharing impactful research findings and 

classroom practices that inform policy and practice. 

3. Present case studies and research outputs that highlight innovative approaches in 

mathematics, science, and technology education across diverse African contexts. 

4. Promote and highlight the role of STEM education in Africa’s socio-economic 

development, aligned to Agenda 2063 and SDG 4. 

5. Foster networking, collaboration, and partnerships among countries, institutions, and 

stakeholders to build collective capacity in STEM education. 

6. Interrogate emerging issues such as ICT integration, artificial intelligence, equity, 

inclusion, and the competence-based curriculum shift, ensuring African learners are 

prepared for life challenges. 

       On behalf of SMASE-Africa and the Editorial Board, we present this second volume of the 

2025 Edition of the Journal on STEM Education in Africa, containing seventeen research papers 

from COMSTEDA 21, Kaduna. May these pages inspire, provoke, and guide collective action 

toward empowering Africa’s next generation through innovative STEM education.
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Editorial  

  

Article 1  

Chipo Namakau Sakala, David Bawa, and Olivia Serwaa Opare in the paper titled Evaluating the 

Competence Distribution in WAEC Physics Paper 2: Insights from Two Consecutive Years 

focused on the analysis of the competences elicited by the Physics Paper 2 questions administered 

by the West African Examination Council (WAEC). The primary aim was to evaluate the emphasis 

placed on various competences within the examination questions. A notable research gap existed 

in the systematic analysis of how these competences were targeted by WAEC Physics 

examinations, which this study aimed to address. This gap existed because, while most curricula 

had transitioned to a competence-based approach, the extent to which exams had adapted to this 

shift remained unclear. The target of this research was examination papers. Data for the study were 

collected from the official WAEC Physics Paper 2 examination questions for the years 2021 and 

2022. Each question was categorized based on the competences it was designed to assess. Data 

analysis involved quantifying the frequency of each competence across the two years, followed 

by a comparative analysis to identify trends and patterns. The findings revealed that conceptual 

understanding was the most frequently targeted competence, followed by analytical skills, while 

practical and experimental understanding were the least assessed. The implications of these 

findings suggested an imbalance in competences elicited, leaning towards what learners should 

know as opposed to what they should do. This imbalance might affect the holistic development of 

learners’ competences in physics. The study recommended a more balanced approach to 

competences in future examinations. Integrating more diverse question types that assessed a wider 

range of skills could better prepare learners for real-world applications of physics. Addressing 

these areas, the research aimed to inform and improve the design of assessment, ultimately 

enhancing physics education for learners in the West African region.  

Article 2  

Effect of Interest and Ability on the Acquisition of Mathematical Literacy Through 

Metacognitive Guidance Among Secondary School Students in the Federal Capital Territory, 

Abuja by Steve Dele Oluwaniyi, Solomon Gboyega Ojo & David Sunday Durojaiye investigated 

the effect of metacognitive guidance in forum discussion on the acquisition of mathematical 

literacy among senior secondary school students in Abuja. The design was a quasi-experimental 

pre-test, post-test, non-equivalent groups factorial design. Forty female and forty male SSII 

students of Abuja School of Accountancy and Computer Studies (ASACS), Abuja, were sampled 

using purposive sampling technique out of a population of 42,653 senior secondary school students 

in Abuja to participate in the study. Two research questions and two hypotheses guided the study. 

Two instruments, the Achievement Test in Mathematical Literacy (ATML) and the Students’ 

Mathematics Interest Inventory (SMII), were constructed by the researchers and validated by 

experts. A logical validity index of 0.81 and Cronbach’s alpha of 0.794 were obtained for ATML, 

while a logical validity index of 0.87 was obtained from experts’ ratings for SMII. The instruments 
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were administered to the participants as pre- and post-tests, and the study lasted for four weeks. 

The data collected were analyzed using frequencies, mean, standard deviation, t-test, and Analysis 

of Co-variance (ANCOVA). Results from the analysis indicated that there was a significant 

difference in the mean interest score of students exposed to metacognitive guidance and those not 

exposed to metacognitive guidance in mathematical literacy. The study recommended, among 

others, that metacognitive guidance with mathematical literacy be provided for teachers both at 

pre-service and in-service levels. 

Article 3  

Ishaq M.S., Ahmed H., Musa A.S., Tukur M., Ahmed K., and Shuaibu Z.M in the paper titled 

Educational Innovation Through Sustainable Aquaculture: Design and Construction of a 

1940-Liter Collapsible Tarpaulin Pond for African Catfish addressed challenges in creating 

cost-effective, sustainable aquaculture systems for small-scale farmers and educational 

institutions. The primary objective was to design and construct a 1,940-liter collapsible tarpaulin 

pond for African Catfish, promoting sustainable aquaculture while integrating STEM education. 

The project contributed to food security and aligned with the Sustainable Development Goals 

(SDGs) by offering an innovative, environmentally friendly solution for fish farming. Measuring 

1800 mm in length, 1200 mm in width, and 900 mm in depth, the pond was constructed using 1-

1/2 inch, 1-1/4 inch, and 1-inch pipes, carefully assembled for structural integrity. A custom-cut 

PVC liner, tailored to pond dimensions, was sewn and laminated with silicone sealant to ensure a 

watertight seal. This liner was inserted into a galvanized steel frame, creating a stable environment 

for fish. Water management was facilitated by an inlet system with a shower head connected to a 

25.4 mm PVC pipe, linked to a tap and hose. The outlet system involved marking and cutting a 

slot at the bottom of the tarpaulin tank, with a spillway installed 200 mm below the top edge to 

control overflow. This project empowered educators and farmers by applying STEM principles 

and sustainable fish culture to enhance food security, environmental sustainability, and economic 

resilience in communities. It also served as a model for interdisciplinary learning, bridging 

theoretical knowledge with real-world applications in STEM education. 

Article 4 

Educational Innovation Through Sustainable Aquaculture: Design and Construction of a 

1940-Liter Collapsible Tarpaulin Pond for African Catfish by Stephen K. Mbugua examined 

how the improved internet infrastructure in the continent had led to greater access for the people 

of Africa. The cheaper access had substantially opened the digital space and made many 

revolutionary technologies easily available. The innovations supported by Artificial Intelligence 

(AI) had a great impact in different areas of life, including the learning of Sciences, Technology, 

Engineering and Mathematics (STEM). This paper aimed to deliberate on integrating AI in STEM 

education in relation to its structure, creation, and applications. It also addressed new issues such 

as the ethical implications, the issue of equity, and the potential impact on academic performance. 

Therefore, based on the investigation of the current condition of AI technologies and their 

implementation in STEM education, the paper pointed to AI’s potential in enhancing learning 

while at the same time identifying the challenges and the conditions to be met to avoid inequity 

and overcome existing barriers. 
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Article 5 

Students’ Social Classroom Learning Environment as a Correlate of Mathematics 

Achievement in Delta North Senatorial District by Osaduwa, O examined students’ social 

classroom learning environment as a correlate of achievement in mathematics. The ex-post facto 

research design was adopted. The population of the study comprised 16,473 SS2 students in public 

secondary schools in the nine Local Government Areas of Delta North Senatorial District of Delta 

State. The sample comprised 1,647 SS2 students drawn from five schools each from the nine Local 

Government Areas of the Delta North Senatorial District. The instruments used for data collection 

were the Students’ Social Classroom Learning Environment Questionnaire (SSCLEQ) and 

students’ previous scores in Mathematics. The data obtained were analysed using Pearson’s 

coefficient of determination and Pearson’s correlation coefficient, as well as a Two-Way Analysis 

of Variance (ANOVA). The findings of the study revealed that there was a significant relationship 

between students’ social classroom learning environment and students’ achievement in 

mathematics. The study, however, found no significant effect of interaction between social 

classroom learning environment and gender on students’ achievement in mathematics. Based on 

the findings of the study, it was concluded that an increase in students’ social classroom learning 

environment would result in an increase in students’ achievement in mathematics. The effect of 

the interaction between social classroom learning environment and gender on students’ 

achievement in mathematics was not moderated by sex. It was thus recommended that teachers 

should develop positive relationships with students and encourage classroom activities that 

involved active teaching-learning processes and students’ participation in class. It underscored the 

need for educators to foster positive teacher-student relationships, encourage peer collaboration, 

and create inclusive learning outcomes. The findings had implications for educational policy and 

practice of social learning environments in promoting students’ academic success in mathematics. 

Article 6  

Abubakar Attahiru, Khalil Hahaya Kamar, Mahmud Aliyu Salame, Lawali Abubakar, Nasiru 

Muhammad, and Abdulrahman Muhammad Danjumma in Mathematics: The Fundamental 

Pillar of Artificial Intelligence and Innovative Thought for National Progress emphasized 

mathematics as the study of numbers, shapes, patterns, and the relationships between them, 

involving the use of logic and reasoning to analyze abstract concepts and solve problems. Their 

paper focused on mathematics as the fundamental pillar of artificial intelligence and innovative 

thought for national progress. It highlighted the meaning of AI, the foundations of artificial 

intelligence and its relationship with mathematical techniques, as well as the link between artificial 

intelligence, innovation, and national progress. The paper concluded that every mathematician 

needed to study how to apply artificial intelligence to solve mathematical problems, and it offered 

meaningful suggestions to strengthen the integration of mathematics and AI in advancing 

innovative thought and national development. 

Article 7  

The Role of Artificial Intelligence in Personalized Learning Within STEM Education by 

Michael G. and Ogalue T. analysed how personalized learning in Science, Technology, 

Engineering, and Mathematics (STEM) education geared educational experiences to individual 
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students’ needs, preferences, and interests, moving away from traditional methods. This approach 

leveraged data and technology to create adaptive learning pathways, providing customized 

content, real-time feedback, and supportive environments. By focusing on the unique requirements 

of each student, personalized learning enhanced engagement, fostered deeper understanding, and 

improved educational outcomes. The integration of artificial intelligence (AI) revolutionized this 

approach, enabling precise and effective customization through advanced data analytics, 

intelligent tutoring systems, and adaptive learning platforms. AI technologies, including adaptive 

learning systems, intelligent tutoring systems, AI-driven analytics, and emerging tools like virtual 

and augmented reality and natural language processing, significantly advanced personalized 

learning in STEM education. These tools enabled real-time performance analysis, personalized 

feedback, and interactive learning experiences tailored to individual needs. Despite its benefits, 

the integration of AI in personalized learning presented challenges and ethical considerations. 

Moreover, balancing AI use with traditional methods was necessary to maintain critical thinking 

and problem-solving skills. Ethical use of AI involved transparency in decision-making processes 

and prioritizing student interests. Addressing these challenges and ethical considerations was 

crucial for the responsible integration of AI in personalized learning. By ensuring privacy, equity, 

transparency, and providing adequate support for educators, the potential of AI to enhance STEM 

education was realized while minimizing its risks. 

Article 8 

 Quadri Adekunle Lukman, in the study titled Information and Communication Technology and 

the Enhancement of Quality and Accessible Secondary Education in Government Secondary 

School, Rigachikun, Kaduna State-Nigeria, investigated the integration of Information and 

Communication Technologies (ICT) in Government Secondary School, Rigachikun, Kaduna 

State, Nigeria. The objective was to examine challenges in integrating ICT into secondary 

education, assess the adequacy of skilled manpower for ICT use in classrooms, and underline the 

levels of utilization of ICT facilities in secondary schools. The study employed a survey research 

method, using a structured questionnaire as the instrument for data collection. A sample size of 

100 teachers and students was selected through random sampling, and the data were analyzed 

using descriptive statistics. Findings identified major challenges, including financial constraints, 

lack of standardization of computer equipment, and insufficient skilled manpower. The study 

concluded that these issues hindered effective ICT integration in the school curriculum and 

contributed to knowledge by highlighting the critical barriers to ICT adoption in Nigerian 

secondary schools while suggesting actionable solutions. Recommendations included the 

government’s commitment to integrating ICT into the school curriculum in line with UNESCO 

objectives and the continuous training of teachers to update their ICT skills, ensuring they could 

effectively use digital tools to enhance student learning outcomes. The study underscored the 

potential of ICT to revolutionize education, emphasizing its importance in achieving high 

academic standards and preparing students for the digital workforce. 

Article 9  
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Innovative Pedagogical Approaches: Leveraging Smart Projectors to Enhance STEM 

Education in Rural Communities in Kafur LGA by Ezekiel Eneojo Omale explored the impacts 

of the Rayuwa Project’s use of an innovative pedagogical approach to enhance STEM education 

in rural communities through the strategic integration of technology in teaching out-of-school, 

overaged, and other disadvantaged children aged 6–12. The Rayuwa Project developed and 

deployed interactive video and audio learning materials on literacy, numeracy, basic science, 

technology, and agriculture, utilizing the “DigiSoft Education Tool” to deliver engaging lessons. 

Under the guidance of trained teachers, these visual and audio-visual materials were projected to 

children through Smart Projectors, fostering an immersive and interactive learning environment. 

The DigiSoft Education Toolkit included a smart projector, solar charging equipment, a battery 

pack that lasted eight hours, a 2.4G wireless trackball keyboard with other remote controllers, and 

a Bluetooth speaker, ensuring that regardless of time, day, temperature, or lack of electricity, 

learning could continue without interruption. The innovative approach of the Rayuwa Project 

demonstrated significant improvement in the learning outcomes of the learners. By harnessing the 

power of smart projectors and multimedia resources, the project bridged the educational divide, 

providing equal access to quality STEM education for rural children in Kafur, Katsina State. The 

Rayuwa Project was found to have revealed the transformative potential of technology integration 

in STEM education and was therefore recommended for stakeholders seeking innovative solutions 

to enhance educational outcomes in hard-to-reach areas with poor infrastructure and resource-

constrained settings. 

Article 10  

Hassan Suleiman, in the paper titled Benefit and Challenges Associated with the Use of 

Technologies in Mathematics Education, addressed the benefits and challenges associated with 

the use of technologies in mathematics education. The paper highlighted both the potential 

technologies offered and the obstacles that needed to be navigated to maximize their effectiveness. 

The integration of technologies in mathematics education provided a range of benefits and 

challenges that shaped modern teaching and learning experiences. On the positive side, 

technologies such as interactive software, online platforms, and AI-driven tools enhanced student 

engagement, fostered individualized learning, and provided immediate feedback, which led to 

deeper understanding and improved performance. These tools also enabled educators to design 

more dynamic and visual lessons, catering to diverse learning styles and making abstract concepts 

more accessible. However, the adoption of these technologies was not without challenges. 

Teachers often faced barriers such as inadequate training, lack of access to necessary resources, 

and the time required to effectively integrate technology into their curricula. Additionally, 

concerns about the digital divide arose, where unequal access to technology exacerbated 

educational inequalities. Furthermore, over-reliance on technology risked diminishing essential 

mathematical skills, such as mental calculation and problem-solving without digital aids. 

Balancing the benefits with the challenges required a strategic approach, emphasizing professional 

development for educators, equitable access to resources, and thoughtful integration of technology 

that complemented traditional teaching methods. Recommendations included government 

implementation of policies prioritizing the provision of technological resources to underserved 
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areas and the development of professional development programs focusing on the effective 

integration of technology into mathematics instruction. 

Article 11  

Leveraging Technology for Educational Continuity: The National Teachers' Institute's 

Response to the COVID-19 Pandemic and Implications for the Future by Hafsat Lawal 

Kontagora, Jummai, and Rosemary Ladi Kato explored the National Teachers’ Institute’s (NTI) 

experience in utilizing technology to bridge gaps and ensure learning continuity in Nigeria during 

the COVID-19 pandemic. The study examined the impact of online learning, mobile learning 

(podcasts), TV and radio programs, and recorded lessons on learners, particularly in underserved 

communities. A qualitative survey design was employed, where 115 children, 15 parents, and 15 

teachers were selected using purposive sampling technique. In-depth interviews were conducted 

with these participants to gather data on their experiences with technology-mediated learning 

during the school closures. Data analysis involved thematic analysis to identify patterns and trends 

in the participants’ responses. The findings revealed that radio and TV programs were accessible 

and instrumental in reaching remote areas with limited internet connectivity. Mobile learning 

demonstrated potential for personalized learning and engagement, while online learning, where 

available, offered interactive features and a wide range of resources. Recorded lessons provided 

flexibility in learning. However, challenges such as limited internet access and lack of digital 

devices persisted. The study recommended collaborative efforts by the government and 

development partners to sustain technology-based learning initiatives, train and equip teachers 

with the skills to effectively integrate technology in education, and improve access to affordable 

technology for both learners and educators. 

Article 12  

Ibrahim Mohammed Isa and Dr. Binta Asabe Muhammad, in the research titled Effects of School-

Based Professional Development Training on Teachers’ Instructional Practices and Students’ 

Academic Performance in Chemistry Among Secondary School Students in Zaria, Kaduna 

State, Nigeria, investigated the effects of School-Based Professional Development Training 

(SBPDT) on teachers’ instructional practices and students’ performance in Chemistry. A quasi-

experimental design was utilized, involving 22 teachers (12 experimental, 10 control) and 180 

students (45 experimental, 135 control). Two instruments were used for data collection: the 

Chemistry Performance Test (CPT) and the Classroom Lesson Observation Checklist (CLOC), 

with reliability coefficients of 0.68 and 0.76, respectively. Two research questions were addressed: 

(i) the mean difference in instructional practices among Chemistry teachers exposed to SBPDT 

training and (ii) the difference in academic performance between students exposed to SBPDT 

training and those taught using conventional methods. Data were analyzed using ANCOVA and 

the Kruskal-Wallis H test at a significance level of p ≤ 0.05. Findings showed no significant mean 

difference in teachers’ instructional practices after exposure to SBPDT (MR(teaching procedure) 

= 15.94 > MR(methodology) = 15.19 > MR(classroom management) = 6.38; χ² = 9.072, p = 0.11), 

but a significant improvement in the academic performance of students exposed to SBPDT 

compared to those taught using conventional methods (M(experimental) = 23.78 > M(control) = 



Journal for Science, Technology, Engineering and Mathematics Education in Africa (JSTEMEA), Volume 

1, Number 2 April, 2025 

 

xviii 

 

9.63; F = 1172.3, p = 0.00). Based on the findings, recommendations were made, including that 

Teachers Service Boards should adopt School-Based Professional Development Training using 

the ASEI-PDSI strategy to improve teachers’ instructional practices and students’ performance in 

Chemistry at the senior secondary school level. 

Article 13 

Enhancing STEM Education Accessibility with AI: Opportunities and Challenges by Philiph 

K. Saina analysed the role of artificial intelligence (AI) in improving accessibility and outcomes 

in STEM (Science, Technology, Engineering, and Mathematics) education within 

underrepresented communities in Africa. With educational disparities driven by factors such as 

limited resources, infrastructure challenges, and socio-economic barriers, AI technologies offered 

transformative potential to bridge these gaps. By analyzing various AI tools, including AI tutoring 

systems, predictive analytics, and automated grading, the study examined their effectiveness and 

impact on student learning outcomes and educational equity. Results revealed that AI tutoring 

systems were the most commonly used tool, with significant improvements in student 

performance metrics post-implementation, including a 14.7% increase in test scores and a 17.1% 

improvement in assignment grades. The perceived effectiveness of AI tools was high, with 80% 

of respondents finding them either effective or very effective, and overall satisfaction was strong 

at 73.3%. However, challenges such as resource limitations, inadequate training, and technical 

difficulties remained significant barriers to full AI integration. The findings underscored the 

potential of AI to enhance STEM education accessibility but also highlighted the need to address 

these challenges to maximize the benefits. This research contributed to the growing body of 

literature on AI in education, providing valuable insights into its application in underrepresented 

contexts and guiding future efforts to improve educational equity. 

Article 14  

Joseph Musonda, through the paper titled Unified Proof of Collatz Conjecture: Convergence of 

Positive Integers to 1, Negative Integers to -1 and Reversing the Sequence to the Initial Integer, 

introduced a novel mathematical concept in an effort to resolve the Collatz conjecture, an open 

problem in mathematics for nearly 87 years. The conjecture posited that for any positive integer 

xxx, if xxx was even, it should be divided by 2; if xxx was odd, it should be multiplied by 3 and 

1 added, with the repeated steps eventually leading the sequence to converge to 1. To advance a 

proof, the author introduced an expression of an integer ax+bax + bax+b into an equivalent 

expression (a+1) + (b–n) (a + 1) + (b – n) (a+1) +(b–n), where a,b,n,a, b, n,a,b,n, and xxx were 

integers and n=xn = xn=x. Here, the initial value xxx was treated as an input for every integer 

produced during the iteration process and was kept constant at every step. This equivalent 

expression held true for the specific initial value xxx when ax+bax + bax+b was even but could 

not be divided by 2, since 2 was not the common factor of aaa and bbb. Importantly, b–nb – nb–n 

remained even for both odd and even numbers. 

The conjecture was proved in two ways: by using the actual initial value xxx or by employing its 

position nnn among odd or even numbers. For positive integers, the sequence terminated at x–z=1x 

– z = 1x–z=1, where z=x–1z = x – 1z=x–1. The paper further extended the analysis to negative 

integers, showing that if a negative integer was even, dividing it by 2, or if odd, multiplying it by 
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3 and adding –1, led the sequence to converge at –1. In this case, the sequence concluded at x+z=–

1x + z = –1x+z=–1, where z=x+1z = x + 1z=x+1. The author also demonstrated how the sequence 

could be reversed to the initial integer by applying rules such as multiplying odd integers by 2, 

subtracting 1 from an even integer to obtain a multiple of 3, and dividing the difference by 3. If the 

difference was not a multiple of 3, the process required multiplying the number by 2 again until an 

even integer was reached that, when reduced by 1, produced a difference divisible by 3. For 

negative integers, the same procedure applied except that 1 was added to an even integer to yield 

a multiple of 3. Only 1 and –1 fell into the loop cycle of 1, 4, 2, 1. This contribution not only 

claimed to prove the conjecture but also provided new insights into the Collatz conjecture and 

suggested broader implications for understanding functions, other conjectures, and number theory 

in general. 

Article 15  

AI and Gender Equity in STEM: Opportunities and Challenges by Philiph K. Saina evaluated 

the role of artificial intelligence (AI) in promoting gender equity in STEM education, focusing on 

how AI tools could personalize learning experiences, increase student engagement, and address 

gender disparities. Using a mixed-methods approach that combined qualitative interviews with 

educators and students, as well as quantitative surveys and academic performance data, the study 

revealed that AI had the potential to significantly improve female students’ academic outcomes 

and interest in STEM fields. The findings indicated that AI tools could mitigate gender biases and 

create more inclusive learning environments. However, challenges related to resource 

accessibility, educator training, and the potential perpetuation of biases within AI systems were 

also identified. The study contributed to the existing literature by providing empirical evidence on 

the impact of AI in STEM education and highlighted the need for careful implementation and 

continuous evaluation of AI tools. The research suggested that while AI could play a 

transformative role in achieving gender equity in STEM, its success depended on addressing the 

associated challenges and ensuring that these tools were designed and used inclusively. Future 

research was recommended to focus on longitudinal studies, explore AI biases, and understand the 

broader impacts of AI on different student demographics. 

Article 16  

Taryila Rebecca Nguavese, A. M. Chado, and B. M. Dalhatu, through the investigation titled Effect 

of Think-Pair-Share Instructional Strategy on Achievement in Chemistry Among Secondary 

School Students, analyzed the impact of the Think-Pair-Share (TPS) instructional strategy on 

students’ achievement in Chemistry. The study adopted a quasi-experimental research design with 

pretest, posttest, non-equivalent, and non-randomized control groups. Two research questions were 

raised and two corresponding hypotheses were formulated to guide the study at a 0.05 level of 

significance. The population comprised 7,766 students (3,261 male and 4,505 female), while 204 

students were selected using intact classes. Simple random sampling technique was used to select 

the schools. The Chemistry Achievement Test (CAT), consisting of 25 multiple-choice questions, 

served as the instrument for data collection. The instrument was validated by three experts using 

content and face validity, and its reliability coefficient index was 0.88 using KR-20. Mean and 
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standard deviation were used to answer the research questions, while Z-test and ANOVA were 

employed to test the null hypotheses at 0.05 significance level. The results showed that the 

students’ achievement scores (X = 62.20, SD = 12.67) for the TPS group were significantly higher 

than those for the conventional lecture group (X = 49.31, SD = 10.16). Gender-based analysis 

revealed that female students (X = 62.71, SD = 13.43) outperformed male students (X = 60.95, SD 

= 10.95) when taught using TPS. Statistical tests indicated significant differences in achievement 

between TPS and conventional methods in favor of TPS, as well as between male and female 

students exposed to TPS, in favor of female students (F (1,204) = 21.457). The findings 

demonstrated that TPS significantly improved students’ achievement in Chemistry compared to 

conventional lecture methods, with female students benefiting more than male students (F (1,204) 

= 11.25). Based on these findings, the study recommended that teachers should employ the TPS 

strategy in teaching Chemistry and other science-related subjects to enhance students’ 

achievement. 

Article 17  

Empowering the Next Generation Through Mass Participation in Sporting Events and 

Tourism as Innovative Pedagogical Strategies in Nigeria STEM Education by Yakubu Yahaya 

Ibrahim (PhD) highlighted the influence of mass participation in sporting events and tourism on 

empowering the next generation in Nigeria. Mass participation in sport events referred to the 

involvement of many people in different forms of sporting and physical activities irrespective of 

age, gender, international or local athleticism, and social status. Such events required traveling 

from one destination to another by both participants and spectators. Tourism was defined as the 

process of traveling to and staying in a different environment for leisure, business, educational, 

and other purposes not exceeding one consecutive year. The study adopted an ex-post facto 

research design and utilized a self-developed questionnaire on a Likert scale, which was validated 

and pilot-tested for reliability. Six hundred and twenty-one copies of the instrument were 

administered to staff members of sport councils/commissions and tourism boards in twelve 

sampled states across the six geo-political zones of Nigeria, all of which were retrieved, recording 

a 100% return rate. The data supplied by the respondents were statistically analyzed using 

frequencies, percentages, means, standard deviation, and chi-square to test the hypothesis. The 

results showed a significant influence of mass participation in sporting events and tourism on 

empowering the next generation in Nigeria (χ² computed > χ² critical at df = 28, p < 0.05). Based 

on the major findings, the study recommended that the government of Nigeria at all levels should 

encourage mass participation in sporting events as a means of empowering especially the youths 

for effective science, technology, and mathematics education
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Abstract 

This study focused on the analysis of the competences elicited by the Physics Paper 2 questions 

administered by the West African Examination Council (WAEC). The primary aim was to evaluate 

the emphasis placed on various competences within the examination questions. A notable research 

gap exists in the systematic analysis of how these competences are targeted by WAEC Physics 

examinations, which this study aims to address. A notable research gap exists because, while most 

curricula have transitioned to a competence-based approach, the extent to which exams have 

adapted to this shift remains unclear. The target of this research were examination papers. Data for 

the study was collected from the official WAEC Physics Paper 2 examination questions for the 

years 2021 and 2022. Each question was categorized based on the competences it was designed to 

assess. Data analysis involved quantifying the frequency of each competence across the two years, 

followed by a comparative analysis to identify trends and patterns. The findings reveal that 

conceptual understanding was the most frequently targeted competence, followed by analytical 

skills, while practical and experimental understanding were the least assessed. The implications of 

these findings suggest an imbalance in competences to be elicited, leaning towards just what 

learners should know as opposed to what they should do. This imbalance may affect the holistic 

development of learner’s competences in physics. The study recommends a more balanced 

approach of competences in future examinations. Integrating more diverse question types that 

assess a wider range of skills could better prepare learners for real-world applications of physics. 

Addressing these areas, the research aims to inform and improve the design of assessment, 

ultimately enhancing physics education for learners in the West African region. 

Key words: WAEC, Physics Paper 2, Competence, Educational assessment, Examination 
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1. Introduction 

The role of standardized examinations in shaping educational outcomes cannot be overstated, 

especially in regions where such assessments are crucial determinants of academic and 

professional futures. In West Africa, the West African Examination Council (WAEC) oversees the 

administration of these pivotal exams, including the Physics Paper 2, which is a critical component 

of the secondary school leaving certificate. As educational systems globally transition towards 

competence-based curricula, which emphasize the development of skills alongside knowledge, 

there is an increasing need to ensure that standardized examinations align with these curricular 

changes. However, the extent to which WAEC Physics examinations reflect this pedagogical shift 

remains unclear, necessitating a thorough analysis. WAEC is responsible for administering 

standardized examinations across several West African countries, including Nigeria, Ghana, Sierra 

Leone, Liberia, and The Gambia. The WAEC Physics examination is a significant milestone for 

learners in these countries, often determining their eligibility for tertiary education and influencing 

their future career paths. The Physics Paper 2 specifically is designed to test a range of 

competences, including theoretical understanding, problem-solving abilities, and practical 

knowledge. The exam is typically structured to include both multiple-choice and essay-type 

questions, covering a wide array of topics within the secondary school physics curriculum. 

Historically, these exams have been content-heavy, with a strong focus on learners’ ability to just 

assess lower order thinking skills of recalling. However, with the recent shift towards competence-

based education in the region, there is a growing expectation that these exams should also assess 

higher-order thinking skills, such as analysis, synthesis, and evaluation. This shift is critical for 

ensuring that learners are not only knowledgeable but also have novel ideas that can generate novel 

solutions that can be applied in practical, real-world situations. Despite these curricular reforms, 

there has been limited research into whether WAEC Physics exams have been tailored to 

adequately assess diverse competences. The purpose of this research was to evaluate the 

competence distribution in the WAEC Physics Paper 2 examination questions over two 

consecutive years (2021 and 2022). Analyzing the types of competences assessed in these 

questions. The findings of this research are expected to provide valuable insights into the current 

state of standardized testing in the region, offering recommendations for improving the balance of 

competences assessed in future examinations and also consideration of formative assessments. 

This, in turn, could have significant implications for the overall intended physics education and its 

preparation for real-world applications of knowledge and skills. 

1.1. Background  

Physics Papers 1, 2, and 3, to evaluate learners’ competences in line with the syllabus and 

assessment objectives. The WAEC Physics syllabus is designed to ensure learners acquire a 

comprehensive understanding of physics principles, develop scientific skills, and cultivate 

essential attitudes like critical thinking, precision, and practical application. The syllabus outlines 

several assessment objectives which include acquiring knowledge and understanding of scientific 

concepts, facts, laws, and vocabulary; demonstrating proficiency in information handling, data 
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analysis, and problem-solving; and mastering experimental and practical skills. Physics Paper 1 

primarily focuses on multiple-choice questions to assess knowledge recall and basic 

understanding. Physics Paper 2 consists of structured and essay-type questions, intended to 

evaluate theoretical knowledge and problem-solving abilities. Further, the syllabus emphasizes 

that practical skills were to be mainly assessed through Physics Paper 3, which is designed to 

assess learners’ competence in handling scientific apparatus, conducting experiments, and 

interpreting experimental data (WAEC, 2020). Given this structure and the objectives of the 

assessment of the examination papers, there is concern as to how the questions in physics paper 2 

are distributed with regards to competence alignment. Therefore, this paper evaluates whether 

Physics Paper 2 adequately reflects diverse competences to ensure it aligns with the broader 

objectives of competence-based education in the region. 

1.2. Purpose of the Study 

The primary purpose of this study was to evaluate the competence distribution in the WAEC 

Physics Paper 2 examination questions over two consecutive years (2021 and 2022). Specifically, 

the study aimed to determine whether the examination questions align with competence-based 

education trends that have increasingly been preferred in recent years. 

1.3. Significance of the Study 

The significance of this study lies in its potential to influence educational assessment practices 

within the West African Examination Council (WAEC) framework, particularly in the context of 

the Physics Paper 2 examination. As educational systems increasingly shift towards competence-

based curricula, it is essential that standardized examinations evolve to reflect this focus through 

inclusion of diverse questions which might include critical thinking, analytical and problem-

solving abilities This study provides valuable insights into distribution of competences in the 

WAEC Physics paper 2 examination questions. 

Also, by identifying any imbalances or gaps in the competences targeted by the Physics Paper 2 

exams, the research offers insights that can guide policymakers, educators, and examination bodies 

in refining exam structures to ensure a more comprehensive assessment of competences. This, in 

turn, could enhance the overall quality of physics education in the region. 

Furthermore, the findings of this study have potential to contribute to discussions on educational 

assessment in competence-based education. The study’s methodology and insights could serve as 

a model for similar analyses in other subjects and regions, fostering a more holistic approach to 

standardized testing. 

1.4. Research Objective 

The objective of this study was to ascertain the distribution of competences assessed in the 

WAEC Physics Paper 2 examination questions over two consecutive years 
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1.5. Research Question 

What types of competences are assessed in the WAEC Physics Paper 2 examination questions 

over two consecutive years? 

1.6. Problem Statement 

Despite the global shift towards competence-based learning (CBL) and the WAEC syllabus 

objectives emphasizing a broad range of skills that learners need to acquire, there is growing 

concern that standardized examinations may not fully align with these goals (Biggs & Tang, 2011; 

William, 2018). In West Africa, WAEC plays a key role in assessing competences through exams 

like Physics Papers 1, 2, and 3. While paper 1 assesses recall and remembering and paper 3 assesses 

manipulative skills (WAEC,2020), the essence of paper 2 remains unclear. This uncertainty, was 

ground to evaluate the competence distribution in Physics Paper 2. This study systematically 

analyzes the competence distribution in WAEC Physics Paper 2 examination questions over two 

consecutive years (2021 and 2022). 

1.7. Scope and Limitations of the Study 

This study was subject to several limitations that should be taken into account when interpreting 

the findings. First, the research was focused solely on the WAEC Physics Paper 2 examination 

questions from two consecutive years (2021 and 2022). While this provides a useful snapshot of 

the competence distribution in these exams, it may not capture longer-term trends or variations in 

how competences are assessed over a more extended period. Additionally, the study was limited 

to the Physics Paper 2 examination and does not consider other subjects offered by WAEC, which 

means the findings may not be generalizable to other subjects or the broader WAEC examination 

system. Different subjects may emphasise different competences, leading to varying results. 

Another limitation lies in the interpretation of competences, as the categorisation of examination 

questions is based on the researchers’ analysis. This process introduces a degree of subjectivity, as 

different educators or researchers might classify competences differently, potentially affecting the 

consistency of the findings. 

Further, WAEC exams are administered across multiple West African countries, each with its own 

unique educational context. This study does not account for potential regional differences in how 

the Physics Paper 2 is administered or interpreted, which could influence the generalisability of 

the findings across all WAEC member countries. Lastly, the study did not consider any changes 

in educational policy or curriculum that may have occurred between the two years examined. Such 

changes could impact the design and emphasis of the examination questions, meaning that the 

findings might be specific to the years analysed rather than indicative of a broader trend. 

2. Literature Review 

The literature surrounding competence-based education (CBE) and its implementation in 

educational assessment reveals a growing emphasis on aligning learning outcomes with the 

practical skills and knowledge necessary for success in real-world contexts. Various studies have 
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explored the impact of CBE on learning and the effectiveness of different assessment strategies in 

measuring a broad range of competences. This review of literature examines the findings from 

recent research on competence-based curricula and assessment practices, particularly in the 

context of science education. It also identifies gaps in the current understanding of how 

standardised exams align with the principles of CBE. 

2.1. Competence-Based Education and Assessment 

Competence-based education (CBE) emphasizes the development of specific competences 

required for success in real-world contexts, moving beyond traditional education’s focus on 

theoretical knowledge. This approach aims to ensure that learners not only acquire knowledge but 

are also capable of applying it in practical, meaningful ways (Biggs & Tang, 2011). CBE’s success 

depends heavily on the alignment between intended learning outcomes, instructional strategies, 

and assessment methods. 

In their study titled “The Relationship between Intended Learning Outcomes and the Attainment 

of Graduate Competence among Cross-border E-commerce Learners: The chain mediating roles 

of project-based learning and assessment strategies,” Li and Rohayati (2024) explored the 

alignment between intended learning outcomes and graduate competence. Their research 

highlighted the importance of project-based learning and assessment strategies in achieving these 

outcomes. They found that when assessments are aligned with intended learning outcomes and 

implemented through practical learning strategies like project-based learning, learners are more 

likely to develop the competences required for their professional careers. This underscores the 

importance of using assessment methods that not only test theoretical knowledge but also evaluate 

practical skills. 

Similarly, the study by Anh, Hoa, and Phuong (2024) titled “Assessing Pedagogical Learners’ 

Learning Outcomes Through a Competence-Based Approach,” examined how competence-based 

assessments impact the learning outcomes of pedagogical learners. Their findings indicated that a 

competence-based approach to assessment significantly enhances learners’ ability to apply 

theoretical knowledge in real-world teaching scenarios. The study emphasized the need for 

assessments that measure a broad range of skills, including critical thinking, problem-solving, and 

practical application, rather than just theoretical understanding. 

2.2. Competence-Based Curricula and Learning Outcomes 

Competence-based curricula are designed to align educational goals with the competences learners 

need to succeed in their chosen fields. Vänttinen (2023), in the study “Towards Competence Based 

Curricula and Learning Outcomes Evaluation at Mikkeli University of Applied Sciences,” 

discussed the shift towards competence-based curricula and the importance of evaluating learning 

outcomes within this framework. The research found that traditional assessments often fail to 

capture the full range of student competences, particularly in practical and applied areas. Vänttinen 
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emphasized the need for assessment strategies that accurately measure both theoretical knowledge 

and the practical skills that are essential for professional success. 

The role of formative assessments in supporting CBE was further explored by Sonnleitner and 

Ruffeis (2023) in their study “The Role of Formative Assessments in Competence-based Online 

Teaching of Higher Education Institutions.” The study highlighted the critical role of formative 

assessments in online competence-based education, finding that continuous assessment helps 

learners develop and refine the competences needed for their professional fields. The authors 

argued that formative assessments are essential for providing ongoing feedback, allowing learners 

to identify areas for improvement and ensuring that they meet the desired learning outcomes. 

2.3. Research Gap 

Despite the increasing focus on competence-based education, there is a noticeable gap in research 

regarding how well standardised exams, align with the principles of CBE, particularly in assessing 

a balanced range of competences. While existing studies have emphasized the importance of 

aligning assessments with learning outcomes and have explored the impact of different assessment 

strategies on student competence, there is limited research on whether standardised exams 

comprehensively evaluate a wide range of competences. Most research has focused on the content 

of exam questions, with less attention given to the distribution of competences assessed. This 

research aimed to address the identified gap by systematically analysing the competences assessed 

in the WAEC Physics Paper 2 exams for 2021 and 2022. Specifically, this study investigates 

whether these exams provide a balanced assessment of a broad range of competences. 

3. Methodology 

This methodology section presents an overview of the research design, target population, data 

collection, and data analysis procedures used in this study to examine the distribution and emphasis 

of competences in the WAEC Physics Paper 2 examination questions for the years 2021 and 2022. 

It outlines the systematic approach employed to evaluate and categorise the competences assessed. 

3.1. Research Design 

This study employs a descriptive research design, specifically focusing on content analysis to 

evaluate the competence distribution in WAEC Physics Paper 2 examination questions. The aim 

was to systematically analyse the distribution of competences in the examination questions over 

two consecutive years (2021 and 2022). Descriptive research was suitable for this study as it 

allowed for a detailed evaluation of the examination questions. 

3.2. Target  

The target of this research consists of the structured questions presented in the WAEC Physics 

Paper 2 examination for the years 2021 and 2022. Each of these examination papers contained 12 

structured questions, making a total of 24 questions analyzed across the two years. These exams 

are part of the secondary school leaving examination administered by the West African 
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Examination Council (WAEC). The structured nature of these questions means they are intended 

to assess diverse competences in a detailed and systematic manner, making them ideal for the 

purposes of this study. 

3.3. Data Collection 

Data for this study were collected from the official WAEC Physics Paper 2 examination questions 

for the years 2021 and 2022.This was purposeful sampling because (CBL) began gaining traction 

in Africa around the mid-2000s with notable implementation starting between 2005 and 2009 in 

several countries, such as Ethiopia and Senegal (Gauthier, 2013).  Each of the 24 structured 

questions was extracted and reviewed to identify the specific competences it was designed to 

assess. The competences were categorised based on emerging themes from the questions. 

3.4. Data Analysis 

The data analysis process to evaluate the distribution of competences assessed in the WAEC 

Physics Paper 2 exams for the years 2021 and 2022 involved several key steps. To begin with the 

competences for each exam question were identified and categorized in themes based on the 

intention of the competences. After which, the frequency of each competence’s occurrence across 

the two years was then quantified to determine which competences were most and least commonly 

assessed. To further interpret the data, a Likert scale was applied to assess the degree of emphasis 

placed on each competence. The Likert scale categorised the emphasis as Minimal (1 question), 

Moderate (2-3 questions), Strong (4-5 questions), or Very Strong (6 or more questions). This 

allowed for a more nuanced understanding of how each competence was prioritized in the exams. 

Following this, a comparative analysis was conducted to identify trends and patterns in the 

distribution of competences between the 2021 and 2022 examination papers. This comparison 

provided insights into shifts in the focus of the exams and helped assess whether various skills and 

knowledge areas were assessed.  

4. Findings 

This section presents the results on the competences assessed in the WAEC Physics Paper 2 for 

the years 2021 and 2022. The results are organised to first provide a detailed examination of each 

year’s assessments using a Likert scale, followed by a graphical representation of the data. Finally, 

a comparative analysis between the two years is presented through a combined bar graph. 

4.1. Result 1:  Competences Assessed in 2021 

The first part of this analysis focuses on the competences assessed in the 2021 WAEC Physics 

Paper 2. To assess the degree of emphasis using a Likert scale, we can categorize the degree of 

emphasis (based on the number of questions) into different levels of emphasis of Minimal [1 

question], Moderate [2-3 questions], Strong [4-5 questions], and Very Strong [ 6 and more 

questions]. 
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Table 1 below categorises each competence based on the number of questions that assessed it, 

using a Likert scale to quantify the degree of emphasis. The finding show that the 2021 

examination placed a very strong emphasis on understanding, with 10 questions assessing this 

competence. Analytical skills, mathematical proficiency, problem-solving skills, and application 

of knowledge were strongly emphasised, appearing in 4-5 questions each. Competences like 

communication skills, diagram interpretation & drawing, practical understanding, and critical 

thinking were moderately emphasised, while experimental understanding received minimal focus, 

as they were only being assessed in one question. 

Thematic Competence Questions Assessing 

the Competence 

Degree of Emphasis 

(Number of 

Questions) 

Likert Scale 

Assessment 

Theoretical 

understanding 

Q2, Q4, Q5, Q6, Q7, 

Q8, Q9, Q10, Q11, Q12 

10 Very Strong 

Analytical skills Q1, Q3, Q8, Q9, Q11 5 Strong 

Mathematical 

proficiency 

Q1, Q3, Q8, Q10, Q11 5 Strong 

Problem-solving skills Q1, Q2, Q5, Q9, Q11 5 Strong 

Application  Q6, Q7, Q8, Q10 4 Strong 

Communication skills Q9, Q12 2 Moderate 

Diagram interpretation 

& drawing 

Q4, Q8, Q10 3 Moderate 

Practical understanding Q7, Q9 2 Moderate 

Critical thinking Q5, Q8, Q12 3 Moderate 

Experimental 

understanding  

Q1 1 Minimal 

The bar graph in Figure 1 below visually represents the degree of emphasis placed on each 

competence in the 2021 WAEC Physics Paper 2. 
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Figure 1: Degree of emphasis in the 2021 WAEC Physics Paper 2 

 

The graph clearly illustrates the strong emphasis on conceptual understanding, with 10 questions 

addressing this competence. It also highlights the moderate to strong focus on analytical skills, 

mathematical proficiency, and problem-solving skills. The minimal emphasis on experimental 

understanding is also evident. 

4.2. Result 2: Competences Assessed in 2022 

Table 2 below provides a breakdown using a Likert scale to assess the degree of emphasis in the 

2022 WAEC Physics Paper 2. In 2022, conceptual understanding and mathematical proficiency 

were the most strongly emphasized competences, appearing in 8 and 6 questions, respectively. 

analytical skills, application of knowledge, and communication skills also received strong 

emphasis. Problem-solving skills, diagram interpretation & drawing, practical understanding, and 

critical thinking were moderately emphasized, while experimental understanding were not 

assessed at all. 

Competence Questions Assessing the 

Competence 

Degree of 

Emphasis 

(Number of 

Questions) 

Likert Scale 

Assessment 

 Theoretical 

understanding 

Q2, Q3, Q4, Q7, Q8, Q10, 

Q11, Q12 

8 Very Strong 

Analytical skills Q5, Q6, Q9, Q11, Q12 5 Strong 

Mathematical 

proficiency 

Q1, Q5, Q6, Q9, Q11, Q12 6 Very Strong 

Problem-solving skills Q1, Q9 2 Moderate 
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Application of 

Knowledge 

Q4, Q8, Q10, Q11, Q12 5 Strong 

Communication skills Q2, Q8, Q9, Q11, Q12 5 Strong 

Diagram interpretation 

& drawing 

Q3, Q8, Q10 3 Moderate 

Practical understanding Q7, Q9 2 Moderate 

Critical thinking Q8, Q10 2 Moderate 

Experimental 

understanding  

None 0 Not Assessed 

 

Figure 2 illustrates the degree of emphasis on each competence in the 2022 WAEC Physics 

Paper 2. 

 

 

Figure 2:Degree of emphasis in the 2022 WAEC Physics Paper 2 

 

The graph shows a strong emphasis on conceptual understanding and mathematical proficiency in 

2022, with a noticeable reduction in the assessment of problem-solving skills and experimental 

skills. 

4.3. Result 3: Comparative Analysis of 2021 and 2022 

Figure 3 compares the degree of emphasis on competences across both 2021 and 2022. The 

comparative graph highlights key trends and differences between the two years. Conceptual 

understanding remained a dominant focus in both years, although its emphasis was slightly 

stronger in 2021. Mathematical proficiency gained increased emphasis in 2022, while problem-
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solving skills saw a reduction. The inadequate focus on experimental understanding in 2022 is also 

a significant shift from 2021, where it was minimally assessed. 

 

 

Figure 3:degree of emphasis on competences across both 2021 and 2022 

5. Discussions 

The analysis of the competences assessed in the WAEC Physics Paper 2 for the years 2021 and 

2022 reveals important trends and shifts in the emphasis placed on different skills. 

The 2021 WAEC Physics Paper 2 displayed a clear and strong emphasis on conceptual 

understanding, with this competence being assessed in all 10 questions. This finding indicates that 

the exam prioritizes ensuring that learners have a solid grasp of the fundamental concepts in 

physics, which is essential for building a strong theoretical foundation in the subject. The strong 

emphasis on analytical skills, mathematical proficiency, and problem-solving skills further 

supports this focus on core competences that are critical for success in physics. The very strong 

emphasis on conceptual understanding suggests that the 2021 exam was heavily oriented towards 

assessing learners’ theoretical knowledge. While this is important, the relatively lower emphasis 

on competences such as practical understanding and experimental understanding may imply a gap 

in the assessment of learners’ ability to apply their knowledge in practical, real-world contexts. 

This could potentially limit learners’ preparedness for hands-on scientific work, which is 

increasingly important in both academic and professional settings (Hofstein & Lunetta, 2004). 

In 2022, the focus on conceptual understanding and mathematical proficiency remained strong, 

although there was a slight decrease in the number of questions assessing understanding compared 
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to 2021. This shift could suggest a slight broadening of the exam’s focus, potentially allowing for 

a more balanced assessment of other competences. However, the continued strong emphasis on 

these core competences indicates that theoretical and mathematical understanding remains central 

to the exam’s objectives. The reduced emphasis on problem-solving skills and the complete 

absence of experimental understanding in the 2022 exam raise concerns about the 

comprehensiveness of the assessment. The insufficient focus on experimental and practical 

competences may limit the exam’s ability to evaluate learners’ full range of skills, particularly 

those that are crucial for conducting experiments and understanding the practical applications of 

physics (Millar, 2004). This could lead to a mismatch between the skills emphasized in the exam 

and those needed in higher education and scientific careers. 

The comparative analysis between the 2021 and 2022 exams highlights several key trends. 

conceptual understanding remained the dominant focus in both years, underscoring its importance 

in the WAEC Physics curriculum. However, there was an increased emphasis on mathematical 

proficiency in 2022, which may reflect a growing recognition of the importance of mathematical 

skills in understanding and solving complex physics problems (Biggs & Tang, 2011). Conversely, 

the reduction in Problem-Solving Skills and the omission of Experimental understanding in 2022 

suggest a narrowing of the exam’s focus, potentially at the expense of assessing a broader range 

of competences. The shift in emphasis observed in 2022 may indicate a trend towards prioritizing 

theoretical and mathematical competences over practical skills. While this aligns with traditional 

educational goals in physics, it may not fully support the broader aims of competence-based 

education, which seeks to develop a wide range of skills, including those related to 

experimentation and practical application (Wiliam, 2018). The inadequate emphasis on 

experimental understanding is particularly concerning, as it may result in learners being less 

prepared for the hands-on aspects of physics, which are critical in both academic and professional 

contexts. 

The findings from the 2021 and 2022 WAEC Physics Paper 2 exams suggest that while core 

competences such as understanding and mathematical proficiency are appropriately emphasized, 

there is a noticeable inadequate focus on practical and experimental understanding. This imbalance 

may limit the effectiveness of the exams in fully assessing learners’ knowledge, skills and values. 

To address these gaps, future exams should aim for a more balanced approach that includes a 

variety of competences. This would align the exams more closely with the goals of competence-

based education. 

6. Conclusion 

This research aimed to evaluate the distribution and emphasis of competences assessed in the 

WAEC Physics Paper 2 examinations for 2021 and 2022, with the primary objective of 

determining whether these exams align with the principles of competence-based education by 

assessing a balanced range of skills. The findings revealed a strong and consistent focus on core 

competences such as theoretical understanding and mathematical proficiency, which were 

emphasized with “very strong” ratings in both years, underlining the exam’s commitment to 
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ensuring learners have a solid grasp of fundamental physics concepts and the mathematical 

abilities required for problem-solving. However, the study also identified significant gaps in the 

assessment of practical and experimental understanding, with experimental understanding being 

minimally assessed in 2021 and completely absent in 2022. problem-solving skills and practical 

understanding were also less frequently assessed, indicating a potential misalignment with the 

broader educational goal of developing a comprehensive range of competences. Based on these 

findings, it is recommended that future WAEC Physics Paper 2 exams place greater emphasis on 

practical and experimental competences, adopt a more balanced competence framework, and 

undergo periodic review to ensure alignment with competence-based education goals. While the 

current exams effectively assess core theoretical competences, a more holistic approach that 

includes stronger emphasis on practical and experimental understanding will better prepare 

learners for the diverse challenges they will face in higher education and professional settings. 
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Abstract 

This study investigated the effect of metacognitive guidance in forum discussion on the acquisition 

of mathematical literacy among senior secondary school students in Abuja. The design was quasi-

experimental pre-test, post-test, non-equivalent groups factorial design. Forty female and forty 

male SSII students of Abuja School of Accountancy and Computer Studies (ASACS) Abuja were 

sampled using purposive sampling technique out of a population of 42,653 senior secondary school 

students in Abuja to participate in the study. Two research questions and two hypotheses guided 

the study.Two instruments: Achievement Test in Mathematical Literacy (ATML) and Students’ 

Mathematics Interest Inventory (SMII) were constructed by the researchers and validated by 

experts. Logical validity index of 0.81 and Cronbach’s alpha of 0.794   were obtained for ATML 

while logical validity index of 0.87 was obtained from experts’ ratings for SMII. The instruments 

were administered to the participants as pre and post-tests. The study lasted for four weeks. The 

data collected were analyzed using frequencies, mean, standard deviation, t-test and Analysis of 

Co-variance (ANCOVA). Results from the analysis indicated that there was significant difference 

in the mean interest score of students exposed to metacognitive guidance and those not exposed to 

metacognitive guidance in mathematical literacy. The study recommended among others that 

metacognitive guidance with mathematical literacy for teachers both at pre-service and in-service 

levels.  

 

Keywords: Metacognitive Guidance, Mathematics Literacy, Ability, Interest and Achievement 

 

1. Introduction 

 Mathematics is basic to the development of science and technology, as it is the tool to keep balance 

in our life. It is the mother science of the abstract world; an essential creative and powerful 

Article 2 

mailto:fsoomooga@gmail.com


Effect Of Interest and Ability on the Acquisition of Mathematical Literacy Through Metacognitive 

Guidance Among Secondary School Students in the Federal Capital Territory, Abuja pp 15- 27 

 

16 

 

discipline recognized globally. As important as man has discovered the relevance of mathematics, 

the subject has to be handled well in the schools, from basic to advanced levels in order to bring 

out the utilitarian goals of mathematics to real life situation (Oluwaniyi, 2006). Mathematical 

theories are used every day by experts in applied sciences like astrology, meteorology, 

archaeology, geology, space science, travel and research, automobile, construction industries, 

flight, ship navigation, mining, petrochemical industries and security, espionage (wiring, code 

breaking etc.,). In short, mathematics is used in every sphere of life. Thus, without sufficient 

knowledge in mathematics, one may not climb the academic ladder (Archin & Yanney, 2020).  

However, the abstract nature of mathematics may cause loss of interest leading to low achievement 

(Yeh, Cheng, Cheng, Liao, & Chan, 2019). This has necessitated the one the root cause of low 

academic achievement in mathematics which is interest. Ojo (2022) defined interest as zeal or 

willingness to participate in an activity from which we derive some pleasure. Without the interest, 

no matter the method or strategy used may not succeed. 

Mathematics is taught using different methods, techniques, strategies and approaches by different 

teachers in different cultures with a view to generating and sustaining the interest of students in 

mathematics (Sadiq, 2014; Ojo, 2022). Similarly, long (2019) conducted a study with primary aim 

of examining a possible association between interest and mathematics performance among 

Malaysian students in a technology-enhanced learning environment. In the study, Mathematics 

Interest Inventory (MII) was administered to 40 students to measure students’ interest towards 

mathematics, while mathematics test was used to measure students’ mathematics performance. 

Results of the descriptive statistical analyses revealed that the students were relatively interested 

in mathematics. Nevertheless, a significant relationship between interest and mathematics 

performance was found among students who had lower mathematics performance. The findings 

of this study pointed to the importance of igniting interest among students with lower mathematics 

performance given its strong link to mathematics performance (Long, 2019). Replete research 

reports and recommendations for the adoption of various methods, techniques and strategies of 

teaching and learning mathematics abound. However, teaching mathematical literacy through 

metacognitive guidance with forum discussion is relatively new in this part of the world. Most 

indigenous studies in metacognitive guidance (Okoza & Aluede, 2014; Okoza, Aluede & Owens-

Soglo, 2013; Onu, Eskay, Igbo, Obiyo & Agbo, 2012; Nbina & Viko, 2010) have little or nothing 

to say on mathematical literacy.  Methods of teaching mathematics at various historical phases are 

contingent on the objectives mathematics education attempts to achieve.  One of the strongest 

results in recent research is that the most important feature in effective teaching is giving students 

opportunity to learn, as the place and role of the learner is very important.  Constructivists opine a 

learner- centred approach is preferred to the emphasis on the teacher cantered.   Teachers and 

learners have variously employed different methods but unfortunately, performances in 

mathematical tasks have not been as expected in our schools especially in the secondary schools 

(Adetula, 2003; National Mathematical Centre (NMC), 2004; SMASE Nigeria, 2006). Every 

country needs mathematically literate citizens to deal with a very complex and rapidly changing 

society; it is necessary that the capacities of students to analyze, reason and communicate ideas 
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effectively as they pose, formulate, solve and interpret mathematical problems in a variety of 

situations must move beyond the kinds of situations and problems typically encountered in school 

classrooms (PISA/OECD, 2003). It is to this effect that the researcher   examined how to enhance 

mathematical literacy through metacognitive guidance in forum discussion. Mathematical literacy 

chooses to emphasize putting mathematical knowledge to functional use in a multitude of different 

situations in varied, reflective and insight-based ways.  

1.1 Statement of the problem   

Too   often, the Nigerian society seems to accept the stereotype that mathematics is for the few, 

not for the many.  The reality is that mathematics is deeply embedded in the modern workplace 

and in everyday life.  It is time to dispel the myth that mathematics is for selected few and demand 

success in mathematics for all learners.   However, students must have a solid conceptual 

foundation in Mathematics in order to apply their knowledge effectively and to continue to learn 

mathematics.  Mathematics is so entwined with today’s way of life that students cannot fully 

comprehend the information that surrounds them without a basic understanding of mathematical 

ideas.  Teachers and learners have employed various methods in teaching and learning 

mathematics, but unfortunately, students’ performances are not commensurate to the efforts put 

in. If this scenario is allowed to persist, the students and society on the long run will be adversely 

affected.  Can metacognitive guidance in forum discussion enhance mathematical literacy in some 

secondary school students in Abuja?  Rather than limit the students to the curriculum contents they 

have learned, is it possible to determine if students can use what they have learned in situations 

they are likely to encounter in daily life? Is there any difference in the performance of students in 

forum discussion and their counterparts not exposed to metacognitive guidance? Seeking answers 

to these posers constituted the problem that this study was designed to address. The thrust of this 

study was to identify what will enable students to use their mathematical knowledge to solve real 

life tasks; how guidance in intentionality will facilitate acquisition of mathematical literacy 

through online discussion. It is to determine the characteristics needed to convert students’ 

mathematical “head knowledge” to productive problem-solving skills through metacognitive 

guidance. 

 1.2 Purpose of study  

The purpose of this study was to determine the effect of forum discussion embedded within 

metacognitive guidance on mathematical literacy of senior secondary school students in the 

Federal Capital Territory, Abuja. Specifically, the study strived to achieve the following 

objectives: 

i. aascertain the effects of metacognitive guidance on the mean scores of students segregated 

according to high and low ability categories as defined by their mean scores in the achievement 

test. 

ii.  analyze students’ interest when taught mathematics using metacognitive guidance in forum 

discussion.  
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  1.3 Research Questions 

The following research questions were raised to guide the study: 

1.  What is the effect of metacognitive guidance   in forum discussion   on the mean 

performance of students segregated according to high and low ability categories? 

2. What is the effect of teaching mathematics using metacognitive guidance in forum 

discussion on students’ interest in mathematics? 

1.4 Research Hypotheses 

The following hypotheses were formulated and tested at 0.05 level of significance: 

1.  There is no significant difference in the mean scores of students   with high   ability and those 

with low ability in mathematical literacy. 

2.  There is no significant effect of metacognitive guidance on students’ interest in mathematics.        

2. Methodology 

This section is presented under the following subheadings: research design, population, sample 

and sampling procedure, instrumentation, validation and reliability of instruments, administration, 

and procedure for data analysis are discussed. 

2.1 Research Design   

  This study adopted quasi-experimental pre-test, post-test, non–randomized and non-equivalent 

groups design. Conventionally, there were Experimental and Control groups. The Experimental 

group was exposed to metacognitive guidance through forum discussion (MG), while the Control 

group was not exposed to metacognitive guidance. Both groups were allowed forum discussion 

(FD) on the internet. An achievement test (pre-test) was administered   and the results used to 

ensure that the mean performances of both groups were not significantly different, thereby 

ascertaining that at the beginning of the study, the two groups were similar in ability.  The 

experimental group was allowed internet interaction coupled with a four-week metacognitive 

guidance using a validated instrument and lesson plan tailored after IMPROVE (Mevarech & 

Kramarski, 1997). In contrast the Control group was taken through a four-week teaching without 

metacognitive guidance. At the end, a post-test on mathematical literacy was administered to both 

groups.  

2.2 Population of the Study 

Forty-two thousand, six hundred and fifty-three (42,653) senior secondary school students from 

125 senior secondary schools in the Federal Capital Territory, Abuja, Nigeria constituted the 

population of the study. The target population was senior secondary school students with access 

to functional internet facilities.  

 2.3 Sample and Sampling Procedure 

Purposive sampling of schools that qualified by the delimited scope of the study was relied on. 

Precisely 40 males and 40 females from senior secondary 2 students of Abuja School of 

Accountancy and Computer Studies (ASACS) Secondary School, Bwari, Bwari Area Council, 

Abuja were purposely selected for the study.  There were 40 subjects for the experimental group 
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with 20 females and 20 males. The control group was also 40 subjects with 20 females and 20 

males. For a study that required subjects to work using the internet, the sample size of 80 subjects 

satisfies the Central Limit Theorem, that the sample means of the samples will be normally 

distributed. Senior secondary 2 students were sampled for the study because senior secondary 1 

students were relatively new to the senior secondary section, while senior secondary 3 students 

were not enthusiastic to participate in the study as their focus was concentrated on their 

preparations for the Senior School Certificate Examinations (SSCE). 

2.4 Instrumentation 

Instruments employed for collecting data needed for the study are described below along with the 

tools for the treatment of the experimental group. 

2.5 Achievement Test in Mathematical Literacy (ATML).   

This is an adaptation of the PISA/OECD standardized mathematical literacy questions published 

by OECD. Ten items were carefully selected from the compendium: “Take the Test”. Problems 

posed require application of mathematical knowledge in solving real life problems/tasks. Each of 

the ten problems was scored out of a total of ten points. The maximum score obtainable is 100.  In 

mathematical literacy, assessment is given as a percentage and a rating code.  The examination 

papers in Mathematical literacy have approximately 25% of marks from each learning outcome: 

Learning outcome1- Numbers and Operations in context; Learning outcome 2- Functional 

Relationships; Learning outcome3-Space, Shape and Measurement and Learning outcome4- Data 

handling.  

Students’ Mathematics Interest Inventory (SMII) 

This instrument solicits information on areas of students’ interest in learning mathematics. 

Students are to mention their best subject and whether or not they like mathematics. Other 

information sought include their performance in mathematics in the last examination they wrote, 

recommended mathematics textbooks and other instructional materials, their mathematics teacher, 

methods of teaching/learning mathematics, homework, awareness of usefulness of mathematics in 

future career, whether there can be improvement or not in students’ mathematical achievement etc. 

SMII is a 15-item questionnaire based on a four-point likert scale ranging from Strongly Agree 

(SA), Agree (A), Disagree (D) to Strongly Disagree (SD). The positive statements were graded 

4,3,2, and 1 points respectively while the reverse i.e. 1,2,3, and 4 points were graded for the 

negative statements.  

Tools 

Tools for carrying out the study are: 

          (i)       Lesson plans for the   experimental group 

    (ii)       Lesson plans for the control group 

The lesson plans were prepared to   cover the deliberate activities that the experimental and control 

groups were exposed to. 
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Validation and Reliability of Instruments 

The researchers presented the ten-item pre-post-test instrument to four senior colleagues who are 

experts in mathematics, statistics and psychometric and from different organizations to rate the 

instrument with a view to computing index of logical validity. The experts gave logical validity 

index of 0.81. The Students’ Mathematics Interest Inventory (SMII) was validated by three experts 

whose ratings yielded a logical validity index of 0.87.  

To compute a measure of internal consistency of the instruments used for the pre-test and post-test 

for the study, the instruments were administered to 57 pilot subjects selected randomly from Senior 

Secondary 2 students of Government Secondary School, Kuduru, Bwari Area Council, Abuja. 

These students did not take part in the study. The scores were harvested and subjected to Statistical 

Package for Social Sciences (SPSS) version 21.0 with a view to obtaining Cronbach’s alpha (). 

  Procedure for Data Collection 

 Two instruments (Achievement and Interest inventory) were administered to the subjects. 

Participants had one to two hours to respond to each of the instruments. They were afforded 

minimum requirements for test administration to ensure validity.  Adequate 

instructions/information were accorded participants to avoid ambiguity. Relevant test materials 

were provided. 

Procedure for Data Analysis 

Relevant statistical techniques were employed in analyzing data that were gathered from   the 

administered instruments. Research questions were answered with descriptive statistics, mainly 

means and standard deviations. 

(i) ANCOVA was used to test whether or not significant differences   existed at 0.05 level 

of significance in the following:  

(a) Performances according to ability 

(b) Interest in mathematics 

Discussion  

 Research Question 1 

What is the effect of metacognitive guidance in forum discussion on the mean performance of 

students segregated according to high and low ability categories? 

Data in table 1 indicate mean scores of students segregated to high and low ability levels. 

Table 1: Mean scores of students with high ability and those with low ability in 

mathematical literacy 
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 Mean N Std. Deviation Std. Error Mean 

Low Ability 

High Ability 
30.55 40 7.723 1.221 

41.63 40 6.663 1.053 

 

Results in Table 1 indicate that students with high ability out performed students of low ability in 

mathematical literacy. The mean score of low ability is 30.55 while that of high ability is given as 

41.63.   

Hypothesis 1 There is no significant difference in the mean scores of students with high ability 

and those with low ability in mathematical literacy. 

Table 2 was generated by calculating the t-test statistic, to analyse the paired differences in the 

scores of students with high ability and those with low ability in mathematical literacy. 

Table 2: T-test analysis on students with high ability and those with low ability in 

mathematical literacy. 

 

Paired Differences 

T Df 

Sig. (2-

tailed) Mean 

Std. 

Deviati

on 

Std. 

Error 

Mean 

95% 

Confidence 

Interval of the 

Difference 

Lower 

Uppe

r 

Low Ability - High 

Ability 

-

11.075 
4.405 .696 

-

12.484 

-

9.666 

-

15.901 
39 .001* 

 * Significant at 0.05 level of significance 

 

Results in Table 2 indicate the t-test analysis on students with high ability and those with low 

ability in mathematical literacy. This is shown by calculated t = -15.901 which is significant at 

0.001 level. The null hypothesis of no significant difference in the mean scores of students with 

high ability and those with low ability in mathematical literacy was not accepted.   

Research Question 2 

What is the effect of teaching mathematics using metacognitive guidance in forum discussion on 

students’ interest in mathematics? 

Table 3: Mean scores of students in Students’ Mathematics Interest Inventory 

 Mean N Std. Deviation 

Pretest Control 36.25 40 1.568 
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Pretest Experimental 36.63 40 4.488 

Posttest Control  36.45 40 2.340 

Posttest Experimental 45.10 40 4.088 

 

Data in Table 3 indicate that students exposed to metacognitive guidance show more interest in 

mathematics than those not exposed to metacognitive guidance. The mean score of pre-test control 

is 36.25 while that of pretest experimental is given as 36.63. The mean score of post-test control 

is 36.45, while the mean score of post-tests experimental is 45.10 These results indicate that 

metacognitive guidance has positive effect on students’ interest in mathematics. 

Hypothesis 2 

There is no significant effect of metacognitive guidance on students’ interest in mathematics. The 

researchers   first tested whether there is a   significant difference in the interest of both control 

and experimental groups in mathematics   before the treatment. Analysis of the result is shown in 

table 4. 

Table 4: T-test analysis on pre-test control and pre-test experimental groups 

 

Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

 Pretest Control  

 Pretest Experimental 
.175 4.956 .784 -1.410 1.760 .223 39 .824* 

Not significant at 0.05 levels of significant 

Results in Table 4 show the t-test analysis on pre-test control and pre-test experimental groups. 

This is shown by calculated t = -0.223 which is not significant at 0.05 level. Therefore, there was 

no significant difference in the interest of the control and the experimental groups in mathematics 

before treatment.  

Next, the researchers tested whether there was a significant difference in students’ interest in 

mathematics after treatment in the control and experimental groups. The analysis result is shown 

in Table 5. 
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Table 5: T-test analysis on post-test control and post-test experimental groups. 

* Significant at 0.05 levels of significant 

 

Results in Table 5 indicate the t-test analysis on post-test control and post-test experimental groups. 

This is shown by calculated t = -11.160 which is significant at 0.001 levels. There is therefore a 

significant difference in students’ interest in mathematics after treatment in the groups. Hypothesis 

2 is therefore not accepted. The experimental group shows more interest in mathematics than the 

control group. This may be as a result of metacognitive guidance which the experimental group 

was exposed to and the control not exposed to metacognitive guidance.  

Summary of Findings 

Findings from the study are as follows: 

(1) After the treatment, the experimental group exposed to metacognitive guidance showed 

more interest in mathematics than the control group that was not exposed to metacognitive 

guidance.   

(2) Subjects in different ability categories achieved differently in mathematical literacy tasks. 

Discussion 

Results of this study indicate that students of high ability outperformed students of low ability 

category in mathematical literacy.  All children do not learn in the same way and at the same pace 

(De Siegle, 1956).  Instructional strategies which can be utilized to meet students’ needs include 

grouping.  When instruction is modified, advance in achievement affect all student groups, not just 

the high ability students.  Teachers need to adjust the curriculum to match the capabilities of 

students. 

Grouping students according to ability is not the only option.  Students can be placed in groups 

according to interest or motivation to work on areas of common interest (De Siegle, 1956).  

Students who are not in high ability groups are not harmed academically by ability grouping and 

may gain academic ground in some cases.  Ability grouping does not have negative effects on 

student self-esteem and appears to be slightly positive for lower achieving students. 

 

Paired Differences 

T Df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% 

Confidence 

Interval of the 

Difference 

Lower Upper 

 Posttest Control - 

Posttest 

Experimental 

-8.850 5.016 .793 
-

10.454 
-7.246 

-

11.160 
39 .001* 
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When learners of mathematics see positive results in learning experiences being exposed to, they 

are likely to create more time to study on their own, thereby generating and sustaining their interest 

in the study of mathematics.  This research revealed that metacognitive guidance can increase the 

interest of learners in mathematics.  This is in conformity with the studies of Yildiren and Aydin 

(2005), and Zakariya (2014). 

Increased interest in mathematics may likely increase achievement in mathematical tasks.  That 

practice makes perfect can be applied to the study of mathematics.  Increased 

achievement/performance in mathematics may encourage learners to enrol in the study of courses 

in Engineering, Environmental Studies, Medicine and Surgery, Science and Technological based 

courses that require mathematics beyond the basic level.  These courses or areas of study are 

needed for nation building.  Entrepreneurship can be promoted through mathematical literacy since 

a glaring link between theory and practice is facilitated.  Ingenuity needed for resourcefulness may 

be accomplished as a result of constant application of theory to practice which is the purview of 

mathematical literacy. 

Conclusions 

Answers to the questions raised and decisions taken concerning the hypotheses are presented here. 

Students with high ability performed better than students with low ability.  There is a significant 

difference in the mean scores of students with high ability and those with low ability in 

mathematical literacy. 

Students taught mathematics using metacognitive guidance generate more interest in mathematics 

than those not exposed to metacognitive guidance.  There is a significant effect of metacognitive 

guidance on students’ interest in mathematics. 

Limitations 

This study required subjects to use the internet for online discussion.  Only one school was used 

for the study since it will be too tasking to use many schools as the researchers personally handled 

the two groups (experimental and control) involved in the study. Although, the results of the study 

have contributed to research and knowledge, if more schools were used, generalisation would have 

been wider. 

Recommendations 

Based on the findings of this study, the following recommendations are made: 

1. Metacognitive guidance should be introduced in the teaching of mathematics in the 

secondary schools. 

2. If metacognitive guidance as an approach to teaching mathematics should be introduced in 

the secondary schools, the teachers through whom this should be accomplished must be 

trained in metacognition, as one cannot give what s/he does not have 
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3. Mathematical literacy should be introduced into the secondary school curriculum.  Nigeria 

can borrow a leaf from the Department of Education, South Africa. South African schools 

teach mathematical literacy to high school students in grades 10, 11, and 12 as a school 

subject. It is pertinent to review the curriculum if this recommendation is to be implemented. 

4. Seminars, workshops and trainings should be organised for mathematical teachers frequently 

on mathematical literacy.  The National Mathematical Centre (NMC) and Mathematical 

Association of Nigerian (MAN) in conjunction with other relevant bodies should champion 

this cause. 

5. The analysis result of the study showed significant difference in students’ interest in 

mathematics. Teachers should generate and sustain students’ interest in mathematics. 

6. Students learn at different pace because of individual differences.  Differential learning 

abilities and strategies of students should be recognised and relevant learning programmes 

introduced to accommodate various ability categories.  Ability grouping where feasible 

should be introduced. 
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Abstract 

This study addresses challenges in creating cost-effective, sustainable aquaculture systems for 

small-scale farmers and educational institutions. The primary objective was to design and construct 

a 1,940-liter collapsible tarpaulin pond for African Catfish, promoting sustainable aquaculture 

while integrating STEM education. The project contributes to food security and aligns with 

Sustainable Development Goals (SDGs) by offering an innovative, environmentally friendly 

solution for fish farming. Measuring 1800 mm in length, 1200 mm in width, and 900 mm in depth, 

the pond was constructed using 1-1/2 inch, 1-1/4 inch, and 1-inch pipes, carefully assembled for 

structural integrity. A custom-cut PVC liner, tailored to pond dimensions, was sewn and laminated 

with silicone sealant to ensure a watertight seal. This liner was inserted into a galvanized steel 

frame, creating a stable environment for fish. Water management is facilitated by an inlet system 

with a shower head connected to a 25.4 mm PVC pipe, linked to a tap and hose. The outlet system 

involved marking and cutting a slot at the bottom of the tarpaulin tank, with a spillway installed 

200 mm below the top edge to control overflow. This project empowers educators and farmers by 

applying STEM principles and sustainable fish culture to enhance food security, environmental 

sustainability, and economic resilience in communities. It also serves as a model for 

interdisciplinary learning, bridging theoretical knowledge with real-world applications in STEM 

education. 

Keywords: African catfish, Design, Pond, PVC, Tarpaulin 

Article 3 
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1. Introduction 

The escalating global demand for sustainable and reliable food sources has intensified the focus 

on aquaculture as a critical component of food security and economic development (FAO, 2020). 

Aquaculture, involving the breeding, rearing, and harvesting of aquatic organisms in diverse water 

environments, plays a crucial role in meeting the protein needs of the growing population and 

providing livelihoods for millions worldwide (Umanah & Dapa, 2017). As of 2018, aquaculture 

contributed 46% of global fish production, with fish providing 17% of the global intake of animal 

proteins and 7% of overall protein consumption (FAO, 2020). This growth reflects a broader trend 

of rising fish consumption and population growth, with annual increases of 3.1% and 1.6%, 

respectively, over the past 60 years (FAO, 2020; Lekang, 2007). 

In sub-Saharan Africa, including Nigeria, freshwater fish farming plays a crucial role in enhancing 

food security and creating employment opportunities (Oyedeji, 2016). The African catfish (Clarias 

gariepinus) is a prominent species in Nigerian aquaculture due to its ease of cultivation, rapid 

growth, and resilience to challenging environmental conditions (Agyakwah et al., 2020). 

Aquaculture’s success is heavily dependent on the design and construction of effective farming 

infrastructure. Traditional earthen ponds, while commonly used, have several limitations, 

including vulnerability to environmental fluctuations and high land and water resource 

requirements (El-Sayed, 2020). To address these issues, modern alternatives such as collapsible 

tarpaulin ponds offer notable advantages, including flexibility, efficient water management, and 

cost-effectiveness. 

The design and construction of collapsible tarpaulin ponds involve creating a structural framework 

capable of supporting the water and fish load while ensuring stability, durability, and ease of 

assembly. This process includes building the frame from selected materials, assembling the pond, 

and testing it under real-world conditions to ensure it meets performance standards. By leveraging 

modern engineering principles and materials, collapsible tarpaulin ponds provide a robust, user-

friendly, and efficient solution for aquaculture. Despite advancements in tank designs, many 

locally built flexible fish holding units suffer from design flaws and lack scientific validation, 

leading to common issues such as leakage, instability, and bulging (Amponsah, 2018; Amponsah 

et al., 2021). Furthermore, the highwater usage associated with current aquaculture systems 

necessitates effective waste management techniques to avoid discouraging potential producers 

(Schuenhoff et al., 2003). Traditional systems like earthen and elevated ponds, while suitable for 

long-term production, are less ideal for small-scale or temporary applications due to their high 

labor and maintenance costs and extensive land use (Agyakwah et al., 2020). 

This study focuses on the design and construction of a 1,940-liter collapsible tarpaulin pond 

specifically tailored for African catfish cultivation. The pond, with dimensions of 1800mm in 

length, 1200mm in width, and 900 mm in depth, utilizes custom-cut PVC liners reinforced with 

galvanized steel frames to ensure structural integrity and durability. The design incorporates 
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advanced water management systems to optimize resource use and maintain high water quality, 

thus promoting healthy fish growth and minimizing environmental impact (Baßmann et al., 2017). 

Integrating this aquaculture system into educational frameworks enhances practical learning 

experiences within Science, Technology, Engineering, and Mathematics (STEM) education. It 

offers students hands-on opportunities to apply theoretical knowledge to real-world sustainability 

challenges, fostering skills in innovation, problem-solving, and environmental stewardship (Imron 

et al., 2020). Furthermore, this project aligns with the United Nations' Sustainable Development 

Goals (SDGs), particularly those related to zero hunger, quality education, and sustainable 

communities, highlighting its broader social and environmental significance (Adesuyi et al., 2023). 

The development of this collapsible tarpaulin pond represents a significant advancement in making 

sustainable aquaculture practices more accessible and practical for small-scale applications. By 

enhancing fish production and food security while serving as an educational model, it supports 

economic resilience and promotes sustainable development, addressing both immediate and long-

term needs in aquaculture  

2. Materials And Methods 

2.1 Construction site 

The pond design and construction were carried out at the Department of Agricultural and Bio 

Resources Engineering, Ahmadu Bello University, Samaru, Zaria, Nigeria. The university is 

situated in Samaru, with geographic coordinates of Latitude 11° 7' N to 11° 12' N and Longitude 

7° 36' E to 7° 42' E, and an elevation of 686 meters above sea level (Figure 1.). 

 
Fig 1: Map of Samaru-Zaria Showing the Study Area (Saleh et al., 2022). 

 

2.2 Construction material 

2.2.1 Frame  

A frame is a structural framework that provides support and stability to an object or system. In the 

context of a collapsible tarpaulin pond, the frame is typically constructed from materials like 

galvanized steel pipes and serves as the skeleton that holds the pond liner in place. It ensures the 
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pond maintains its shape, prevents deformation under the weight of the water, and allows the 

structure to withstand external pressures. 

 

2.2.2 Tarpaulin liner 

A tarpaulin liner is a flexible, waterproof sheet made from durable materials such as PVC 

(polyvinyl chloride), designed to serve as a protective barrier in various applications, particularly 

in water containment systems like ponds and reservoirs.  

 

2.2.3 Drainage fittings 

Drainage fittings are essential components in water management systems, designed to facilitate 

the controlled movement and removal of water. They include inlet fittings, outlet fittings, and 

spillways. Inlet fittings allow water to enter the system, often equipped with screens to prevent 

debris from contaminating the water. Outlet fittings are used to expel water from the system, 

featuring valves to control the flow rate and facilitate water removal. A spillway handles overflow 

by directing excess water away from the system to prevent flooding and erosion. 

 

2.2.4 Pond Liner Development and Construction 

The pond liner holding facility was constructed by developing a rectangular shape. The various 

components of the liner, including the perimeter wall, base, and frame slot, were sewn together to 

form the complete holding facility. To ensure a watertight seal and prevent leakage, the sewn areas 

were laminated with silicone gum. 

 

Following this, the drainage fittings were installed. The shower head inlet was connected to a ½ 

inch 25.4mm PVC pipe via a U-bend. The bottom of the liner was then marked and cut according 

to the dimensions of the back nut. The back nut with male and female fittings was installed at the 

bottom of the liner as the outlet, with the male connector positioned inside and the female 

connector outside. A two-inch pipe was inserted into the tank through a punctured slot, and a ball 

gauge valve was fitted for easy discharge of wastewater. Additionally, a spillway was installed 

200mm below the top edge of the pond to control overflow. 

 

Table 1: List of construction materials, specifications, and functions. 

Material Specification Function 

 

Steel pipe ρ ǪρὭὲὧὬ galvanized pipe Used for constructing the 

skeletal frame. 

Angle iron  Used as the base or foot of 

the frame 

Tarpaulin PVC linear Serves as the pond liner. 

Sealant Silicon sealant Used to seal the sewing 

area of the tarpaulin, 
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ensuring that there is no 

leakage. 

Back nut ς ὭὲὧὬ Used to secure plumbing 

fittings. 

Ball gauge valve  ς ὭὲὧὬ 

 

Used to control the flow of 

water out of the pond. 

Glue PVC glue Used to securely bond 

PVC pipes and fittings. 

PVC pipe ρ

ς
 ὭὲὧὬ 

Used to supply water. 

Shower head ρ

ς
 ὭὲὧὬ 

Used as an inlet to 

facilitate proper aeration of 

the water. 

2.3 Design Concept and Description 

The collapsible tarpaulin pond is designed to achieve functionality, durability, and ease of use. It 

comprises a holding facility that includes a frame, a PVC tarpaulin liner, and drainage fittings. 

 

The frame is constructed from galvanized steel pipes. The 1½-inch galvanized pipe is cut to a 

width of 3 feet (900mm) to form the frame stand, while the 1 1⁄4-inch galvanized pipe is cut to 

lengths of 3 feet (900mm) and 6 feet (1800mm) for the frame support. The 1½-inch pipe is also 

cut to appropriate lengths to serve as frame sockets for the insertion of the 1¼-inch pipes. The 

frame is assembled by welding the 1½-inch pipes (width) and 1¼-inch pipes (height/legs). Four 

Angle iron is cut and welded to the base of the frame to serve as feet. To reinforce the structure, a 

frame is placed every foot of height that water is loaded, preventing bulging due to water pressure. 

 

The PVC liner is custom-cut to the pond dimensions, with edges sewn together using an industrial 

sewing machine. The sewing points are laminated with silicone sealant to ensure a watertight seal 

and prevent leakage. A frame slot is tailored to fit the galvanized frame, securely holding the liner 

in place. 

 

The drainage installation includes a shower head connected to a 25.4mm PVC pipe via a U-bend, 

leading to a hose and tap, which serve as the inlet. A back nut with male and female fittings is 

installed at the bottom of the tarpaulin as the outlet, with the male connector inside and the female 

connector outside. A two-inch pipe is inserted into the tank through a punctured slot, with a ball 

gauge valve fitted for easy discharge of wastewater. The design features a slot for the back nut, 

marked and cut at the bottom of the tarpaulin tank, and includes a spillway installed 200mm below 

the top edge to control overflow. The inlet system supports efficient water flow, while the slope 

of the tarpaulin pond facilitates gravity-driven drainage, ensuring optimal conditions for the fish. 

A detailed list of materials used for their construction is provided in Table (1). 
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2.3.1 Tank frame components 

The framework components are made of galvanized steel pipes, which are structurally durable, 

lighter and corrosion resistant. The pipes were cut according to dimension and arc welded using 

union welds. Welded joints were carefully grinded using a hand-held grinder. These grinded joints 

were sprayed with silver paint to prevent corrosion. The stands were designed to provide support 

to the pond system. The number of stands or legs was determined by the number of sides of the 

rectangle.  

2.3.2 Operating Principle of Pond Setup 

The pond setup begins by filling the pond with water to test for any leakage in the liner. The pond 

liner is securely fixed onto the tank frame, which is positioned on a level surface. Water hoses are 

then inserted into the PVC pipe connected to the shower head, allowing water to fill the pond. The 

liner is tested for leakage, and the functionality of both the inlet and outlet systems is assessed. 

 
               Figure 2 

2.2.3 Load Distribution 

The load of the water (1940 liters or 1940kg) is evenly distributed across the rectangular frame. 

This even distribution is crucial to preventing any bending or collapse under maximum potential 

load, as described in studies by Moskalik et al. (2022). 

 

2.3.4 Stress analysis of the pond  

The volume of the pond (v) was estimated by the equation 1 below  

V=ὃ Ὄ  

Where A = ὰὩὲὫὸὬ ὦὶὩὥὸὬ   

And H= height of the pond  



Educational Innovation Through Sustainable Aquaculture:  Design and Construction of a 1940-

Liter Collapsible Tarpaulin Pond for African Catfish pp 28- 44 

   

38 

 

V= ὰὩὲὫὸὬ ὦὶὩὥὸὬ ὬὩὭὫὬὸ   

 

The mass of water in pond (ά ) was estimated by the equation  

Density ”=  

Where ”= density of water (1kg/ά  

M= mass of water  

V= volume of water  

M= ” ὺ  

 

The cross-sectional area of the pipe for 1 inch= 0.0381m (38.1mm) 

ὃ=
“

ά  

Ὠ = outer diameter = 0.0381m 

Ὠ  inner diameter = 0.0361m 

 

ὃ=
“ Ȣ Ȣ

ά  

 

NB: pipe thickness is 2άά  

 

The cross-sectional area of the pipe for 1 inch= 31.75mm = 0.03175m 

Ὠ = outer diameter = 0.03175m 

Ὠ  inner diameter = 0.02975m 

 

The maximum shear stress in the connecting pipe was determined by the equation below: 

†= (Pa)or N/ά  

Where †  maximum shear head connecting pipe (N) 

V= maximum shear load on connecting pipes (N),  

And ὃ=Cross sectional area of the connecting pipe 

 

Maximum bending stress on the connecting pipe was determined by the equation below (Pytel and 

Kiusalaas, 2012). 

Maximum bending stress: 

„=  (Pa) or N/ά  

 

Design analysis on 1940 litres capacity collapsible pond  

Maximum compressive axial stress on leg and stand was computed using the formula adopted by 

(Gero, 2004) 
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„=
 

(Pa) 

Where Ὑ=Reaction at support (N) 

 ὃ= cross sectional area of stand (ά ) 

 

Total mass of fish pond at maturity was computed as 

ὓ ὓ ὔ Ὓ(kg) 

Where ὓ = average mass of fish at maturity (kg)=1kg  

ὔ=number of fish at stocking=100fish  

Ὓ=fish survival rate (%) =100% 

 

The stress/pressure at the tarpaulin base of pond was given as: 

ὖ= ὖ  +
ὡὦ
ὃὦ

 

 

3. Result & Discussion  

Stocking density 

The stocking density for catfish was determined as follows: 

Stocking density 
ὔὪ

ὠὅ
 

Where ὔ= number of fish = 100 pieces 

ὠ= volumetric capacity = 1.940ά  

Stocking density= 
Ȣ

 = 51.55fish/ά  

 

Volume of pond = ὰὩὲὫὸὬ ὦὶὩὥὸὬ ὬὩὭὫὬὸ  = 1200mm ωππάά 

V= 1,944,000,00άά  

V= 1.94ά  = 1940 litres 

 

Mass of water in pond 

ὓ  density volume 

ὓ  1000kg/ά 1.940ά  

ὓ  1940 kg 

 

Total mass of both fish and water in pond 

M=ὓ ὓ  

= (1940+100) kg 

= 2040kg 

 

Load acting on the base of the floor 

ὓ  2040 9.81 = 20,012.4N 
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Stress or pressure at the tarpaulin base of the pond 

ὖ ὖ ὖ  = 110.59KPa or 110,59KN/ά  

 

3.1 Stress on frame components 

The anticipated stress points in the pond framework are shown in figure below  

 
 

 

Compression, bending and shear loads will act on the pond stand. The figure below shows the free 

body diagram of the connecting pipe, displaying the distribution of stresses. Pressure on the 

connecting rod is distributed over length x, where x is the length of load distribution.  

 

Cross sectional area of galvanized steel pipe used was expressed below:  

ὃ=
“

ά =
“ Ȣ Ȣ

πȢππππωφφά  

ὃ πȢππππωφφά = 96.6mά  

Distributed load = 110.59KPa 

But half will act at one end =110.59KPa
ρ

ς
 

= 55.295KPa 

Converting to point load = 
Ȣ

1.52m 

= 84.05KN 

 

Determining the maximum bending moment 

Ὑ+Ὑ= 84.05KN 

Taking moment about Ὑ  

Ὑ 1.8 - 84.05 0.9 = 0 

1.8Ὑ- 75.645 = 0 

1.8Ὑ=75.645 

Ὑ= 
Ȣ

Ȣ
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Ὑ= 42.025KN= 42,025N 

Ὑ= 42.025KN 

 

Maximum shear stress in the connecting pipe 

†= =
Ȣ

Ȣ
 

†=1,160mN/ά =1.16MN/άά=1.16MPa 

 

Maximum bending stress 

„=  =
Ȣ

Ȣ Ȣ
 

„=
Ȣ

Ȣ
=135GN/ά = 135 MPa or 135MN/άά  

 

Safety of pond design 

The maximum compressive axial stress on leg/stand is: 

„=
Ὑὃ
ὃὅ

=
Ȣ

= 360.57N/άά  

„=360.57Pa 

 

Table (1) provides a summary of respective stress on pond components. Mechanical properties for 

pvc-coated fabrics of thickness of 0.78mm and surface weight 1050gάά are provided in Table 

(2) (Zhang et al., 2012). 

Since yield strength Ὑ ḻ „ and  Ὑ ḻ „ in Table (2), the connecting pipe and stand will 

optimally withstand the loading of the pond. Also, maximum stress of base of tarpaulin, 

ὖ Ḻaverage tensile strength of tarpaulin in Table (2). This suggests that the pond can resist failure 

due to bulging. The total maximum loading of pond is not only for less than the strength of material 

used for construction, but also at a durable safe factor.   

 

Table 2: Maximum stress on pond component nature of stress. 

Nature of stress Value (MPa) 

Maximum shear stress on connecting pipe,† 1.16MPa 

Maximum bending stress,„ 135 MPa 

Maximum compressive axial stress on leg,„ 3.6057 ρπMPa 

 

Maximum stress at base of tarpaulin, ὖ 110.59KPa or 0.11059MPa 

 

Table 3: pond material properties: Mechanical properties. 

Material type Grade Yield strength (╡╒) 

Min (MPa) 

Tensile strength 

╡╒) 

Min (mpa) 

Galvanized steel 

(Podbre Zova, 2008) 

11353 235 340 
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Tarpaulin (PVC coated 

fabric) 

High grade canvas, 

0.78mm thick, waterproof 

 Average tensile 

strength (KNm) 

112.39 

 

3.2 Pond assessment  

The analysis results produced a collapsible tarpaulin pond with a rectangular geometry, which 

presents several advantages for aquaculture applications. This design not only facilitates effective 

waste removal and water re-circulation but also offers operational convenience due to its elevation. 

The final design incorporates a level of flexibility, making it easy to mount and dismount, an 

essential feature for users who may need to set up the pond in various locations, such as backyards 

or open spaces at home. 

 

The collapsible nature of the pond allows it to be easily assembled and disassembled, providing 

users with a practical solution for small-scale and temporary aquaculture setups. The inclusion of 

galvanized steel pipes in the frame construction ensures durability and structural integrity, 

addressing a common weakness in many existing designs that often lack this feature. 

 

In the context of the market and current scholarly literature, collapsible tarpaulin-lined ponds are 

relatively underexplored, with emerging designs predominantly assuming circular geometries. 

However, this rectangular design mitigates common issues such as bulging, particularly at the 

lower sections of the tarpaulin walls, which is a frequent problem in circular tanks. By opting for 

a rectangular shape, the pond design presented in this analysis effectively enhances the structural 

stability and overall functionality, making it particularly suitable for the culture of African Catfish 

(Clarias gariepinus). 

 

Furthermore, studies such as Amponsah et al. (2022) have demonstrated the effectiveness of 

similar fishpond setups. For instance, a pond designed for the production of 1,000 African catfish, 

each with an initial weight of 10 g, achieved a survival rate of at least 92%, a specific growth rate 

of 1.30 g/d, and a feed conversion ratio of 1.40. These results underscore the viability of the 

collapsible tarpaulin pond design, which not only supports efficient fish farming but also provides 

a favorable benefit-cost ratio of 1.2 over a production period of six months. This makes the pond 

design not only practical but also economically sustainable for small-scale aquaculture operations. 

 

4. Conclusion 

The collapsible tarpaulin pond, designed with a height of 0.9m, a length of 1.8m, and a width of 

1.2m, offers a volumetric capacity of approximately 1.94m³, making it well-suited for culturing 

African Catfish (Clarias gariepinus). The pond's structure is reinforced with galvanized steel 

pipes, carefully cut, welded, and ground to form the framework components, including angle 

connectors, connecting pipes, and stands. Stress analysis indicates that the design can safely 

support the full production capacity without failure. 
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The inclusion of a PVC liner, securely fitted and sealed with silicone to prevent leakage, along 

with a well-designed drainage system, ensures optimal water management and ease of 

maintenance. The gravity-driven drainage system, supported by a well-placed inlet and spillway, 

enhances the pond's functionality. 

 

For future developments, it is recommended to conduct a performance and economic assessment 

of the pond setup to encourage wider adoption. Additionally, exploring alternative liners, such as 

HDPE, which could offer improved durability and performance, would be beneficial. Further 

refinement of the drainage system could also enhance the pond's efficiency, ensuring even better 

conditions for fish culture. 
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Abstract 

The improve internet infrastructure in the continent has led to greater access of the internet for the 

people of Africa. The cheap access has substantially opened the digital space and made many 

revolutionary technologies available easily. The innovations supported by Artificial Intelligence 

(AI) have a great impact in different areas of life including in the learning of Sciences, Technology, 

Engineering and Mathematics (STEM). This paper aims to deliberate on integrating AI in STEM 

education in relation to its structure, creation and applications. It also answers new issues like the 

ethical issue, the issue of equity, and the potential impact on academic performance. Therefore, 

based on the investigation of the current condition of AI technologies and their implementation in 

STEM education, the present paper points to AI’s possibility to study but at the same time identifies 

the challenges and the conditions to be met to avoid AI’s inequity and overcome the existing 

barriers. 

 

1. Introduction 

Artificial Intelligence (AI) is a fast-growing area that often rapidly transforms the appearance of 

many spheres and fields by changing the approach to solving tasks. STEM is one of the education 

fields that feels the impacts of AI innovations. AI offers distinctive solutions for enhancing the 

learner’s experience, developing content for students, and enhancing the efficiency of the learning 

process and student outcomes. Therefore, by applying AI educators can create more diverse 

educational experiences instead of sticking to traditional formats. The prospects are enormous for 

using AI in STEM education, such as Adaptive learning systems and intelligent Tutoring Systems, 

where the content is presented to the student based on the student’s performance as the program 

receives feedback from the student. Moreover, the time spent filling in numerous forms and papers 

will be reduced if AI is used. Thus, educators will have more time for teaching. Therefore, this 

paper outlines the strategies used in designing and implementing AI tools for STEM education. It 

will build on how these tools are being integrated into the education systems, the types of functions 

these tools support, and some of the emergent issues. Some of these concerns are the ethical 
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element, how the AI technologies are being implemented, and shifts that are likely to be observed 

regarding the educator’s role. Therefore, this paper will discuss what has been done in the area of 

AI application in STEM education to give the likely possibilities of development in the area and 

enable the discovery of how such tools can be employed to fashion better learning experiences for 

all. 

Design and Development of AI in STEM Education 

 
 

,.1.1 Adaptive Learning Systems 

Adaptive learning systems are one of the significant innovations in educational technologies as 

they try to tap into the possibilities of AI to offer learners a highly personalized learning 

environment (Demartini et al., 2024). The primary components of such systems involve the 

flexibility of the delivered material and the difficulty level of content provided concerning each 

learner and their progress. Adaptive learning systems are not the conventional, standardized 

educational models that fit all learners; they offer individualized learning to enhance the rate at 

which learners grasp the content. Such systems employ complex formulas to track and assess 

multiple parameters, such as the students' activity regarding the material, the results of the quizzes 

and tests, the time spent on accomplishing various tasks, and the patterns in mistakes made. For 

instance, if a student is performing poorly on a given kind of problem, then the adaptive system 

can notice this and then offer more help or a different explanation that can make the student 

understand the situation. On the other hand, if a student grasps something fast, the system can add 

more complex content so that the student does not get bored.  

Adaptive learning systems and their application can be practiced in the following manner. 

Sometimes, these are integrated into larger educational environments where they can provide real-

time updates to the content of digital texts, problems, and tests. In other cases, it can be single 

programs that work in parallel with other applications or as a part of classroom management 

software in which teachers can use the information created by AI to adapt their lessons further and 

pay individual attention to children who require it. A good example of adaptive learning is the 

application of artificial intelligence in mathematics learning. Flexible math software may take the 
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student through a sequence of related problems, beginning with an easy level and gradually 

advancing to the next level, depending on the student's performance. Feedback may be offered at 

the end of each segment. These systems usually comprise options like hints and detailed solutions 

with possible sequences to enable the students to learn at their own pace and not bore them. Aside 

from individual subjects, adaptive learning systems are also applied to enhance critical thinking 

and problem-solving (Marienko et al., 2020). If students are given situations involving several 

concepts, such a system can enhance learning and connectedness of knowledge within and across 

STEM fields. 

2.  Intelligent Tutoring Systems (ITS) 

Intelligent Tutoring Systems (ITS) are considered one of the complex forms of AI application, and 

they aim to create an atmosphere similar to that of a one–pupil–teacher. These systems employ 

sophisticated figures to give feedback and recommendations instantly, which help the learners grasp 

and solve problems in science, technology, engineering, and mathematics subjects more efficiently. 

ITS has the advantage of being like a human tutor, where it can teach one-on-one, which is mostly 

not possible in physical classes. Therefore, the core of an ITS is in the analysis of the needs of each 

learner and the subsequent design of an appropriate learning environment. The system constantly 

tracks a student's performance; it looks at responses to problems, the time taken to provide answers, 

and the pattern of errors. With this data, the ITS can assess the student's comprehension level and 

determine which aspects require more practice or relearning. For instance, if a student fails to solve 

a phrased problem in physics, the ITS can identify this weakness and give extra issues with detailed 

solutions and tips based on the student's specific mistakes. 

Another advantage of using ITS is the possibility of giving immediate and constructive feedback. 

This contrasts with the classroom environment, where feedback that could be provided to the 

students may only come after submitting assignments. This fosters an ability to correct mistakes as 

students learn right from the source, without much delay, with the right understanding and 

eradicating misconceptions. For instance, in a programming ITS, the system can identify possible 

mistakes in the code written by the student and immediately inform about them, describe what kind 

of mistake it was and how to rectify it. This immediate feedback loop enables the students to learn 

and practically apply the new knowledge as quickly as possible. ITS development incorporates 

other AI technologies, such as natural language processing, machine learning, and cognitive 

modelling (Sarker, 2022). NLP helps the system interpret students' questions and answer them in a 

way that resembles a human-to-human conversation. Teaching strategies are enhanced over time 

with the help of the system learning from students' data through machine learning algorithms. 

Cognitive modelling entails developing extensive learning processes for students that the ITS 

employs to predict their needs appropriately. 

 

3. Automated Assessment and Feedback 

The use of technology, especially AI, has eliminated many of the issues that plague the evaluation 

process in STEM education. These tools can easily mark assignments and exams and give results 

immediately to the students, thus fulfilling a vital function of evaluation in learning institutions. 
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The following are the advantages of this technological advancement to the assessment process for 

both teachers and students. The key benefit of AI-automated formative assessment tools is that they 

save time for instructors. Grading can also be quite strenuous and lengthy, particularly when 

handling many students or when a course has many tests. Through such mechanisms, educators are 

released a lot of time to engage more in teaching, curriculum development and student support. 

This type of system can also accommodate a variety of assessments such as multiple choice, short, 

long, written, practical, and other forms of evaluation. Since they are computerized, there is always 

uniformity in the marking. 

Automated assessment systems that AI powers involve using complex algorithms to assess student 

answers (Hooda et al., 2022). In objective-type questions like multiple-choice or true/false 

questions, these systems can easily identify the right answers and grade the students. Other complex 

AI systems can evaluate informal responses, such as essays or short answer questions. These 

systems employ NLP to assess the quality, organization, and relevance of the answers provided to 

give a more refined evaluation that emulates that of a teacher or instructor. Instant feedback is 

another aspect that makes the use of automated assessment systems to be effective. Compared to 

conventional grading systems, the students will not need to wait for days or weeks for their scores 

to be graded and have feedback given to them. This rapid feedback is very important for learning 

as it enables a student to learn from his mistakes and avoid them as they become second nature. 

Feedback also increases knowledge acquisition among students since the right information is 

reinforced and wrong information corrected as soon as possible. 

However, there are some pros and cons to using AI assessment systems. Thus, It is important to 

guarantee that these tools are as reliable and accurate as possible when grading or giving feedback 

that will affect their learning. Due to this, AI algorithms have to be highly developed and modified 

frequently to accommodate the current education standards and processes. Also, the problem of 

bias in the AI system is another issue that needs to be solved, as bias can be caused by inadequate 

data used to train the system or by the improper algorithm chosen. 

 

4. Applications of AI in STEM Education 
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Virtual Laboratories and Simulations 

Virtual laboratories and simulations based on artificial intelligence are revolutionizing students' 

learning processes in STEM courses (Hasan, 2023). These simulations enable students to 

experiment and study scientific processes in impossible ways in a real-world lab. Unlike traditional 

artificial environments that are used for learning, AI-powered virtual labs closely mimic real-life 

conditions. Another major benefit of virtual labs is accessibility. Traditional labs involve using 

tangible items like chemicals, equipment, and space, which can be expensive and cumbersome to 

acquire. On the other hand, virtual labs can be accessed from anywhere, and any device can be 

connected to the internet; hence, high-quality STEM education is now available to many. This 

accessibility is quite advantageous when it comes to inaccessible regions or areas with little or no 

access to physical laboratory infrastructure. Virtual labs can mimic almost any experiment, from 

chemistry lab experiments to physics and biology experiments (Wörner et al., 2022). AI improves 

these simulations by making them more dynamic and responsive.  

 

5. Data Analytics for Educational Insights 

The application of artificial intelligence in data analysis is helping educators in new ways of 

enhancing students' learning. AI can process large amounts of education data and develop insights 

about student performance and learning behavior and what needs to be done to improve that. It 

helps educators make the right decision regarding improving teaching strategies for the right results 

in the education system. Another area of implementation of AI in data analysis is the determination 

of vulnerable students. AI can determine which students are lagging behind by using such data as 

attendance records, scores of the assignments, and the level of participation. Since these students 

can be easily identified, educators can support them by giving them extra time or special 

instructions or using teaching methods that will guide them. Another advantage of AI is that it can 

also assess the patterns of the student's performance to determine the areas that most students 

struggle with (Cope et al., 2021). 

 

6. AI in Collaborative Learning 

Teaching and learning in STEM education is a social activity that requires learners to work in 

groups through cooperation, communication, 

and collaboration. AI can greatly improve 

cooperation in learning by grouping students 

into effective learning groups and offering tools 

to use during the cooperation (Huang et al., 

2021). One of the ways AI makes collaborative 

learning possible is by pairing students with the 

same preferences or skills. For example, in a 

PBL model, AI can learn students' 

characteristics, performance history, and 

learning preferences and organize them into appropriate groups where each participant can share 
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their assets. This matching method makes it possible to form groups so that everyone can handle 

challenging tasks in the groups formed. It can also be used to promote collaboration and learning 

through forums and other methods of discourse. Such platforms can also have built-in capabilities 

that enable such functionalities as real-time communication through casual conversations, 

collaborative workspaces, and the development of group/ collaborative working on documents, 

among others. AI can be incorporated into these features by suggesting, offering and providing real-

time information and feedback.  

 

7. Emerging Issues in STEM Education 

 

7.1 Ethical Considerations 

The use of AI in education has several ethical implications that should be considered to enhance 

the appropriate application of the technology. This being an online-based application, data privacy 

is a consistent issue of concern. AI applied in education must have large amounts of data to work 

with. Some of them are students' personal data, their results, and learning processes (Akgun & 

Greenhow, 2022). That is why ensuring that this data is collected, stored and used personalized 

without compromising students' privacy is important. Strong measures must ensure that no one 

hacks into the system and has full access to the confidential data. Consent is another element that 

was widely discussed in the ethical analysis. This goes alongside the requirement of the students 

and their guardians to be fully informed of how their details will be used, and thus, they have to 

consent to the details being collected. This makes the users familiar with using their information 

and comfortable sharing it when it is used. Prejudice in the text itself is not in shortage; prejudice 

in AI algorithms is also an important issue. This means that given that the data fed into the AI 

systems are all they are designed to see, biased data will also make the AI system biased or even 

worsen those biases. 

 

7.2 Equity and Access 

The use of AI in enhancing STEM education can be viewed as a double edge because if the 

technologies in use are not disseminated fairly across the different social classes, rather they are, 

the inequalities will be worsened. The Internet and technology gap is still present, creating a barrier 

in many parts of the world. Some students, such as those from poor backgrounds or from rural 

regions, may not have access to AI-supported learning as their counterparts from well-to-do or 

urban areas (Walker & Mathebula, 2020). As a result, it is necessary to attempt to provide such 

systems to all learners, paying attention to students with low incomes. This also includes funding 

physical networks to enable connectivity and affordable technologies for communities untouched 

by the internet's reach.  

Furthermore, schools and governments should encourage a policy of subsidies or support so that 

all learners can have an opportunity to take advantage of the practice of AI in learning. Moreover, 

educators and policymakers are responsible for creating inclusive AI technology. This implies that 
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AI systems should be designed to be useful to all students regardless of their learning styles, the 

languages they speak or the culture they come from. Supporting educators from low SES areas can 

also be useful in making them capable of applying AI tools in the classroom efficiently. 

 

7.3 Impact on Teaching Roles 

The introduction of AI in the education system can shift teachers' roles in education in a big way. 

When routine functions like grading, record keeping, and even some instructional responsibilities 

are delegated to AI systems, teachers' roles may change to oversight responsibilities. This shift can 

save time for human capital or educators to spend more time with the students, such as acting as 

mentors, tutors, and counsellors, and guiding the students in developing complex problem-solving 

skills and solving problems through innovation. However, this shift needs a proper training and 

development program for the educators. Teachers must be prepared to acquire the necessary skills 

and knowledge to use AI in their classrooms and transform themselves as educators (Lee & Perret, 

2022). For this reason, AI literacy, data interpretation, and the use of AI responsibly in education 

should be the goals of professional development programs. Also, teachers should be ready for 

human-AI interaction before integrating AI into the classroom.  

 

8. Conclusion 

STEM education could also benefit from using AI since it presents customized, timely, and 

enjoyable learning. Solutions like adaptive learning systems, intelligent tutor systems, and 

assessment and grading tools can help students learn better and ensure that learning is not a luxury 

for anyone. However, implementing AI in education faces several critical issues that must be 

solved. Other concerns include ethical issues concerning data privacy, consent, and the bias in AI 

algorithms. AI being implemented in education should be fair; AI should be transparent, and student 

privacy should be upheld to gain the users' trust. Another issue is the equality of the participants in 

the online environment. It is an issue that might result in AI augmenting the divide between the 

'haves' and the 'have nots' since not all students may gain access to these sophisticated instruments 

for learning. Teachers and policymakers have to do everything in their power to ensure that all 

children get the proper input and training in the more complex conditions of teaching using AI 

technology, regardless of the severity of their socio-economic status. As it stands, AI presents a 

great potential to augment STEM education, but to achieve this goal, a call for ethical approaches, 

equal access to AI-enhanced learning and supporting educators must be used. In these areas, 

stakeholders can leverage AI's capabilities to develop an efficient and cohesive learning 

environment for all learners. 
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Abstract 

This study examined students’ social classroom learning environment as a correlate of achievement 

in mathematics. The ex-post facto research design was adopted. The population of the study 

comprised 16,473 SS2 students in public secondary schools in the nine Local Government Areas 

of Delta North Senatorial District of Delta State. The sample comprised 1,647 SS 2 students drawn 

from five schools each from the nine Local Government Areas of the Delta North Senatorial 

District. The instruments used for data collection are Students’ Social Classroom Learning 

Environment Questionnaire (SSCLEQ) and students’ previous scores in Mathematics. The data 

obtained were analysed using Pearson’s coefficient of determination and Pearson’s correlation 

coefficient, as well as a Two-Way Analysis of Variance (ANOVA). The findings of the study 

revealed that there was a significant relationship between students’ social classroom learning 

environment and students’ achievement in mathematics. The study, however, found no significant 

effect of interaction between social classroom learning environment and gender on students’ 

achievement in mathematics. Based on the findings of the study, it was concluded that an increase 

in students’ social classroom learning environment will result in an increase in students’ 

achievement in mathematics. The effect of the interaction between social classroom learning 

environment and gender on students’ achievement in Mathematics is not moderated by sex. It was 

thus recommended that teachers should develop positive relationship with students and encourage 

classroom activities which will involve active teaching-learning processes and students’ 

participation in the class.it underscores the need for educator to foster positive teacher-student 

relationships, encourage peer collaboration, and create inclusive learning outcomes. The findings 

have implication for educational policy and practice of social learning environment in promoting 

students’ academic success in mathematics. 
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1. Introduction 

Education has been recognised as the single most important instrument for national development. 

Without education, it is hard to imagine where the world and of course Nigeria would have been. 

This is because education is the vehicle which drives technological, social, political and economic 

development of any nation. It is a means by which society ensures its stability. It is through the 

educational system that young members of the society are taught the expected behaviour of the 

society. Through the education system, people are taught to meet the changing situations. Schools 

are opened by communities not only to preserve the culture and to maintain continuity but also to 

bring about progressive change. Education among other social institutions, is a vehicle for changing 

society. It has and is used for transformation of the economic, political and social systems. 

In the school, system, different subjects are taught. These subjects are taught at different levels of 

education to aid the achievement of national goals and objectives. Mathematics is one of such 

subjects. The National Council of Teachers of Mathematics (2020) described mathematics as a 

subject of figures or science of size and numbers. Smith and Provenzano (2009) refers to 

mathematics as a universal subject which provides a means of sharpening the mind of an individual, 

shaping his reasoning ability and developing his personality. The knowledge of mathematics is 

indispensable in the formation of an educated man, trained to approach the affairs of his daily life 

with some sense of detachment, objectivity and to reason about them soberly and correctly (Esiana, 

2012). 

The vital role which mathematics plays in education stems from the cultural, utilitarian, and 

interdisciplinary values it cultivates in learners (Aikenhead & Meyer, 2023).  Mathematics 

education is like the protein for a young human organism, crucial for a nation's development 

(National Council of Teachers of Mathematics, 2020).  It serves as a vital tool for comprehending 

and applying science and technology (OECD, 2023).  The discipline acts as a critical precursor to 

Nigeria's much-needed technological and national development (Achor & Onwuegbuzie, 2022).  

As New Zealand's Ministry of Education (2023) posits, "mathematics as a subject is now 

universally recognized and accepted as indispensable to self-reliance and sustainable development 

of any nation because of the perceived functional utility." Any nation aspiring to develop a robust 

science and technology sector must prioritize the teaching and learning of mathematics (World 

Bank, 2023).  Echoing this sentiment, Gerdes (2022) warns that "any nation that seriously desires 

technology must not relegate the teaching and learning as well as research into mathematics to the 

background."  Supporting this assertion, Mathematics trains the mind for focus and concentration, 

skills that benefit students throughout their lives (OECD, 2023). Recognizing the significance of 

technological advancement, the Nigerian government has not only mandated mathematics as a 

compulsory subject in the primary and secondary education curriculum but also as a prerequisite 
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for science courses in colleges, polytechnics, and universities (Federal Ministry of Education, 

2023).  

Despite the undeniable importance of mathematics in achieving national development and 

aspirations (Achor & Onwuegbuzie, 2022), Nigerian secondary schools continue to grapple with 

consistently low student achievement in mathematics at both junior and senior levels (Federal 

Ministry of Education, 2023).  This underperformance in mathematics has reached alarming 

proportions, causing significant concern among education stakeholders (Adedoyin & Akinsola, 

2023).  Research confirms the reality of widespread failure in mathematics exams, with a 

concerning downward trend in student performance (West African Examinations Council, 2024).  

Several studies suggest a link between this mass failure and the development of negative attitudes 

towards mathematics among students (Adeyemo et al., 2023). 

A multitude of factors have been linked to low mathematics achievement among secondary school 

students, including interest, anxiety, motivation, reasoning ability, problem-solving skills, 

mathematics phobia, and instructional strategies (Adedoyin & Akinsola, 2023).  This study, 

however, prioritizes the role of the classroom social learning environment (CSLE) (Fredricks et al., 

2023). 

The quality of education transcends subject matter and achievement levels; it also hinges on the 

specific class's CSLE (OECD, 2023).  A CSLE emphasizes social interactions within the classroom, 

encompassing both teacher-student and student-student interactions (Wentzel, 2023).  Teacher-

student interactions involve positive or negative relationships that depend on the effectiveness of 

both parties in fulfilling their roles (Pianta et al., 2023).  As research suggests, poor student-teacher 

relationships can hinder achievement in mathematics, while positive ones can lead to improvement 

(Nye et al., 2023).  Student-student interactions involve peer groups, which are age-homogeneous 

classmates that provide social acceptance, support, and solidarity (Wentzel, 2023).  According to 

Huang & Lin (2023), peer acceptance is positively correlated with mathematics achievement.  A 

supportive CSLE caters not only to students' emotional development but also fosters intellectual 

growth by offering opportunities for experimentation, exploration, and self-discovery (Fredricks et 

al., 2023).  Furthermore, a stimulating CSLE can motivate students to become self-directed learners 

through exploration, knowledge recall, and a sense of accomplishment (Wang & Eccles, 2023).  

Ultimately, a student's learning is shaped by their inherent interest and the stimuli within their 

CSLE (Wentzel, 2023). 

While the classroom social learning environment (CSLE) is a primary focus of this study, the 

potential moderating effect of gender is also of interest (Fredricks et al., 2023).  Gender undeniably 

influences various aspects of life, including career choices (OECD, 2023).  As noted by Baker 

(2023), "males and females show great differences in their interest and career choice."  

Furthermore, Guiso et al. (2023) posit that gender is a significant predictor of human behavior, and 

documented differences exist in attitudes and behaviors that impact academic performance between 

males and females.  
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From the above cited researches, it is evident that the achievement of secondary school students in 

mathematics is poor and there seems to be several factors responsible for this development. It is 

the aim of this study therefore, to investigate students’ classroom social learning environment as a 

correlate of their achievement in mathematics. The study also investigated the moderating variables 

of gender as they influence achievement in mathematics. 

2. Research Questions 

The following research questions guided the study: 

1. Is there any relationship between students’ social classroom learning environment 

and students’ achievement in mathematics? 

2. Is there any effect of interaction between social classroom learning environment and 

gender on students’ achievement in mathematics? 

Hypotheses 

The following null hypotheses were tested at 0.05 level of significance: 

Ho1: There is no significant relationship between students’ social classroom learning 

environment and students’ achievement in mathematics 

Ho3: There is no significant effect of interaction between social classroom learning environment 

and gender on students’ achievement in mathematics 

3. Methods 

The study adopted the ex-post facto research design, using the correlation research method. The 

population of the study comprised all the Senior Secondary two (SS 2) students in public secondary 

schools in the nine Local Government Areas of Delta North Senatorial District of Delta State. There 

are approximately 159 secondary schools and 16,473 SS2 students in Delta North Senatorial 

District. The sample comprised 1,647 SS 2 students drawn from five schools each from the nine 

Local Government Areas of the Delta North Senatorial District by means of proportionate stratified 

random sampling. This represented 10% of the population. 

Two research instruments were used in this study. They were Students’ Social Classroom Learning 

Environment Questionnaire (SSCLEQ) and students’ 2023/2024 scores in Mathematics. The 

SSCLEQ contains 15 items measuring students’ social classroom learning environment. The 

instrument was adapted from classroom environment research by Fraser (2000) and Dorman 

(2003). The instrument was structured on a four-point scale of SA (4), A (3), D (2) and SD (1). In 

order to ascertain the achievement of the students in Mathematics, their second term scores for 

2023/2024 Session was obtained from the schools. 
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The research instruments were validated by three experts in Curriculum and Integrated Science and 

Measurement and Evaluation. These experts helped to ensure the face and content validity of the 

instruments. They were asked to check the relevance and suitability of the instruments based on the 

objectives of the study. Drafts of the instruments were distributed to the experts who checked and 

made recommendations. The recommendations were effected before the final draft was produced 

for each of them. The instruments were, therefore, considered valid based on the experts’ 

judgement. In order to ensure that the instruments are reliable, the instruments were administered 

to 30 students from 2 schools in Ethiope East Local Government Area of Delta State, who are not 

part of the study area. The data was analysed using Cronbach alpha for Social Classroom Learning 

Environment Scale (SSCLES). It yielded a Coefficient of 0.83. 

The research instrument was administered directly to the students by the researcher with the help 

of the class teachers in charge of the various classes, who served as research assistants. Prior to the 

test administration, the researcher visited the schools to familiarise herself with the Mathematics 

Teachers as well as to obtain permission from the Principals of the various schools. The instruments 

were administered to the students during break period to avoid disturbance of normal classes. The 

instruments were retrieved immediately after filling to avoid loss. The previous scores of the 

students in Mathematics kept in the school were obtained on the same day of the test administration 

from the schools. The Pearson’s coefficient of determination (r) was used to answer research 

question 1 while hypothesis 1 was tested using Pearson correlation coefficient at 0.05 level of 

significance. Also, research question 2 and hypothesis 2 were analysed using Two-Way Analysis 

of Variance (ANOVA), in order to determine the interaction effects of gender on the independent 

and dependent variables of the study. 

4. Results 

Research Question 1: Is there any relationship between students’ social classroom learning 

environment and students’ achievement in mathematics? 

Table 1: Analysis of the relationship between students’ social classroom learning environment and 

students’ achievement in mathematics 

Variable M

ean 

SD r r
2 

r
2% 

Deci

sion 

Social Classroom 

Learning Environment 

2

.53 

0.46 0

.16 

0

.03 

3 Posit

ive 

Relationship 
Mathematics 

Achievement 

4

5.91 

17.733

17.73 

Table 1 showed that r = 0.16 which signified the extent of relationship between students’ social 

classroom learning environment and students’ achievement in mathematics, which portrayed a 
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small positive relationship between the two variables. Students’ social classroom learning 

environment therefore contributed 3% of students’ achievement in mathematics. 

Ho1: There is no significant relationship between students’ social classroom learning environment 

and students’ achievement in mathematics 

Table 2: Analysis of the relationship between students’ social classroom learning environment and 

students’ achievement in mathematics 

Variable Mean SD r P D

ecision 

Social 

Classroom 

Learning 

Environment 

2.53 0.46 0

.16 

0.

000 

S

ignifica

nt 

Mathematic

s Achievement 

45.91 17.733

17.73 

Table 2 shows a Pearson product moment correlation coefficient, which was conducted to examine 

the relationship between students’ social classroom learning environment and students’ 

achievement in mathematics. From the table, r = 0.16, p<0.05. The null hypothesis is therefore 

rejected. This means that there is a significant relationship between students’ social classroom 

learning environment and students’ achievement in mathematics. 

Research Question 2: Is there any effect of interaction between social classroom learning 

environment and gender on students’ achievement in mathematics? 

Ho2: There is no significant effect of interaction between social classroom learning environment 

and gender on students’ achievement in mathematics 

Table 3: Analysis of the effect of interaction between social classroom learning environment and 

gender on students’ achievement in mathematics 

Tests of Between-Subjects Effects 

Dependent Variable:   Students’ Achievement   

Source 

Type III Sum of 

Squares df 

Mean 

Square F Sig. 

Corrected Model 33626.270a 72 467.032 1.530 .004 

Intercept 578866.415 1 578866.415 1896.777 .000 

Social Classroom Learning 

Environment 
24506.281 39 628.366 2.059 .000 

Gender 584.825 1 584.825 1.916 .167 
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Social Classroom Learning 

Environment * Gender 
7922.650 32 247.583 .811 .763 

Error 361338.209 1184 305.184   

Total 3044207.000 1257    

Corrected Total 394964.479 1256    

a. R Squared = .085 (Adjusted R Squared = .030) 

Table 3 shows a two-way ANOVA, used to assess the effect of interaction between social 

classroom learning environment and gender on students’ achievement in mathematics. The result 

shows (F = 0.81, p > 0.05). Since the p-value is greater than 0.05, the null hypothesis is, therefore, 

accepted. This means that there is no effect of interaction between social classroom learning 

environment and gender on students’ achievement in mathematics. 

5. Discussions 

The first result shows that there was a significant relationship between students’ social classroom 

learning environment and students’ achievement in mathematics. This result of table 1 showed a 

positive relationship, which implied that an increase in students’ social classroom learning 

environment will result in an increase in students’ achievement in mathematics. This finding aligns 

with the notion that a positive social classroom learning environment (CSLE) is significantly linked 

to students' mathematics achievement (Fredricks et al., 2023). These findings are consistent with 

prior research by Wang & Eccles (2023) who explored the link between school context, motivation, 

and academic performance in mathematics.  Similarly, a study by Huang & Lin (2023) investigating 

the influence of peer relationships and self-efficacy on mathematics achievement among high 

school students yielded results that support this association. 

The second result shows that there was no effect of interaction between social classroom learning 

environment and gender on students’ achievement in mathematics. This finding has shown that 

gender will not moderate the effect of social classroom learning environment on the achievement 

of the students in mathematics. This means that whether male or female, the effect will of social 

classroom learning environment will remain the same. This finding is consistent with the research 

by Robinson et al. (2023) who found no moderating effect of gender on the relationship between 

student-teacher relationships and academic outcomes.  However, it is important to note that some 

studies, such as Nnamani and Oyibe (2016), have reported gender differences in academic 

achievement in specific subjects (social studies in their case).  Further research is needed to explore 

these potential variations across subject areas and contexts. 

6. Conclusion and Recommendations 

Based on the findings of the study, it was concluded that an increase in students’ social classroom 

learning environment will result in an increase in students’ achievement in mathematics. The effect 

of the interaction between social classroom learning environment and gender on students’ 
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achievement in Mathematics is not moderated by sex. Based on the findings of the study, and the 

conclusion drawn, the following recommendations are made: 

1. Teachers should develop positive relationship with students and encourage 

classroom activities which will involve active teaching learning process and 

students’ participation in the class; 

2. Teachers should make effort to attend workshops, seminars, conferences and in-

service training to acquaint themselves with appropriate method of teaching, 

classroom management, communication and good use of instructional materials. 

This will go a long way in reducing the tension of students during the mathematics 

class; 

3. Educational policy-makers should focus on social classroom learning environment 

for the improvement of the students’ achievement and attitude towards 

Mathematics. 
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Abstract 

Mathematics is the study of numbers, shapes, patterns, and the relationships between them. It 

involves using logic and reasoning to analyze and understand abstract concepts and solve problems. 

The paper focused on mathematics: the fundamental pillar of artificial intelligence and innovative 

thought for national progress This paper will highlight the meaning of AI, Fundamental Pillar of 

Artificial Intelligence, Foundations of artificial intelligence and its relationship with mathematical 

techniques, Artificial Intelligence and Innovative, Innovative Thought for National Progress, 

Mathematics: The Fundamental Pillar of Artificial Intelligence. The paper concludes that every 

mathematician needs to study how to apply Artificial intelligence to solve mathematical problems. 

Finally, meaningful suggestions are given.  

1. Introduction  

Artificial intelligence is the science of making machines that can think like humans. Artificial 

intelligence (AI) provides a chance to help teachers and students to solve and improve teaching and 

learning performances. Artificial intelligence (AI) applications in education are increasingly 

popular and have garnered significant attention in recent years. AI represents a leap forward in 
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innovative and creative thinking across various fields, including mathematics education. Recent 

studies by Chen et al. (2020a), Cope et al. (2020), He et al. (2019), Schiff (2021), and Vaishya et 

al. (2020) highlight AI's diverse research contexts. Gao (2020) emphasizes AI's continuous 

expansion and innovation alongside advancements in computer technology.AI enhances students' 

development of mathematical and cognitive skills, facilitating faster access to information and 

supporting independent learning. However, as noted by Cope et al. (2020), AI does not replace 

educators but rather complements their roles. Despite its potential benefits, integrating AI into 

education faces various challenges (Popenici & Kerr, 2017).AI encompasses systems like expert 

systems, natural language processing, speech recognition, and machine vision, allowing for human-

like functions and problem-solving capabilities. Pedagogical agents, such as teachable agents, are 

designed to aid learners in online environments (Song, 2017). Public perception of AI includes 

concerns over its potential risks (Neri & Cozman, 2020). 

Recent studies discuss robotics' role in enhancing mathematics education (Casler-Failing, 2018; 

Harper et al., 2021; Lopez-Caudana et al., 2020), particularly in programming and problem-solving 

skills (Francis & Davis, 2018). Wu (2021) highlights AI's adaptation in basic mathematics teaching, 

focusing on student personality development. Voskoglou and Salem (2020) stress AI's benefits in 

teaching and learning, while Basel (2021) explores AI's potential in policy-making and as 

intelligent tutoring systems. The integration of AI technologies in education not only supports 

learning systems but also aims to enhance attention, motivation, and overall educational practices 

(Basel, 2020). While challenges persist, AI continues to evolve, pushing the boundaries of what 

computers can autonomously achieve (Chesani et al., 2017). In conclusion, AI's innovative and 

epochal characteristics have made significant strides in education, particularly in mathematics, 

robotics, and beyond, shaping the future of learning environments worldwide.  

2. Fundamental Pillar of Artificial Intelligence 

Smith and Johnson (2020) underscore the critical role of education in societal development, 

particularly in science education where mathematical proficiency is pivotal, notably in areas such 

as factorization. However, many students find mathematics daunting due to its abstract and intricate 

nature. Recent advancements in artificial intelligence (AI) present promising opportunities to 

enhance the teaching and learning of mathematical techniques. According to Garcia and Lee 

(2018), AI's algorithms possess the capability to analyze extensive datasets, recognize patterns, 

make predictions, and facilitate decision-making, which are invaluable in addressing mathematical 

challenges. The integration of AI into mathematical education allows for customization according 

to individual student needs and learning styles, thereby optimizing educational experiences. This 

personalized approach enables students to navigate obstacles at their own pace more effectively. 

Moreover, AI can illustrate the practical relevance of mathematical techniques through specific 

examples and case studies, demonstrating their application in real-world scenarios. This 

contextualization helps students appreciate how mathematical models contribute to predicting 

disease outbreaks or analyzing population dynamics. (Song, 2017). 
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Another significant benefit highlighted by Chen, Wang, and Zhang (2019) is AI's capacity to 

deliver immediate and precise feedback. AI-powered systems can automatically evaluate student 

performance, pinpoint common errors, and offer instant guidance for improvement. This fosters 

active and self-directed learning, enabling students to continuously enhance their comprehension 

and mastery of mathematical concepts. However, despite these advantages, the use of AI in 

mathematical education presents challenges, including reduced personalized human interaction and 

potential dependence on technology. Achieving a balanced approach that incorporates AI as a 

supportive tool while maintaining meaningful interaction among students and educators is crucial 

for effective implementation. 

3. Foundations of artificial intelligence and its relationship with mathematical techniques 

The foundations of artificial intelligence and its application to mathematical techniques will be 

discussed, focusing on key concepts such as machine learning, neural networks, and genetic 

algorithms. 

Machine Learning: Machine learning, a branch of artificial intelligence, concentrates on creating 

algorithms and models that learn and enhance their performance through experience. In the realm 

of teaching mathematical techniques, machine learning enables the development of systems 

capable of analyzing data, detecting patterns, and making predictions. There are two primary 

approaches to machine learning: supervised and unsupervised learning. In supervised learning, 

algorithms are trained using labeled examples where correct answers are provided, enabling 

accurate predictions on new data. Conversely, unsupervised learning involves algorithms exploring 

unlabeled data to uncover hidden patterns or structures. 

Artificial Neural Networks: Artificial neural networks are mathematical models inspired by the 

structure and function of the human brain. These networks consist of interconnected layers of nodes 

known as artificial neurons. Each neuron receives inputs, processes them using activation 

functions, and produces an output. During training, adjustments are made to the network's structure 

and the weights assigned to connections between neurons to optimize its performance in solving 

specific mathematical problems (Rodriguez & Perez, 2017).  

Artificial Intelligence's Impact on Advancing Educational Innovation 

As educational standards continue to improve, there has been a notable push towards reforming 

teaching methods. This evolution in university education has entered a new phase of historical 

development, marked by ongoing innovations and advancements in teaching models. The 

widespread integration of big data and artificial intelligence (AI) has significantly influenced the 

landscape of university mathematics education. Nations and universities alike are increasingly 

leveraging AI to enhance mathematics instruction, leading to shifts in traditional educational 

models and influencing educational philosophies (Gadanidis, 2017). 
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3.1 Artificial Intelligence and Innovative  

Artificial Intelligence (AI) and innovation are deeply interconnected, with AI serving as a catalyst 

for transformative advancements across various sectors. Here’s how AI fosters innovation: 

1. Automation: AI automates repetitive tasks, freeing up human resources for more creative 

and strategic endeavors. This efficiency allows businesses to innovate by focusing on 

higher-value activities. 

2. Predictive Analytics: AI's ability to analyze large datasets and predict outcomes enables 

businesses to make data-driven decisions faster and more accurately. This predictive 

capability fuels innovation by identifying trends, customer preferences, and emerging 

opportunities. 

3. Personalization: AI-powered algorithms can deliver personalized experiences in fields 

such as marketing, healthcare, and education. By tailoring services to individual preferences 

and needs, AI drives innovation by enhancing customer satisfaction and engagement. 

4. Creative Assistance: AI tools like generative models and creative algorithms help in 

ideation and design processes. They can generate novel ideas, designs, and solutions that 

spark innovation in fields like art, architecture, and product development. 

5. Optimization: AI optimizes processes and resource allocation based on real-time data, 

leading to more efficient operations and cost savings. This optimization creates 

opportunities for innovation by reallocating resources to innovation initiatives and R&D. 

6. New Applications: AI opens up entirely new possibilities for technology applications and 

business models. Innovators leverage AI's capabilities in robotics, autonomous vehicles, 

natural language processing, and more to pioneer groundbreaking solutions and services. 

7. Collaborative Intelligence: AI facilitates collaboration between humans and machines, 

amplifying collective intelligence. This collaboration fosters innovation by combining 

human creativity and intuition with AI's analytical power and scalability. 

8. Ethical Considerations: As AI evolves, addressing ethical implications becomes crucial. 

Innovating in AI involves developing ethical frameworks and policies to ensure responsible 

AI deployment, fostering trust and sustainable innovation. (Thompson, & Anderson 2016). 

Innovative Teaching Strategies in College Mathematics Education with Artificial 

Intelligence Integration 

In the realm of education and pedagogy, a critical element involves placing students at the center 

and gaining a profound understanding of their learning motivations and capabilities. This 

necessitates educators to cultivate a supportive teacher-student relationship, engage in effective 

communication with students, and collaboratively analyze and discuss relevant classroom content. 

Teachers are encouraged to adopt a student-centered approach, viewing issues through the lens of 

students and carefully examining their cognitive processes, psychological dynamics, interests, and 

developmental characteristics. By doing so, educators can strategically devise and implement 

teaching objectives and goals to effectively enhance learning outcomes (Zhang, 2019). 
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3.2 Innovative Thought for National Progress  

Innovative thought for national progress involves harnessing creativity, technology, and strategic 

planning to drive positive change and development at a national level. Here are some key 

considerations and examples of innovative approaches: 

Technological Advancements: Investing in cutting-edge technologies such as Artificial 

Intelligence, blockchain, and renewable energy solutions can transform industries and improve 

efficiency. For instance, using AI for smart city planning or blockchain for transparent governance 

and secure transactions. 

Education and Skills Development: Fostering innovation starts with education and skills 

development. Promoting STEM (Science, Technology, Engineering, and Mathematics) education 

and entrepreneurship programs equips the workforce with the skills needed for the digital economy. 

a. Sustainable Development: Emphasizing sustainable practices in agriculture, energy, and 

infrastructure not only conserves resources but also promotes long-term economic growth. 

Examples include renewable energy initiatives and eco-friendly urban planning. 

b. Public-Private Partnerships (PPP): Collaborations between governments, private sectors, 

and academia can spur innovation. PPPs can fund research and development projects, build 

critical infrastructure, and bring innovative solutions to market faster. 

c. Digital Transformation: Leveraging digital technologies to enhance public services, 

healthcare delivery, and e-governance improves efficiency and transparency. For instance, 

digital platforms for citizen engagement and electronic healthcare records systems. 

d. Inclusive Innovation: Ensuring that innovation benefits all segments of society promotes 

social equity and economic inclusion. Initiatives like affordable internet access, digital 

literacy programs, and accessible healthcare services can bridge the digital divide. 

e. Cultural and Creative Industries: Supporting cultural and creative industries not only 

preserves heritage but also drives economic growth. Investing in arts, media, and tourism 

can stimulate local economies and attract international investment. 

f. Resilience and Disaster Preparedness: Innovative solutions for disaster preparedness, 

climate resilience, and emergency response systems are crucial for national security and 

sustainability. This includes early warning systems, resilient infrastructure, and 

community-based disaster management strategies. 

g. Healthcare Innovation: Advancing healthcare through medical research, telemedicine, 

and innovative treatments improves public health outcomes and reduces healthcare costs. 

Examples include genomic medicine, personalized therapies, and AI-driven diagnostics. 

e. Policy Innovation: Developing agile and adaptive policies that encourage experimentation, 

entrepreneurship, and investment in innovation fosters a conducive environment for national 

progress. Regulatory frameworks that support innovation while safeguarding public interest are 

essential. 
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4. Mathematics: The Fundamental Pillar of Artificial Intelligence  

 

Mathematics indeed serves as a fundamental pillar of Artificial Intelligence (AI), providing the 

theoretical foundations and tools necessary for its development and application. Here’s how 

mathematics underpins AI: 

a. Probability and Statistics: Probability theory and statistical methods are crucial for 

modeling uncertainty and variability in data. AI algorithms, particularly in machine learning 

and data analysis, rely heavily on probabilistic models for making predictions and decisions. 

b. Linear Algebra: Linear algebra is essential for representing and manipulating data in high-

dimensional spaces. Matrices and vectors are used extensively in tasks such as image and 

signal processing, where AI systems need to process large amounts of data efficiently. 

c. Calculus: Calculus provides the framework for optimization algorithms used in training 

machine learning models. Gradient descent, a fundamental optimization technique, relies 

on calculus to find the minimum of a function and adjust model parameters accordingly. 

d. Graph Theory: Graph theory is used in various AI applications, such as modeling 

relationships in social networks, designing routing algorithms, and optimizing decision-

making processes in complex systems. 

e. Logic and Set Theory: Logic is foundational for reasoning and inference in AI systems, 

particularly in areas like expert systems and automated reasoning. Set theory provides the 

basis for defining concepts, relationships, and classifications within AI models. 

f. Information Theory: Information theory quantifies and measures information content, 

which is essential for understanding data compression, encoding, and transmission in AI 

systems. It helps in designing efficient algorithms and models that can handle large volumes 

of information. 

g. Optimization Theory: Optimization theory provides techniques and algorithms for finding 

the best solution from a set of possible solutions. AI applications use optimization to 

improve performance, make decisions, and optimize resource allocation. 

h. Complexity Theory: Complexity theory helps in understanding the computational 

complexity of AI algorithms, determining their efficiency, scalability, and limits. It guides 

the development of algorithms that can solve problems within feasible time and space 

constraints. 

i. Control Theory: Control theory is relevant in AI applications involving autonomous 

systems and robotics, where algorithms need to make decisions in real-time based on sensor 

data and environmental feedback. 

j. Game Theory: Game theory is applied in AI for strategic decision-making, multi-agent 

systems, and designing algorithms that can handle competitive or cooperative interactions 

among intelligent entities. (Gadanidis, 2017) 

5. Mathematics The Fundamental Thought for National Progress 
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Mathematics plays a crucial role in driving national progress across various dimensions, from 

economic growth to societal development and scientific advancement. Here’s how mathematics 

contributes as a fundamental thought for national progress: 

a. Economic Development: Mathematics underpins critical fields such as finance, 

engineering, and data science, essential for innovation and productivity growth. Advanced 

mathematical models and algorithms drive efficiency in industries, optimize resource 

allocation, and support decision-making processes in business and government sectors. 

b. Education and Skills Development: A strong foundation in mathematics is essential for 

fostering a skilled workforce capable of tackling complex challenges in technology and 

research. Emphasizing mathematics education from an early age equips individuals with 

analytical thinking, problem-solving skills, and computational literacy necessary for the 

digital economy. 

c. Research and Innovation: Mathematics serves as the language of scientific discovery, 

providing tools for modeling, simulation, and analysis across disciplines. Advancements in 

fields like cryptography, artificial intelligence, and materials science rely heavily on 

mathematical theories and methodologies, fostering innovation and pushing the boundaries 

of knowledge. 

d. Infrastructure and Technology: Mathematical principles are integral to designing and 

optimizing infrastructure systems such as transportation networks, telecommunications, 

and energy grids. Applications of mathematics in engineering and urban planning contribute 

to building resilient and sustainable infrastructure that supports economic development and 

improves quality of life. 

e. Policy Formulation and Decision Making: Mathematical modeling and quantitative 

analysis provide a rigorous framework for policy makers to evaluate options, forecast 

outcomes, and prioritize investments. Evidence-based decision making supported by 

mathematical analysis enhances governance effectiveness and promotes long-term national 

interests. 

f. Healthcare and Public Health: Mathematics plays a critical role in epidemiology, 

healthcare analytics, and medical research. Modeling disease spread, analyzing healthcare 

data, and optimizing treatment protocols are examples where mathematics contributes to 

improving public health outcomes and healthcare delivery systems. 

g. Environmental Sustainability: Mathematical modeling informs environmental policies 

and strategies for managing natural resources, mitigating climate change impacts, and 

promoting sustainable development. Applications range from ecological modeling to 

optimizing renewable energy deployment and reducing environmental footprint. 

h. International Competitiveness: Nations with strong mathematical expertise are better 

positioned to compete globally in fields like technology innovation, scientific research, and 

advanced manufacturing. Investments in mathematics education and research infrastructure 
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contribute to enhancing national competitiveness and attracting international 

collaborations. (Song, 2017). 

6. Mathematics Pillar of Artificial Intelligence and Innovative Thought for National Progress 

Mathematics serves as both a foundational pillar for Artificial Intelligence (AI) and a catalyst for 

innovative thought that drives national progress. Here’s how mathematics intertwines with AI and 

fosters innovation on a national level: 

6.1 Mathematics as a Pillar of Artificial Intelligence: 

a. Algorithm Development: AI algorithms, such as those used in machine learning and deep 

learning, are grounded in mathematical principles. Linear algebra, calculus, probability 

theory, and optimization methods form the backbone of these algorithms, enabling 

machines to learn from data, make predictions, and optimize decisions. 

b. Data Analysis and Modeling: Mathematics provides the tools for processing and analyzing 

large datasets. Statistical methods allow AI systems to infer patterns, correlations, and 

trends from data, essential for applications ranging from predictive analytics to natural 

language processing. 

c. Computational Efficiency: Mathematical theories and algorithms ensure that AI 

computations are efficient and scalable. Techniques like matrix operations, numerical 

methods, and graph theory optimize the performance of AI systems, making them feasible 

for real-time applications and large-scale deployments. 

d. Advanced AI Techniques: Mathematics underpins advanced AI techniques such as 

reinforcement learning, Bayesian networks, and neural networks. These techniques 

leverage mathematical frameworks to model complex relationships, learn from interactions, 

and improve decision-making processes. 

6.2 Mathematics Driving Innovative Thought for National Progress: 

a. Technological Advancements: Mathematics drives innovation in technology sectors 

critical for national competitiveness. Advanced mathematical modeling supports 

developments in robotics, autonomous systems, cybersecurity, and quantum computing, 

fostering technological leadership and economic growth. 

b. Infrastructure Optimization: Mathematical modeling is instrumental in optimizing 

national infrastructure systems, including transportation networks, energy grids, and urban 

planning. Optimization techniques improve efficiency, reduce costs, and enhance 

resilience, contributing to sustainable development and improved quality of life. 

c. Healthcare Innovation: Mathematics plays a pivotal role in healthcare innovation through 

medical imaging analysis, personalized medicine, epidemiological modeling, and 

healthcare logistics optimization. These advancements improve healthcare delivery, 

enhance patient outcomes, and address public health challenges. 
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d. Environmental Sustainability: Mathematical models inform policies and strategies for 

managing natural resources, mitigating climate change impacts, and promoting sustainable 

practices. Applications include ecological modeling, environmental monitoring, and 

optimizing renewable energy integration. 

e. Education and Skills Development: Investing in mathematics education cultivates a 

skilled workforce capable of driving innovation across sectors. Mathematical literacy and 

computational thinking empower individuals to contribute to technological advancements, 

research breakthroughs, and entrepreneurial ventures. 

f. Policy Formulation: Mathematics supports evidence-based policymaking by providing 

quantitative analysis, forecasting tools, and decision support systems. Governments 

leverage mathematical models to evaluate policy options, assess economic impacts, and 

design effective strategies for national development. 

6.3 Mathematics Innovative Thought for National Progress" 

Song, (2017). Mathematics as innovative thought for national progress encompasses leveraging 

mathematical principles, techniques, and applications to drive transformative change across various 

sectors. Here’s how mathematics contributes to innovative thought and national progress: 

a. Advanced Technology Development: Mathematics plays a crucial role in advancing 

technology through fields such as artificial intelligence, quantum computing, cryptography, 

and data science. Innovations in these areas enable nations to lead in technological 

advancements, enhancing competitiveness and fostering economic growth. 

b. Infrastructure Optimization: Mathematical modeling and optimization techniques 

improve the efficiency and resilience of national infrastructure systems. Applications 

include optimizing transportation networks, energy distribution grids, and urban planning, 

leading to reduced costs, improved service delivery, and enhanced sustainability. 

c. Healthcare and Biomedical Innovation: Mathematics supports breakthroughs in 

healthcare through medical imaging analysis, genomic research, disease modeling, and 

personalized medicine. Innovations driven by mathematical modeling improve healthcare 

outcomes, optimize resource allocation, and address public health challenges. 

d. Environmental Sustainability: Mathematical models inform environmental policies and 

strategies for managing natural resources, mitigating climate change impacts, and 

promoting sustainable practices. Applications include ecological modeling, environmental 

monitoring, and optimizing renewable energy integration. 

e. Education and Workforce Development: Promoting mathematics education cultivates a 

skilled workforce capable of driving innovation across sectors. Mathematical literacy and 

computational skills empower individuals to contribute to technological advancements, 

research breakthroughs, and entrepreneurial ventures. 

f. Policy Formulation and Decision Making: Mathematics provides quantitative analysis 

tools and decision support systems for evidence-based policymaking. Governments use 
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mathematical models to evaluate policy options, forecast economic impacts, and design 

effective strategies for national development. 

g. Financial and Economic Insights: Mathematics underpins financial markets, economic 

forecasting, and risk management. Advanced mathematical models enable nations to 

navigate complex economic landscapes, optimize fiscal policies, and stimulate sustainable 

economic growth. 

h. Scientific Research and Discovery: Mathematics facilitates scientific breakthroughs in 

fields such as physics, chemistry, astronomy, and materials science. Mathematical theories 

and computational techniques drive innovations that expand scientific knowledge, fuel 

technological advancements, and drive economic progress. 

i. Innovation Ecosystems: Mathematics supports the development of innovation ecosystems 

that foster collaboration between academia, industry, and government. Investments in 

mathematical research and infrastructure create fertile ground for breakthrough innovations 

and entrepreneurship. 

j. International Collaboration and Influence: Nations that excel in mathematical research 

and innovation exert influence globally, attract international collaborations, and participate 

Artificial Intelligence and Innovative Thought for National Progress 

Artificial Intelligence (AI) and innovative thought are integral to fostering national progress across 

various fronts. Here’s how AI, coupled with innovative approaches, contributes to advancing 

nations: 

a. Economic Growth and Competitiveness: AI technologies enhance productivity, 

efficiency, and competitiveness across industries. Innovations in AI-driven automation, 

predictive analytics, and decision support systems optimize processes, reduce costs, and 

stimulate economic growth. Nations investing in AI research and development (R&D) 

attract global investments and strengthen their technological leadership. 

b. Technological Advancements: AI fuels breakthroughs in technology sectors critical for 

national development, including robotics, autonomous systems, cybersecurity, and 

healthcare. Innovations such as autonomous vehicles, AI-driven medical diagnostics, and 

smart infrastructure enhance quality of life, public safety, and infrastructure resilience. 

c. Inclusive Innovation: AI promotes inclusive growth by democratizing access to 

technology and improving service delivery in healthcare, education, and public services. 

Innovations like AI-powered language translation, personalized learning platforms, and 

telemedicine expand access to essential services, bridge digital divides, and empower 

marginalized communities. 

d. Policy Innovation and Governance: AI-enabled data analytics and predictive modeling 

inform evidence-based policymaking, enhancing efficiency, transparency, and 

accountability in governance. Innovations in AI-driven policy simulations, smart city 

planning, and disaster management systems optimize resource allocation, mitigate risks, 

and improve public service delivery. 
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e. Environmental Sustainability: AI contributes to sustainability efforts through precision 

agriculture, climate modeling, environmental monitoring, and resource management. 

Innovations like AI-powered energy grid optimization, biodiversity monitoring, and 

sustainable urban planning support ecological preservation, reduce carbon footprints, and 

promote environmental resilience. 

f. Healthcare and Biomedical Advances: AI accelerates medical research, drug discovery, 

and personalized medicine, driving advancements in healthcare delivery and public health 

outcomes. Innovations such as AI-assisted diagnosis, predictive analytics for disease 

prevention, and robotic surgery enhance patient care, optimize healthcare resources, and 

combat global health challenges. 

g. Education and Workforce Development: AI transforms education through personalized 

learning platforms, adaptive tutoring systems, and AI-driven skill development programs. 

Innovations in AI education technology equip the workforce with future-ready skills, foster 

lifelong learning, and prepare individuals for evolving job markets and emerging industries. 

h. Ethical and Regulatory Frameworks: Innovations in AI ethics, fairness, and 

accountability frameworks ensure responsible AI deployment, mitigate risks, and build 

public trust. Nations adopting ethical AI principles, regulatory standards, and international 

collaborations shape global AI governance, ensuring sustainable and equitable AI-driven 

progress. 

i. International Collaboration and Influence: Nations engaging in AI R&D, talent 

development, and global partnerships strengthen diplomatic relations, drive international 

standards, and influence global AI policies. Innovations in AI diplomacy, cross-border 

collaborations, and knowledge sharing accelerate technological advancements and address 

global challenges collaboratively. 

6.4 The Fundamental Pillar of Artificial Intelligence and Innovative Thought for National 

Progress 

The fundamental pillar of Artificial Intelligence (AI) is learning, which forms the basis for its 

capabilities and applications. AI's ability to learn from data, adapt to new information, and make 

decisions autonomously is crucial for its role in driving innovative thought and national progress. 

Here’s how learning in AI serves as both a fundamental pillar and a catalyst for national 

development: 

6.5 Fundamental Pillar of Artificial Intelligence: Learning 

a. Machine Learning Algorithms: AI systems rely on machine learning algorithms to 

analyze large datasets, identify patterns, and make predictions or decisions based on learned 

patterns. Supervised learning, unsupervised learning, and reinforcement learning are key 

techniques that enable AI to perform tasks ranging from image recognition to natural 

language processing. 
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b. Adaptability and Flexibility: Learning enables AI systems to adapt to changing 

environments, new data inputs, and evolving user preferences. This adaptability is essential 

for applications in dynamic fields such as autonomous vehicles, personalized medicine, and 

financial trading where real-time adjustments are critical. 

c. Continuous Improvement: AI's ability to learn iteratively allows for continuous 

improvement in performance and efficiency. Through feedback loops and data updates, AI 

systems refine their models, optimize outcomes, and innovate over time without human 

intervention. (Thompson, & Anderson, 2016). 

6.6 Innovative Thought for National Progress Enabled by AI: 

a. Economic Growth and Competitiveness: AI-driven innovations enhance productivity, 

innovation, and competitiveness across industries. Nations investing in AI research and 

development foster technological advancements that stimulate economic growth, attract 

investments, and create high-value jobs in emerging sectors. 

b. Smart Infrastructure and Urban Planning: AI facilitates innovative solutions in smart 

city initiatives, optimizing energy consumption, transportation systems, and resource 

management. Innovations such as AI-powered traffic management, energy grid 

optimization, and predictive maintenance improve urban sustainability and citizen well-

being. 

c. Healthcare Transformation: AI accelerates medical research, drug discovery, and 

personalized healthcare delivery. Innovations in AI-assisted diagnostics, predictive 

analytics for disease prevention, and telemedicine expand access to quality healthcare 

services, enhance patient outcomes, and address public health challenges effectively. 

d. Environmental Sustainability: AI supports environmental monitoring, conservation 

efforts, and climate resilience through predictive modeling and data analytics. Innovations 

in AI-driven agriculture, biodiversity monitoring, and pollution control contribute to 

sustainable resource management and environmental preservation. 

e. Education and Skills Development: AI-powered educational technologies personalize 

learning experiences, adapt curriculum delivery, and enhance student outcomes. 

Innovations such as AI tutors, adaptive learning platforms, and virtual classrooms promote 

lifelong learning, skills development, and workforce readiness in a digital economy. 

f. Policy Innovation and Governance: AI-enabled data analytics and decision support 

systems enhance evidence-based policymaking, improve public service delivery, and 

optimize resource allocation. Innovations in AI-driven policy simulations, fraud detection, 

and cybersecurity strengthen governance effectiveness, transparency, and public trust. 

g. Ethical and Regulatory Frameworks: Innovations in AI ethics, fairness, and transparency 

frameworks ensure responsible AI deployment, mitigate risks, and uphold societal values. 

Nations adopting robust regulatory standards, ethical guidelines, and international 

collaborations promote trust in AI technologies and foster global leadership in AI 

governance. 
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6.7 Mathematics National Progress 

According to Gao, (2020). Mathematics plays a pivotal role in driving national progress across 

various facets of society, economy, and governance. Here’s how mathematics contributes to 

national progress: 

a. Economic Growth and Innovation: 

o Advanced Technology: Mathematics underpins technological advancements in 

fields such as artificial intelligence, data science, and cryptography. These 

innovations drive productivity gains, spur innovation in industries, and enhance 

national competitiveness. 

o Optimization and Efficiency: Mathematical modeling and optimization techniques 

optimize processes in manufacturing, logistics, and infrastructure, reducing costs 

and improving resource allocation efficiency. 

o Financial Markets: Mathematical finance models support decision-making in 

banking, investments, and risk management, contributing to stable financial systems 

and economic growth. 

b. Education and Workforce Development: 

o STEM Education: Mathematics education cultivates critical thinking, problem-

solving skills, and analytical reasoning among students. A strong foundation in 

mathematics prepares a skilled workforce capable of driving innovation and 

technological advancements. 

o Research and Development: Mathematical research contributes to breakthroughs 

in science, engineering, and technology, fostering innovation hubs and attracting 

international collaborations. 

c. Infrastructure and Urban Planning: 

o Transportation Networks: Mathematical models optimize traffic flow, reduce 

congestion, and enhance safety in transportation systems. Smart city initiatives 

leverage data analytics and mathematical algorithms to improve urban planning, 

energy efficiency, and sustainability. 

o Energy and Environment: Mathematics supports renewable energy integration, 

environmental modeling, and climate change mitigation strategies, promoting 

sustainable development and resilience against natural disasters. 

c. Healthcare and Biomedical Research: 
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o Medical Imaging and Diagnostics: Mathematical algorithms enhance accuracy in 

medical imaging interpretation and diagnostic decision-making, improving patient 

care outcomes. 

o Epidemiology and Public Health: Mathematical modeling predicts disease 

outbreaks, informs public health policies, and supports vaccination strategies, 

enhancing population health and healthcare system efficiency. 

d. Policy Formulation and Governance: 

o Evidence-Based Policy Making: Mathematical models and data analytics provide 

insights for policy formulation, economic forecasting, and resource allocation, 

enhancing governance effectiveness and transparency. 

o Social Sciences: Mathematical methods in social sciences analyze socioeconomic 

data, inform poverty alleviation strategies, and address inequality issues, promoting 

inclusive growth and societal well-being. 

e. International Collaboration and Influence: 

o Global Standards and Diplomacy: Nations proficient in mathematics influence 

international standards, participate in global research networks, and collaborate on 

scientific breakthroughs, enhancing diplomatic relations and global influence. 

6.8 Role of mathematics in Artificial Intelligence and Innovative Thought for National 

Progress 

Gadanidis, (2017)"Mathematics plays a crucial role in both Artificial Intelligence (AI) and 

fostering innovative thought for national progress. Here’s how mathematics contributes 

significantly in these areas: 

1. Foundation of Algorithms: 

o Machine Learning: AI algorithms, such as linear regression, support vector 

machines, and neural networks, rely heavily on mathematical principles like 

calculus, linear algebra, and probability theory. These algorithms learn from data, 

make predictions, and optimize decisions based on mathematical models. 

2. Data Analysis and Modeling: 

o Statistical Methods: Mathematics provides statistical tools for analyzing and 

interpreting data. Techniques such as hypothesis testing, regression analysis, and 

clustering algorithms are essential for extracting insights and patterns from large 

datasets in AI applications. 

3. Optimization and Control: 
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o Optimization Theory: AI utilizes optimization techniques like gradient descent, 

constrained optimization, and evolutionary algorithms to optimize parameters, 

improve performance, and achieve desired outcomes efficiently. 

o Control Theory: For autonomous systems and robotics, control theory uses 

mathematical models to design controllers that regulate system behavior, ensuring 

stability, and optimal performance. 

4. Pattern Recognition and Computer Vision: 

o Signal Processing: Mathematics in signal processing is crucial for tasks such as 

image and speech recognition, where algorithms analyze patterns and extract 

features from signals (e.g., images, audio) using techniques like Fourier transforms, 

wavelet transforms, and convolutional neural networks (CNNs). Smith, & Johnson, 

A. (2020). 

6.7 Mathematics in Fostering Innovative Thought for National Progress: 

a. Technological Advancements: 

o AI-driven Innovation: Mathematics underpins AI technologies that drive 

innovation across sectors such as healthcare, finance, transportation, and energy. 

Innovations like AI-powered diagnostics, autonomous vehicles, and predictive 

analytics enhance efficiency, improve services, and stimulate economic growth. 

b. Infrastructure Optimization: 

o Smart Cities: Mathematical modeling optimizes urban planning, traffic 

management, and resource allocation in smart city initiatives, promoting 

sustainability, reducing environmental impact, and enhancing quality of life. 

c. Healthcare and Biomedical Advances: 

o Precision Medicine: Mathematics supports personalized medicine through 

genomic analysis, disease modeling, and predictive analytics, leading to targeted 

therapies, improved patient outcomes, and healthcare efficiency. 

c. Policy Formulation and Decision Making: 

o Data-driven Governance: Mathematics provides quantitative analysis tools and 

models for evidence-based policymaking. AI-powered data analytics informs policy 

decisions, economic forecasting, and resource allocation strategies, enhancing 

governance effectiveness and transparency. 

d. Education and Skills Development: 
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o STEM Education: Mathematics education fosters critical thinking, problem-

solving skills, and computational literacy among students. Investments in STEM 

education prepare a skilled workforce capable of driving technological innovations 

and economic prosperity. 

e. Ethical and Regulatory Frameworks: 

o Ethical AI: Mathematics contributes to developing ethical frameworks and 

regulations for AI deployment. Fairness, transparency, and accountability in AI 

algorithms are essential for fostering public trust, ensuring responsible innovation, 

and protecting societal values. 

7. Recommendation  

"Mathematics: The Fundamental Pillar of Artificial Intelligence and Innovative Thought for 

National Progress" sounds like a fascinating read! Here are a few key recommendations and 

insights that might be covered in such a book: 

Mathematics as the Foundation: Highlight how mathematics forms the core of artificial 

intelligence (AI) and innovative thinking. From algorithms to statistical models, mathematics 

provides the theoretical underpinnings that enable AI to function effectively. 

Applications in AI: Explore various applications where mathematical concepts such as calculus, 

linear algebra, probability theory, and optimization techniques are crucial. This could range from 

machine learning algorithms to natural language processing and computer vision. 

Innovative Thinking: Discuss how mathematical reasoning fosters innovative thinking. 

Mathematical problem-solving techniques often involve creativity and abstraction, which are 

essential for developing groundbreaking AI solutions. 

National Progress and Development: Illustrate the role of mathematics and AI in driving national 

progress. This could include economic growth through technology innovation, advancements in 

healthcare and education, and strategic applications in various industries. 

Challenges and Future Directions: Address challenges in integrating mathematics with AI and 

highlight future directions. This might encompass the need for interdisciplinary collaboration, 

ethical considerations in AI development, and the potential impact of quantum computing on AI 

algorithms. 

Case Studies and Examples: Provide real-world case studies and examples to demonstrate how 

mathematical principles have been applied to achieve significant advancements in AI and national 

development. 
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Educational Implications: Discuss implications for education and the importance of fostering 

mathematical skills from an early age to cultivate future AI researchers and innovators. 

Fundamental Concepts: Begin by elucidating the fundamental mathematical concepts that 

underpin artificial intelligence (AI). This includes linear algebra, calculus, probability theory, and 

optimization techniques, showcasing their relevance in building AI models and algorithms. 

Applications Across Industries: Explore diverse applications of AI powered by mathematics in 

various sectors such as healthcare, finance, manufacturing, and transportation. Highlight how 

mathematical models enable advancements in predictive analytics, pattern recognition, and 

decision-making systems. 

Innovative Thinking and Problem Solving: Illustrate how mathematical thinking fosters 

innovative solutions in AI development. Discuss strategies for problem-solving using mathematical 

frameworks and their role in tackling complex societal challenges. 

National and Global Impacts: Analyze the impact of AI and mathematical advancements on 

national progress, economic growth, and global competitiveness. Showcase success stories where 

countries have leveraged AI to enhance productivity, drive innovation, and improve quality of life. 

Ethical Considerations: Address ethical considerations in AI development, emphasizing the 

responsible use of mathematical models and algorithms. Discuss issues such as bias in AI systems, 

privacy concerns, and the importance of transparency and accountability. 

Emerging Technologies: Explore emerging technologies at the intersection of mathematics and 

AI, such as quantum computing and deep learning. Discuss their potential to revolutionize AI 

capabilities and open new avenues for innovation. 

Educational Strategies: Propose strategies for integrating mathematical education with AI training 

to prepare the next generation of AI researchers and innovators. Highlight the importance of 

interdisciplinary education in mathematics, computer science, and related fields. 

Policy Recommendations: Offer policy recommendations for governments to foster AI 

development through investments in mathematical research, education, and infrastructure. 

Advocate for international collaboration to address global challenges through AI-driven 

innovation. 

8. Conclusion  

In conclusion, the integration of mathematics as a fundamental pillar in artificial intelligence (AI) 

is indispensable for fostering innovative thought and driving national progress. Mathematics 

provides the theoretical framework and computational tools necessary to develop sophisticated AI 
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algorithms and systems that can analyze vast amounts of data, make informed decisions, and 

automate complex tasks. 

Moreover, mathematics promotes innovative thinking by challenging researchers to develop novel 

algorithms and techniques that push the boundaries of AI capabilities. It encourages 

interdisciplinary collaboration, where mathematicians, computer scientists, and domain experts 

work together to address real-world challenges and create solutions with far-reaching societal 

impacts. 

For national progress, investing in mathematical research and education is crucial. It empowers 

future generations with the skills needed to drive AI innovation, tackle global challenges, and 

maintain competitiveness on the world stage. Ethical considerations, such as fairness, transparency, 

and accountability in AI systems, also underscore the importance of a strong  

Mathematics provides the rigorous framework necessary to model, analyze, and optimize the 

complex algorithms that drive AI systems. Concepts such as linear algebra, calculus, probability 

theory, and optimization techniques form the backbone of machine learning, deep learning, and 

other AI methodologies. These mathematical tools enable AI to process vast amounts of data, 

extract meaningful insights, and make decisions with increasing accuracy and efficiency. 

In summary, mathematics not only underpins the technical advancements of AI but also serves as 

a catalyst for innovative thinking essential for national progress. By leveraging mathematical 

expertise and fostering a culture of innovation, societies can harness the full potential of AI to drive 

economic prosperity, solve complex challenges, and shape a future that benefits all individuals and 

communities. 

1. Mathematics provides the foundational framework for developing and optimizing the 

algorithms and models that power artificial intelligence (AI) systems. 

2. Concepts from mathematics such as linear algebra, calculus, probability theory, and 

optimization techniques are essential for building AI applications that analyze data, make 

decisions, and automate tasks. 

3. The integration of mathematics into AI research fosters innovative thinking by encouraging 

the exploration of new algorithms, techniques, and applications across diverse industries. 

4. Mathematical principles enable AI to learn from data, recognize patterns, and adapt to 

changing environments, driving advancements in predictive analytics, natural language 

processing, computer vision, and more. 

5. Nations that invest in mathematical education, research, and infrastructure are better 

equipped to harness the transformative potential of AI for economic growth, technological 

innovation, and societal progress. 
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6. Interdisciplinary collaboration between mathematicians, computer scientists, and domain 

experts is crucial for tackling complex challenges and developing AI solutions with broad 

societal impacts. 

7. Ethical considerations, including fairness, transparency, and accountability in AI decision-

making, underscore the importance of a strong mathematical foundation for responsible AI 

development. 

8. Mathematical reasoning and problem-solving skills cultivated through education and 

research contribute to the development of a skilled workforce capable of driving AI 

innovation and maintaining global competitiveness. 

9. Innovations in AI driven by mathematics have the potential to revolutionize industries such 

as healthcare, finance, transportation, and education, leading to improvements in efficiency, 

accessibility, and quality of services. 

10. Ultimately, mathematics serves as a catalyst for both technical excellence and visionary 

thinking, shaping a future where AI enhances human capabilities, addresses societal 

challenges, and fosters sustainable national progress. 

These conclusions emphasize the critical role of mathematics in advancing AI technologies and 

fostering innovation that contributes to national and global prosperity. 
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Abstract 

Personalized learning in Science, Technology, Engineering, and Mathematics (STEM) education 

aims to gears educational experiences to individual student’s needs, preferences, and interests, 

moving away from traditional methods. This approach leverages data and technology to create 

adaptive learning pathways, providing customized content, real-time feedback, and supportive 

environments. By focusing on the unique requirements of each student, personalized learning 

enhances engagement, fosters deeper understanding, and improves educational outcomes. The 

integration of artificial intelligence (AI) has revolutionized this approach, enabling precise and 

effective customization through advanced data analytics, intelligent tutoring systems, and adaptive 

learning platforms. Ai technologies, including adaptive learning systems, intelligent tutoring 

systems, Ai-driven analytics, and emerging tools like virtual and augmented reality and natural 

language processing, have significantly advanced personalized learning in Science, Technology, 

Engineering, and Mathematics (STEM) education. These tools enable real-time performance 

analysis, personalized feedback, and interactive learning experiences tailored to individual needs. 

Despite its benefits, the integration of Ai in personalized learning presents challenges and ethical 

considerations. Moreover, balancing Ai use with traditional methods is necessary to maintain 

critical thinking and problem-solving skills. Ethical use of Ai involves transparency in decision-

making processes and prioritizing student interests. Addressing these challenges and ethical 

considerations is crucial for the responsible integration of Ai in personalized learning. By ensuring 

privacy, equity, transparency, and providing adequate support for educators, the potential of AI to 

enhance STEM education can be realized while minimizing its risks. 
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 1. Introduction 

Personalized learning in STEM (Science, Technology, Engineering, and Mathematics) education 

is an instructional approach that gears educational experiences to individual student’s needs, 

preferences, and interests. This approach is designed to move away from the traditional education 

that uses the same teaching methods, materials, and assessments for all students, regardless of their 

individual learning styles, abilities, or needs. Personalized learning leverages data and technology 

to create adaptive learning pathways, providing students with customized content, real-time 

feedback, and supportive learning environments. By focusing on the unique requirements of each 

student, personalized learning aims to enhance engagement, foster a deeper understanding of 

STEM subjects, and ultimately improve educational outcomes. The integration of artificial 

intelligence (AI) in personalized learning has further revolutionized this approach, enabling more 

precise and effective customization through advanced data analytics, intelligent tutoring systems, 

and adaptive learning platforms. As STEM education becomes increasingly important in preparing 

students for the demands of the modern world, personalized learning represents a critical period in 

teaching methods, offering a more individualized and effective way to master complex subjects. 

1.1. Definition and importance of personalized learning 

Personalized learning is an educational approach that customizes learning experiences to fit the 

unique needs, interests, and abilities of each student (Paz-Albo, 2017). This method leverages data 

and technology to gear content, pace, and instructional strategies, ensuring that each learner can 

achieve their full potential. Personalized learning often involves adaptive learning technologies and 

individualized learning plans, all aimed at providing a more relevant and engaging educational 

experience (Shemshack & Spector, 2020). 

The personalized learning lies in its ability to address the diverse learning styles and paces of 

students. Personalized learning focuses on individual needs; personalized learning enhances 

student engagement, motivation and achievement (Hwang et al., 2012). It allows for the 

identification and support of student’s strengths and weaknesses, promoting a deeper understanding 

of subject matter. In the context of STEM education, personalized learning is particularly 

significant as it prepares students for the complexities and demands of modern scientific and 

technological fields. By fostering critical thinking, problem-solving skills, and a passion for 

learning, personalized learning equips students with the tools they need to succeed in an 

increasingly dynamic and competitive world. 

1.2 Overview of ai technologies used in personalized learning 

Artificial Intelligence (AI) technologies have significantly advanced personalized learning, 

offering sophisticated tools that adapt to individual student needs (Han et al., 2021). Among these 
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technologies, adaptive learning systems and intelligent tutoring systems are at the forefront, 

revolutionizing the educational landscape. 

1.3 Adaptive Learning Systems 

Adaptive learning systems use Ai algorithms to tailor educational content to the specific needs of 

each student (Allen et al., 2016). These systems analyze a student's performance in real-time, 

identifying strengths, weaknesses, and learning preferences. Based on the data, the system 

dynamically adjusts the difficulty level, type of content, and pace of instruction. For example, if a 

student struggles with a particular math concept, the system can provide additional practice 

problems or alternative explanations until mastery is achieved. Prominent adaptive learning 

platforms, such as DreamBox and Knewton, have demonstrated significant improvements in 

student engagement and achievement by providing customized learning pathways (Rane et al., 

2023). 

1.4 Intelligent Tutoring Systems (ITS) 

Intelligent Tutoring Systems (ITS) are designed to mimic the personalized guidance of a human 

tutor. These systems employ AI to provide one-on-one instruction, offering hints, feedback, and 

explanations tailored to the individual learner's needs (Alkhatlan & Kalita, 2018). ITS can diagnose 

a student's understanding of a topic and adjust the instruction accordingly. For instance, in a 

language learning context, an intelligent tutoring system like Duolingo adapts its exercises based 

on the user's proficiency and progress. ITS have been particularly effective in STEM education, 

where complex problem-solving and critical thinking skills are essential. They offer a scalable 

solution to personalized tutoring, making high-quality, and individualized instruction accessible to 

a broader audience. 

2.  AI-Driven Analytics and Feedback 

AI technologies also play a crucial role in providing analytics and feedback in personalized learning 

environments. Learning Management Systems (LMS) equipped with Ai capabilities can track a 

wide range of student interactions, from quiz performance to discussion participation. The data is 

then analyzed to offer insights into student progress and areas that need improvement (Vashishth 

et al., 2024). Teachers can use this information to make informed decisions about instructional 

strategies and interventions. Systems like Blackboard and Canvas have integrated Ai-driven 

analytics to support personalized learning at scale. 

2.1 Virtual and Augmented Reality (VR/AR) 

Emerging AI technologies like Virtual and Augmented Reality (VR/AR) are also contributing to 

personalize learning by creating immersive and interactive educational experiences. VR/AR can 

simulate real-world scenarios and environments, allowing students to explore and learn in a hands-

on, engaging manner. For example, medical students can use VR to practice surgical procedures in 
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a risk-free environment (Li et al., 2018). The personalization comes from the Ai's ability to adapt 

these simulations based on the learner's actions and progress, providing targeted feedback and 

challenges. 

2.2 Natural Language Processing (NLP) 

Natural Language Processing (NLP) is another AI technology enhancing personalized learning. 

NLP enables computers to understand and respond to human language, making it possible to 

develop advanced chatbots and virtual assistants that support learning. These Ai-driven tools can 

answer student questions, provide explanations, and even grade assignments with a high degree of 

accuracy. Artificial Intelligence (AI) offers numerous benefits in the realm of personalized 

learning, particularly within STEM education. The integration of Ai technologies into educational 

frameworks allows for a more gear approach to learning, addressing the unique needs and 

preferences of each student. 

2.3 Advantages of AI in Personalized Learning  

Artificial intelligence (AI) has the potential to personalized learning by fostering educational 

experiences to meet individual student needs (Maghsudi et al., 2021). One of the key benefits of 

AI in this context is its ability to adapt learning materials and strategies to each student's unique 

strengths, weaknesses, and preferences. This personalized approach helps in maintaining student 

engagement by ensuring that the content is relevant and appropriately challenging. 

1. AI systems can analyze a student's performance data in real-time, offering insights into 

their learning habits and progress. This allows educators to provide timely feedback and 

adjust instructional strategies to better support each learner. For instance, if a student is 

struggling with a particular concept, AI can offer additional resources or modify the 

difficulty level of exercises to address these gaps. This targeted support helps prevent 

frustration and disengagement, keeping students motivated and invested in their learning 

journey. 

2. AI-powered tools can create interactive and immersive learning experiences that appeal to 

different learning styles. Gamified elements, virtual simulations, and adaptive quizzes can 

make learning more enjoyable and engaging, turning what might be ordinary tasks into 

exciting challenges, by catering to individual preferences and learning paces, AI helps in 

fostering a more personalized educational environment. 

3. AI has ability to provide instant feedback and support outside of traditional classroom 

settings. AI-driven platforms can offer students ondemand assistance and resources, 

allowing them to continue learning and exploring topics at their own pace. This flexibility 

empowers students to take ownership of their learning and pursue areas of interest more 

deeply, further enhancing their motivation and engagement. 

4. Enhanced student engagement, AI systems can analyze individual learning styles and 

preferences, allowing educators to create customized learning experiences that resonate 
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with students. When students feel that their educational journey is beneficial towards their 

interests and strengths, they are more likely to be motivated and actively participate in 

their learning process 

5. Facilitates individualized instruction by utilizing adaptive learning platforms, AI can 

adjust the difficulty of tasks and provide resources that align with a student's current 

knowledge and skill level. This ensures that students are neither bored with material that 

is too easy nor overwhelmed by content that is too challenging. Such tailored instruction 

fosters a more effective learning environment, enabling students to progress at their own 

pace. 

6. Provide real-time feedback and assessment, automated grading systems powered by AI 

can deliver instant evaluations on assignments, quizzes, and tests. This immediate 

feedback loop not only reduces the workload for educators but also allows students to 

understand their mistakes and learn from them promptly, thereby enhancing their learning 

experience. 

7. Gamification of learning, AI incorporating game-like elements into educational platforms, 

AI can make learning more enjoyable and engaging. This not only motivates students but 

also encourages a positive attitude towards education, making them more likely to 

embrace challenges and persist through difficulties. 

2.4 Platforms Integrated with AI’s  

AI tools and platforms are transforming STEM education by offering innovative solutions that 

enhance teaching and learning. These technologies leverage artificial intelligence to provide 

personalized learning experiences, streamline administrative tasks, and foster deeper engagement 

with complex concepts. One prominent example is Khan Academy, which employs AI to create 

personalized learning paths for students. By analyzing individual performance, the platform adapts 

content and exercises to address specific strengths and weaknesses, ensuring that each student 

receives tailored support. This approach helps students progress at their own pace and fosters a 

more effective learning environment. 

Coursera is another influential platform that utilizes AI to recommend courses and learning 

materials based on a student’s previous interactions and interests. This personalized guidance helps 

learners navigate a vast series of resources and find relevant courses that align with their career 

goals and academic interests.  

3. Challenges And Ethical Considerations 

3.1 Privacy and Data Security: One of the foremost concerns is the protection of student data. AI 

tools often collect and analyze large amounts of personal and academic information to tailor 

learning experiences. Ensuring data is securely stored and managed in compliance with privacy 

regulations to protect students from potential breaches or misuse. 
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3.2 Bias and Fairness: AI systems can inadvertently reinforce existing biases if they are trained 

on skewed data or if their algorithms reflect societal inequalities. For instance, if an AI system is 

trained on data from a non-diverse population, it may not accurately cater to the needs of all 

students. Addressing this issue involves developing and regularly auditing algorithms to ensure 

they provide fair and unbiased recommendations and support. 

3.3 Equitable Access: Access to AI-powered educational tools can vary significantly based on 

geographic location, socio-economic status, and available infrastructure. There is a risk that AI 

technologies could exacerbate educational inequalities if they are only accessible to certain groups. 

Ensuring that all students have equitable access to these tools is essential for maximizing their 

benefits and avoiding a widening digital divide. 

3.4 Teacher Training and Adaptation: Successful implementation of AI in education requires 

that educators are adequately trained to use these technologies effectively. Teachers need to 

understand how AI tools work, interpret their outputs, and integrate them into their teaching 

practices. Insufficient training can lead to ineffective use of AI tools and diminish their potential 

benefits. 

3.5 Dependence on Technology: There is a risk of over reliance on AI tools, which may lead to a 

reduction in critical thinking and problem-solving skills if not managed properly. While AI can 

enhance personalized learning, it is important to balance its use with traditional educational 

methods to ensure a well-rounded approach to STEM education. 

3.6 Ethical Use of AI: The ethical implications of AI use in education extend to how decisions are 

made based on AI recommendations. Educators and institutions must be transparent about how AI 

tools influence educational decisions and ensure that these decisions are made in the best interest 

of the students. Addressing these challenges and ethical considerations is important for the 

responsible integration of AI into personalized learning. By prioritizing privacy, equity, and 

transparency, and providing adequate support for educators, the potential of AI to enhance STEM 

education can be realized while minimizing its risks. 

4. Conclusion 

AI is revolutionizing STEM education by enabling personalized, interactive learning experiences 

to meet each student's needs. While AI presents many opportunities to improve learning outcomes, 

challenges base on bias, privacy, and over-reliance on technology must be addressed. As AI 

continues to advance, it will significantly impact the future of STEM education, requiring students 

to develop uniquely human skills while educators take on new roles in guiding learning. By 

embracing AI while maintaining a human touch, STEM education can be transformed to better 

prepare students for success in an increasingly AI-driven world. 
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Abstract 

Education system around the world is under increasing pressure to use information and 

communication technology to facilitate teaching and learning in this 21st century. This study 

explores the integration of Information and Communication Technologies (ICT) in Government 

Secondary School, Rigachikun, Kaduna State, Nigeria. The objective was to examine challenges 

in integrating ICT into secondary education, assess the adequacy of skilled manpower for ICT use 

in classrooms and also underline the levels of utilization of ICT facilities in secondary schools. The 

study employed a survey research method, using a structured questionnaire as the instrument for 

data collection. A sample size of 100 teachers and students was selected through random sampling. 

Data were analyzed using descriptive statistics.Findings identified major challenges including 

financial constraints, lack of standardization of computer equipment, and insufficient skilled 

manpower. The study concludes that these issues hinder effective ICT integration in the school 

curriculum. The research contributes to knowledge by highlighting the critical barriers to ICT 

adoption in Nigerian secondary schools and suggesting actionable solutions. Recommendations 

include the government’s commitment to integrating ICT into the school curriculum in line with 

UNESCO objectives. Additionally, it is imperative that teachers receive continuous training to 

update their ICT skills, ensuring they can effectively use digital tools to enhance student learning 

outcomes as the role of ICT in teaching and learning process is gradually becoming one of the most 

important and widely discussed issues in the contemporary education policy. The study underscores 

the potential of ICT to revolutionize education, emphasizing its importance in achieving high 

academic standards and preparing students for the digital workforce. 

Keywords: Information, Communication, Technology, Enhancement, Quality, Accessible, 

Secondary, Education 
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1. Background of Study 

The political and economic stability of any nation hinges on her educational status and maturity. 

Innovations in information technology has helped to enhance teaching and learning. Ajila (2011) 

assented to the fact that the learner is central to all the classroom instructional activities, 

communication is the heart and soul of the process. Thus utilization of ICT facilities for quality 

teaching and learning outcome in the 21st century is contingent upon a thorough knowledge of the 

learner and mastery of the techniques and process of effective communication.  

The world of today is characterized by revolutionary advances powered by Information and 

Communication Technology (ICT). The world is being reduced to a global community through the 

use of information and communication technology. Information and communication technology 

facilities are described as all the equipment’s available for the identification, generation, 

processing, storage, packaging, preservation, conservation and sending of information, regardless 

of time and location challenges. In other words, Information and Communication helps in 

promoting national development and foster better relationships with other nations. 

The use of technology in teaching and learning refers to the use of digital tools and materials to 

improve and enhance educational experiences. this tool includes Digital classroom, educational 

software and Apps, AI and Machine learning, Gamification, Interactive whiteboard etc. these 

technologies aim to make teaching and learning more accessible and effective. Therefore, it 

becomes pertinent for administrators, who serve as key implementers of the nation’s educational 

policy, to be well-informed and adequately equipped with ICT tools and facilities in order to 

enhance their performance in this age of information explosion and technological advancement.  

The Federal Ministry of Education (2010) identifies the role of ICT policy on education stated as 

follows;  

“The policy provides the needed guidance on what is expected in the entire process of 

ICT integration in education to all stakeholders in education. Its’ implementation, 

therefore, should lead to a speedy transformation of the teaching, learning and 

administration of education. This in turn will foster the production of graduates in 

the education system that can survive in the contemporary society, sustain national 

development and compete globally”. (p.3) 

1.1 Statement of the Problem  

The child of the 21st century is a product of a technological society that has been saturated with 

unprecedented developments in all aspect of human development particularly in the aspect of ICT. 

In spite of the huge success or advantage the ICT has over the traditional educational teaching and 

learning, very little of ICT facilities are in use in the public secondary schools. Educational policy 

makers have not keyed into this modern trend (e-learning) by formulating policies that will 

inculcate the use and training of teachers in the use and handling of ICT facilities in schools. 

Against the backdrop of the aforementioned, this study is focused on Information and 
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Communication Technology and the enhancement of quality and Accessible Secondary Education 

in Government Secondary School (GSS) Rigachikun, Kaduna Nigeria.    

1.2 Purpose of the Study  

The main purpose of the study was to determine the Availability and utilization of information and 

communication technology (ICT) in Government Secondary School Rigachikun specifically the 

study sought to ascertain the following; 

 1. To investigate the availability of ICT facilities in Government Secondary School (GSS) 

Rigachikun, Kaduna State.  

2. Examine the extent to which Students are exposed to the use of ICT in Government Secondary 

School (GSS) Rigachikun, Kaduna State  

3. Examine the level of utilization of ICT facilities in Government Secondary School (GSS) 

Rigachikun, Kaduna State.  

1.3 Research Questions  

The following research questions were posed to guide the study:  

i. What is the extent of availability of ICT in Government Secondary School (GSS) 

Rigachikun, Kaduna State?  

ii. To what extent are Students exposed to ICT in Government Secondary School (GSS) 

Rigachikun, Kaduna State?  

iii. What are the levels of utilization of ICT facilities in Government Secondary school (GSS) 

Rigachikun, Kaduna State?  

2.  Literature Review 

2.1 Concept of Information and Communication Technology (ICT)  

ICT encompasses a range of new technologies and their application including all aspects of the use 

of computers, micro-electronic devices, and satellite and communication technology. According to 

UNESCO (2011), Information Communication Technology (ICT) is the range of technologies that 

are applied in the process of collecting, storing, editing, retrieving and transfer of information in 

various forms. In the context of education, ICT involves the use of combination of technologies in 

generating information required for effective teaching and learning process. According to 

Elujekwute (2019), ICT as the handling and processing of information (texts, images, graphs and 

instruction) for use, by means of electronic and communication devices such as computers, 

projector, telephone etc. In the classroom situation, communication process influences learner’s 

behaviours through interaction. It is an integral component of school curriculum activities since 

some of the curricular activities, tasks, teachers and students undertake involve the use of 

communication skills both oral and written formation. For instance, in all science subjects, students 

record their practical experiments, observations, demonstrations in both formal and informal text 
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or present their findings and discoveries in either oral or written reports. ICT in education can be 

understood as the application of digital equipment to all aspects of teaching and learning. Therefore, 

to prepare students for the information age and competitiveness and communicate effectively in 

the 21st century, complete internet and intranet services should be made available 24 hours in all 

secondary schools in of Nigeria.  

 Thus, secondary school education should help the youngsters to define their career objectives, 

make them capable of deciding as to what they want from life, and enable them make progress in 

their fields of interest; computer education will go a long way in helping them realize this dream.  

3. Methodology  

The study adopted the Survey research design. The population of this study is Teachers and 

Students of Government Secondary School, Rigachikun. The sample size of the study was 145 

respondents, but 136 was retrieved comprising of 96 Students and 40 Teachers. Simple random 

sampling technique was used to select population of the study. The Availability and Utilization of 

Information and Communication Technology Questionnaire. (AUICTQ) was used for data 

collection. This instrument face validated by experts. Data were collected through direct delivery 

method by the researcher.  
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S/

N 

ITEMS VERY 

HIGH 

EXTEN

T 

HIGH 

EXTEN

T 

LOW 

EXTEN

T 

VERY 

LOW 

EXTEN

T 

PERCEN74%TA

GE 

REMARK

S 

1 Computers 

either in 

offices or 

Classes 

 

03 08 45 80 92% Very low 

extent  

2 Computer 

Room/Lab 

 

10 06 30 90 88% Very low 

extent. 

3 Computer 

Based Test 

(CBT) 

Software 

 

04 12 30 90 88% Very low 

extent  

4 Database 

software 

such as 

Access, 

word50 

and Excel 

 

60 40 20 10 74% Very high 

extent 

5 presentatio

n software 

such as 

power 

point 

 

04 12 35 85 88% Very low 

extent 

6 Overhead 

Projectors 

 

11 15 40 70 81% Very low 

extent  
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Table1: Descriptive statistics on the extent of availability of ICT in secondary schools in 

Government Secondary School, Rigachikun.  

Data on Table1 shows the percentage of teachers and students of GSS Rigachikun secondary school 

on the extent of availability of ICT in the school. The Table shows that the respondents, responded 

to very low extent on items 1, and 2 with 92% disagreeing to the availability of computers in classes 

and offices and 88% of the respondents as well disagreed to the availability of computers in the lab. 

However, 74% of the respondents on item 4 are of the opinion that they have access to use of Word 

and Excel but responded to very low extent on items, 3, 5, and 6 with 88%, 88% and 81% 

respectively. However, with the responses, it shows that there is a very low extent on the availability 

of ICT in Government Secondary School Rigachikun, Kaduna State.  

Table2: Descriptive statistics of teachers on the extent students are exposed to ICT in Government 

Secondary School, Rigachikun. 
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S/

N 

ITEMS VERY 

HIGH 

EXTEN

T 

HIGH 

EXTEN

T 

LOW 

EXTEN

T 

VERY 

LOW 

EXTEN

T 

PERCENTAG

E 

REMARK

S 

7 For 

examination 

purposes  

 

02 06 48 80 94% Very low 

extent  

8 To learn 

new things 

needed to 

improve 

their 

learning 

skills and 

knowledge 

of their 

subject areas 

 

74 56 03 03 96% Very high 

extent  

9 To 

communicat

e and share 

ideas with 

one another 

 

16 20 40 60 74% Very low 

extent  

10 For regular 

classroom 

instructions 

 

06 09 53 68 89% Very low 

extent  

11 Stimulates 

student’s 

10 25 42 59 74% Very low 
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Data on Table 2 shows the percentage of teachers and students of GSS Rigachikun secondary 

school on the extent students are exposed to ICT in the school. Although, item 8 on the table shows 

that they learn new things needed to improve their learning skills and knowledge of their subject 

areas with 96% respondents agreeing to that. However, responded to very low extent on items 7, 

with 94% of the respondents disagrred to using computer for examination purpose. Similarly, 

responded to very low extent on items, 9, 10, and 11 with 74%, 89% and 74% respectively. This 

means that the respondents were of the opinion that students are exposed to a very low extent to 

ICT in Government Secondary School Rigachikun, Kaduna State.  

 

 

 

 

 

 

 

activities in 

accessing 

their results.  

 

extent  
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S/N ITEMS VERY 

HIGH 

utilized 

HIGH 

utilized 

LOW 

utilized 

VERY 

LOW 

utilized 

PERCENTAGE REMARKS 

12 The use of 

computerized 

database in 

exams and 

test 

 

03 08 54 71 92% Very low 

utilized 

13 The use of 

photocopy 

machine, 

scanners and 

Printers 

 

77 40 12 07 86% Very high 

utilized 

14 The use of 

computer 

systems for 

practical’s 

 

54 66 12 04 88% High 

utilized 

15 The use of 

computer 

based test 

(CBT) 

software for 

internal and 

external 

examination 

 

05 06 44 81 92% Very low 

utilized  
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Table 3: Descriptive statistics of mean and standard deviation of teachers on the levels of utilization of ICT facilities in Government Secondary 

School, Rigachikun. 

Data on Table 3 shows the percentage of teachers and students of GSS Rigachikun Secondary 

School on the levels of utilization of ICT facilities in the school. The table shows that teachers and 

students responded to very low utilized on items 12, 15 and 16 with the 92%, 92% and 74% 

respectively. However, respondents on item 13 and 14 responded to very high utilized with with 

86% of the respondents agreed to using photocopy machine, scanners and Printers, and 86% of the 

respondents as well agreed to the usage of computer systems for practicals which means that the 

respondents were of the opinion that ICT facilities are not highly utilized. 

4.  Discussion of Findings  

Extent of Availability of ICT in Government Secondary School, Rigachikun, kaduna State  

The results on the extent of ICT in secondary schools in GSS Rigachikun, Kaduna State revealed 

that out of the 6 items in the questionnaire, ICT facilities are not available in the school in the rural 

area; rather they are scarcely available in the urban area. This finding is in line with Egomo, Enyi 

and Tah (2012) whose study revealed that availability of ICT facilities is significantly low. The 

finding is also in line with Achimugu, Oluwagbemi and Oluwaranti (2010) whose study revealed 

that public institutions in Nigeria lack adequate ICT facilities. Walson (2018) revealed that the 

usage of ICT was high in urban schools and low in rural schools. This finding is also consistent 

with the findings of Ubulom, Enekit, Onuekwq and Amaehule (2011) Ugwu and Oboegbulem 

(2011), Jude and Dankaro(2012) that ICT facilities are not available in schools. This confirms the 

report of Effiong (2005) and Jegede and Owolabi (2008) that ICT materials such as computers, 

radio set, Skype, printers, scanners, video recorder, teleconferencing and books on ICT are not 

readily available and are not adequately being utilized in Nigerian secondary schools for computer 

education. Again, the findings agree with that of Seiden (2000) and Uhaegbu (2001) for Nigeria 

which revealed a low level of usage of ICT equipment and facilities in secondary schools.  

4.1 Extent Students Are Exposed to ICT in Government Secondary School, Rigachikun, Kaduna 

State. 

The results on the extent students are exposed to ICT facilities in secondary schools revealed that 

in rural area, they are not exposed for examination purposes, but rather, partially to learn new things 

16 The use of e-

mail or fax 

machine to 

send or 

receive 

messages 

 

15 21 67 33 74% Low 

utilized  
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needed to improve their learning skills and knowledge of their subject areas, also not used for 

regular classroom instructions, and are not exposed in the area of communicating and sharing ideas 

with one another as well as to Stimulate student’s activities in accessing their results. On the other 

hand, in rural area students are not exposed in the area listed in research question 2. This result is 

in agreement with that of Obi and Ibezim (2011) which revealed that the extent of exposure of 

students in the area of ICT in schools is very low. The findings is also in agreement with the findings 

of Adegbemile(2012) that the available ICT facilities were not adequate in schools and their 

utilization was a matter of concern. Again, Ajayi and Haastrup, (2009) revealed that ICT facilities 

were lacking in schools and teachers were to a little extent exposed to the use of ICT.  

4.2 Levels of Utilization of ICT Facilities in Government Secondary School in Rigachikun, 

Kaduna State  

The results on the level of utilization of ICT facilities in Government Secondary School, 

Rigachikun in Kaduna state revealed that, they are not well utilized in the area of computerized 

database in exams and records, although, they use of photocopy machine, scanners and printers, 

basically during practical classes and that the use of e-mail or fax machine to send or receive 

messages is not viable. On the other hand, in rural area ICT facilities are not utilized in all the items 

listed in research question. Walson (2018), findings revealed that most specific uses of ICT by 

teachers are in the areas of checking email, accessing research materials and news update. This 

finding is also in line with Adegbe (2013) that ICT facilities are less utilized in public schools. 

Furthermore, it was also observed that complete absence or low internet access, and constant power 

outages are major handicap to the utilization of ICT facilities in public schools. 

5. Conclusion  

On account of the findings it was recommended that The results of the findings reveal that in 

Government Secondary School, Rigachikun, Kaduna State, the extent of ICT accessibility is only 

limited to computers either in offices or classes and Computer Room/Lab in the urban area while 

in Rural area, computers either in offices or classes, Computer Room/Lab, Computer Based Test 

(CBT) software, presentation software such as power point, and Overhead Projectors are not 

available in their locality. It further revealed that students in urban area are exposed to ICT but in 

GSS Rigachikun, Kaduna State it is basically used learn new things needed to improve their 

learning skills and knowledge of their subject areas during practical classes alone as the Students 

in school are not exposed in all the areas listed in the research item like For examination purposes, 

To communicate and share ideas with one another, For regular classroom instructions, or to 

Stimulates student’s activities in accessing their results. ICT facilities are utilized to a great extent 

in the urban area in the area of computerized database in exams and records department, the use of 

photocopy machine, scanners and printers, the use of computer systems for practicals, and the use 

of e-mail or fax machine to send or receive messages. 

 However, they were less utilized in the rural area in all the areas listed in the research question. 

Inadequate funding, lack of skilled man power, Poor infrastructure in schools, difficulty in learning 
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new technology, lack of internet connectivity, Fatigue and stress associated with ICT use, 

Inappropriate maintenance of ICT facilities and services, and Poor Government policies to 

coordinate proper use of ICT in teaching are the challenges in utilizing ICT in GSS Rigachikun, 

Kaduna state. The findings of the study have contributed to knowledge creation in educational 

administration.  

6. Recommendations  

Based on the findings of this study which have been revealed, the following recommendations were 

made:  

1. Governent administrators/ School Owners should provide conducive learning environment for 

the use of ICT in GSS Rigachikun, Kaduna State. 

2. There should be continuous training and retraining of staff/Administrators to make them capable 

to utilize the available ICT facilities  

3. Government administrators/ School Owners should provide enabling environment such as stable 

power supply and adequate internet accessibility for ICT facilities to function properly. 
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Abstract 

This paper seeks to discuss the impacts of the Rayuwa project's use of an innovative pedagogical 

approach to enhancing STEM education in rural communities through the strategic integration of 

technology in teaching out-of-school, overaged, and other disadvantaged children aged 6-12. The 

Rayuwa Project developed and deployed interactive video and audio learning materials on literacy, 

numeracy, basic science, technology, and agriculture, utilizing the “DigiSoft Education tool” to 

deliver engaging lessons. Under the guidance of trained teachers, these visual and audio-visual 

materials were projected to children through Smart Projectors, fostering an immersive and 

interactive learning environment. The DigiSoft Education Toolkit included a smart projector, solar 

charging equipment, a battery pack that lasts eight (8) hours, a 2.4G wireless trackball keyboard 

and other remote controllers, and a Bluetooth speaker. Ensuring that regardless of the time, day, 

temperature, or lack of electricity; learning can continue unabated. The innovative approach of the 

Rayuwa Project demonstrated significant improvement in learning outcome of the learners. By 

harnessing the power of smart projectors and visual and audio-visual multimedia resources, we 

have bridged the educational divide, providing equal access to quality STEM education for rural 

children in Kafur (Katsina State). The Rayuwa Project was found to have shown transformative 

potential of technology integration in STEM education. It was therefore recommended for 

stakeholders seeking innovative solutions to enhance educational outcomes in hard-to-reach, areas 

with poor infrastructure and resource-constrained settings. 
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interactive learning. 

1. Introduction  

1.1 Background 

There are multiple barriers and challenges to education in Katsina State. The Katsina State 

Education Sector Strategic Plan (SESP2011-2020) highlights five key challenges for education in 

the state. These challenges include Inadequate coverage and unsatisfactory level of meaningful 

access, poor quality and relevance, infrastructural insufficiency and infrastructural decay, 

inefficient management and system inefficiency, non-sustainable funding, and inadequate 

resourcing. These challenges are pronounced in Kafur LGA compared to other LGAs in Katsina 

State.  Unlike other Local Government Areas, Kafur is still battling with the effect of Covid19 

pandemic, insurgency, banditry, kidnapping, and other security issues, etc. This is backed by 

negative data for educational indicators like enrolment figures. For instance, according to the 

Annual School Census Report released by the State Universal Basic Education Board (SUBEB) 

and UNICEF (2020) as cited by Francis Sardauna (2021), Kankara and Kafur LGA of Katsina State 

have the highest number of out-of-school children in Katsina State. 

Traditional Education in Kafur Local Government Area (LGA) of Katsina faces significant 

challenges that directly affect student engagement, performance, and their ability to understand 

complex concepts. These challenges range from an Inadequate number of qualified teachers at all 

levels, insufficient and inappropriate of teaching/learning materials, inadequate teacher-support 

systems, poor teaching/learning processes, and poor learning outcomes.  

One significant issue is the shortage of well-trained and qualified teachers in Kafur LGA, many 

teachers lack the necessary training to effectively deliver the curriculum, especially when it comes 

to English, Mathematics, and Science topics. Without adequate pedagogical skills and subject 

matter expertise, these teachers struggle to provide adequate instruction. 

The scarcity of learning materials further compounds these issues. Textbooks, teaching aids, and 

other educational resources are often in short supply or absent in Kafur’s schools. This limitation 

forces teachers to rely heavily on outdated or insufficient materials, which are often not aligned 

with modern educational standards or the current curriculum. The lack of diverse and interactive 

learning tools, such as visual aids or digital resources, means that lessons are often delivered in a 

monotonous, lecture-based format, which fails to engage students or stimulate their interest in more 

challenging subjects like English, Mathematics, Science, and Agriculture. In an age where digital 

learning is becoming increasingly important, the digital divide is stark in Kafur, where access to 

computers, the internet, and other educational technologies is extremely limited or non-existent.  
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Another important challenge worthy of mention is the lack of proper infrastructure in schools across 

Kafur LGA. Many schools operate in overcrowded, poorly maintained classrooms, often without 

essential facilities like electricity and proper ventilation. This uncomfortable learning environment 

makes it difficult for students to concentrate, reducing their engagement with the material being 

taught. 

The effect of all these challenges on teachers, pupils, and even the education system is a situation 

where teaching and learning processes are extremely poor, learning outcomes are poor, teacher 

morale is extremely low, truancy is pervasive, and even the lesson delivery is substandard (SESP 

2011-2020). 

It is evident that challenges inherent in Kafur LGA, such as the lack of school infrastructure and 

underqualified teachers to a lack of essential learning materials—significantly hinder student 

engagement and their ability to understand complex concepts. This is where the Rayuwa Project’s 

use of Smart Projectors to Enhance education particularly STEM Education in Rural Communities 

in Kafur LGA comes into play. 

1.2    Overview of the Rayuwa Project and its Innovative Approach to addressing the 

Challenges in Kafur LGA. 

Rayuwa’s mission is to improve the livelihoods and resilience of Nigerian smallholder farmers by 

investing in both the current and future generations of farmers. The initiative focuses on three key 

pillars: resilient agriculture, quality education, and leveraging talent from John Deere. These pillars 

are the result of nine years of partnership, collaboration, learning, and adaptation between John 

Deere and PYXERA Global, drawing on their successful experience with the JIVA project in 

Rajasthan, India, Pyxera Global, & John Deere Foundation., (2022). 

The Rayuwa Project has made significant strides in enhancing education in Kafur Local 

Government Area (LGA) through the innovative use of technology. Recognizing the challenges 

faced by teachers in rural areas, particularly those with limited qualifications, the project developed 

high-quality audio and video lessons for key subjects like Mathematics, English, Agriculture, and 

Basic Science. These lessons, aligned with the national curriculum, were designed in collaboration 

with subject matter experts to ensure they effectively conveyed complex concepts in an engaging 

and accessible manner. 

Central to this initiative is the use of the DigiSoft Education tool, which includes a smart projector, 

solar charging equipment, an eight-hour battery pack, a 2.4G wireless trackball keyboard, and a 

Bluetooth speaker. These tools ensure that learning can continue uninterrupted, regardless of 

external conditions such as electricity outages or adverse weather. 

The deployment of these multimedia resources in selected sites in Kafur LGA was a critical step in 

improving educational outcomes. Learning centers were equipped with smart projectors and audio 

systems, enabling teachers to incorporate these lessons into their daily instruction. Teachers were 

provided with training to ensure they could effectively integrate these tools into their teaching, 



Innovative Pedagogical Approaches: Leveraging Smart Projectors to Enhance 
STEM Education in Rural Communities in Kafur LGA pp 104 –114 

 

107 

 

which in turn boosted their confidence and competence, especially in subjects where they 

previously struggled. 

The impact on both teachers and students has been profound. For teachers, the structured and 

consistent content of the audio and video lessons addressed gaps in their knowledge, allowing them 

to focus on engaging with students and managing the classroom. This support has led to an overall 

improvement in the quality of teaching, as teachers could rely on the accuracy and clarity of the 

multimedia lessons. 

For students, the engaging nature of the lessons has transformed their learning experience. 

Concepts that were once difficult to grasp became clearer and more relatable through the use of 

visual aids and practical demonstrations. This has not only improved students' comprehension and 

retention but also sparked a greater interest in STEM subjects. Students who previously found 

subjects like Mathematics or English challenging began to show noticeable improvements in their 

performance. 

The study was conducted in the Kafur and Kudan Local Government of Katsina and Kaduna State, 

Nigeria, the study compared the effectiveness of teaching STEM (Science, Technology, 

Engineering, and Mathematics) using smart projectors versus traditional methods in the Rayuwa 

project-supported schools’ classroom setting. The primary objective of the study was to assess how 

smart projectors can enhance STEM education and improve learning outcomes in rural settings. 

The main argument of the study is that integrating smart projectors and multimedia resources can 

significantly enhance the quality of STEM education in rural communities by leading to better 

learning outcomes for children in STEM. 

2.  Literature Review  

2.1 Challenges in Rural STEM Education 

Research consistently highlights the significant challenges rural schools face in delivering quality 

STEM education. These challenges include a lack of access to modern educational tools, 

insufficient infrastructure, and a shortage of qualified teachers. Traditional teaching methods, 

which rely heavily on rote memorization and lecture-based instruction, are often inadequate for 

engaging students or effectively conveying complex STEM concepts. 

STEM education is very important for encouraging innovation and economic growth, yet teaching 

the subjects in rural areas presents unique challenges. Aina, Jacob. (2022) observed that the lack of 

funding, creativity and poor-quality teachers hinder the quality of teaching STEM in rural 

communities and other hard-to-reach areas.  

In response to these challenges, technology-based solutions like the use of smart projectors offer 

significant solution. Topics are selected from the existing curriculum and developed into visual and 

audio-visual materials. The developed materials are then deployed in the classroom using speakers 

and smart projectors. Which encourages interaction between students and teachers in an engaging 
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way. When the traditional teaching and learning process is complemented by technology-based 

devices such as smart projectors, students' attention and engagement are enhanced. These 

technological devices can be particularly important in schools with a high teacher-to-student ratio 

or inadequate number of teachers. For example, teachers can set up smart projectors in one 

classroom to deliver a lesson and then move to another classroom to teach. After a predetermined 

recording and playback period, they can return to the original classroom to continue the lesson. 

This approach is not possible with traditional teaching methods alone. Evidence suggests that smart 

projectors significantly impact learning outcomes by allowing teachers to manage larger groups of 

students more effectively. 

2.2 Role of Technology in Education 

The use of technology in education has been widely recognized to improve teaching and learning. 

Technological devices such as smart projectors, whiteboards, and educational softwares have been 

shown to improve student engagement and involvement in active learning during the learning 

process. In areas with limited resources like Kafur LGA, technology can play an important role in 

bridging the educational gaps by providing learners with access to high quality education. 

Coleman (2009) as cited in Aina JK, Ogundele AG  (2014) observed that educational software and 

programs could enhance learning. Technology also increases a student’s understanding, 

achievement, critical thinking, and program-solving skills (Bowen 2010) as cited in Aina JK, 

Ogundele AG 2014). In essence, as the use of technology increases, its role in education will also 

continue to expand. This will offer new opportunities for increasing innovation amongst teachers, 

students and even the teaching and learning process. 

2.3 Impact of Multimedia Learning 

Generally, in the field of education, a wide range of learning tools and technologies are used to 

improve the teaching and learning process within the classroom. In terms of importance and 

frequency of use, audio recordings, videos, slides, overhead transparencies, and other multimedia 

resources have been used. These learning tools serve as important learning aids for teachers to 

covey difficult concepts, engage students in active learning, and accommodate various learning 

styles. A Multimedia is simply the use or combination of several forms of content ranging from 

text, sound, animation, and digitized video, to create a well-organised and interactive experience 

for learners. The integration of such multimedia resources into the classroom environment has 

become increasingly important in education, because they offer a wide and engaging ways to 

present information which makes learning more available and effective for students.  

Engaging multimedia tools, such as smart projectors, significantly impact student engagement. 

studies show that students tend to be more involved when information and communications 

technology (ICT) is integrated into the learning process. This is because ICT tools, like interactive 

multimedia, online resources, and digital simulations using smart projectors can make learning 

more engaging and interactive. Although, the study by Liu, L.Y., & Cheng, M.T. (2015) suggests 
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that the integration of interactive technologies in the classrooms might not ensure better learning 

performance or teaching efficiency. Various types of interactive actions were observed. There is a 

general agreement that using multimedia devices like the smart project in the teaching and learning 

process encourages engagement in learners.  

There are much evidence showing the positive impact of multimedia tools especially on learning 

outcomes. This includes improvements in student engagement, understanding, retention of 

information, and overall learning outcomes. Studies in the field of educational technology have 

shown that when multimedia tools are integrated into the curriculum, they can cater to various 

learning styles, making learning more interactive, engaging, and available.  Etyarisky, Vianida & 

Marsigit, Marsigit. (2022) showed that the use of interactive multimedia learning had a positive 

effect on the understanding of mathematical concepts, especially the angle measurement material 

for fourth-grade elementary school students. As educational technology continues to develop, the 

role of educational tools like the smart projectors will likely become even more significant. 

3. Methodology 

3.1 Study Design 

This study used a quasi-experimental design to compare the effectiveness of teaching STEM 

(Science, Technology, Engineering, and Mathematics) using smart projectors versus traditional 

methods in the Rayuwa project schools’ classroom setting. The primary objective of the study is to 

ascertain whether the use of smart projectors leads to improved student performance. 

3.2 Participants 

The study involved a sample of 242 students from 10 Rayuwa intervention schools in Northern 

Kaduna and 10 Rayuwa intervention schools in Southern Katsina which make up two groups. 

Group A (n=10) was taught using traditional methods, which involved conventional classroom 

teaching tools like whiteboards and textbooks. Group B (n=10) was instructed using smart 

projectors that facilitated interactive and multimedia-enhanced learning with customized Rayuwa 

STEM audio-visual content. The participants were randomly assigned to the groups to minimize 

bias. 

Teaching Intervention 

• Traditional Method (Group A): These schools (group) received instruction through 

lessons, textbook readings, and problem-solving sessions conducted using standard 

classroom instructional materials in Kudan LGA of Kaduna State. 

• Smart Projector Method (Group B): These schools (groups) were exposed to the same 

curriculum but with the aid of smart projectors that were purchased by the Rayuwa 

project. The project developed customized audio-visual content produced in the local 

language to teach STEM in the 10 schools in Kafur LGA.  These projectors provided 
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dynamic visualizations, interactive simulations, and multimedia resources designed to 

enhance understanding of complex STEM concepts. 

3.3 Data Collection 

Performance data were collected at the end of the instructional period through a standardized 

Group Administered STEM Assessment Methodology which is a structured approach for 

evaluating the knowledge, skills, and competencies of students or participants in Science, 

Technology, Engineering, and Mathematics (STEM) through group-administered tests or 

assessments. The test consisted of 45 multiple-choice questions under 9 exclusive subtests under 

STEM, with scores ranging from 0 to 100. 

• Group A (Traditional Method): The test scores for this group were as follows: [60, 62, 

58, 64, 66, 65, 61, 59, 67]. 

• Group B (Smart Projector): The test scores for this group were: [70, 72, 74, 76, 75, 73, 

71, 72, 74,]. 

3.4 Statistical Analysis 

To determine the effectiveness of the smart projector method compared to the traditional teaching 

method, an independent t-test was conducted on the test scores of the two groups. The t-test is 

appropriate for comparing the means of two independent groups to determine if there is a 

statistically significant difference. 

3.4.1 Calculating Means 

Group A (Traditional Method): 

 

Standard Deviation (Traditional Method): 

Group B (Smart Projector): 
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Standard Deviation (Smart Projector): 

 

3.4.2 Calculating the T-Statistic 

The formula for the t-statistic for two independent samples is: 

 

 

Substituting the values: 

 

3.4.3 Interpret the Results 

To determine if the result is statistically significant, compare the T-value to a critical value from 

the T-distribution table based on the desired significance level (e.g., 0.05) and degrees of freedom 

(df =N1+N2−2). With df=9+9−2=16.  In this case, a T-value of -5.00 is likely significant at the 0.05 

level, indicating a significant difference between Group A's and Group B's test scores. 
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3.4.4 Ethical Considerations 

The study was conducted following ethical guidelines. Participants were informed about the 

purpose of the study and provided with consent forms. Confidentiality of student performance data 

was strictly maintained, and no personal identifiers were used in the analysis or reporting. 

3.4.5 Limitations 

The study was conducted in a controlled environment with a relatively small sample size, which 

may limit the generalizability of the results. Additionally, the use of standardized test scores as the 

sole measure of learning outcomes may not fully capture the depth of understanding gained through 

different teaching methods. Future studies should consider a larger sample size and include 

qualitative assessments of student engagement and comprehension. 

4. Findings 

The outcome of the study revealed a significant difference between the learning outcome of 

students taught using traditional methods (Group A) and those taught using smart projectors (Group 

B). The mean test score for Group A was 62.44, while the mean score for Group B was 73.00. The 

independent t-test yielded a t-value of -5.00, which is significant at the 0.05 level. This indicates 

that the difference in mean scores between the two groups is not due to chance. 

The results of this study suggest that the use of smart projectors in teaching STEM subjects leads 

to better learning outcomes when compared to the traditional method. Furthermore, the outcome of 

this study supports the integration of interactive and multimedia tools in educational settings to 

enhance learning outcomes.  

Further research is recommended to explore the long-term impact of such technologies on student 

achievement in various educational contexts. 

5. Discussion 

The findings of this study emphasise the power of smart projectors to enhance STEM education in 

rural settings. The higher performance of students in Group B shows that the integration of 

multimedia tools into the classroom can lead to better learning outcomes. This aligns perfectly with 

literature that emphasise that technology can make learning more engaging and available, 

especially in rural settings like Kafur LGA. 

The study also shows that the use of smart projectors addressed several of the challenges identified 

in the literature, such as the shortage of qualified teachers and inadequate teaching materials.  

6. Implications 

The study has several implications for educational policy and practice: 

i. In view of the success of the smart projector intervention in this study, it is recommended 

that the Rayuwa Project consider scaling up this initiative to other rural areas in Katsina 



Innovative Pedagogical Approaches: Leveraging Smart Projectors to Enhance 
STEM Education in Rural Communities in Kafur LGA pp 104 –114 

 

113 

 

and Kaduna states. The Federal, State, and Local Governments are also advised to deploy 

this initiative to rural areas to reduce challenges around learning outcome pervasive in rural 

areas. Expanding the use of smart projectors and other multimedia in the teaching and 

learning processes could improve STEM education across a wider region, benefiting more 

students and teachers. 

ii. Professional Development for Teachers: To sustain and amplify the effectiveness of the 

smart projectors in the teaching and learning process, ongoing professional development 

should be provided to teachers. The training should not only focus on the technical aspects 

of using the projectors but also on strategies for integrating multimedia content into the 

curriculum and the traditional teaching method. 

7. Conclusion  

This study demonstrates that the use of smart projectors and multimedia resources can significantly 

enhance STEM education in rural communities. The challenges in rural education such as shortage 

of qualified teachers and inadequate learning materials can be overcame if engaging and interactive 

content using smart projectors are deployed in the classroom. The positive impact of the multimedia 

devices on students learning outcome as observed in this study suggests that smart projectors could 

be a valuable tool for improving educational outcomes in other rural settings like Kafur. 

Generally, the use and deployment of technology into rural education requires careful planning, 

including teacher capacity building activities, technical support, and consideration of infrastructural 

constraints. However, when these issues are addressed, technology-based interventions like the use 

of smart projectors have the potential to transform the educational landscape in rural communities, 

paving the way for improved learning outcomes and greater student interest in STEM subjects. 
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Abstract 

The paper examines the benefit and challenges associated with the use of technologies in 

mathematics education. It, highlight both the potential they offer and the obstacles that must be 

navigated to maximize their effectiveness. The integration of technologies in mathematics 

education offers a range of benefits and challenges that shape modern teaching and learning 

experiences. On the positive side, technologies such as interactive software, online platforms, and 

AI-driven tools enhance student engagement, foster individualized learning, and provide immediate 

feedback, which can lead to deeper understanding and improved performance. These tools also 

enable educators to design more dynamic and visual lessons, catering to diverse learning styles and 

making abstract concepts more accessible. However, the adoption of these technologies is not 

without challenges. Teachers often face barriers such as inadequate training, lack of access to 

necessary resources, and the time required to effectively integrate technology into their curricula. 

Additionally, there are concerns about the digital divide, where unequal access to technology can 

exacerbate educational inequalities. Furthermore, over-reliance on technology may diminish 

essential mathematical skills, such as mental calculation and problem-solving without digital aids. 

Balancing the benefits with the challenges requires a strategic approach, emphasizing professional 

development for educators, equitable access to resources, and a thoughtful integration of 

technology that complements traditional teaching methods. Recommendations were made among 

others that governments should implement policies that prioritize the provision of technological 

resources to underserved areas, develop and implement professional development programs that 

focus on the effective integration of technology into mathematics instruction. 

Key Words: Benefits, Challenges, Associated, Use, Technologies and Mathematics Education. 
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The integration of technology in education has revolutionized many aspects of teaching and 

learning, with mathematics education being a prominent area of change. Technology has introduced 

new tools and methodologies that enhance learning experiences and outcomes. However, its 

integration also poses challenges that need to be addressed to maximize its benefits. This article 

examines the benefits and challenges of using technology in mathematics education, drawing on 

examples from both Nigeria and the broader global context. 

2. Benefits of Using Technology in Mathematics Education 

The following are the benefits of using technology in mathematics education; 

2.1   Enhanced Visualization and Conceptual Understanding 

Technology offers powerful visualization tools that help students understand abstract mathematical 

concepts. Dynamic geometry software like GeoGebra and graphing calculators which enable 

students to interact with mathematical concepts visually. 

In Nigeria, initiatives such as the "e-Math Nigeria" project have utilized digital tools to improve 

students' understanding of complex mathematical concepts through interactive simulations and 

visual aids (Adamu, 2021). Globally, research supports that tools like GeoGebra improve students' 

grasp of geometry and algebra by allowing them to manipulate and visualize mathematical objects 

in real-time (Johnson, Adams & Cummins, 2016). 

2. 2 Improved Engagement and Motivation 

Technology has been shown to increase student engagement and motivation. Platforms such as 

Kahoot! and Mathletics make learning interactive and enjoyable, which can enhance student’s 

participation and interest in mathematics. 

In Nigeria, the introduction of gamified learning tools has been shown to increase student’s 

engagement. For instance, the use of educational games in schools in Lagos has led to improved 

students’ participation and interest in mathematics (Olukoya, 2020). Internationally, studies have 

demonstrated that game-based learning increases motivation and academic achievements in 

mathematics (Garris, Ahlers, & Driskell, 2002). 

3. Personalized Learning and Adaptive Systems 

Adaptive learning technologies offer personalized learning experiences, allowing students to learn 

at their own pace. Online platforms like Khan Academy and ALEKS provide customized learning 

paths and immediate feedback, which are particularly useful in addressing individual learning 

needs. 
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In Nigeria, platforms such as "The Study Room" provide personalized learning experiences for 

students by adapting content to their specific learning needs (Abdullahi, 2022). Baker and Siemens, 

(2014) stated that globally, research indicates that adaptive learning systems can significantly 

improve learning outcomes by tailoring instruction to individual student needs. 

4. Facilitating Collaboration and Communication 

Technology enables enhanced collaboration and communication among students and teachers. 

Online tools such as Google Classroom and discussion forums facilitate group work and peer 

interaction, which can enhance learning. In Nigeria, tools like WhatsApp groups have been used to 

facilitate communication and collaboration among students, especially in remote areas (Ibrahim & 

Alabi, 2021). Slavin, (2011) stated that collaborative tools have been shown to improve student’s 

collaboration and communication, leading to better problem-solving skills. 

5. Access to a Wide Range of Resources 

Digital resources such as e-textbooks, instructional videos, and online tutorials provide students 

with a wide range of learning materials. This abundance of resources supports diverse learning 

styles and makes education more accessible. Ogunleye, (2021) stated that the introduction of digital 

learning resources in some schools by the government of Nigeria has provided students with access 

to a wealth of educational materials. Internationally, the availability of online resources has been 

shown to enhance students' understanding and access to diverse learning materials (Johnson et al., 

2016). 

6. Challenges of Using Technology in Mathematics Education 

The following are the challenges of using technology in mathematics education; 

6.1 Digital Divide and Access Inequality 

The digital divide remains a significant challenge, particularly in developing countries like Nigeria. 

Many students lack access to the necessary technology, which impede the educational inequalities. 

Aderinoye, Ogundipe and Onasanya, (2017) view that the disparities in access to technology are 

evident between urban and rural areas. Studies have shown that students in rural areas have limited 

access to digital tools and internet connectivity, which impacts their ability to benefit from 

technology-based education (Aderinoye et al., 2017). Similarly, the digital divide creates unequal 

opportunities for students, with those in underserved areas often lacking access to essential 

technology (Van Dijk, 2020). 

6.2 Teacher Proficiency and Professional Development 

Effective use of technology in education requires that teachers possess the necessary skills and 

knowledge. Many educators, both in Nigeria and globally, lack adequate training in integrating 
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technology into their teaching practices. Adebayo (2020) viewed that lack of professional 

development opportunities has been identified as a barrier to the effective use of technology in 

classrooms. Internationally, research indicates that ongoing professional development is crucial for 

teachers to effectively incorporate technology into their teaching (Ertmer & Ottenbreit-Leftwich, 

2010). 

6.3 Over-reliance on the use of Technology 

There is a risk that students may become overly reliant on the use of technology, which can 

undermine their development of fundamental mathematical skills. Ibrahim and Alabi (2021) 

viewed that in Nigeria, concerns have been raised about students relying too heavily on calculators 

and other digital tools, potentially leading to a decline in basic arithmetic skills. Similarly, research 

suggests that over-reliance on technology can diminish students' problem-solving and critical 

thinking skills (Cuban, 2001). 

6.4 Distraction and Misuse of Technology 

Technology can also lead to distractions in the classroom, with students potentially using devices 

for non-educational purposes. The use of smartphones and tablets has been associated with 

distractions in the classroom, affecting students' focus and learning outcomes (Olukoya, 2020). 

Globally, managing technology use in classrooms is a challenge, with students often engaging in 

non-educational activities during lessons (Kay & Lauricella, 2011). 

6.5 Maintenance Costs and Sustainability 

The cost of maintaining and updating technological infrastructure can be significant. Schools need 

to budget for hardware, software, and technical support to ensure the sustainability of technology 

initiatives. Ogunleye (2021) who emphasized that limited funding for technology maintenance has 

been a challenge, with many schools struggling to keep their technology up-to-date. Internationally, 

sustainability remains a concern, with schools needing to balance technological investments with 

ongoing operational costs (Baker & Siemens, 2014). 

6.7 Addressing the Challenges Associated with the Use of Technology in Mathematics 

Education 

The following are the ways of addressing the challenges associated with the use of technology in 

mathematics education; 

i. Bridging the Digital Divide 

To address the digital divide, efforts must be made to provide equitable access to technology. This 

includes initiatives such as providing subsidized devices, expanding internet access, and supporting 

schools in underserved areas. In Nigeria, programs aimed at distributing digital devices to rural 
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schools and expanding internet connectivity are essential steps toward bridging the digital divide 

(Aderinoye et al., 2017). United Nations Educational, Scientific and Cultural Organization (2019) 

opined that globally, public-private partnerships and government initiatives play a crucial role in 

addressing access disparities. 

ii. Investing in Teachers Training 

Professional development programs should focus on equipping teachers with the skills to integrate 

technology effectively into their teaching practices. Ongoing training and support are essential for 

teachers to stay current with technological advancements. It is paramount that when there are 

investments in comprehensive professional development programs for teachers, it can enhance their 

ability to use technology effectively (Adebayo, 2020). Mishra and Koehler (2006) opined that 

Internationally, researchers emphasize the importance of continuous professional development to 

support effective technology integration. 

iii. Balancing Technology Use and Traditional Methods 

A balanced approach to technology use should be adopted, where technology complements rather 

than replaces traditional teaching methods. Encouraging students to use technology for exploration 

and verification while maintaining basic problem-solving skills is crucial. According to Ibrahim 

and Alabi (2021), educators should design curricula that integrate technology in a way that supports 

traditional learning objectives. World over, a balanced approach ensures that technology enhances 

rather than detracts from students' learning experiences (Cuban, 2001). 

iv. Implementing Classroom Management Strategies 

Effective classroom management strategies can help mitigate distractions and ensure that 

technology is used appropriately. This includes setting clear guidelines for technology use and 

monitoring students’ activities. According to Olukoya (2020), establishing classroom rules and 

using monitoring tools can help manage technology use by the teachers and students. Teachers can 

implement strategies such as using technology for specific, focused activities to minimize 

distractions (Kay & Lauricella, 2011). 

v. Long-term Planning and Budgeting 

Schools should develop long-term plans for technology integration, including budgeting for 

maintenance, updates, and professional development. Sustainable practices ensure that technology 

initiatives are supported over time. 

It is important to note that long-term planning and budgeting are necessary to ensure the 

sustainability of technology initiatives in schools (Ogunleye, 2021). In addition, it is effective that 

budgeting and planning are critical for maintaining technological infrastructure and school and 

other research institutions (Bakia, Murphy, Anderson, & Trinidad, 2011). 
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7. Conclusion 

The use of technology in mathematics education offers significant benefits, including enhanced 

visualization, increased engagement, and personalized learning. However, challenges such as the 

digital divide, teacher proficiency, and technology management must be addressed to fully realize 

these benefits. By focusing on equitable access, effective teacher training, and sustainable practices, 

educational institutions can harness the potential of technology to improve mathematics education 

for all students. 

8. Recommendations 

To optimize the use of technology in mathematics education and address the associated challenges, 

the following recommendations are proposed: 

A. Enhance Equitable Access to Technology 

i. Government and Policy Initiatives: Governments should implement policies that 

prioritize the provision of technological resources to underserved areas. Programs aimed at 

subsidizing technology for low-income schools and expanding high-speed internet access 

in rural and remote areas are crucial. 

ii. Partnerships and Funding: Collaborations between government agencies, non-profit 

organizations, and private sector companies can help bridge the digital divide. Funding 

initiatives and donations should focus on providing hardware, software, and internet access 

to schools in need. 

iii. Community Engagement: Local communities and educational stakeholders should be 

involved in initiatives aimed at improving access to technology. Community-based 

programs can help address local needs and ensure sustainable technology integration. 

B. Invest in Teacher Training and Professional Development 

i. Comprehensive Training Programs: Develop and implement professional development 

programs that focus on the effective integration of technology into mathematics instruction. 

Training should include practical workshops, online courses, and ongoing support to help 

teachers build their technological pedagogical content knowledge. 

ii. Continuous Professional Development: Establish mechanisms for continuous 

professional development that keep educators updated with the latest technological 

advancements and teaching strategies. This can include regular in-service training, 

webinars, and conferences. 
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iii. Supportive Learning Communities: Create professional learning communities where 

educators can share best practices, resources, and experiences related to technology 

integration. Peer support and collaboration can enhance teachers’ confidence and 

proficiency in using technology. 

C. Balance Technology Use with Traditional Methods 

i. Integrated Curriculum Design: Design curricula that integrate technology in a way that 

complements traditional teaching methods. This approach ensures that technology enhances 

rather than replaces fundamental mathematical skills. 

ii. Promote Critical Thinking: Encourage students to use technology as a tool for exploration 

and verification, while also engaging in traditional problem-solving exercises that develop 

critical thinking and mental arithmetic skills. 

iii. Assess and Monitor: Regularly assess students' abilities in both technological and 

traditional problem-solving methods. This balanced assessment approach helps identify 

areas where students may be overly reliant on technology and need additional support. 

D. Implement Effective Classroom Management Strategies 

i. Clear Guidelines: Establish clear guidelines for technology use in the classroom. Ensure 

that students understand the educational purposes of the technology and the rules for its 

appropriate use. 

ii. Monitoring and Supervision: Use classroom management tools and strategies to monitor 

students’ technology use and minimize distractions. Implement systems for tracking 

students' progress and ensuring that technology is used effectively to support learning 

objectives. 

iii. Engage Students: Design engaging and interactive activities that use technology in a 

focused and purposeful manner. This approach helps keep students on task and reduces the 

likelihood of technology-related distractions. 

E. Plan for Long-Term Sustainability 

i. Strategic Budgeting: Develop long-term budgeting plans that account for the costs of 

maintaining and updating technological infrastructure. Include provisions for ongoing 

technical support, software updates, and hardware replacements. 

ii. Sustainable Practices: Adopt sustainable practices for technology use, including energy-

efficient devices and recycling programs. Ensure that technology initiatives are aligned with 

the school's long-term educational goals and resources. 
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iii. Evaluate and Adapt: Regularly evaluate the effectiveness of technology integration in 

mathematics education. Collect feedback from teachers, students, and stakeholders to make 

data-driven decisions and adapt strategies as needed. 

F. Foster Collaboration and Communication 

i. Leverage Collaborative Tools: Utilize online platforms and tools that facilitate 

collaboration among students and between students and teachers. Encourage group work 

and peer interaction to enhance learning outcomes. 

ii. Enhance Communication Channels: Establish effective communication channels that 

allow for regular interaction between students, teachers, and parents. Use technology to 

provide updates on student progress and facilitate discussions about educational goals. 

iii. Build a Collaborative Culture: Promote a culture of collaboration within schools by 

encouraging the sharing of resources, ideas, and best practices related to technology use. 

This collaborative approach can lead to innovative solutions and improved educational 

practices. 

By implementing these recommendations, educational institutions can effectively address the 

challenges associated with technology in mathematics education and maximize its benefits. These 

strategies will help ensure that technology serves as a valuable tool in enhancing mathematical 

learning and achieving educational goals. 
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Abstract 

The COVID-19 pandemic forced school closures worldwide, disrupting education access. This 

study explores the National Teachers' Institute's (NTI) experience in utilizing technology to bridge 

the gap and ensure learning continuity in Nigeria. It examines the impact of using online learning, 

mobile learning (podcasts), TV and radio programs, and recorded lessons on learners, particularly 

in underserved communities. The study employed a qualitative survey design where 115 children, 

15 parents, and 15 teachers were selected using purposive sampling technique. In-depth interviews 

were conducted with these participants to gather data on their experiences with technology-

mediated learning during the school closures. Data analysis involved thematic analysis to identify 

patterns and trends in the participants' responses. The study revealed that radio and TV programs 

were accessible and instrumental in reaching remote areas with limited internet connectivity. 

Mobile learning demonstrated potential for personalized learning and engagement. Online learning 

where available offered interactive features and a wider range of resources while recorded lessons 

provided flexibility in learning. However, challenges like limited internet access and a lack of 

digital devices persist. The study recommends collaborative efforts by the government and 

development partners to sustain technology-based learning initiatives, train and equip teachers with 

the skills to effectively integrate technology in education and improve access to affordable 

technology for both learners and educators. 

Keywords: Technology, Education, COVID-19 Pandemic, Learning Continuity, National 

Teachers' Institute, Nigeria 

1. Introduction 

Article 11 
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The COVID-19 pandemic triggered a global educational crisis, forcing unprecedented school 

closures. Over a billion students worldwide were affected, disrupting traditional learning methods 

and highlighting the urgent need for alternative educational solutions. This abrupt shift exposed the 

limitations of traditional education systems and accelerated the adoption of technology-driven 

learning approaches. However, the long-term consequences of these disruptions extend far beyond 

the immediate crisis. This study explores the National Teachers' Institute's (NTI) experience in 

utilizing technology to bridge the gap in education, with insights valuable for building a more 

resilient and equitable education system for the future. While ensuring learning continuity during 

the pandemic was crucial, it is equally important to consider how these experiences can inform 

strategies to address ongoing challenges and create a more technology-integrated education system 

that benefits all learners. 

Prior to the pandemic, technology integration in Nigerian education was nascent and unevenly 

distributed. While urban areas and some private schools had made strides in incorporating ICT into 

teaching and learning, the majority of schools, especially in rural areas, lacked adequate 

infrastructure and teacher training. 

Key challenges included: 

• Limited access to computers and the internet. 

• Inadequate teacher training in technology integration. 

• Lack of relevant and quality digital educational resources. 

• Poor power supply and network infrastructure. 

Despite these challenges, there were pockets of innovation and experimentation with technology 

in education, such as the use of educational software, online resources, and mobile learning 

initiatives. However, these efforts were often isolated and did not reach the majority of learners. 

While the initial focus of this study was on the immediate challenges posed by the COVID-19 

pandemic, it is essential to consider the lasting impact of these disruptions on education. The NTI's 

experience in leveraging technology to bridge the learning gap provides valuable insights into the 

potential of digital solutions for addressing post-pandemic educational challenges. By building 

upon these initiatives and investing in sustainable infrastructure, Nigeria can create a more resilient 

and equitable education system for future generations. 

 

2. Literature Review 

 

The COVID-19 pandemic triggered an unprecedented global educational crisis, forcing school 

closures worldwide and impacting over a billion students (UNESCO, 2020). This abrupt shift 

exposed the limitations of traditional education systems and accelerated the adoption of 

technology-based learning solutions (Crawford et al., 2020; Lau et al., 2020). However, the 

effectiveness of these solutions has been uneven, highlighting pre-existing inequalities and the 

importance of considering the digital divide (Arkorful & Abaidoo, 2014; Zhong, 2020). 
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2.1 The Potential of Technology-Based Learning 

Studies suggest that technology-integrated learning approaches can offer several benefits, 

including: 

• Increased access to education: Online platforms and mobile learning can reach students in 

remote areas or those facing disruptions to traditional schooling (Akuh, 2020; Srivastava, 

2020). 

• Personalized learning: Technology can offer adaptive learning experiences and cater to 

diverse learning styles (Gutierrez, 2016). 

• Enhanced engagement: Interactive features and multimedia content can increase student 

engagement and motivation (Bansal, 2020). 

 

2.2 Challenges and Considerations 

Despite these potential benefits, several challenges hinder the successful implementation of 

technology-based learning: 

• The Digital Divide: Unequal access to devices, internet connectivity, and electricity can 

exacerbate existing educational inequalities (Obiakor & Adeniran, 2020; Goldstein et al., 

2020). 

• Teacher Capacity: Many teachers lack the necessary digital skills and pedagogical 

knowledge to effectively integrate technology into their teaching (Kola & Opeyemi, 2020). 

• Content Quality: The availability of high-quality, age-appropriate, and culturally relevant 

educational content remains limited across all platforms (UNESCO, 2020). 

• Parental Involvement: Effective technology-mediated learning often requires active parental 

support and engagement, which may not always be feasible (Samuel, 2020). 

 

2. 3 The Nigerian Context 

 

Prior to the pandemic, Nigeria's education system had limited integration of technology, with 

challenges such as inadequate infrastructure, teacher training, and access to resources (Akuh, 

2020). The NTI's experience offers valuable insights into the potential and challenges of utilizing 

technology in a resource-constrained setting. Similar to findings from Akuh (2020) and Kola & 

Opeyemi (2020), this study revealed that teacher capacity limitations in integrating technology into 

their teaching hindered the effectiveness of the NTI's initiatives. 

 

2.3.1 Incorporating Long-Term Effects of Technology-Mediated Learning 

 

While the present study offers valuable insights into the immediate impact of technology-mediated 

learning during the COVID-19 pandemic, it is essential to consider the long-term implications of 

these approaches on student achievement. Although the scope of this research was limited to the 

short-term effects, existing literature provides some insights into the potential long-term outcomes. 

Studies have shown that early exposure to technology can have a significant impact on cognitive 
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development, problem-solving skills, and digital literacy (Klopfer et al., 2009). However, the 

effectiveness of technology-mediated learning in fostering long-term academic achievement 

remains a complex issue with mixed findings. Some research suggests that technology can enhance 

student outcomes, particularly when integrated into well-designed and supported learning 

environments (Gutierrez, 2016). Conversely, other studies have raised concerns about potential 

negative impacts, such as decreased attention span and reliance on technology as a crutch (Twenge, 

2017). To fully understand the long-term implications of technology-mediated learning, 

longitudinal studies are necessary to track student progress over time. By examining factors such 

as access, teacher training, and curriculum design, researchers can identify key determinants of 

successful technology integration and its impact on student achievement. 

 

2.3.2 Long-Term Effects of Technology-Mediated Learning 

While the immediate impact of technology on education during the COVID-19 pandemic has been 

extensively studied, its long-term implications remain a critical area of inquiry. Research by 

Klopfer et al. (2009) suggests that early exposure to technology can positively influence cognitive 

development and problem-solving skills. However, the complex relationship between technology 

use and academic achievement requires further investigation.  

Studies by different scholars have explored the impact of technology-mediated learning on various 

student outcomes, including academic performance, motivation, and social skills. Aslam, (2024) 

revealed that technology-based learning develops students’ critical thinking, communication, 

cognitive and reading skills, motivates students to become problem solvers and enhances the 

professional development. Roschelle et al., (2000), found that computer-based learning enhances 

learners’ graphical skills, a deeper understanding of scientific approaches, and motivation for 

learning. Becker (2007), argued that if learners use computers in their learning, they get 

international achievements and a better understanding of their subject materials. When a teacher 

uses PowerPoint in the classroom and teaches the students how to make presentations in 

PowerPoint, the students show their creativity skills. It creates an opportunity for learners to 

actively participate in the classroom, resulting in a deeper understanding of the content being 

taught. The technological device creates an amusing environment in the classroom and develops 

excitement for both teachers and students. Wen and Walters, (2022) reported that attention of 

schools towards modern technology also improved from black or chalkboard to white board, it is 

seen through multi-media or projector, radio, computer, internet, digital boards, smart boards and 

so on. Chai et al., (2021) noted that technology is developing the brains of students in different 

ways. Rafiq et al., (2020) found that the Technology Acceptance Model (TAM) has effectively 

determined students’ attitudes towards e-learning. ICT is essential for the application of social 

capital; it could be in the education system, relationships between members of society, and global 

communication. Mignone and Henley (2009) resorted that incorporating technology can provide a 

more flexible and new teaching style and learning, making students independent and enhancing 

their cognitive skills. Technology engages students and encourages them to participate in 
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classrooms, enhancing their academic performance. Technology-based learning in the classroom 

provides meaningful learning, increases the use of students’ prior knowledge, enhances cognitive 

skills, explanation, and depth of study of the topic, and supports practice 

These studies highlight the importance of considering factors such as the quality of instructional 

design, teacher training, and student engagement in determining the long-term effects. To fully 

understand the long-term implications, longitudinal studies are essential to track student progress 

over time. By examining factors such as access, teacher training, and curriculum design, researchers 

can identify key determinants of successful technology integration and its impact on student 

achievement. 

2.3.3 Emerging Technologies and the Future of Education 

The rapid advancement of technology presents both opportunities and challenges for education. 

Emerging technologies such as artificial intelligence (AI), virtual reality (VR), and augmented 

reality (AR) have the potential to revolutionize teaching and learning.   AI can be used to 

personalize learning experiences, automate administrative tasks, and provide intelligent tutoring 

systems. VR and AR offer immersive learning environments that can enhance student engagement 

and understanding of complex concepts. However, the ethical implications and potential biases of 

these technologies require careful consideration.   It is essential to investigate how these emerging 

technologies can be integrated into educational practices to support student success and address the 

challenges of the 21st century. By staying informed about the latest developments in technology, 

educators and policymakers can make informed decisions about the future of education. 

3. Methodology 

 

This study employed a qualitative research design to explore the impact of technology on education 

during the COVID-19 pandemic. A purposive sampling technique was used to select 115 children, 

15 parents, and 15 teachers from schools in Kaduna metropolis. In-depth interviews were 

conducted with these participants to gather data on their experiences with technology-mediated 

learning during the school closures. The interviews were guided by a structured interview protocol, 

allowing for flexibility to explore emerging themes. Data analysis involved thematic analysis to 

identify patterns and trends in the participants' responses. 

 

4. Results 

The study revealed varying degrees of effectiveness among the different technologies employed 

during the COVID-19 pandemic. 

• Radio and TV programs: While widely accessible, these mediums often lacked interactivity 

and struggled to cater to diverse learning needs. However, they were instrumental in reaching 

remote areas with limited internet connectivity. 
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• Mobile learning: This platform demonstrated potential for personalized learning and 

engagement, particularly among students with access to smartphones. However, challenges 

related to data costs and limited content availability hindered its widespread adoption. 

• Online learning: Where available, online platforms offered interactive features and a wider 

range of resources. However, access disparities and digital literacy issues limited its impact 

on overall learning continuity. 

• Recorded lessons: These provided flexibility in learning but lacked real-time interaction and 

feedback mechanisms. 

Across all platforms, there was a general consensus among participants that while technology 

offered new possibilities, it could not fully replace traditional classroom instruction. 

 

4.1 Challenges in Implementation 

 

The findings revealed several challenges that hindered the effective implementation of these 

technologies. Key issues included: 

• Digital divide: Unequal access to devices and internet connectivity exacerbated existing 

educational inequalities. 

• Teacher capacity: Many teachers lacked the necessary digital skills and pedagogical 

knowledge to effectively utilize technology. 

• Infrastructure limitations: Poor internet connectivity and power supply issues disrupted 

online and mobile learning. 

• Content quality: The availability of high-quality, age-appropriate educational content was 

limited across all platforms. 

• Parental involvement: Effective technology-mediated learning often required active parental 

support and engagement, which was not always feasible. 

 

5. Discussion 

The findings of this study align with the broader body of research on technology-integrated 

learning, particularly in emergency contexts. The effectiveness of different technological 

modalities varied, with radio and TV offering wider reach but limited interactivity, while mobile 

learning and online platforms demonstrated potential for more engaging and personalized learning 

experiences. These findings resonate with studies that highlight the importance of considering the 

digital divide when implementing technology-based solutions as reported by these scholars Aslam, 

(2024), Roschelle et al., (2000), Becker (2007), Wen and Walters, (2022), Chai et al., (2021), Rafiq 

et al., (2020), Mignone and Henley (2009). 

As observed in this research, the digital divide posed a significant challenge, limiting the reach and 

impact of technology-mediated learning. Students from disadvantaged backgrounds were 

disproportionately affected by lack of access to devices, internet connectivity, and suitable learning 
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environments. This finding is consistent with the broader literature on the widening gap between 

technology-rich and technology-poor learners as argued by Obiakor & Adeniran, 2020; Goldstein 

et al., 2020, Kola & Opeyemi, 2020, (UNESCO, 2020), Samuel, 2020). 

   

Addressing the digital divide is crucial to ensure equitable access to education and to maximize the 

benefits of technology-enhanced learning. Targeted interventions such as providing devices, 

expanding internet connectivity, and offering digital literacy training can help bridge this gap. 

Furthermore, policymakers and educators must prioritize the development of high-quality, 

inclusive digital content that caters to diverse learners and learning contexts. By investing in 

infrastructure, teacher training, and digital content, it is possible to harness the potential of 

technology to create more equitable and effective learning experiences for all students.  

6. Conclusion and Recommendations 

The findings from this study highlight the potential of technology to bridge the educational divide 

during crises like the COVID-19 pandemic. While challenges persist, the effective integration of 

technology can enhance learning outcomes and promote equity. 

To maximize the benefits of technology in education, several recommendations are offered: 

• Strengthen digital infrastructure: Invest in expanding internet connectivity and providing 

affordable devices to bridge the digital divide. 

• Teacher capacity building: Prioritize comprehensive teacher training programs focused on 

digital pedagogy and curriculum integration. 

• Develop high-quality digital content: Create diverse and engaging educational resources 

aligned with the curriculum. 

• Public-private partnerships: Foster collaboration between government, private sector, and 

civil society to support technology-based education initiatives. 

• Continuous evaluation and improvement: Monitor the impact of technology interventions 

and adapt strategies accordingly. 

 

Further research is needed to explore the long-term effects of technology-mediated learning on 

student achievement, as well as to investigate innovative approaches to address the unique 

challenges faced by different learner populations. By prioritizing these areas, policymakers and 

educators can harness the power of technology to create a more inclusive and effective education 

system. 
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Abstract 

The study examined the effects of School-Based Professional Development Training (SBPDT) on 

Teachers' Instructional Practices and students' performance in Chemistry in Zaria, Kaduna State, 

Nigeria. A quasi-experimental design was utilized, involving 22 teachers (12 experimental, 10 

control) and 180 students (45 experimental, 135 control). Two instruments were used for data 

collection: Chemistry Performance Test (CPT) and Classroom Lesson Observation Checklist 

(CLOC), with reliability coefficients of 0.68 and 0.76, respectively. Two research questions were 

addressed: (i) the mean difference in instructional practices among Chemistry teachers exposed to 

SBPDT training and (ii) the difference in academic performance between students exposed to 

SBPD training and those taught using conventional methods. Data were analyzed using ANCOVA, 

and Kruskal-Wallis H test at a significance level of p ≤ 0.05. Findings showed no significant mean 

difference in teachers' instructional practices after exposed to SBPDT ((MR(teaching procedure) = 15.94 > 

MR(methodology)  =15.19 > MR(classroom management) =6.38; χ2 = 9.072 , p =0.11), but a significant 

improvement in the academic performance of students exposed to SBPDT compared to those 

exposed to conventional method ( (M(experimental) = 23.78 > M(control) = 9.63; F = 1172.3,  p =0.00). 

Based on the findings, recommendations were made among others which include Teachers Service 

Boards should use School-Based Professional Development Training using ASEI-PDSI strategy in 

order to improve Teachers’ Instructional Practices and students Performance in Chemistry at Senior 

Secondary School levels.  

Key words: School-Based, Professional Development, Instructional Practices, Academic 

Performance. 
 

 

1. Introduction 
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Chemistry education plays an important role in enhancing the quality of teaching, research and 

development as well as ensuring that students are equipped with good knowledge to produce 

intensive good and services to mean human needs such as food, health care products and other 

materials aimed at improving the quality of life (Rowshonara, 2018). Chemistry education is 

relevant to be taught and learned in order to understand the way matter behaves and reacts under 

different conditions and to device ways in which it can be used to improve our life, as it is concerned 

with the utilization of natural substances and the creation of artificial ones (Isa, 2018). It enables 

students who study it to acquire certain scientific skills such as handling of laboratory apparatus, 

performing experiment with ease and thinking scientifically (Muhammad, (2021). According to Isa 

and Usman (2021) Chemistry education is central in the drive of global sustainable economic 

development. It plays major roles in provision of food (fertilizers and insecticides), clothing (textile 

fibers), housing (cement, concrete, steel, bricks), Medicine (drugs), Transportation (fuel, alloy 

materials).   

Academic performance is an important educational variable that expresses the success or failure of 

a teaching and learning process. The success of a course or any subject is a measure of its academic 

performance. Despite the key role of chemistry education as the central science that forms the basic 

foundations to many disciplines and in improving the quality of life, the performance of Nigeria 

secondary school students in the subject has been fluctuating and for many years remained a matter 

of a serious concern (Isa & Muhammad 2021). The persistent declined and fluctuation of students’ 

performance in Chemistry is due to  multifaceted factors; according to Isa and Usman (2021)  and 

WAEC Chief examiner’s reports (2021) some of these factors that negatively affect students’ 

performance in secondary schools include  lack of students’ interest, poor study habit and teacher-

related factors, like teachers’ poor preparation, lack of pedagogical content knowledge (poor 

teaching methods) and Instructional Practices which in turn affects students academic performance 

in Chemistry. This calls for a need for the in-service Chemistry teachers to update their knowledge 

through Continuous Professional Development training such School-Based Professional 

Development Training using lesson study model so as to enable them meet up with the educational 

challenges of 21st century and boost their teaching Delivery Skills/ teachers instructional practices. 

School-Based Training is an in-house training run by the school for itself (Prawit, (2015).  It is 

training for the teachers by the teachers in their own schools for Continuous Professional 
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Development (CPD). It is one of the easiest modalities of disseminating information or skills 

acquired in a workshop, seminar and so. School-Based Training (SBT) according to Muhammad 

(2017), is a model of teachers’ professional development through which all teachers would be 

reached and a common ground would be built for teaching and learning irrespective of teacher and 

teaching style. SBT is coordinated and run by teachers themselves and it takes the forms of 

collaborative lesson planning. SBT is aimed at improving teaching and learning activities in the 

classroom through Lesson Study model (SMASE, 2013).  

Lesson Study is one of the models that improve professionalism of an education practitioner 

(teacher) through collaborative and simultaneous learning study based on the principles of 

collegiality and mutual learning to build a learning community (Khotimah & Masduk, 2016). 

Lesson study according to Weston, (2017) involves a comprehensive process of planning, 

observation, analysis and identifying the best approaches in a classroom. Lewis (2002), opined that, 

the idea included in Lesson Study is actually succinct and simple, which is when a teacher wants 

to improve their learning quality, one of the proper ways is to collaborate with other teachers to 

design, monitor, and do a reflection on the conducted learning strategy. The principle of lesson 

study starts by composing learning instruments, performing learning process, and reflection and 

evaluation conducted collaboratively. Therefore, not only does lesson study approach encourage 

the teachers in preparing the learning well, it also gives valuable input from other colleagues to do 

better improvement for the next learning process ( Khotimah & Masduki, 2016).  

Research results conducted by Subadi, Khotimah and Sutarni (2013)  Muhammad (2019) showed 

that the implementation of lesson study on mathematics and science teachers showed a significant 

improvement of teachers’ quality in preparing the lesson, improvement of teachers’ collaborative 

work, improvement of the ability to apply learning strategies and the use of learning instruments 

especially information technology, and the ability to improve learning assessment instrument. 

Moreover, Lewis, Perry and Hurd. (2009) also concluded that lesson study was able to improve the 

teachers’ knowledge and self-esteem, teachers’ professional community, and the quality of learning 

sources. In order to teach Chemistry in a way that makes it comprehensible and attractive to learners, 

teachers need to develop a form of teacher craft knowledge (Pedagogies/ instructional Practices) 

that enables learner actively engage in the learning process. Teachers must be equipped with the 

necessary skills that help them select suitable activities to engage learners meaningfully. It is with 
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this in mind that ASEI-PDSI movement was championed by SMASE, (2006) as the effective 

Instructional Practices to achieve this. 

The ASEI movement calls for the teaching/learning that is: Activity focused-that which involves 

activities aimed at helping learners to arrive at the learning outcome-that which involve activities 

aimed at helping learners arrive at the learning outcome by themselves-Student-centered where in 

the learning process the main focus is on the learner rather than the teacher. Activities should 

involve learner participation while the teacher becomes the facilitator: Experiment oriented-the 

experiments enhance learning by promoting curiosity and interest among learners. Finally, 

Improvisation- this involve the use of locally available materials to use as instructional material if 

there is a shortage of conventional resources. Improvisation may also be the use of local materials 

in the environment to help the learners to relate concepts learnt to the day to day aspects of life in 

addition to creating interest, curiosity and respect for the environment. 

Effective practice of ASEI pedagogy calls for good Planning, Doing, Seeing and Improvement 

hence the acronym PDSI. Planning involves organization of activities in a systematic way. Doing 

the planned activities is shared between the teacher and the learners where the teacher is simply the 

facilitator. The teacher arranges learners in groups to ensure instructiveness through group 

discussions that allow learners to recognize concepts from misconceptions. Seeing encourages the 

teacher to include feedback in the lesson. Lesson evaluation is seen as the key to Improve lesson 

delivery. Evaluation according to SMASE (2010) can be done through asking learner’s oral 

questions, self-evaluation, quizzes, tests, etc. Errors are seen as constructive part of the learning 

process than as embarrassment. Therefore, the need to examined the Effects of School-Based 

Professional Development Training on Teachers’ Instructional Practices and students Performance 

in Chemistry among Secondary School Students, in Zaria, Kaduna State, Nigeria is of paramount 

importance.  

1.1 Objectives of the Study 

Specifically, the study objectives are to: 

1. find out the effect School Based Professional Development Training on Chemistry 

Teachers Instructional Practices at senior secondary schools in Zaria education zone. 
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2. determine effect of School Based Professional Development Training on students’ 

academic performance in Chemistry at senior secondary schools in Zaria education zone. 

1.2 Research Questions 

The study addressed the following research questions. 

1. what is the mean difference between Chemistry Teachers Instructional Practices after 

exposed to School Based Professional Development Training at Senior Secondary 

Schools in Zaria Education zone? 

2. what is the difference between the mean academic performance of Chemistry Students 

exposed to School Based Professional Development Training and those taught using 

Conventional method at Senior Secondary Schools in Zaria Education zone? 

1.3  Null Hypotheses 

The following null hypotheses were tested at 0.05 level of significance. 

Ho2:  There is no significant mean difference between Chemistry Teachers Instructional Practices 

after exposed to School Based Professional Development Training at Senior Secondary Schools in 

Zaria Education zone. 

Ho2: There is no significant difference between the mean academic performance of Chemistry 

Students exposed to School Based Professional Development Training and those taught using 

Conventional method at Senior Secondary Schools in Zaria Education zone. 

2. Methodology 

2.1 Research Design 

The design for the study was pre-test, post-test, quasi-experimental research design. The teachers 

were divided into two groups (experimental and control). Teachers in the experimental group were 

exposed to School-based Professional Development training using lesson study model for the 

period of eight (8) weeks. In the lesson study forum, the teachers collaboratively formulate goals 

for students learning, planned activity-based lessons using ASEI-PDSI approach, teachers were 

assigned to presents the lesson to the students in the experimental group and other teachers and the 

researcher/ assistants observed the lessons, after which they reconvened to reflects on the gathered 

evidence, then revised the lesson for improvement, and re-teach the revised lesson and these 

process was repeated for the period of 8 weeks. However, the teachers in the control group were 

not exposed to School-based Professional Development training using lesson study model and they 
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thought same concepts to their students in the control group using Conventional method for same 

period of time 

2.2 Population/Sample Sampling Technique 

The target population for this study consists of all Secondary Schools Chemistry Teachers and their 

SSII students in Co-educational schools in Zaria Education Zone, Kaduna State, Nigeria, totaling 

49 teachers and 1,577 students. The sample comprised of 22 Chemistry teachers (12 experimental 

and 10 control) and 180 students (45 in experimental and 135 in control) drawn from two schools 

in the zone using simple random sampling technique as shown in the table 3.1 below. 

Table 1 Sample for the Study 

S/No. Name of School Male Female Total Group 

1 School A 20 25 45 Experimental  

2 School B 50 85 135 Control    

 Total  105 75 180  

  

2.3 Instrumentation 

Two validated instruments labeled “Classroom Observation Check List (COCL) and Chemistry 

Performance Test (CPT)” were used to collected data for the study. COCL and CPT had a reliability 

of 0.68 and 0.76 respectively after subjected to the Alpha Cronbach’s statistics. 

3. Results and Findings 

The null hypotheses were tested using Kruscal-walli's One-Way Analysis of Variance and Analysis 

of Covariance (ANCOVA) at P≤ 0.05. The analysis was done by the aid of Statistical Packages for 

Social Sciences (SPSS version 20). 

 

Ho1:  There is no significant mean difference between Chemistry Teachers Instructional Practices 

after exposed to School Based Professional Development Training at Senior Secondary Schools in 

Zaria Education zone. 

The data was analyzed using Kruscal-walli's One-Way Analysis of Variance statistical tools. The 

results of this hypothesis is shown in Table 2. 
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Table 2: Kruscal-walli's One-Way Analysis of Variance on Teachers Instructional Practices 

among Teachers exposed to the school-Based Professional Development using Lesson Study 

Model. 
 

Variables N Mean Rank df Chi-Square P-value Remark 

Teaching procedure   12 15.94     

Methodology   12 15.19 2 9.072 0.11 *NS 

Class management   12 6.38     

Total   12      

*NS= Not significant at α ≤0.05. 

 

The result in the table 2, showed that the ratters or observers did not differ significantly in their 

rating of the effectiveness of teachers in their usage of Classroom Instructional Practices after 

exposed to School-Based Professional Development Training. For both the Teaching procedure, 

fundamental Techniques/Methodology and Class management result indicated that the observed p-

value is 0.11 which is greater than α ≥0.05 level of significance.  Therefore, this means there is no 

significant mean difference between Chemistry Teachers Instructional Practices after exposed to 

School Based Professional Development Training. Hence, the null hypothesis which states that 

‘There is no significant mean difference between Chemistry Teachers Instructional Practices after 

exposed to School Based Professional Development Training at Senior Secondary Schools in Zaria 

Education zone is hereby accepted. 

 

Ho2: There is no significant difference between the mean academic performance of Chemistry 

Students exposed to School Based Professional Development Training and those taught using 

Conventional method at Senior Secondary Schools in Zaria Education zone. 

Analysis of Covariance (ANCOVA) statistic was used in testing this null hypothesis as presented  

in 3. 

Table 3: Analysis of Covariance on Students’ Academic Performance in Chemistry taught by 

Teachers exposed to School-Based Professional Development Training and those taught using 

Conventional method 

 

Source Sum of Squares df Mean Square F Sig. Decision 

Corrected Model 6756.019 2 3378.009 587.92 0.00 *S 

Intercept 5512.767 1 5512.767 959.47 0.00 *S 

Pretest score .278  1 .278 0.05 0.83 *NS 

Type 6735.660 1 6735.660 1172.31 0.00 *S 

Error 1016.981 177 5.746    

Total 38978.000 180     
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 Where *S = Significant at α ≤0.05, *NS= Not significant     

The result presented in Table 4.12 revealed that the academic performance of the students taught 

by teachers who were in the experimental group and those teachers not exposed to School-Based 

Professional Development Training examined shows that, the p-value observed is 0.00 which is 

less than α ≤0.05. This is therefore, means there is significant difference between the academic 

performance of the students taught by teachers who were in the experimental group compare to not 

exposed to School-Based Professional Development Training. Hence, the null hypothesis which 

states that ‘there is no significant difference between the mean academic performance of Chemistry 

Students exposed to School Based Professional Development Training and those taught using 

Conventional method at Senior Secondary Schools in Zaria Education zone’ is hereby rejected.  

4. Discussion of Findings 

Result in Table 2 showed that there was no significant mean difference between Chemistry 

Teachers Instructional Practices after exposed to School Based Professional Development Training  

at Senior Secondary Schools in Zaria Education zone. This is in agreement with the finding of 

Muhammad (2017) and Yang,  Liu and  Gardella,  (2018) who reported there was no significant 

difference in the ratings of observed classroom lesson delivery skills/ teachers’ instructional 

practices among teachers exposed to School-Based Professional Development using Lesson Study 

model. The finding disagrees with that of Muhammad, (2019) who reported that there was 

significant difference in the mean ratings of observed classroom lesson delivery skills among Basic 

Science Teachers exposed to School-Based Professional Development using Lesson Study model. 

Even though both studies used lesson study model, however, the Muhammad study was conducted 

among Basic Science Teachers in Bauchi State among primary school teachers who were basically 

NCE holders while the present study was conducted in Kaduna State among Chemistry teachers 

who are mostly graduate of BSc. Ed. Chemistry or BSc. Chemistry, hence teachers level of 

assimilation and commitment to all the skills trained ranging from teaching procedure, 

methodology and classroom management have significantly improved at the same rate after the 

training. Hence the disparity with Muhammad study.  

Result of Table 3, revealed that there was significant difference in students’ academic performance 

taught by Chemistry teachers exposed to School-Based Professional Development Training and 

those taught using lecture method. The significant difference was in favour of the experimental 

group that was exposed to School-Based Professional Development Training. The results showing 
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improved achievement could be attributed to the fact School-Based Professional Development 

training using the lesson study model adopted the used of ASEI-PDSI instructional strategy as 

championed by SMASE, (2006) which allows the students to construct their own knowledge based 

on their understanding rather than becoming passive listeners to be filled with information. Also, 

the students in experimental group worked collaboratively in a cooperative setting with one another, 

exchanged ideas while they interact with the materials provided, and they were able to relate 

chemistry concepts to their day-to day activities through the use of locally available materials. 

Hence, this accounted for their better achievement. This finding agrees with the findings of 

Muhammad (2017) as the researcher attested to the efficacy of ASEI-PDSI instructional strategy. 

Thus, the ASEI-PDSI instructional strategy is an effective instructional strategy for improving 

students’ achievement in chemistry as seen in the present study. Hence the similarity of the findings. 

The non-effectiveness of the impact of teachers PD is consistent with the reports of Odey and Odey, 

(2021) who stated that there was no significant difference in the academic performance of students 

in social studies in terms of teacher PD, educational qualification and experience. This was so 

because the study adopted survey research design where they collected data via ex post-factor 

research design and the present study adopted quasi- design where students in the experimental 

group were trained using ASEI-PDSI which in turn enhances their performance in chemistry as 

opposed to Odey study that was conducted in social studies. This therefore, account for the 

dissimilarity in the findings.  
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Abstract 

This study investigates the role of artificial intelligence (AI) in improving accessibility and 

outcomes in STEM (Science, Technology, Engineering, and Mathematics) education within 

underrepresented communities in Africa. With educational disparities driven by factors such as 

limited resources, infrastructure challenges, and socio-economic barriers, AI technologies offer a 

transformative potential to bridge these gaps. By analyzing various AI tools, including AI tutoring 

systems, predictive analytics, and automated grading, the study examines their effectiveness and 

impact on student learning outcomes and educational equity. Results reveal that AI tutoring systems 

are the most commonly used tool, with significant improvements in student performance metrics 

post-implementation, including a 14.7% increase in test scores and a 17.1% improvement in 

assignment grades. The perceived effectiveness of AI tools is high, with 80% of respondents 

finding them either effective or very effective, and overall satisfaction is strong at 73.3%. However, 

challenges such as resource limitations, inadequate training, and technical difficulties are 

significant barriers to full AI integration. The findings underscore the potential of AI to enhance 

STEM education accessibility but also highlight the need to address these challenges to maximize 

the benefits. This research contributes to the growing body of literature on AI in education, 

providing valuable insights into its application in underrepresented contexts and guiding future 

efforts to improve educational equity. 

Keywords: Artificial Intelligence, STEM Education, Educational Equity, AI Tutoring Systems, 

Predictive Analytics, Resource Constraints, Africa 

1. Introduction to Study 

 Artificial Intelligence (AI) is emerging as a transformative force in education, particularly in 

enhancing accessibility for diverse learners in STEM (Science, Technology, Engineering, and 
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Mathematics) fields. By providing tailored educational experiences, AI has the potential to address 

individual learning needs, adapt to different learning styles, and offer real-time support. This is 

especially crucial in STEM education, where students often face challenges due to the complexity 

of subjects and varying levels of prior knowledge. AI tools, such as intelligent tutoring systems, 

personalized learning platforms, and automated feedback mechanisms, can significantly bridge 

gaps in accessibility, making high-quality STEM education more attainable for students from 

diverse backgrounds. 

However, leveraging AI to improve accessibility also involves overcoming several challenges. 

These include ensuring equitable access to technology, addressing the digital divide, and adapting 

AI tools to accommodate diverse educational needs. The integration of AI must be accompanied 

by strategies to address infrastructural limitations, provide adequate training for educators, and 

ensure that AI tools are inclusive and accessible to all learners. This study aims to explore the 

opportunities that AI presents for enhancing accessibility in STEM education and to identify and 

address the associated challenges to ensure that the benefits of AI are equitably distributed among 

all students. 

1.1 Background studies 

Educational disparities in STEM fields are well-documented, with many students facing significant 

barriers to accessing high-quality education. Research highlights that traditional educational 

methods often fail to accommodate diverse learning needs, leading to inequities in learning 

outcomes (National Science Board, 2022). The introduction of AI technologies has been proposed 

as a solution to these issues, offering adaptive learning environments that can cater to individual 

student needs and learning styles (Woolf, 2021). AI tools, such as intelligent tutoring systems and 

personalized learning platforms, have demonstrated the ability to provide customized support, 

which can be particularly beneficial in addressing the needs of students who may struggle with 

conventional teaching methods (Baker & Siemens, 2014). 

Despite the promising potential of AI, there are notable challenges that must be addressed to fully 

realize its benefits. The digital divide remains a significant barrier, with unequal access to 

technology affecting students' ability to benefit from AI-enhanced educational tools (Van Dijk, 

2020). Additionally, there are concerns about the inclusivity of AI tools, as they must be designed 

to accommodate a wide range of learning styles and needs to avoid exacerbating existing 

inequalities (Kukulska-Hulme & Traxler, 2021). Effective implementation requires overcoming 

these barriers and ensuring that AI tools are accessible, equitable, and capable of supporting diverse 

learners. 

The effectiveness of AI in enhancing STEM education accessibility also depends on the availability 

of appropriate infrastructure and training. Many educational institutions, particularly in under-

resourced areas, face challenges related to insufficient technological infrastructure and a lack of 

trained personnel (UNESCO, 2021). Addressing these issues is critical for the successful 



Enhancing STEM Education Accessibility with AI: Opportunities and Challengespp144-160    
 

146 

 

integration of AI in education and for ensuring that all students, regardless of their background, can 

benefit from the advancements in educational technology. 

1.2 Hypothesis 

AI-driven educational tools can enhance accessibility in STEM education by providing 

personalized learning experiences, accommodating diverse learning needs, and addressing 

infrastructural barriers, thus improving educational outcomes for students from various 

backgrounds. 

 1.3 Purpose of the Study 

The purpose of this study was to investigate how AI technologies can improve accessibility in 

STEM education for diverse learners. It aimed to explore the opportunities AI presents for 

personalized learning and support, identify the challenges associated with implementing AI tools, 

and provide recommendations for overcoming these challenges to ensure equitable access to STEM 

education. 

1.4 Scope and Limitations 

This study focuses on the use of AI technologies in enhancing accessibility within STEM education. 

It examined various AI applications, including intelligent tutoring systems, personalized learning 

platforms, and automated feedback mechanisms. The study analyzed existing literature, case 

studies, and pilot programs to assess the effectiveness of these technologies in improving 

accessibility for diverse learners. 

1.5 Limitations:  

The study encountered limitations related to variations in technological infrastructure and digital 

access across different regions. Additionally, the effectiveness of AI tools may vary based on local 

educational contexts and the level of educator training. There were also challenges in obtaining 

comprehensive data on the implementation of AI in diverse educational settings, which could affect 

the overall analysis of AI’s impact on accessibility. 

2. Literature Review 

2.1. Introduction 

Artificial Intelligence (AI) has the potential to revolutionize education by providing tailored 

learning experiences and adaptive support, particularly in STEM (Science, Technology, 

Engineering, and Mathematics) fields. The use of AI in education aims to address diverse learning 

needs and bridge gaps in accessibility. By harnessing AI technologies, educational institutions can 

offer personalized instruction that caters to individual student requirements, potentially 

transforming how STEM subjects are taught and learned. This approach is especially beneficial in 
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addressing educational disparities and enhancing engagement among students from diverse 

backgrounds. 

Despite the promising potential of AI, its integration into education must be carefully managed to 

overcome various challenges. Effective implementation requires addressing issues such as 

equitable access to technology, inclusivity of AI tools, and the readiness of educators to utilize 

these technologies. This review examines the role of AI in improving accessibility in STEM 

education, exploring the opportunities it offers, and identifying the barriers that need to be 

addressed to fully realize its benefits. 

2.2. AI and Personalized Learning 

Personalized learning through AI involves the use of intelligent tutoring systems (ITS) and adaptive 

learning platforms designed to cater to individual student needs. ITS leverage AI algorithms to 

provide customized feedback and instructional content based on students’ performance and 

learning styles. Research shows that ITS can significantly enhance student learning by adjusting 

the difficulty of tasks and offering targeted support, thereby addressing specific areas where 

students may need improvement (Woolf, 2021). This personalized approach helps in maintaining 

student engagement and promoting a deeper understanding of complex STEM concepts. 

Adaptive learning platforms, another AI application, offer real-time adjustments to the learning 

experience, such as modifying content presentation and pacing according to student interactions 

(VanLehn, 2011). These platforms provide a dynamic learning environment that responds to 

individual student progress, offering additional resources or altering instructional strategies as 

needed. The ability to tailor learning experiences in this manner helps accommodate diverse 

learning preferences and needs, making STEM education more accessible and effective for a wide 

range of learners. 

2.3. Benefits of AI in STEM Education 

AI tools bring several advantages to STEM education, including enhanced engagement and 

improved understanding of complex concepts. Virtual laboratories and simulations powered by AI 

allow students to conduct experiments and explore STEM principles in a controlled, interactive 

environment. These tools offer hands-on learning experiences that might not be possible in 

traditional classrooms, particularly in areas with limited resources (Hollands & Tirthali, 2014). 

Such immersive experiences can deepen students' understanding of STEM subjects and stimulate 

interest in these fields. 

Additionally, AI-driven analytics can assist educators in monitoring student progress and 

identifying areas where students may need extra support. By analyzing data from student 

interactions with AI tools, educators can gain insights into learning patterns and tailor their teaching 

strategies accordingly. This data-driven approach helps in optimizing instructional methods and 

improving educational outcomes, making AI a valuable asset in enhancing STEM education (Baker 
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& Siemens, 2014). 

2.4. Accessibility Challenges in STEM Education 

One of the primary challenges in implementing AI in STEM education is the digital divide, which 

refers to the disparity in access to technology and internet connectivity (Van Dijk, 2020). In many 

underserved areas, students may lack the necessary devices or reliable internet access to fully 

benefit from AI-enhanced learning tools. This gap can perpetuate existing educational inequalities 

and limit the effectiveness of AI in bridging these disparities. Addressing this issue requires 

targeted efforts to improve technological infrastructure and ensure that all students have access to 

the resources they need. 

Another challenge is the need for inclusive AI tools that can accommodate diverse learning needs 

and backgrounds. AI systems must be designed to be flexible and adaptable, taking into account 

various learning styles, abilities, and cultural contexts (Kukulska-Hulme & Traxler, 2021). 

Ensuring that AI tools are accessible to students with disabilities and those from different cultural 

backgrounds is crucial for promoting educational equity and preventing the reinforcement of 

existing biases. 

2.5. Inclusivity and Equity 

Ensuring that AI tools are inclusive and equitable is essential for maximizing their benefits in 

education. AI systems should be developed with consideration for diverse student populations, 

including those with special educational needs and varying learning styles. Research emphasizes 

the importance of designing AI tools that do not perpetuate biases and are capable of providing fair 

and supportive learning experiences for all students (Binns et al., 2022). This involves addressing 

potential biases in AI algorithms and ensuring that the tools are tested and validated across diverse 

educational contexts. 

In addition, inclusive design should also consider the linguistic and cultural diversity of students. 

AI tools must be adaptable to different languages and cultural contexts to effectively support 

learners from various backgrounds (Kukulska-Hulme & Traxler, 2021). By incorporating features 

that accommodate these differences, AI can contribute to a more equitable educational environment 

where all students have the opportunity to succeed. 

2.6. Teacher Training and Support 

Effective integration of AI in education is heavily reliant on the training and support provided to 

educators. Teachers need to be equipped with the skills to effectively use AI tools and incorporate 

them into their teaching practices (Hattie, 2009). Professional development programs should focus 

on helping educators understand how to leverage AI to enhance instruction and provide 

personalized support to students. Adequate training ensures that educators can fully utilize AI tools 

to improve learning outcomes and address the needs of diverse learners. 
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Furthermore, ongoing support and resources are necessary to help teachers adapt to evolving AI 

technologies. Continuous professional development and access to technical assistance can help 

educators stay updated with the latest advancements and best practices in AI implementation. This 

support is crucial for maintaining the effective use of AI tools and maximizing their potential 

benefits in the classroom. 

2.7. Technological Infrastructure 

The success of AI implementation in education depends significantly on the availability of robust 

technological infrastructure. Many educational institutions, particularly those in under-resourced 

areas, face challenges related to outdated or insufficient technology (UNESCO, 2021). Ensuring 

that schools have access to necessary hardware, software, and internet connectivity is essential for 

the effective deployment of AI tools. Investments in technological infrastructure are required to 

support the integration of AI and enable all students to benefit from these advancements. 

In addition to providing physical technology, schools need to develop infrastructure for maintaining 

and updating AI systems. This includes ensuring that technical support is available to address any 

issues that may arise with the technology. Building a strong technological foundation is critical for 

the successful implementation and sustainability of AI tools in education. 

2. 8. Case Studies and Pilot Programs 

Case studies and pilot programs offer valuable insights into the practical application of AI in STEM 

education. For example, some schools have successfully implemented AI-driven platforms to 

enhance student engagement and performance (Kukulska-Hulme & Traxler, 2021). These 

programs provide real-world examples of how AI tools can be used effectively and highlight best 

practices for implementation. Analyzing these case studies can help identify successful strategies 

and potential areas for improvement. 

However, it is important to consider the specific contexts in which these case studies were 

conducted. Factors such as local educational policies, available resources, and student 

demographics can influence the outcomes of AI implementations. Understanding these contextual 

factors can provide a more comprehensive view of how AI tools can be adapted and scaled to 

different educational settings. 

2. 9. Evaluation and Impact Assessment 

Evaluating the impact of AI tools on educational outcomes is essential for understanding their 

effectiveness and guiding future implementations. Various methods are used to assess the impact, 

including quantitative measures such as test scores and qualitative feedback from students and 

educators (Baker & Siemens, 2014). Comprehensive evaluation helps determine how AI tools 

contribute to learning outcomes and identifies areas where improvements are needed. 
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Longitudinal studies are particularly valuable for assessing the long-term effects of AI on 

education. These studies track changes in student performance and engagement over extended 

periods, providing insights into the sustained impact of AI tools. Evaluating both short-term and 

long-term outcomes is crucial for developing a complete understanding of AI’s role in enhancing 

STEM education. 

2. 10. Ethical Considerations 

The ethical implications of using AI in education must be carefully considered to ensure that these 

technologies are used responsibly. Issues such as data privacy, algorithmic bias, and the potential 

for misuse of AI tools are important concerns (Binns et al., 2022). Ensuring that AI systems are 

designed with robust privacy protections and ethical guidelines is crucial for maintaining trust and 

promoting fair use of technology in education. 

Additionally, addressing algorithmic bias involves examining how AI tools make decisions and 

ensuring that these decisions do not unfairly disadvantage certain groups of students. Transparency 

in AI algorithms and ongoing monitoring for biases are necessary to uphold ethical standards and 

support equitable educational practices. 

2.11. Conclusion 

AI has the potential to significantly improve accessibility in STEM education by offering 

personalized learning experiences and supporting diverse learners. However, achieving these 

benefits requires addressing challenges related to technology access, inclusivity, and teacher 

training. Continued research, investment, and strategic planning are essential to overcome these 

obstacles and ensure that AI can contribute to a more equitable and effective educational 

environment. By addressing these issues, educators and policymakers can work towards leveraging 

AI to benefit all students and enhance educational outcomes. 

3: Methodology 

3.1 Introduction 

This chapter outlines the methodology employed in the study titled "Enhancing STEM Education 

Accessibility with AI: Opportunities and Challenges." The research aimed to investigate how AI 

technologies can address educational gaps in STEM fields within underrepresented communities 

in Africa. The methodology encompassed research design, data collection methods, participant 

selection, and data analysis procedures. The approach was designed to offer a comprehensive 

understanding of AI’s potential in improving accessibility and overcoming challenges in STEM 

education, focusing on both measurable outcomes and contextual influences. 

3.2 Research Design 

The study employed a mixed-methods research design, combining quantitative and qualitative 
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approaches to provide a holistic view of AI's impact on STEM education. The quantitative 

component involved the use of structured surveys and statistical analysis to measure the 

effectiveness, accessibility, and challenges of AI tools in the educational context. In parallel, the 

qualitative component included semi-structured interviews and case studies, which allowed for an 

in-depth exploration of the experiences and perspectives of educators, students, and policymakers. 

This combination of methods enabled the study to capture both the broad patterns of AI tool usage 

and the nuanced experiences of individuals in various educational settings. 

3.3 Data Collection Methods 

3.3.1 Quantitative Data Collection 

Quantitative data were collected through structured surveys distributed to a sample of educators, 

students, and policymakers within underrepresented communities. The survey instrument was 

designed to gather data on the types of AI tools used, their perceived effectiveness, and the 

challenges encountered during implementation. Respondents were asked to rate the impact of AI 

tools on student learning outcomes, overall satisfaction, and their perceived accessibility. The 

surveys were administered electronically over a two-month period, ensuring a broad reach across 

different regions. 

3.3.2 Qualitative Data Collection 

Qualitative data were collected through semi-structured interviews and case studies. A subset of 

survey respondents, including educators, students, and policymakers, participated in interviews to 

provide deeper insights into their experiences with AI tools. The interviews explored themes such 

as the perceived benefits of AI, challenges faced during implementation, and suggestions for 

improvement. Additionally, case studies of AI implementations in various regions were analyzed 

to identify best practices and contextual factors that influenced the success of these initiatives. 

These qualitative methods allowed for a rich exploration of the real-world applications and 

implications of AI in STEM education. 

3.4 Participant Selection 

Participants were selected using purposive sampling to ensure representation from key stakeholder 

groups involved in STEM education. The sample included educators from schools in 

underrepresented communities, students who had experience with AI tools in their studies, and 

policymakers involved in educational technology initiatives. Selection criteria included 

participants’ familiarity with AI tools, their role in the educational process, and their location within 

the targeted regions. Efforts were made to include a diverse range of participants to capture varying 

perspectives on AI implementation, ensuring that the findings would be applicable across different 

contexts. 

3.5 Data Analysis 
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3.5.1 Quantitative Data Analysis 

Quantitative data were analyzed using statistical methods to identify patterns, correlations, and 

trends. Descriptive statistics were employed to summarize the frequency of AI tool usage, 

perceived effectiveness, and overall satisfaction among participants. Inferential statistics, including 

t-tests and ANOVA, were conducted to assess differences in responses based on demographic 

factors, levels of AI tool usage, and regional variations. The use of statistical software ensured the 

accuracy and reliability of the results, allowing for a detailed examination of the quantitative data. 

3.5.2 Qualitative Data Analysis 

Qualitative data from interviews and case studies were analyzed using thematic analysis. The 

interview transcripts were systematically coded to identify recurring themes and patterns related to 

the benefits and challenges of AI in STEM education. Case studies were scrutinized to extract 

insights on successful strategies, barriers to implementation, and the influence of local contexts on 

AI integration. This analysis provided a nuanced understanding of the qualitative data, highlighting 

the complexities and varied experiences associated with the use of AI tools in diverse educational 

settings. 

3.6 Validity and Reliability 

To ensure the validity and reliability of the research findings, several rigorous measures were taken. 

The survey instrument was pre-tested with a small group of participants to refine the questions and 

ensure clarity. Interviews were conducted by trained researchers to maintain consistency and 

reduce the potential for interviewer bias. Data triangulation, involving the use of multiple data 

sources and methods, was employed to cross-validate findings and enhance the credibility of the 

results. Additionally, member checks were conducted by sharing preliminary findings with 

participants for feedback and confirmation, further strengthening the validity of the study. 

3.7 Ethical Considerations 

The study adhered to strict ethical standards to protect participants' rights and confidentiality. 

Informed consent was obtained from all participants, who were fully briefed on the study's purpose 

and their right to withdraw at any time without consequence. Data were anonymized to safeguard 

participants' identities, and secure data storage practices were implemented to protect sensitive 

information. The research protocol was reviewed and approved by an institutional review board, 

ensuring that all ethical guidelines were followed throughout the study. 

3.8 Limitations 

The study faced several limitations that were acknowledged in the analysis and interpretation of 

the findings. Potential biases in self-reported data were recognized, as participants’ responses may 

have been influenced by subjective perceptions or social desirability. Additionally, the reliance on 

electronic surveys could have excluded individuals with limited internet access, potentially 
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affecting the representativeness of the sample. The qualitative data, while rich and insightful, were 

based on the subjective experiences of participants and may not be fully generalizable to all 

contexts. These limitations were carefully considered in the discussion of the results, and efforts 

were made to mitigate their impact on the study’s conclusions. 

3.9 Summary 

This chapter provided a detailed account of the methodology used in the study to investigate the 

role of AI in enhancing STEM education accessibility. The mixed-methods approach, 

encompassing both quantitative and qualitative data collection and analysis, offered a 

comprehensive examination of AI’s impact on educational outcomes. By employing rigorous data 

collection and analysis techniques, the study aimed to contribute valuable insights into the effective 

use of AI technologies in bridging educational gaps and improving STEM education outcomes in 

underrepresented communities. 

4. Results 

4.1 Quantitative Results 

4.1.1 Frequency of AI Tool Usage 

Table 1: Frequency of AI Tool Usage 

AI Tool                Frequency (%) 

AI Tutoring Systems    40% 

Predictive Analytics   30% 

Automated Grading      20% 

Other Tools            10% 

 

The table shows that AI tutoring systems are the most commonly used AI tool in STEM education, 

followed by predictive analytics. Automated grading and other tools make up a smaller proportion 

of AI usage. This distribution indicates a strong preference for tools that provide direct learning 

support and personalized feedback. This data can be visualized as follows 
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The pie chart above illustrates the distribution of AI tool usage in STEM education based on the 

frequency data provided. The majority of participants reported using AI tutoring systems (40%), 

which suggests that these tools are a prominent choice for enhancing personalized learning in 

STEM fields. Predictive analytics tools, used by 30% of respondents, also play a significant role in 

identifying students' learning patterns and predicting future performance. Automated grading tools, 

which account for 20%, are utilized to streamline the grading process and provide timely feedback. 

The remaining 10% of respondents use other AI tools, indicating a diverse range of technologies 

being implemented in educational settings. 

This distribution highlights the emphasis on AI tutoring systems and predictive analytics in current 

STEM education practices, reflecting their perceived effectiveness in addressing individual 

learning needs and improving educational outcomes. However, the presence of other tools in the 

mix suggests ongoing experimentation and adoption of various AI technologies tailored to specific 

educational contexts. 

4.1.2 Perceived Effectiveness of AI Tools 

Table 2: Perceived Effectiveness of AI Tools 

Effectiveness Level    Percentage (%) 

Very Effective         50% 

Effective 30%             

Neutral     13.3%           

Ineffective 6.7%            

 

The table reveals that a significant majority of respondents view AI tools as either very effective 

or effective in enhancing student learning outcomes. A small percentage of respondents perceive 

AI tools as ineffective, indicating generally positive feedback on AI's impact. This data can be 

visualized as follows 
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The pie chart above displays the perceived effectiveness of AI tools in STEM education. A 

significant portion of respondents (50%) rated these tools as "Very Effective," indicating a strong 

positive impact on educational outcomes. Another 30% found the tools to be "Effective," further 

supporting their value in enhancing STEM education. A smaller percentage of participants (13.3%) 

remained neutral, suggesting mixed or context-dependent experiences. Only 6.7% of respondents 

deemed the AI tools "Ineffective," indicating that while the majority of users benefit from these 

tools, there is still a minority who do not perceive them as beneficial. 

This distribution underscores the overall positive reception of AI tools in STEM education, with 

most users recognizing their effectiveness in improving learning experiences. However, the 

presence of neutral and ineffective ratings highlights the need for continuous refinement and 

adaptability of these tools to meet diverse educational needs. 

4.1.3 Student Performance Metrics Pre- and Post-AI Implementation 

Table 3: Student Performance Metrics Pre- and Post-AI Implementation 

Metric Pre-AI Mean Score  Post-AI Mean 

Score 

Improvement (%) 

Test Scores            68 78 14.7%            

Assignment Grades      70 82 17.1%            

 

The table shows an increase in student performance metrics following the implementation of AI 

tools. Both test scores and assignment grades exhibit significant improvements, suggesting that AI 

tools positively influence student performance. Visualization of this data is shown below 
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The bar chart above compares the pre-AI and post-AI mean scores for test scores and assignment 

grades, highlighting the improvement in student performance after the implementation of AI tools. 

The post-AI scores show significant increases in both metrics, with test scores improving by 14.7% 

and assignment grades by 17.1%. These improvements suggest that AI tools positively impacted 

students' academic performance, enhancing their understanding and ability to achieve higher 

scores. The chart visually emphasizes the effectiveness of AI in boosting educational outcomes in 

STEM education. 

4.1.4 Challenges in AI Implementation 

Table 4: Challenges in AI Implementation 

Challenge Percentage (%) 

Lack of Resources      36.7%           

Training Issues        30%             

Technical Difficulties 20% 

Other Challenges       13.3%           

 

The table highlights that the primary challenges in implementing AI tools include a lack of 

resources and training issues, followed by technical difficulties. These challenges must be 

addressed to enhance the effectiveness of AI tools in education. This data can be visualized as 

follows 
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The pie chart illustrates the distribution of challenges in implementing AI in STEM education. The 

most significant challenge is the "Lack of Resources," accounting for 36.7%, indicating that many 

schools and educators struggle with limited access to essential tools and funding. "Training Issues" 

follow at 30%, highlighting the need for better professional development for teachers to effectively 

utilize AI technologies. "Technical Difficulties" represent 20% of the challenges, pointing to 

problems with the functionality and integration of AI tools. Finally, "Other Challenges" make up 

13.3%, covering issues such as resistance to change or ethical concerns. This data underscores the 

importance of addressing these key areas to ensure successful AI implementation in STEM 

education. 

4.5 Overall Satisfaction with AI Tools 

Table 5: Overall Satisfaction with AI Tools 

Satisfaction Level     Percentage (%) 

Very Satisfied         40% 

Satisfied 33.3%           

Neutral 16.7%           

Dissatisfied 10%             

 

The table indicates high overall satisfaction with AI tools among respondents, with a majority 

expressing satisfaction or being very satisfied. This reflects the positive reception of AI tools in 

enhancing educational experiences. This data is visualized as follows 
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The pie chart displays the levels of satisfaction with AI implementation in STEM education. The 

largest segment, "Very Satisfied," represents 40% of respondents, indicating a high level of 

approval. Following that, 33.3% are "Satisfied," showing that the majority of users have a positive 

experience overall. A smaller portion, 16.7%, are "Neutral," neither particularly satisfied nor 

dissatisfied. Finally, 10% are "Dissatisfied," reflecting some concerns or issues with the 

implementation. This distribution suggests that while most users are content with AI in STEM 

education, there is still room for improvement to address the concerns of those less satisfied. 

4.2 Qualitative Results 

Findings from Interviews and Case Studies: 

Benefits of AI Tools: Interviewed respondents were expected to highlight various benefits of AI 

tools, including personalized learning experiences, increased engagement, and improved 

understanding of complex STEM concepts. Case studies provided examples of successful AI 

implementations, illustrating how these tools have enhanced learning outcomes in specific 

educational settings. 

Challenges Encountered: Qualitative data revealed insights into specific challenges faced by 

educators and students, such as issues with technology integration, lack of training, and 

infrastructural limitations. Participants were provided detailed accounts of how these challenges 

impact the effectiveness of AI tools and suggest potential solutions. 

Best Practices and Recommendations: Interviews and case studies were expected to identify best 

practices for implementing AI tools, including strategies for effective integration, teacher training, 

and addressing technical issues. Recommendations focused on overcoming barriers and optimizing 

the use of AI tools to achieve better educational outcomes. 

4.3. Summary 

Overall, the data from these graphs suggests that AI tools are making a significant impact on STEM 

education, particularly in enhancing learning experiences and improving performance metrics. 
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However, challenges such as resource constraints, training needs, and technical difficulties must 

be addressed to fully realize the potential of AI in education. The high levels of satisfaction among 

users further underscore the positive reception and potential benefits of AI tools, while also 

highlighting areas for future development and improvement. 

5. Findings 

The study reveals that AI tools are becoming increasingly prevalent in STEM education within 

underrepresented communities, with a notable emphasis on AI tutoring systems and predictive 

analytics. The most common tool is AI tutoring systems, used by 40% of respondents, indicating a 

significant demand for personalized learning solutions. Predictive analytics follows at 30%, 

reflecting its role in forecasting student performance and guiding interventions. Automated grading 

and other tools are less common, suggesting that while they are used, they are not as widely 

adopted. The high usage of AI tutoring systems highlights their importance in providing tailored 

educational support. 

The perceived effectiveness of AI tools is largely positive, with 50% of respondents rating them as 

"very effective" and 30% as "effective." This suggests that the majority of users believe AI tools 

significantly enhance student learning outcomes. The improvements in student performance 

metrics—test scores and assignment grades—after the implementation of AI tools further support 

this positive perception. Test scores improved by 14.7%, and assignment grades by 17.1%, 

indicating that AI tools contribute to better academic performance and support effective learning 

strategies. 

However, challenges remain in the implementation of AI tools, with the most significant issues 

being a lack of resources (36.7%) and training (30%). Technical difficulties and other obstacles 

also pose barriers, though they are less frequently cited. Despite these challenges, the overall 

satisfaction with AI tools is high, with 73.3% of respondents reporting being "satisfied" or "very 

satisfied." This high level of satisfaction underscores the potential of AI to improve STEM 

education, though addressing the identified challenges is crucial for maximizing its benefits. 

5.1 Writer's Contribution to Knowledge 

This research contributes significantly to the understanding of AI's impact on STEM education by 

providing empirical evidence on its effectiveness and challenges in underrepresented communities. 

The study highlights how AI tools, particularly AI tutoring systems and predictive analytics, can 

enhance learning outcomes and address educational disparities. By focusing on the African context, 

where AI implementation in education is relatively underexplored, the study adds valuable insights 

into how these technologies can be adapted and utilized to improve educational equity. 

5.2 Areas for Further Research 

Further research should explore how to address the specific challenges identified in this study, such 
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as resource constraints and the need for effective training. Investigating the long-term impact of AI 

tools on educational outcomes and examining how different AI applications perform in various 

contexts could provide deeper insights. Additionally, studies could focus on developing strategies 

to overcome technical difficulties and improve the integration of AI tools in diverse educational 

settings, ensuring that their benefits are accessible to all learners. 
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Abstract 

For nearly 87 years, the Collatz conjecture has remained an open problem in mathematics. The 

conjecture posits that for any positive integer x, if x is even, divide it by 2; if x is odd multiply it 

by 3 and add 1. Repeating these steps on all subsequent results is said to eventually lead to the 

sequence converging to 1. In an effort to prove this conjecture, the author introduces a novel 

mathematical concept of an expression of an integer ax + b into an equivalent expression (a + 1) + 

(b – n) where a, b, n and x are integers and n = x. Here, the initial value x is an input for every 

integer produced during the iteration process and hence must be kept constant at every step. The 

equivalent expression holds true for the specific initial value x when ax + b is even but can not be 

divided by 2, as 2 is not the common factor of a and b. Importantly, b – n remains even for both 

odd or even numbers. The author proves the conjecture in two ways: by using the actual initial 

value x or by employing its position n among odd or even numbers. For positive integers, the 

sequence terminates at x – z = 1where z = x – 1. Additionally, this paper extends the analysis to 

negative integers, showing that if a negative integer is even, dividing it by 2, or if odd, multiplying 

it by 3 and add – 1, will lead the sequence to converge at -1. The sequence concludes at x + z = -1 

where z = x + 1. Furthermore, the author has also managed to reverse the sequence to the initial 

integer by applying the following rules; multiplying odd integers by 2 and subtracting an even 

integer by 1 to get a multiple of 3 and divide the difference by 3. If the difference is not a multiple 

of 3 then do not subtract but multiply the number by 2 again until you get an even integer that 

would produce a difference which is a multiple of 3 if 1 is subtracted. For negative integers, same 

thing takes place except that 1 is added to an even integer in order to get a multiple of 3. Only 1 

and -1 one falls in the loop cycle of 1, 4, 2, 1. This contribution does not only prove the conjecture 

but also provides new insights into the Collatz conjecture and may have broader implications for 

understanding functions, other conjectures and number theory in general. 

Keywords: Collatz conjecture, equivalent expression, position n of x, initial value x, ax + b.  

1. Introduction  
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The Collatz conjecture, also known as the 3n + 1 problem, was proposed in 1937 and remains 

unsolved problem in mathematics. The conjecture posits that for any positive integer x, the 

sequence generated by the following iterative process will eventually terminate at 1: 

1. If x is even divided by 2 

2. If x is odd, multiply it by 3 and add 1  

Despite extensive computational evidence supporting the conjecture, no general proof has been 

established. This paper introduces a new approach involving a novel mathematics concept of 

equivalent expressions, specifically (a + 1)x + (b – n) where x is defined. This innovative 

perspective provides new tools for analyzing the Collatz sequence. The proof presented here not 

only deepens our understanding of the Collatz conjecture but also opens up new avenues for 

research across various fields of mathematics.  

2. Methods 

The proof of Collatz conjecture is outlined in a few key steps. It revolves around expressing an 

expression of the form ax + b in an equivalent form (a + 1)x + (b – n) if ax + b is even but is not 

divisible by 2 because b is odd. Furthermore, the initial value x is kept constant at every stage until 

final stage where x – z = 1 (z = x – 1 and n ρ) Take note that n = x and the difference between 

them is that n shall continuously be substituted with initial value but x will remain not substituted 

with initial value.   

 2.1 Collatz Conjecture Proof for positive integers. 

1. Let x be initial value and be kept as a constant throughout the process. 

2. If x is odd multiply x by 3 and add 1 to get even number 3x + 1. Dividing 3x + 1 by 2 is 

impossible because 1 is an odd number so step 3 must be performed. The “quickest” way 

to check if ax + b is even or odd is to test ax + b with two smallest positive integers 1(if x 

is odd) and 2(if x is even) respectively. Direct proof can also be used where x can be 

substituted with 2k + 1 for odd and 2k 

3. 3x + 1 = (3 + 1)x + (1 – n) = 4x – c where c = 1 – n = -2m (when two odd numbers are 

subtracted the result is even and n ˃ 1) hence 3x+1= 4x–2m. Now the expression 4x–2m 

is divisible by 2 because 2 is a common  factor 

4. If x (initial value) is even then x = 2x + (0 – n) = 2x – c where c = 0 – n = -2m hence the 

initial value x = 2x – 2m. Now this expression is divisible by 2 because 2 is a common 

factor 

5. The above steps should be repeated until the sequence terminate at x – z, that is [
● ◑

 

for which x – z = 1 and z = x – 1. 

The steps 1 and 2 are not new for they are the base cases for Collatz conjecture since its discovery. 

The new steps here are 3, 4 and 5. Carefully study the two proofs below: 

Prove that   
 

 
ρ 
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Solutions 

ςØςÚ 

ς 
ρ 

                   From z = x – 1 

ςØςØς

ς
ρ 

ς

ς
ρ 

1 = 1 proven 

Prove that ax + b = [(a+1)x + (b – n)] 

Solution 

ax + b = [(a+1)x + (b – n)] 

ax + b = [(a+1)x + (b – x)]   (n = x) 

ax + b = ax + x + b – x 

ax + b = ax + x – x + b 

ax + b = ax + b proven 

Write down an equivalent expression of 3(5) – 7 at x = 5 for which the result is even and show that 

they are equal by simplifying. Remember 3(5) – 7 is even (test with 1 in place of 5, 3(1) – 7 = - 4) 

but cannot be divided by 2 in its state because 7 is odd. However, its equivalent expression shown 

below is divisible by 2. 

Solution 

Use an + b = [(a+1)(x) + (b – n)] 

3(5) – 7 = [(3+1)(5) + (-7 – 5)] 

3(5) – 7 = 4(5) – 12 

So an equivalent expression of 3(5) – 7 is 4(5) – 12 at x = 5 

Hence 3(5) – 7 = 4(5) – 12 

15 – 7 = 20 – 12 

8 = 8 
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Examples 

2 By using Collatz conjecture proof, prove that the sequence of x = 19 will terminate at x – 18 = 1 

1. X 

2. 3x + 1 = 4x – 18 

3. 
 
ςØω 

4. σςØω ρ φØςφ 

5. 
 
σØρσ τØσς 

6. 
 
ςØρφ 

7. Ø ψ 

8. σØ ψ ρ σØςσ τØτς 

9. 
  
ςØςρ 

10. σςØςρ ρ φØφς 

11. 
   

σØσρ τØυπ 

12. ςØςυ 

13. σςØςυ ρ φØχτ 

14. 
 
σØσχ τØυφ 

15. 
 
ςØςψ 

16. Ø ρτ 

17. σØ ρτ ρ σØτρ τØφπ 

18. ςØσπ 

19. 
 
Ø ρυ ςØστ 

20. Ø ρχ ςØσφ 

21. 
 
ὀ    proven 

                                                                         

3. By using Collatz conjecture proof, prove that x = 24 will have its Collatz conjecture sequence 

terminate at x – 23 = 1  

 

1. x = (1+1)x + 0 – 24 = 2x – 24  

2. 
   

 = x – 12 = 2x – 36   

3. 
  

 = x – 18 = 2x – 42   

4. 
  

 = x – 21   
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5. 3[x – 21] + 1 = 3x – 62 = 4x – 86   

6. 
  

 = 2x – 43  

7. 3[2x – 43] + 1 = 6x – 128   

8. 
  

 = 3x – 64 = 4x – 88  

9. 
   

 = 2x – 44  

10. 
   

 = x – 22 = 2x – 46   

11. ρρȢ
    

 = x – 23 = 1  

 

2.2 Extension of Collatz Conjecture Proof to negative integers. 

The proof involving the negative integers slightly differs from the positive integers on the 

mathematical operations (Instead of 3x + 1 but 3x – 1 is used) and also the sequence converges to 

– 1 instead of 1. Like the positive integers, the initial value x is kept constant throughout the process 

and the equivalent expression [(a+1)x + (b – n)] is used too. The sequence will converge at x + z = 

- 1 instead of x – z = 1. Take note also that z = x + 1 and n ρ. Just like for the positive integers, 

n is also equal to x for negative integers and the difference between them is that n shall continuously 

be substituted with initial value but x will remain not substituted with initial value.   

1. Let x be initial value and be kept as a constant throughout the process. 

2. If x is odd multiply x by 3 and add -1 to get negative even number 3x - 1. Dividing 3x 

- 1 by 2 is impossible because - 1 is an odd number hence step 3 must be performed. 

The “quickest” way to check if ax + b is even or odd is to test ax + b with two 

smallest negative integers -1(if x is odd) and -2(if x is even) respectively. Direct proof 

can also be used where x can be substituted with 2k + 1 for odd and 2k for even in ax 

+ b. 

3. 3x - 1 = (3 + 1) x + (1 – n) = 4x + c where c = 1 – n = 2m (when two odd numbers are 

subtracted the result is even and n ˃ 0) hence 3x - 1= 4x + 2m. Now the expression 4x 

+ 2m is divisible by 2 because 2 is a common factor 

4. If x (initial value) is even then x = 2x + (0 – n) = 2x + c where c = 0 – n = 2m hence 

the initial value x = 2x + 2m. Now this expression is divisible by 2 because 2 is a 

common factor 

5. The above steps should be repeated until the sequence terminate at x – z, that is 

[
ὀὂ

 for which x + z = -1 and z = x + 1. 
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Example 

 By using Collatz conjecture proof, prove that x = - 10 will have its Collatz conjecture sequence 

terminate at x + 9 = - 1 

        1. x = 2x + 10 

        2. 
 
Ø υ 

        3. 3(x + 5) – 1 = 3x + 14 = 4x + 24 

        4. 
 
ςØρς 

        5. 
 
Ø φ = 2x + 16 

       6. Ø ψ = 2x + 18 

       7. ὀ   

 

2.3 Alternative proof using position (n) of x. 

Let us look at the following results obtained from this conjecture for the first 5 odd numbers. 

3(1) + 1 = 4 

3(3) + 1 = 10 

3(5) + 1 = 16 

3(7) + 1 = 22 

3(9) + 1 = 28 

If you carefully look at 4, 10, 16, 22, 28 you will observe that they form an Arithmetic progression 

(AP) pattern with a common difference (d) of 6.  

By using the formula for finding terms of an AP, the nth formula of the terms 4, 10, 16, 22, 28 is 

obtained below. 

4 Á Î ρÄ 

d = 4 4 

= 10 – 4 
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= 6 

Nth formula = τ Î ρφ 

=  τ φÎ φ 

=  φÎ ς 

Let us now consider the first 5 even numbers 2, 4, 6, 8, 10. These terms also forms the Arithmetic 

progression pattern whose formula for nth term is 2n 

The φÎ ς and 2n are the preamble expressions where n stand for the position of x (an odd number 

or even number) in the sequence of all odd numbers and even numbers respectively.  

Î    For old number x and Î    for even number x. 

Take note that ὀ ἶ  for all odd numbers x 

and x = 2n for even number x  

Examples  

1 By using Musonda’s Collatz conjecture proof, prove that x = 17 will have its Collatz 

conjecture sequence terminate at n – 8 = 1  

Solutions  

n = 9, c = 8 hence the Collatz Conjecture sequence will end at n – 8 = 1 

1. 2n - 1 

2. 3(2n – 1) + 1 = 6n – 2 

3. 
  

3n – 1 = 4n – 10 

4. 
  

 2n – 5 

5. 3(2n – 5) + 1 = 6n – 14  

6. 
  

 3n – 7 = 4n – 16 

7. 
  

 2n – 8 

8. 
  

 n – 4  

9. 3(n – 4) + 1 = 3n – 11 = 4n - 20 

10. 
  

 2n – 10 

11. 
  

 n – 5 = 2n – 14 

12. 
  

 n – 7 = 2n – 16  

13. 
   

 n – 8 = 1  
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2 By using the Collatz conjecture proof, prove that x = 29 will have its Collatz conjecture sequence 

terminate at n – 14 = 1  

Solutions 

X = 29, n = 15, c = 14 and hence the conjecture will terminate at n – 14  

1. 2n – 1  

2. 3(2n – 1) + 1 = 6n – 2                                       

3. 3n – 1 = 4n – 16 

4. 2n – 8  

5. n – 4 

6. 3(n – 4) + 1 = 3n – 11 = 4n – 26  

7. 2n – 13 

8.  3(2n – 13) + 1 = 6n – 38 

9. 3n – 19 = 4n – 34  

10. 2n – 17 

11. 3(2n – 17) + 1 = 6n – 50  

12. 3n – 25 = 4n – 40  

13. 2n – 20  

14. n – 10  

15. 3(n – 10) + 1 = 3n – 29 = 4n – 44  

16. 2n – 22  

17. n – 11 = 2n – 26  

18. n – 13 = 2n – 28 

19. n – 14 = 1  

 

4. By using Musonda’s Collatz conjecture proof, prove that x = 6 Collatz conjecture sequence will 

terminate at n – 2 = 1  

Solutions 

X = 6, n = 3, c = 2 and hence the conjecture will terminate at n – 2 = 1 

1. 2n 

2.  n (also 2n – 3 is an equivalent expression to n at n = 3) 

3. 3n + 1 = 4n – 2  

4. 
  

 2n – 1  

5. 3(2n – 1) + 1 = 6n – 2  

6. 
   

 3n – 1 = 4n – 4` 

7. 
  

 2n – 2  
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8. 
   

 n – 1 = 2n – 4  

9. 
   

 n – 2 = 1 

 

2.4 Reversing the sequence 

 

Take a look at the sequence produced by 7 

7, 22, 11, 34, 17, 52, 26, 13, 40, 20, 10, 5, 16, 8, 4, 2, 1 

Now check below how this sequence can be reversed 

1. 1 

2.1x2 = 2 we can’t subtract 1 because the difference is not a multiple of 3 so multiply 2 by 2  

3. 2x2 = 4 we further multiply by 2 because our initial value is not 1 

4. 4x2 = 8 difference of 8 and 1 is not multiple of 3 so multiply it further by 2 

5. 8x2 = 16 difference of 16 and 1 is multiple of 3 

6.  υ Multiply by 2 because 5 is odd 

6. 5x2 = 10 impossible that we can have consecutive odd numbers so no need of 10 – 1. 

7. 10x2 = 20 difference of 20 and 1 is not multiple of 3 so multiply by 2 

8. 20x2 = 40 difference of 40 and 1 is multiple of 3 so subtract 1 and divide by 3 

9.  ρσ Multiply by 2 because 13 is odd 

10. 13x2 = 26 multiply by 2 because the difference with 1 is not multiple of 3 

11. 26x2 = 52 find the difference with 1 and divide by 3 

12.  ρχ Multiply by 2 

13. 17x2 = 34 divide the difference with 1 by 3 

14.  ρρ multiply by 2 

15. 11x2 = 22 divide the difference with 1 by 3 

16.   χ finally the sequence has converged reached the final stage. 

 

By using the Collatz conjecture proof, the sequence of x = 7 would have terminated at x – 6.  

Now we can reverse this to x. 

 

1.x – 6 =  

2. 2x – 12 = x – 5 =  

3. 2x – 10 =  
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4. 4x – 20 = 3x – 13 =  

5. 6x – 26 = 3(2x – 9) + 1 

6. 2x – 19 =  

7. 4x – 38 = 3x – 11 = 
 
 

8. 6x – 22 = 5x – 15 =  

9. 10x – 30 = 9x – 23 = 3(3x – 8) + 1  

10. 3x – 8 =  

11. 6x – 16 = 5x – 9 =  

12. 10x – 18 = 9x – 11 = 3(3x – 4) + 1  

13. 3x – 4 = 
 
 

14. 6x – 8 = 3(2x – 3) + 1  

15. 2x – 3 = 
 
 

16. 4x – 6 = 3x + 1  

17. x 

3. Discussion 

I have presented the novel proof of Collatz conjecture where initial value (x) is kept constant 

throughout the process and the use of equivalent expression when ax + b is even but not divisible 

by 2. The proof has also covered for negative integer. The proof has been tried on small and huge 

positive and negative integers. I was not able to show huge numbers in this paper because the 

calculations can take up a lot of space. I have demonstrated that every path through the iterative 

process eventually converges to 1. The equivalent expression was proven correct by simplifying 

[(a+1)x + (b – x)] to ax + b. In my proof, the conjecture sequence terminates at 
 
 = x – z = 1 

(except for x = 1) and this was also proven true above. The proof is defined by few finite steps. The 

proof has also provided a new perspective on the Collatz conjecture and it is also indication of how 

different mathematical representations can be engaged to solve seemingly unsolvable problems.  

4. Conclusion 

The proof shown in this paper does not only provides new insights on the Collatz conjecture but 

also shows the effectiveness on the use of equivalent expressions to tackle complex mathematical 
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problems. The proof offers a pathway for further research in number theory. The results of this 

work go beyond Collatz conjecture in working out complex mathematical problems using 

innovative mathematical techniques which would lead to mathematical breakthroughs. The 

approach taken here can also be explored further in order to solve longstanding mathematical 

problems. The proof is so simple that a person with basic knowledge in mathematics can understand 

it too. 
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Abstract 

This study explores the role of artificial intelligence (AI) in promoting gender equity in STEM 

education, focusing on how AI tools can personalize learning experiences, increase student 

engagement, and address gender disparities. Through a mixed-methods approach, combining 

qualitative interviews with educators and students, and quantitative surveys and academic 

performance data, the study reveals that AI has the potential to significantly improve female 

students' academic outcomes and interest in STEM fields. The findings indicate that AI tools can 

help mitigate gender biases and create more inclusive learning environments. However, challenges 

related to resource accessibility, educator training, and the potential perpetuation of biases within 

AI systems was also identified. The study contributes to the existing literature by providing 

empirical evidence on the impact of AI in STEM education and highlighting the need for careful 

implementation and continuous evaluation of AI tools. The research suggests that while AI can 

play a transformative role in achieving gender equity in STEM, its success depends on addressing 

the associated challenges and ensuring that these tools are designed and used inclusively. Future 

research should focus on longitudinal studies, exploring AI biases, and understanding the broader 

impacts of AI on different student demographics. 

Keywords: Artificial intelligence, gender equity, STEM education, personalized learning, 

educational technology, academic performance, inclusivity. 

1. Introduction 

The integration of Artificial Intelligence (AI) into education presents a transformative opportunity 

to address gender disparities in STEM (Science, Technology, Engineering, and Mathematics) 

fields. As AI technologies advance, they hold the potential to create more inclusive educational 

environments by offering personalized learning experiences and targeted support for 

underrepresented groups. However, the effective application of AI to promote gender equity 

requires a nuanced understanding of both the opportunities it presents and the challenges it may 

pose. This study aims to explore how AI can be harnessed to enhance gender equity in STEM 

education, examining the ways in which AI tools can be designed and implemented to support 
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gender-balanced educational outcomes. 

Despite the promising prospects of AI in bridging educational gaps, there are significant challenges 

that must be addressed. AI systems can inadvertently reinforce existing biases if not carefully 

designed and monitored. Issues such as biased algorithms, data inequality, and the digital divide 

could potentially exacerbate rather than alleviate gender disparities. This study will investigate 

these opportunities and challenges, providing a comprehensive analysis of how AI can be 

effectively utilized to advance gender equity in STEM education while identifying potential pitfalls 

and suggesting strategies for mitigation. 

1.2 Study Background 

Gender disparities in STEM fields are well-documented, with women and gender minorities often 

underrepresented and facing systemic barriers to entry and advancement. Traditional educational 

approaches have struggled to address these inequities effectively, highlighting the need for 

innovative solutions. AI offers a promising avenue for change by enabling personalized learning 

experiences and providing targeted interventions that could address specific challenges faced by 

underrepresented students. However, the integration of AI into educational settings must be 

approached with caution to ensure that it serves as a tool for equity rather than perpetuating existing 

biases. 

Research has shown that AI can enhance educational outcomes by offering adaptive learning 

platforms, intelligent tutoring systems, and data-driven insights into student performance. These 

technologies can potentially provide more tailored support to students who may otherwise struggle 

in conventional learning environments. For gender equity, AI has the potential to identify and 

address gaps in student engagement and performance, enabling more equitable access to resources 

and opportunities. 

Despite its potential, the application of AI in education is not without challenges. Concerns about 

data privacy, algorithmic bias, and unequal access to technology must be carefully managed to 

avoid exacerbating existing inequalities. Ensuring that AI systems are designed with equity in mind 

requires a multi-faceted approach that includes diverse data sets, transparent algorithms, and 

ongoing monitoring and evaluation. This study will explore these dimensions, aiming to provide a 

balanced perspective on how AI can contribute to gender equity in STEM education while 

addressing the associated risks. 

1.3 Hypothesis 

The hypothesis of this study is that AI, when effectively designed and implemented, can 

significantly contribute to promoting gender equity in STEM education by providing personalized 

learning experiences, identifying and addressing disparities, and offering targeted support for 

underrepresented students. However, the potential for AI to reinforce existing biases or create new 

forms of inequality must be carefully managed. 
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1.4 Purpose of the Study 

The purpose of this study is to analyze the ways in which AI can be leveraged to advance gender 

equity in STEM education, exploring both the opportunities it presents and the challenges it may 

pose. The study aims to provide insights into how AI tools can be designed and utilized to create 

more inclusive educational environments and to offer recommendations for addressing potential 

pitfalls in their implementation. 

1.5 Scope and Limitations 

The scope of this study includes an examination of various AI technologies and their application 

in STEM education settings, with a focus on gender equity. It will review current literature, case 

studies, and best practices related to AI in education. The study will also consider potential biases 

and challenges associated with AI implementation. 

1.6 Limitations 

Limitations of the study include the potential for incomplete or biased data sources, as well as the 

rapidly evolving nature of AI technology, which may affect the relevance of findings over time. 

Additionally, the study may not fully capture the diverse contexts and educational settings in which 

AI is applied, potentially limiting the generalizability of the results. 

2: Literature Review 

2.1 Overview of Gender Disparities in STEM Education 

Gender disparities in STEM education have been a persistent issue, with women and other gender 

minorities significantly underrepresented in many STEM fields. Studies have shown that these 

disparities begin early in education and are influenced by a variety of factors, including societal 

expectations, stereotypes, and a lack of role models (Ceci & Williams, 2011). Additionally, 

educational environments often fail to encourage girls to pursue STEM subjects with the same 

enthusiasm as boys, leading to a self-perpetuating cycle of underrepresentation (Sadler et al., 2012). 

The consequences of these disparities are far-reaching. Women and gender minorities in STEM 

fields often face additional challenges, including gender bias, a lack of mentorship opportunities, 

and fewer career advancement prospects (Blickenstaff, 2005). This underrepresentation also limits 

the diversity of perspectives in STEM, which is crucial for innovation and problem-solving (Page, 

2007). Despite numerous initiatives aimed at increasing gender diversity in STEM, progress has 

been slow, indicating the need for more effective strategies. 

Research has highlighted the importance of early intervention in reducing gender disparities in 

STEM. Programs that provide girls with hands-on experiences in STEM subjects, mentorship, and 

exposure to female role models have been shown to increase interest and confidence in these fields 

(Herrmann et al., 2016). However, these programs often face challenges in scaling and 
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sustainability, limiting their long-term impact. 

2.2 The Role of Artificial Intelligence in Education 

Artificial Intelligence (AI) has emerged as a powerful tool in education, offering personalized 

learning experiences, adaptive assessments, and data-driven insights into student performance 

(Luckin et al., 2016). AI can analyze vast amounts of data to identify patterns and provide tailored 

recommendations for students, helping to address individual learning needs more effectively than 

traditional teaching methods (Holmes et al., 2019). This technology has the potential to transform 

education by making learning more accessible, engaging, and effective. 

In the context of STEM education, AI has been used to develop intelligent tutoring systems that 

provide real-time feedback and support to students. These systems can adapt to the learning pace 

and style of each student, offering a more personalized learning experience that can help to close 

achievement gaps (Koedinger et al., 2015). Additionally, AI can be used to identify and address 

learning challenges early, providing interventions before students fall too far behind (Baker & 

Yacef, 2009). 

However, the use of AI in education is not without its challenges. Concerns about data privacy, 

algorithmic bias, and the potential for AI to reinforce existing inequalities have been raised by 

researchers and educators (O'Neil, 2016). There is also a risk that AI systems, if not carefully 

designed, could perpetuate gender biases in STEM education by relying on biased data sets or 

algorithms. 

2.3 AI and Personalized Learning in STEM 

Personalized learning is one of the most promising applications of AI in education. By leveraging 

AI technologies, educators can provide students with learning experiences tailored to their 

individual needs, strengths, and weaknesses (Baker et al., 2019). In STEM education, personalized 

learning can help students who may struggle with certain concepts by providing them with 

additional resources and support, thereby improving their overall understanding and performance. 

AI-driven personalized learning platforms can analyze student data to identify patterns in learning 

behavior, allowing educators to intervene with targeted support (Luckin, 2017). For example, AI 

can identify when a student is struggling with a particular math concept and provide additional 

exercises or alternative explanations to help them grasp the material. This level of personalization 

can help to ensure that all students, regardless of their background, have the opportunity to succeed 

in STEM subjects. 

While personalized learning has been shown to be effective in improving student outcomes, there 

is a need for more research on how it can be used specifically to address gender disparities in 

STEM. For instance, studies have suggested that girls may benefit from learning environments that 

emphasize collaboration and real-world applications of STEM concepts (Leaper et al., 2012). AI 
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could be used to create personalized learning experiences that align with these preferences, helping 

to increase engagement and interest among female students. 

2.4 Challenges of AI in Promoting Gender Equity 

While AI holds promise for promoting gender equity in STEM, it also presents significant 

challenges. One of the primary concerns is the potential for AI systems to perpetuate or even 

exacerbate existing biases. AI algorithms are often trained on data sets that reflect societal biases, 

and without careful oversight, these biases can be encoded into the systems themselves (Noble, 

2018). This can result in AI-driven educational tools that reinforce stereotypes and exclude certain 

groups of students. 

Another challenge is the digital divide, which refers to the gap between those who have access to 

modern information and communication technology and those who do not. This divide can be 

particularly pronounced along gender lines, with girls and women in some parts of the world having 

less access to technology than their male counterparts (UNESCO, 2019). This lack of access can 

limit the effectiveness of AI-based interventions aimed at promoting gender equity in STEM. 

There is also the issue of data privacy and security. AI systems in education often rely on the 

collection and analysis of large amounts of student data, raising concerns about how this data is 

used and protected (Zeide, 2017). For marginalized groups, including gender minorities, there is a 

heightened risk that their data could be misused or that their privacy could be compromised. 

2.5 The Impact of AI on Gender Stereotypes in STEM 

Gender stereotypes in STEM are deeply ingrained and can significantly impact students' choices 

and performance in these fields. AI has the potential to challenge these stereotypes by providing 

alternative representations of gender roles in STEM, but it also risks reinforcing them if not 

carefully designed. For example, AI-driven educational tools that present STEM careers 

predominantly featuring male role models can reinforce the stereotype that STEM is a male-

dominated field (Cheryan et al., 2011). 

Conversely, AI can be used to promote more diverse and inclusive representations of STEM 

professionals, helping to challenge stereotypes and encourage more students, particularly girls, to 

pursue STEM careers. Educational platforms that use AI can be programmed to highlight the 

achievements of female scientists and engineers, provide examples of successful women in STEM, 

and offer role models for students to look up to (Dasgupta & Stout, 2014). 

However, the effectiveness of these interventions depends on the careful design and 

implementation of AI systems. If AI tools are not explicitly designed to counteract stereotypes, 

they may unintentionally perpetuate them. This highlights the importance of including diverse 

perspectives in the development of AI technologies, particularly in education. 

2.6 The Future of AI in Promoting Gender Equity in STEM Education 
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Looking forward, the potential for AI to promote gender equity in STEM education is immense, 

but it requires careful consideration and strategic implementation. As AI technologies continue to 

evolve, there is an opportunity to design systems that are not only effective in improving 

educational outcomes but also equitable and inclusive (Anderson, 2018). This involves addressing 

the challenges discussed earlier, such as bias, data privacy, and the digital divide, and ensuring that 

AI systems are developed with a focus on equity. 

Future research should explore the long-term impact of AI-driven educational interventions on 

gender equity in STEM. This includes studies on how these technologies can be scaled and adapted 

to different educational contexts, as well as how they can be used to support students from diverse 

backgrounds. There is also a need for more interdisciplinary research that brings together experts 

in AI, education, and gender studies to develop more comprehensive strategies for promoting 

equity in STEM. 

3: Methodology 

3.1 Research Design 

This study employed a mixed-methods research design, integrating both qualitative and 

quantitative approaches to explore how AI can be leveraged to promote gender equity in STEM 

education. The mixed-methods approach allows for a comprehensive analysis, combining the 

strengths of qualitative insights with the rigor of quantitative data. This design is particularly suited 

to the study’s objectives, as it enables an in-depth exploration of both the opportunities and 

challenges associated with AI in promoting gender equity. 

The qualitative component involves in-depth interviews with educators, students, and AI experts 

to gain insights into their experiences and perceptions of AI in STEM education. This approach 

helps to capture the nuanced perspectives and contextual factors that quantitative data alone might 

miss. The quantitative component includes a survey distributed to a larger sample of educators and 

students, as well as an analysis of academic performance data to identify patterns and correlations 

between AI interventions and gender equity outcomes in STEM fields. 

3.2 Population and Sample 

The population for this study consisted of educators, students, and AI professionals involved in 

STEM education at various educational institutions. The study focuses on a diverse range of 

institutions, including public and private schools, universities, and specialized STEM programs. 

This diversity ensures that the findings are broadly applicable across different educational contexts. 

A purposive sampling technique was used to select participants for the qualitative interviews. This 

method allowed for the selection of individuals who are most likely to provide rich, relevant data, 

including educators with experience in using AI tools in the classroom, students from 

underrepresented gender groups in STEM, and AI professionals with expertise in educational 
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technologies. Approximately 20 educators, 20 students, and 10 AI experts are included in the 

interview sample. 

For the quantitative component, a stratified random sampling technique was used to ensure that the 

survey sample is representative of the broader population of educators and students. The survey 

targets a sample size of 200 educators and 300 students from various educational institutions. 

Additionally, academic performance data from these institutions is analyzed, focusing on subjects 

related to STEM education. 

3.3 Data Collection Methods 

Data collection for this study was conducted in two phases: qualitative data collection and 

quantitative data collection. 

3.3.1 Qualitative Data Collection   

The qualitative data was collected through semi-structured interviews, which allow for flexibility 

in exploring participants' experiences and insights. An interview guide was developed to ensure 

consistency across interviews while allowing for the exploration of emerging themes. The 

interviews were conducted in person or via video conferencing, depending on the participants' 

location and preference. Each interview ws recorded with the participants' consent and transcribed 

for analysis. 

In addition to interviews, focus group discussions were conducted with small groups of educators 

and students. These discussions provide an opportunity for participants to share their experiences 

and ideas in a collaborative setting, offering additional insights into the study's research questions. 

3.3.2 Quantitative Data Collection   

The quantitative data was collected through a structured survey distributed to educators and 

students. The survey included questions on participants' experiences with AI in STEM education, 

their perceptions of its impact on gender equity, and demographic information. The survey was 

distributed online using a secure platform to ensure the confidentiality of participants' responses. 

Academic performance data was obtained from participating educational institutions, with 

appropriate permissions and ethical considerations in place. This data includes grades, test scores, 

and other relevant academic metrics, disaggregated by gender to allow for analysis of gender-

related trends and patterns. 

3.4 Data Analysis Methods 

Data analysis was conducted separately for the qualitative and quantitative components before 

integrating the findings for a comprehensive understanding of the research questions. 

3.4.1 Qualitative Data Analysis   
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The qualitative data was analyzed using thematic analysis, a method that involves identifying, 

analyzing, and reporting patterns or themes within the data. The transcribed interviews and focus 

group discussions were coded using a combination of deductive and inductive approaches. Initially, 

a coding framework was developed based on the research questions and literature review. As the 

analysis progresses, new codes are generated to capture emerging themes. 

The data was then categorized into themes and sub-themes that reflect the key insights related to 

AI's role in promoting gender equity in STEM education. These themes are interpreted in the 

context of the study's objectives, with attention to how participants' experiences and perceptions 

align with or challenge existing research. 

3.4.2 Quantitative Data Analysis  

The quantitative data was analyzed using descriptive and inferential statistics. Descriptive statistics 

were used to summarize the survey data, providing an overview of participants' experiences and 

perceptions. Inferential statistics, including correlation and regression analyses, are used to 

examine the relationships between AI interventions and gender equity outcomes in STEM 

education. 

The academic performance data was analyzed to identify trends and patterns related to gender 

differences in STEM achievement. This analysis involves comparing the performance of male and 

female students, as well as examining the impact of AI-based interventions on these outcomes. 

Statistical software, such as SPSS or R, is used to conduct the analyses. 

3.5 Ethical Considerations 

Ethical considerations were central to the design and implementation of this study. Informed 

consent was obtained from all participants, ensuring that they understand the purpose of the study, 

their rights as participants, and the measures in place to protect their confidentiality. Participants 

are assured that their participation is voluntary and that they can withdraw from the study at any 

time without any consequences. 

The study also adheres to ethical guidelines for the handling of personal data, particularly in the 

collection and analysis of academic performance data. Data was anonymized to protect participants' 

identities, and access to the data was restricted to the research team. Additionally, the study was 

approved by an institutional review board (IRB) or equivalent ethics committee, ensuring that all 

research activities comply with ethical standards. 

 3.6 Scope and Limitations 

The scope of this study included a comprehensive analysis of AI's role in promoting gender equity 

in STEM education across various educational settings. However, the study was limited by several 

factors. The reliance on self-reported data from surveys and interviews may introduce bias, as 

participants may not accurately recall or report their experiences. Additionally, the study's findings 
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may not be generalizable to all educational contexts, particularly those in regions with limited 

access to AI technologies. 

Furthermore, the rapidly evolving nature of AI technology means that the study's findings may 

become outdated as new developments emerge. Despite these limitations, the study provides 

valuable insights into the potential of AI to promote gender equity in STEM education and offers 

a foundation for future research in this area. 

 3.7 Use of Online Research Tools 

Online research tools play a critical role in the data collection and analysis process for this study. 

For qualitative data collection, online platforms such as Zoom and Microsoft Teams were used to 

conduct and record interviews and focus group discussions. These tools allow for flexibility in 

scheduling and enable the participation of individuals from different geographic locations. 

For quantitative data collection, online survey tools such as Survey Monkey and Google Forms 

were used to distribute and collect survey responses. These platforms offer user-friendly interfaces 

and secure data storage, ensuring the confidentiality of participants' responses. Additionally, the 

academic performance data is managed and analyzed using statistical software, with online 

databases and libraries providing access to relevant literature and resources. 

3.8 Conclusion 

This chapter outlines the methodology used in this study, including the research design, population 

and sample, data collection and analysis methods, ethical considerations, and the use of online 

research tools. The mixed-methods approach provides a comprehensive understanding of the 

research questions, combining qualitative insights with quantitative rigor. The findings from this 

study contributed to the ongoing discourse on AI's role in promoting gender equity in STEM 

education, offering valuable insights and recommendations for educators, policymakers, and 

researchers. 

4: Results 

This chapter presents the findings obtained from the data collected through the mixed-methods 

approach described above. The results are organized into qualitative and quantitative sections, 

followed by an integrated analysis that combines insights from both data sets. 

4.1 Qualitative Results 

4.1.1 Themes from Educator Interviews 

The interviews with educators revealed several key themes related to the use of AI in promoting 

gender equity in STEM education. They include the perception, the challenges and the impact of 

AI. This table presents data that was collected through surveys and studies to support the themes 
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outlined. The percentages represent the proportion of educators who align with each statement, 

providing a clear overview of perceptions, challenges, and impacts related to AI in STEM 

education. 

Theme Metric Data Point 1 Data 

Point 2 

Data Point 3 

Perception of 

AI's Role in 

Education 

Percentage of educators who believe 

AI personalizes learning experiences 

80% agree or 

strongly 

agree                         

10% 

neutral                                         

10% disagree 

or strongly 

disagree                    

Percentage of educators who believe 

AI reduces gender biases 

70% agree or 

strongly 

agree 

15% 

neutral                                         

15% disagree 

or strongly 

disagree                    

Percentage of educators concerned 

about diversity in AI development 

55% express 

concern                                 

30% are 

unsure                                      

15% have no 

concerns                                 

Challenges in 

Implementing AI 

Percentage of educators identifying 

resource limitations as a challenge 

65% 20% 

neutral                                         

15% disagree                                         

Percentage of educators highlighting 

lack of training                    

60%                                                25% 

neutral                                         

15% disagree                                         

Percentage of educators concerned 

about data privacy 

50% 30% 

neutral                                         

20% disagree                                         

Percentage of underfunded schools 

facing challenges with AI access 

75% 15% 

neutral    

10% disagree                                         

Percentage of educators skeptical 

about AI addressing systemic issues   

40% 35% 

neutral 

25% disagree                                         

Impact on 

Student 

Engagement 

Percentage of educators reporting 

positive impact on student engagement 

70% agree or 

strongly 

agree                         

20% 

neutral                                         

10% disagree                                         

Percentage of female students feeling 

empowered by AI    

65% 20% 

neutral                                         

15% disagree                                         

Percentage of educators noting varied 

effectiveness based on curriculum 

integration 

60% agree or 

strongly 

agree                         

25% 

neutral                                         

15% disagree                                         

 

This data can be visualize as follows:  
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The chart illustrates educators' perceptions and challenges regarding AI in STEM education across 

three main themes: AI's role in personalizing learning and reducing gender biases, challenges in 

implementing AI, and its impact on student engagement. The data shows that a significant majority 

of educators agree that AI personalizes learning experiences (80%) and reduces gender biases 

(70%), though concerns about diversity in AI development are also notable (55%). Challenges such 

as resource limitations and lack of training are acknowledged by many educators (65% and 60%, 

respectively), particularly in underfunded schools where access to AI is limited (75%). 

Additionally, while the majority of educators recognize AI's positive impact on student engagement 

(70%), they also note that its effectiveness varies depending on how well it is integrated into the 

curriculum (60%). This chart underscores the potential benefits of AI in education, while also 

highlighting the obstacles that need to be addressed for successful implementation. 

4.1.2 Student Experiences and Perceptions 

The interviews and focus group discussions highlighted three key themes: First, students valued 

the personalized learning experiences offered by AI, with female students particularly benefiting 

as it helped them overcome stereotypes and build confidence in STEM. However, some students 

found the tools challenging to use or misaligned with their learning styles. Second, there was an 

awareness of AI's potential to either mitigate or perpetuate gender biases, with female students 

more engaged when AI tools were inclusive, though some felt AI alone couldn't address broader 

societal issues. Finally, while AI positively influenced female students' interest in STEM careers 

by providing supportive environments, some male students expressed concerns about a perceived 

imbalance in support favoring female peers. 
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Theme Metric Data Point 1 Data Point 2 Data Point 3 

Personalization of 

Learning 

Percentage of students who 

appreciated AI's personalized 

learning     

75% agree or 

strongly agree         

15% neutral                      10% disagree or 

strongly disagree 

Percentage of female students 

who felt AI helped overcome 

stereotypes 

65% agree or 

strongly agree         

|20% neutral                      15% disagree or 

strongly disagree 

Percentage of students frustrated 

with AI usability                   

30% agree or 

strongly agree         

40% neutral                      30% disagree or 

strongly disagree 

Awareness of 

Gender Biases 

Percentage of students aware of 

AI's potential to reduce gender 

biases 

70% agree or 

strongly agree         

20% neutral                      10% disagree or 

strongly disagree 

 Percentage of female students 

more engaged with inclusive AI 

tools 

60% agree or 

strongly agree         

25% neutral                      15% disagree or 

strongly disagree 

 Percentage of students who 

believe AI cannot address 

broader gender issues 

55% agree or 

strongly agree         

30% neutral                      15% disagree or 

strongly disagree 

Influence on 

Career Aspirations 

Percentage of female students 

positively influenced by AI in 

STEM careers 

65% agree or 

strongly agree         

20% neutral                      15% disagree or 

strongly disagree 

Percentage of male students 

concerned about perceived 

imbalance in AI support 

50% agree or 

strongly agree         

30% neutral                      20% disagree or 

strongly disagree 

 

This table presents survey data was collected on student perceptions of AI in STEM education 

across the three themes: personalization of learning, awareness of gender biases, and influence on 

career aspirations. The same data can be visualized as follows. 
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The chart illustrates student perceptions of AI in STEM education, highlighting positive impacts 

and challenges. A majority of students appreciate AI's role in personalizing learning and helping 

female students overcome stereotypes, with significant agreement on these benefits. However, 

some students express frustration with the usability of AI tools and are skeptical about AI's ability 

to address broader gender biases. While AI has positively influenced female students' interest in 

pursuing STEM careers, some male students are concerned about a perceived imbalance in AI 

support. Overall, the data suggests that while AI has the potential to enhance STEM education, its 

implementation needs to be carefully managed to address these concerns. 

4.2 Quantitative Results 

4.2.1 Survey Data Analysis 

The survey data was analyzed to examine educators' and students' experiences with AI in STEM 

education. The results are summarized in the following tables. 

Educators' Perceptions on AI in STEM Education 

Table 1: Educators' Perceptions of AI in STEM Education 

Statement Strongly 

Agree (%) 

Agree 

(%) 

Neutral 

(%) 

Disagree 

(%) 

Strongly 

Disagree (%) 

AI can personalize learning 

experiences effectively 

45 35 10 7 3 

AI helps reduce gender biases 

in STEM education 

30 40 15 10 5 

Implementing AI in classrooms 

is challenging 

50 30 10 7 3 

AI positively impacts student 

engagement in STEM.         

40 35 15 7 3 
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The stacked bar chart presents visualization of educators' perceptions of AI's role in STEM 

education across several dimensions. Firstly, the majority of educators perceive AI as a valuable 

tool for personalizing learning experiences, with 45% agreeing and 35% strongly agreeing. This 

consensus suggests that educators recognize the potential of AI to tailor educational content to 

individual students' needs, thereby enhancing engagement and improving learning outcomes. The 

low levels of disagreement on this statement further underscore the widespread optimism about 

AI's capacity to deliver more customized and effective learning experiences. 

However, perceptions are more divided when it comes to AI's role in reducing gender biases in 

STEM education. While 30% of educators strongly agree and 40% agree that AI can help mitigate 

these biases, 15% remain neutral, and another 15% express disagreement. This mixed response 

indicates that while a majority see AI as a tool for promoting gender equity, a significant portion 

of educators are either unsure or skeptical of its impact in this area. This ambivalence could stem 

from concerns about the potential biases inherent in AI algorithms themselves or uncertainty about 

the practical application of AI in reducing gender disparities in educational settings. 

The chart also highlights the challenges associated with implementing AI in classrooms, with 50% 

of educators strongly agreeing and 30% agreeing that it is challenging. This significant level of 

concern reflects the practical difficulties educators face, such as the need for adequate training, 

resources, and support to effectively integrate AI into their teaching practices. Despite recognizing 

the potential benefits of AI, educators are clearly aware of the obstacles that must be overcome to 
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ensure successful implementation. Additionally, while educators generally agree that AI positively 

impacts student engagement in STEM subjects (with 40% strongly agreeing and 35% agreeing), 

the challenges associated with AI integration may impact the extent to which these tools are utilized 

to their full potential. 

Students' Experiences with AI in STEM Education 

Table 2: Students' Experiences with AI in STEM Education  

Statement Strongly 

Agree (%) 

Agree 

(%) 

Neutral 

(%) 

Disagree 

(%) 

Strongly 

Disagree (%) 

AI tools provide a personalized 

learning experience 

50 30 10 7 3 

AI tools help build confidence 

in STEM subjects 

40 35 15 7 3 

AI tools are easy to use and 

align with my learning style 

30 35 20 10 5 

| AI positively influences my 

interest in STEM careers 

45 34 15 7 3 

 

 

The data in Table 1 illustrates students' experiences with AI in STEM education. A majority of 

students agree that AI tools offer personalized learning experiences, with 50% strongly agreeing 

and 30% agreeing. Similarly, 75% of students believe AI helps build confidence in STEM subjects, 

though slightly fewer (40% strongly agree and 35% agree) expressed this sentiment. However, ease 

of use and alignment with learning styles received more mixed feedback, with only 30% strongly 

agreeing and 35% agreeing, indicating that a significant portion of students (20% neutral, 15% 

disagree or strongly disagree) found the tools less accessible or compatible. Despite these 
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challenges, AI's positive influence on interest in STEM careers was recognized, with 45% strongly 

agreeing and 34% agreeing, underscoring AI's role in encouraging students to pursue STEM fields. 

4.2.2 Academic Performance Data 

The academic performance data was collected and analyzed to assess the impact of AI-based 

interventions on students' achievement in STEM subjects. The results are presented in Table 3. 

Table 3: Academic Performance by Gender Before and After AI Interventions 

Metric Before AI 

Intervention 

After AI 

Intervention 

Change (%) 

Average STEM GPA (Female)      2.8                         3.3                        +17.9           

Average STEM GPA (Male)       3.0                         3.2                        +6.7            

STEM Course Enrollment (Female) 40% 50% +25             

STEM Course Enrollment (Male) 60%                         55% -8.3            

 

 

The first graph illustrates the impact of AI interventions on the average STEM GPA for both female 

and male students. Female students experienced a significant increase in their GPA, rising from 2.8 

to 3.3, which indicates that AI tools had a substantial positive effect on their academic performance. 

Male students also saw an improvement, although it was more modest, with their GPA increasing 

from 3.0 to 3.2. These results suggest that AI interventions can be particularly effective in boosting 

the academic achievements of female students in STEM, potentially helping to close the gender 

gap in this field. 

The second graph focuses on changes in STEM course enrollment before and after AI interventions. 

Female enrollment in STEM courses rose from 40% to 55%, indicating that AI tools may have 

played a role in encouraging more female students to pursue STEM subjects. This increase in 

female participation highlights AI's potential to promote gender equity in STEM education. 
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However, male enrollment showed a slight decline from 60% to 55%, which may suggest a shift in 

interest or the need to ensure that AI interventions are inclusive and beneficial for all students. This 

finding warrants further investigation to understand how AI can be leveraged to support diverse 

student needs effectively. 

4.3 Integrated Analysis 

The qualitative and quantitative findings provide a comprehensive view of the role of AI in 

promoting gender equity in STEM education. The qualitative data highlights the positive 

perceptions of AI among educators and students, particularly in terms of personalized learning and 

increased engagement among female students. However, challenges related to implementation and 

the potential for perpetuating existing biases were also noted. 

The quantitative data supports these insights, with significant improvements in academic 

performance and STEM course enrollment among female students after the introduction of AI-

based interventions. These findings suggest that AI has the potential to address some of the barriers 

to gender equity in STEM education, but its effectiveness depends on careful implementation and 

ongoing attention to inclusivity. 

4.4 Summary of Results 

The results of this study indicate that AI can play a significant role in promoting gender equity in 

STEM education by personalizing learning experiences and increasing student engagement, 

particularly among female students. However, challenges related to resource access, training, and 

potential biases in AI tools must be addressed to fully realize its potential. The academic 

performance data demonstrates that AI-based interventions can lead to measurable improvements 

in outcomes for female students, suggesting that AI has the potential to reduce gender disparities 

in STEM fields. 

These findings provide a foundation for further research and practical applications, offering 

insights into how AI can be effectively integrated into STEM education to promote gender equity. 

5: Discussion and Conclusion 

5.1 Discussion of Results 

The results of this study provided compelling evidence that AI can significantly influence gender 

equity in STEM education. The qualitative findings suggest that both educators and students 

perceive AI as a valuable tool for personalizing learning experiences, which has been particularly 

beneficial for female students. The increased engagement and confidence reported by female 

students indicate that AI can help mitigate the effects of traditional gender biases in STEM fields. 

These findings align with previous research that has highlighted the potential of AI to create more 

inclusive learning environments by offering tailored support and reducing stereotype threats. 
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The quantitative data further reinforces these insights, showing a marked improvement in the 

academic performance of female students following the implementation of AI-based interventions. 

The increase in STEM course enrollment among female students was particularly noteworthy, as 

it suggests that AI not only enhances academic achievement but also encourages sustained interest 

in STEM subjects. This trend is critical in addressing the "leaky pipeline" phenomenon, where 

women are underrepresented in advanced STEM courses and careers. However, the slight decrease 

in male students' enrollment in STEM courses after AI interventions raises questions about whether 

these tools are perceived as equally beneficial by all genders, or if they might inadvertently create 

a new imbalance. 

While the results are promising, they also highlight several challenges and limitations. The 

qualitative data revealed concerns among educators about the accessibility of AI resources and the 

need for adequate training to effectively integrate these tools into the classroom. Additionally, the 

potential for AI to perpetuate existing biases if not carefully designed and implemented was a 

recurring theme. This underscores the importance of developing AI tools that are explicitly 

designed with inclusivity in mind and that are accompanied by robust training and support for 

educators. 

Overall, the findings suggest that while AI holds significant promise for promoting gender equity 

in STEM education, its success depends on thoughtful implementation and ongoing evaluation. 

Ensuring that AI tools are accessible, inclusive, and effectively integrated into the curriculum is 

essential for maximizing their impact and avoiding unintended consequences. 

5.2 Conclusion 

In conclusion, this study demonstrates that AI has the potential to play a transformative role in 

promoting gender equity in STEM education. By personalizing learning experiences and increasing 

engagement among underrepresented groups, AI can help address longstanding disparities in 

STEM fields. However, realizing this potential requires careful consideration of the challenges 

associated with AI implementation, including issues of accessibility, training, and bias. The 

findings of this study contribute to the growing body of research on AI in education, offering 

valuable insights into how these technologies can be leveraged to create more equitable learning 

environments. 

5.3 Contribution to Research 

1. Enhanced Understanding of AI's Role in Gender Equity: This study provides a nuanced 

analysis of how AI can influence gender equity in STEM education, highlighting both opportunities 

and challenges. 

2. Empirical Evidence on AI's Impact: The study offers empirical evidence on the positive impact 

of AI-based interventions on female students' academic performance and STEM course enrollment. 
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3. Identification of Implementation Challenges: By exploring educators' and students' 

experiences, the study identifies key challenges in implementing AI in STEM education, providing 

a foundation for future research and policy development. 

4. Insight into Student Perceptions: The research contributes to understanding how different 

genders perceive AI in STEM education, offering insights into how these tools can be designed to 

benefit all students. 

5. Foundation for Future Studies: The findings lay the groundwork for further research on AI in 

education, particularly in exploring how these technologies can be optimized to support gender 

equity. 

5.4 Recommendations 

Based on the findings, the following recommendations are proposed: 

1. Invest in AI Training for Educators: Schools and educational institutions should provide 

comprehensive training for educators on how to effectively integrate AI tools into the classroom to 

ensure these technologies are used to their full potential. 

2. Develop Inclusive AI Tools: AI developers should prioritize inclusivity in the design of 

educational tools, ensuring that they are free from biases and accessible to all students, regardless 

of gender. 

3. Monitor and Evaluate AI Interventions: Continuous monitoring and evaluation of AI-based 

interventions are essential to assess their impact on gender equity and to make necessary 

adjustments over time. 

4. Increase Access to AI Resources: Efforts should be made to ensure that all schools, especially 

those in underfunded areas, have access to the necessary AI resources to benefit from these 

technologies. 

5.5 Areas for Further Research 

Future research should explore the following areas: 

1. Longitudinal Studies on AI Impact: Long-term studies are needed to assess the sustained 

impact of AI interventions on gender equity in STEM education, particularly regarding career 

outcomes. 

2. Exploration of AI Biases: Further research should investigate the potential biases in AI tools 

used in education and how these biases can be mitigated to ensure equitable outcomes for all 

students. 

3. Impact of AI on Different Student Demographics: Studies should examine how AI tools affect 
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students from different demographic backgrounds, including race, socioeconomic status, and 

geographic location. 

4. Comparative Studies of AI Tools: Comparative research on different AI tools and their 

effectiveness in promoting gender equity could provide valuable insights into best practices for AI 

integration in education. 

5. Student and Educator Support Systems: Research should also focus on the support systems 

required for both students and educators to effectively use AI in STEM education, ensuring that 

these tools enhance learning rather than create new challenges. 

References 

Anderson, M. (2018). What’s next in AI: Understanding the big picture. Journal of Education and 

Technology, 19(3), 29-35. 

Baker, R. S., & Yacef, K. (2009). The state of educational data mining in 2009: A review and future 

visions. Journal of Educational Data Mining, 1(1), 3-17. 

Baker, R. S., Corbett, A. T., & Koedinger, K. R. (2019). Educational data mining: An overview of 

recent methods and trends. Journal of Educational Data Mining, 11(1), 1-28. 

Blickenstaff, J. C. (2005). Women and science careers: Leaky pipeline or gender filter? Gender 

and Education, 17(4), 369-386. 

Ceci, S. J., & Williams, W. M. (2011). Understanding current causes of women’s 

underrepresentation in science. Proceedings of the National Academy of Sciences, 108(8), 3157-

3162. 

Cheryan, S., Siy, J. O., Vichayapai, M., Drury, B. J., & Kim, S. (2011). Do female and male role 

models who embody STEM stereotypes hinder women’s anticipated success in STEM? Social 

Psychological and Personality Science, 2(6), 656-664. 

Dasgupta, N., & Stout, J. G. (2014). Girls and women in science, technology, engineering, and 

mathematics: STEMing the tide and broadening participation in STEM careers. Policy Insights 

from the Behavioral and Brain Sciences, 1(1), 21-29. 

Herrmann, S. D., Adelman, R. M., Bodford, J. E., Graudejus, O., Okun, M. A., & Kwan, V. S. Y. 

(2016). The effects of a female role model on academic performance and persistence of women in 

STEM courses. Basic and Applied Social Psychology, 38(5), 258-268. 

Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education: Promises and 

implications for teaching and learning. Center for Curriculum Redesign. 

Koedinger, K. R., Anderson, J. R., Hadley, W. H., & Mark, M. A. (2015). Intelligent tutoring goes 



AI and Gender Equity in STEM: Opportunities and Challengespp 172-192  
  

192 

 

to school in the big city. International Journal of Artificial Intelligence in Education, 8(1), 30-43. 

Leaper, C., Farkas, T., & Brown, C. S. (2012). Adolescent girls’ experiences and gender-related 

beliefs in relation to their motivation in math/science and English. Journal of Youth and 

Adolescence, 41(3), 268-282. 

Luckin, R. (2017). Towards artificial intelligence-based assessment systems. Nature Human 

Behaviour, 1(9), 573-578. 

Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2016). Intelligence unleashed: An 

argument for AI in education. Pearson Education. 

Noble, S. U. (2018). Algorithms of oppression: How search engines reinforce racism. NYU Press. 

O'Neil, C. (2016). Weapons of math destruction: How big data increases inequality and threatens 

democracy. Crown Publishing Group. 

Page, S. E. (2007). The difference: How the power of diversity creates better groups, firms, schools, 

and societies. Princeton University Press. 

Sadler, P. M., Sonnert, G., Hazari, Z., & Tai, R. (2012). Stability and volatility of STEM career 

interest in high school: A gender study. Science Education, 96(3), 411-427. 

UNESCO. (2019). I'd blush if I could: Closing gender divides in digital skills through education. 

UNESCO. 

Zeide, E. (2017). The structural consequences of big data-driven education. Big Data & Society, 

4(2), 1-15.



  
Journal for Science, Technology, Engineering and Mathematics Education in Africa (JSTEMEA), Volume 

1, Number 2 April, 2025 

 
 

193 

 

 

 

 

 

 

Effect of Think-Pair-Share Instructional Strategy on Achievement in 

Chemistry Among Secondary School Students. 

 

Dr. TARYILA, Rebecca Nguavese, A. M. Chado & Dr. B. M. Dalhatu. 

taryilabecky@gmail.com 

Department of Science Education Federal University of Technology Minna, Niger State, Nigeria 

 

Abstract  

The study examined the effect of Think-Pair-Share (TPS) instructional strategy on achievement in 

Chemistry among secondary school students. The study adopted quasi-experimental research 

design of pretest, posttest, non-equivalent and non-randomized control. Two research questions 

were raised for the study and two corresponding hypotheses were formulated to guide the study at 

0.05 level of significant. The population comprised of 7,766 (3,261male and 4,505female). 204 

students were used in the study using intact class. Simple random sampling technique was used to 

select schools under the study. Chemistry Achievement test (CAT) with 25 multiple choice 

question. The research instruments, CAT was validated by three experts using content and face 

validity. The reliability coefficient index was 0.88 for achievement test using KR-20. Mean and 

standard deviation was used to answer research questions and Z-Test and ANOVA was used to 

analyzed the null research hypotheses at 0.05 level of significant. The result of this study shows 

that the students achievement score (X= 62.20 SD = 12.67 and X= 49.31 SD= 10.16) in favour of 

Think-Pair-Share students. Also, achievement score of male and female students taught Chemistry 

was (X= 60.95 SD= 10.95 and X= 62.71 SD= 13.43) respectively and this was in favour of female 

students. There was a statistical difference in the mean achievement score of students taught 

Chemistry using TPS and conventional lecture method in favour of TPS. Also, there was a 

statistical difference in the mean achievement score of male and female students exposed to TPS 

in favour of female students F-value (1,204)=21.457. Findings of the study revealed that students 

taught Chemistry using TPS improved in their achievement more than those taught with 

conventional lecture method with much statistical significant difference F (1,204)=11.25. The 

findings also revealed that the female students taught Chemistry using TPS achieved better than 

male when exposed to this method. Based on the findings from the study it was recommended that 

teachers should employed the use of TPS in teaching and learning of chemistry and other science 

related subject in order to improve student achievement.  

Article 16 
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1. Introduction 

The 21st century has introduced significant methods in teaching and learning of science related 

subjects such as chemistry. The learning and teaching of science has witnessed innovation in 

relation to students’ competencies in facing challenges in their daily lives. Among these are the 

21st century skills which generally refers to certain core competencies such as collaboration, 

critical thinking and problem-solving which advocates believe that schools need to teach to help 

students thrive in an ICT world (Tritiyatma et al.,2017). Learning science develops knowledge, 

problem solving skills, boost critical thinking, cultivates a passion for learning and uplift many 

disciplines such as science among others.  

For science students to grow and succeed in academics in the 21st century, they must not only 

possess strong skills in content area, but should also possess skills such as critical thinking, problem 

solving, persistency, collaboration and curiosity because  the education system emphasizes on the 

need for individuals to be able to manage complex ways of thinking and creating solution to 

problems, use the knowledge and skills they gain to analyze new information and ideas, 

communicate, collaborate and make decisions in a world with the flow of globalization, technology, 

information, and communication (Yuli & Aehmad 2017). In order to overcome the challenges in 

teaching and learning of science, students should be equipped with 21st century skills to ensure 

their competitiveness in the globalization era. Therefore, it is important to incorporate 21st century 

skills in teaching and learning of science, whereby the classroom learning experience need to be 

designed to develop students’ competencies in term of collaboration, problem solving and critical 

thinking (Wadiawati et al 2018).  

 Science education aims to develop scientific literacy among learners that will prepare them to be 

informed and participative citizens who are able to make judgments and decisions regarding 

applications of scientific knowledge that may have social, health, or environmental impacts; a 

science education that can mold a learner who is ready to compete globally, equipped with 21st 

century skills, and understand the phenomena present in their physical environments. Omwirhiren 

(2015) opine that science is an organized body of knowledge, which ensures the ability to acquire 

skills. It is a search for meaning or exploration of events in nature. Science and technology-related 

subjects that would enable students to have a substantially greater understanding of the world and 

be able to apply scientific knowledge in solving problems in the ever-changing society include 

Mathematics, Physics, Biology, Health Science, Introductory Technology and Chemistry. It is 

imperative therefore, that young people preparing for real world, which is becoming more and more 

exciting and challenging, should leave school well knowledgeable in science. 

Teaching and learning in science disciplines require students’ involvement. Rehman et al (2021) 

compared various teaching strategies in science subjects and found that the core concept of 

understanding and long term memorization lies in the cooperation and active engagement of peers.  

The teacher highlights the content and concept of subject matter then motivates students to 
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communicate their understanding and knowledge with other fellow students. Since, it is concluded 

that active learning by TPS strategy enhances student’s long term knowledge, communication 

skills, critical analysis and comparison by improving cognitive abilities of students. One of the 

main objectives of science instruction in teaching and learning is to enhance conceptual 

understanding, which can explain a concept taught in one’s own words having understood it well. 

Thus, teaching in science education has shifted from teacher-centered to student-centered, 

consequent upon factors in students’ minds such as prior knowledge, memory capacity and 

cognitive styles (Gongden, 2015). This stems from the fact that it increases the level of learning as 

learners construct knowledge from the constructivists perspective. All branches of science have 

important contributions to make to propel Nigeria’s technological advancement; one of such 

science branch is Chemistry. 

Chemistry is a discipline that studies the properties, composition, and structure of matter together 

with the associated changes as well as how such changes impact on the welfare of man and his 

environment (Obikezie et al 2020). A man’s daily life activities deal with chemistry. However, 

chemistry is part of science knowledge that is abstract and complex to understand by students. 

Chemistry is one of the subjects which has been difficult to understand both concept and 

application. As the result most students to find it difficult to study the subject at higher institution, 

because of poor performance due to the abstract nature of Chemistry. So when students are faced 

with problems related to everyday life they have difficulty analyzing, because Chemistry contains 

many abstract concepts such as symbols, structures, reactions and structured chemical processes. 

In addition, Chemistry require a high level of thinking as it involves all aspects; students need to 

master the concepts being taught. One area in Chemistry often considered difficult by students in 

SS2 is a Chemical Equilibrium. The subject matter of chemical equilibrium has a large number of 

scientific concepts that are interrelated with one another. In addition, this aspect of Chemistry has 

quite a complex content. Difficulties in understanding this material can come from each sub-topic, 

as it relates to both concepts and calculation skills. For instance, an application of Le Chatelier 

principle in industry stated some of this problem in understanding chemical equilibrium as inability 

of the students to predict constant equilibrium value, also misconception in identification of 

chemical equilibrium (Fajarisma and Endang, 2021).  

The inability of students in learning chemistry concepts has led to poor achievement in external 

examination as related in WAEC and NECO Chief Examiner Report 2019-2022, the reports 

indicates poor performance of students on area such as the rate of backward and forward reactions 

on chemical equilibrium on physical chemistry concepts. The academic achievement of chemistry 

students from 2019 to 2022 in grade A1 – C6 revealed that in 2019 chemistry student achievement 

were 54%, 2020=59%, 2021=61% 2022=55%. from the analysis of the chief examiners reports, it 

was observed that the percentage passes of A1 –C6 from 2019 to 2022 is not up to 70%. According 

to Badmus (2018), for any nation to grow in technology the student’s achievement in science 

related subject like chemistry must be at least up to 70%. 
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Nyamide (2020) asserted that the poor achievement of chemistry students in senior secondary 

school is as a result of the instructional strategy used in teaching the subject by the teachers. To 

overcome the challenge, the education system has to adapt 21st century learning skills which are 

more of student-centered approach. In the student-centered approach, students are actively involved 

in the learning process, performing discussions in class, identifying information, analyzing and 

making conclusion to gain knowledge (Yilmaz, 2017). Ode et al (2020) assert that innovative 

instructional strategies like Think-Pair Share have the ability to enhance students’ academic 

achievement in all field. The author state that students’ achievement in both science and subjects 

are enhance by the instructional strategies, such as Think-pair share. 

Achor and Gbadamosi (2020) observe that science students demonstrate good achievement when 

taught with Think Pair Share collaborative instructional strategy. The strategy increases students’ 

academic achievement in any science subject. Therefore, it has been observed that students taught 

with Think-Pair Share achieved better than those taught with Lecture method. Academic 

achievement is the outcomes that indicate the extent to which a student has achieved their learning 

goals in chemical equilibrium before and after treatment. Think Pair Share helps students to share 

ideals, discuss in a group and share their point of view before drawing conclusion on the problem. 

Think-Pair-share instructional strategy is an instructional strategy that allows students to think as 

individual, solve the problem and collaborate with their partner in a group to look at the different 

points of view and draw conclusions to share their solution with other members of the class. 

Instructional strategies are methods used by teachers to deliver course material in ways that keep 

students engaged and practicing different skills sets. Therefore, Think-Pair-Share(TPS) is a 

collaborative learning strategy that encourages student to think critically about a given problem, 

and solve it by participating actively in a group discussion (Fauzi et al. 2021). Think-Pair Share is 

a collaborative learning where students think about their responses to a problem that has been given 

by the teacher, then discuss the solution in front of the class. Think-Pair Share is also a cooperative 

learning strategy designed to enable students formulate ideas individually about a problem, and 

share those ideas with their partners. In the Think-Pair-Share classroom, students are given time to 

think or reflect on the problem given by the teacher in order to understand the concept before 

sharing their thoughts with others. Mohan et al., (2019) studied the effectiveness of using Think-

Pair Share strategy in developing students critical thinking skills and it was revealed that the 

strategy improved their performance. This study used Think-Pair-Share instructional strategy with 

four stages in chemical equilibrium concept to measure the effect on learners critical thinking skills 

in chemistry, and their achievement, comparing the critical thinking skills and chemistry 

achievement of both urban and semi-urban secondary schools respectively. In applying Think-Pair-

Share learning, students interact and find a knowledge by their own effort in determining a solution 

to the problem given. The role of Think-Pair-Share instructional strategy in this research is to 

improve student academic achievement in the area of Physical Chemistry. 

Gender refers to the division that is based on biological formation which is often used to 

differentiate between human being based on feminity and masculinity in relation to their roles and 
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behaviours. Therefore, gender is a term used to describe psychological and cultural construct 

developed by society to show the differences between the roles, behaviour, mental and emotional 

attributes of males and females. According to Okorie and Ezeh (2016), the influence of gender on 

learning and achievement has remained a controversial and topical issue amongst educationists and 

psychologists. Gender bias and stereotype in Nigeria system of education is of great concern 

pertaining it effect on certain careers such as building and construction, architecture, engineering 

among others which are regarded as masculine profession while professions like nursing, teaching, 

food and nutrition among others are regarded as feminist professions. Tambaya et al. (2016) noted 

that it is widely believe that male students perform better in science-based subjects as compared to 

their female counterparts. It is against this background that the researcher intends to carryout study 

on the effect of think-pair-share instructional strategy on achievement among secondary school 

students.  

1.1 Statement of the research problem 

The teaching and learning of chemistry is faced with many challenges, including the understanding 

of the fundamental concepts of the study by students Chemistry is considered as a difficult subject 

by many because its characteristic of abstract concepts and their relation to students’ daily lives. 

The students are taught this concept by memorizing the facts using teacher-centered method and 

ignoring their applications to daily living which does not give them room to investigate, think 

critically, collaborate and participate in problem solving. Therefore, Chemistry learning becomes 

difficult and less meaningful. them to face complex challenges in the area of science at high school 

and in the industry even after higher education. The low level of student academic achievement as 

mentioned above is attributed to poor instructional strategies that were used in teaching. 

Nonetheless, WAEC, 2020 Chief Examiners’ Report in physical chemistry states that, “the 

weaknesses identify in the candidate’s responses to task involving equilibrium reactions, majority 

of the candidates drew a correct diagram, but could not correctly label the axis. Also majority of 

them omitted the reversible sign that should be in chemical equilibrium reactions and many 

candidates wrote the unit of energy using kg instead of kJ. Also, many researchers explored several 

methods in attempts to improve student’s achievement. Ugwuanyi et al (2020) examined the effect 

of flipped classroom and think-pair share strategies on achievement and retention in physics. It is 

on this note that the present study investigates the Effect of Think-pair-Share Instructional Strategy 

on Achievement in Chemistry among secondary school students to see if the above challenges can 

be addressed. 

1.2 Research questions.  

The following research questions were raised to guide this study: 

i. What is the difference in mean achievement scores of students taught chemistry using 

Think-Pair-Share instructional strategy and those taught using conventional lecture 

method?  
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ii. What is the difference in mean achievement scores of male and female secondary school 

students taught chemistry using think-pair-share instructional strategy and those taught 

with conventional method? 

1.3 Research Hypotheses 

 The following hypotheses were formulated and was tested at 0.05 level of significance: 

i. There is no significant difference in mean achievement scores of students taught 

chemistry using Think-Pair-Share instructional strategy and those taught by conventional 

lecture method. 

ii. There is no significant difference in the mean achievement score of male and female 

students taught chemistry using Think-Pair-Share instructional strategy and those taught 

with conventional lecture method. 

2. Methodology  

This study adopted a quasi-experimental design pre-test and post-test non-equivalent experimental 

and control groups. The aim of the research is to investigates students’ level of student achievement 

in Chemistry between the Think-Pair-Share (Experimental) group and conventional (Control) 

group. The design involved two (2) independent variables (Think-Pair-Share instructional strategy 

and Conventional Lecture Method), one (1) dependent variables (achievement in chemistry), 

gender as the moderating variables. The target population is secondary school Chemistry students 

II within Bwari Area council Abuja numbering seven thousand seven hundred and sixty-six 

(7,766), which comprises of 3,261male and 4,505female secondary school students II (SS2) in the 

council. 

The sample size for the study was 204 chemistry students (77 males and 127 females) from an 

intact class in the four schools. Simple random sampling technique was used to select six (6) 

schools from Bwari Area Council Abuja. Then a simple random sampling technique was used to 

select four (4) secondary school SS2 chemistry students. The sampled schools were randomly 

assign to experimental group and control group using intact class. The research instruments used 

for this study is Chemistry Achievement test (CAT) adapted from WAEC past question papers on 

the physical chemistry concept known as chemical equilibrium. The chemistry achievement test 

(CAT) consists of two sections; section A is on demographic data of the students such as name of 

the school and gender. Section B of the CAT consists of 25 multiple choice questions with option 

A-D each adapted from WAEC past question papers. The adoption of the instrument was made to 

suit the physical chemistry concept on chemical equilibrium. In order to determine the reliability 

of the instrument, a pilot test was conducted using SSII chemistry secondary school students of the 

targeted population but not among the sample study using internal validity. The identified SS2 

chemistry secondary school students were given chemistry achievement test (CAT). The data 

collected is analyzed using Kuder Richardson formula (KR21) and the reliability coefficient of 0.88 

was obtained for chemistry achievement test and was found to be reliable.  The data collection was 

obtained using Chemistry Achievement Test (CAT). The researcher and research assistants 

administered the Chemistry Achievement Test to the SSII students as pretest before the teaching 
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of the topic chemical equilibrium. The experimental groups were exposed to treatment for three (3) 

weeks after which the posttest was administer to the students.  The research work lasted for six 

weeks. The descriptive statistics of mean and standard deviation was used to answer the research 

questions, while inferential statistics of Z-Test and ANOVA were used to analyzed the research 

hypothesis at 0.05 level of significant. SPSS version 23.0 will be used to analyzed the data. 

3. Results  

Data analyses with respect to the research questions and the hypotheses were presented in tables. 

Research Question One: What is the difference in mean achievement scores of students taught 

chemistry using Think-Pair-Share instructional strategy and those taught using conventional lecture 

method? 

Table 1a: Analysis of mean and standard deviation of achievement scores of students taught 

chemistry using think-pair-share instructional strategy and those taught using conventional 

lecture method.  

Group  N Pretest 

X            SD 

Posttest  

    X        SD 

 

Mean gain 

 

TPS 

 

100 

 

27.96     8.79 

 

62.20    12.67 

 

34.08 

 

Conventional 

method 

 

104 

 

27.54    9.32 

 

49.31    10.16 

 

21.77 

 

Table 4.3 revealed the mean and SD of achievement scores of students taught chemistry using 

think-pair-share instructional strategy and those taught using conventional lecture method. Pretest 

in think-pair-share group had a mean score of 27.96 with SD of 8.79 and posttest mean score of 

62.20 with SD of 12.67 respectively. The mean difference between the pretest and posttest in think-

pair-share group is 34.08. In the conventional method group, pretest had mean score of 27.54 with 

SD of 9.32 and while the posttest has a mean score of 49.31 with SD of 10.16 respectively. The 

mean gain in the conventional group was 21.77. Thus, there is a different in mean achievement 

scores of students taught chemistry using Think-Pair-Share instructional strategy and those taught 

using conventional lecture method. This implies that think-pair-share instructional strategy 

achieved higher than the conventional lecture method. 

Table 1b: Analysis of Independent Z-Test of posttest for mean achievement scores of students 

taught chemistry using think-pair-share instructional strategy and conventional lecture 

method. 

Group  N X SD df F Z Sig.  Decision 

TPS 100 62.20 12.67      

    202 11.25 8.03 0.001 Significant  
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CM 104 49.31 10.16      

 

 

Table 4.9 showed the analysis of the paired sample Z-test of the mean achievement score of students 

taught Chemistry using think-pair-share instructional strategy and those taught with conventional 

method. The observed p-value is 0.00, and the alpha-value is 0.05 with df= 202. Therefore, the 

observed p-value is less than the alpha value, thus the null hypotheses is hereby rejected and it is 

concluded that there is a significant difference in the mean achievement scores of students taught 

Chemistry using Think-Pair-Share instructional strategy and those taught with conventional 

method in favour of think-pair-share (F 1, 204 = 11.25, df=202, Z=8.03, p =0.001< 0.05). 

Research Question two: What is the difference in mean achievement scores of male and female 

secondary school students taught chemistry using think-pair-share instructional strategy and those 

taught with conventional method? 

Table 2a: Analysis of mean and standard deviation of achievement scores of Male and Female 

students taught chemistry using think-pair-share instructional strategy and those taught with 

conventional method.  

Group  N Pretest  

X            SD 

Posttest  

X            SD 

Mean gain  

TPS                   Male 38 28.00      7.89 60.95       10.95 32.95 

                      Female 62 27.94      9.37 62.71       13.43 34.77 

 

Conventional     Male 39 24.62       9.23 49.03       9.91 24.41 

                        Female 65 29.29      8.98 49.03       10.38 20.19 

 

Table 2a revealed the analysis of the mean and SD of achievement scores of male and female 

students taught chemistry using think-pair-share instructional strategy and those taught with 

conventional method. The mean pretest score of male students in think-pair-share (TPS) group was 

28.00 with standard deviation of 7.89, while the posttest mean score was 60.95 and SD of 10.95 

respectively. The mean difference between the pretest and posttest score of male students in think-

pair-share group was 32.95. While the mean of pretest scores of female students in think-pair-share 

(TPS) group was 27.94 with SD of 7.9.37, and the posttest mean achievement score for female 

students in think-pair-share (TPS) group was 62.71 with SD of 13.43 respectively. The mean 

difference between the pretest and posttest score of female students in TPS group was 34.77. 

Therefore, the TPS instructional strategy is in favour of the female students than their male 

counterpart.   

In the conventional method group, the male students had a pretest mean scores of 24.62 with SD 

of 9.23, while the posttest mean score of male students in conventional method group was 49.03 

with SD of 9.91 respectively. The mean difference between the pretest and posttest mean score of 

male in the conventional method group was 24.41 while the female students in the conventional 

method group had a pretest mean score of 29.29 with standard deviation of 8.98 and posttest mean 
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score of 49.48 with SD of 10.38 respectively. The mean difference between the female pretest and 

posttest score in the conventional method group was 20.19. Thus, there is difference in the mean 

achievement scores between the male and female in both groups, with a higher mean difference of 

34.77 in favour of female students taught using think-pair-share instructional strategy.  

Hypotheses Two (HO2): There is no significant difference in the mean achievement score of male 

and female students taught chemistry using Think-Pair-Share instructional strategy and those 

taught with conventional lecture method. To answer research hypotheses three analysis of 

covariance was used and presented in table 2b  

Table 2b: Analysis of variance (ANOVA) for mean achievement score of male and female 

students taught chemistry using think-pair-share instructional strategy and conventional 

method. 

Significant 

at p=<0.05 

Table 2b 

present the 

analysis of ANOVA tests for the mean achievement score of male and female students taught 

Chemistry using think-pair-share instructional strategy and those taught with conventional method. 

The alpha value is 0.05 with F (1,204)=21.457, p=0.00<0.05 and the observed p-value is less than 

the p-value. Therefore, the hypotheses is hereby rejected and it is concluded that there is a 

significant difference in the mean achievement score of students taught Chemistry using Think-

pair-share instructional strategy and those taught with conventional method. To locate where the 

difference is, Post Hoc Scheff was run and is presented in table 2c.  

Table 2c Summary of Scheffe Post Hoc Test on achievement score of male and female 

students taught Chemistry using TPS and conventional lecture method. 

Group Sum of Squares Df Mean Square F Sig. 

Between Groups 8520.880 3 2840.293 21.457 0.00 

Within Groups 26474.806 200 132.374   

Total 34995.686 203    

Group Gender (J) Mean 

Difference 

(I-J) 

Std. Error Sig. 

TPS Male 

TPS Female -1.341 2.370 .956 

Conventional Male 12.343* 2.623 .000 

Conventional Female 11.891* 2.349 .000 

TPS Female 

TPS Male 1.341 2.370 .956 

Conventional Male 13.684* 2.351 .000 

Conventional Female 13.233* 2.042 .000 

Conventional Male 

TPS Male -12.343* 2.623 .000 

TPS Female -13.684* 2.351 .000 

Conventional Female -.451 2.330 .998 

TPS Male -11.891* 2.349 .000 
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Significant at p=<0.05 

Table 2c present an analysis of post-hoc Scheffe tests of achievement scores of male and female 

students taught Chemistry using think-pair-share instructional strategy and those taught with 

conventional method. The result shows there is a significant difference in mean achievement 

between conventional male and TPS female taught Chemistry using Think-pair-share instructional 

strategy. Estimated mean: -13.68, p=0.00<0.05. Therefore, the significant difference is in favour 

of female students.  

4. Discussion of Findings  

The study revealed that there is a difference in the mean achievement scores of students taught 

Chemistry using Think-pair-share instructional strategy and those taught with conventional lecture 

method. This difference shows that the think-pair-share instructional strategy has a positive effect 

on secondary school students’ achievement in chemistry.  The achievement score of students taught 

Chemistry using think-pair-share instructional strategy was 62.20 while students taught with 

conventional lecture method has a mean score of 49.31 which is lower than those in TPS group. 

This finding is in agreement with the findings of Akanmu (2019) who reported on effect of think-

pair share on senior school students’ performance in mathematics in IIorin indicated that the use of 

think-pair share strategy in teaching and learning process enhance achievement of students in 

mathematics significantly. It could be concluded that improved students’ achievement in 

mathematics. It is also in line with the findings of Omiola at al. (2020) who report on the 

comparative effect of think-pair share and Group investigation cooperative learning strategies on 

students’ academic achievement in sound waves physics, revealed that there was a significant 

difference in the mean achievement score of students exposed to think-pair-share learning strategy 

than those in the control group. The improvement in achievement of students taught Chemistry 

using think-pair-share instructional strategy in this present study could be as a result of student-

student interactions in creating solutions to the problem given by the educator which give them 

room to interact, collaborate and share their ideas on the task where every student participates in 

their groups. 

The findings of this study revealed that there is a statistical significant difference in the mean 

achievement scores of male and female students taught chemistry using think-pair-share 

instructional strategy than those taught with conventional lecture method. This finding shows that 

improvement in the level of students’ achievement has a significant effect on gender when exposed 

to think-pair-share instructional strategy in favour of female students.  This finding disagreed with 

Ogbaga and Osuafor (2022) who examined the effects of brainstorming and think-pair-share 

instructional strategies on secondary school students’ achievement in biology reviewed that there 

is no significant difference effect on male and female students exposed to think-pair-share 

instructional strategy and conventional strategy. This implies that significant improvement in 

students’ achievement does not occur due to their gender. This is also in disagreement with 

Conventional 

Female 

TPS Female -13.233* 2.042 .000 

Conventional Male .451 2.330 .998 
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Ogunyebi and Tunji (2018) who carried out a study on Enhancing Science Performance through 

Think-Pair Strategies among College of Education Students in Integrated Science in Ekiti State, 

Nigeria revealed that there is no significant difference between the posttest mean scores of male 

and female students exposed to think-pair strategies and conventional strategies. This implies that 

gender has no significant effects in teaching and learning of chemistry because both the male and 

female students has almost same scores when exposed to think-pair-share instructional strategy and 

conventional method. The influence of gender on the students’ achievement in favour of the female 

students was a result of curiosity as female students were more curious in challenging the male 

students in class activities during the learning process, the female students shows more seriousness 

and interest in the task which in turn influence their achievement having a higher mean score than 

the male students.   

5. Conclusion  

Based on the findings of this study, it can be concluded that Think-pair-share instructional strategy 

has a positive effect on achievement and critical thinking skills of secondary school students in 

Chemistry than the conventional lecture method. Hence, chemistry student taught using Think-

Pair-Share instructional strategy achieved higher as a result of student-student interactions in 

creating solution to the problem given by the educator which gives them room to interact, 

collaborate and share their ideas on the task where every student participates in their groups by 

creating solutions to problem given in order to come up with concrete ideas. Think-Pair-Share 

instructional strategy is effective in teaching and learning of chemistry respective of gender because 

the female secondary school students taught using this method achieved greatly than the female. 

6. Recommendations 

Based on the findings, the following recommendations are made. 

1. Think-pair-share instructional strategy should be used in teaching and learning of Chemistry 

and science related subjects in Nigeria schools at all level. The use of think-pair-share 

instructional strategy and learning strategies should be encouraged in teaching and learning of 

chemistry and other science related subjects to help students interacts and participate in 

classroom activities during the learning process. This will make learning interesting and also 

improve students’ achievement. 

2. Workshops, conferences, seminars and trainings should be organized by ministry of education 

and other school administrators on use of collaborative learning and teaching process such as 

think-pair-share instructional strategy in chemistry and other science related subjects in order 

to enhance students’ achievement. 

3.  Curriculum planners should inculcate the use of collaborative learning (Think-pair-share) 

processes such as think-pair-share instructional strategies in school curriculum incorporating 

time into the scheme to help students participate in class discussions and interact with 

information in their environment irrespective of school location. This will help students 

generate more ideas in solving challenging problems in their daily activities. 
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                                                        Abstract 

Mass participation in sport events is the involvement of many people in different forms of sporting 

and physical activities irrespective of age, gender, international or local athleticism, and social 

status. Such events   require   traveling from one destination to the other by both the participants 

and the spectators. Tourism is said to be a process of traveling to and staying in a different 

environment for leisure, business, educational and   other purposes and not more than one 

consecutive year. The purpose of this study was to examine the influence of mass participation in 

sporting events and tourism on empowering the next generation in Nigeria. To achieve this, ex-

post facto research design was used. A self-developed questionnaire with likert scale was validated 

and pilot tested for reliability. Six hundred and twenty-one copies of the instrument and were 

administered to staff members of sport councils/commissions and those of tourism boards in the 

twelve sampled states across the six geo-political zones in Nigeria. All the six hundred and twenty-

one copies of the instrument were retrieved thereby recording 100% return. The data supplied by 

the respondents were statistically analysed using frequencies, percentages, means, standard 

deviation, chi-square, to test the hypothesis formulated. The results showed that; there exist 
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significant influence of mass participation in sporting events and tourism on empowering the next 

generation in Nigeria, (X2 computed>X2 critical at df 28, p calculated< 0.05). Based on the major 

findings, it was recommended amongst others that; the government of Nigeria at all levels should 

encourage mass participation in sport events  in order to empower especially the youths for an 

effective science, technology and mathematics education. 

Keywords: Empowering, Mass Participation, Sporting Events, Tourism, Innovative Pedagogical, 

Strategies. 

1. Introduction 

There is the need for teachers to integrate innovative pedagogical teaching strategies that could lead 

and empower the learners to massively participate and establish critical thinking as well as problem 

solving skills, especially in the areas of science, technology and mathematics. It encourages the 

students with special needs to be a part of the mainstream teaching ways and engage with other 

students irrespective of their backgrounds. According to Anand (2021) Pedagogy is a method of 

teaching in which teachers teach, both in theory and in practice. The main aim of pedagogy is to 

build on previous learning of the students and work on the development of skills and attitudes of 

the learners. Pedagogy enables the students to get a thorough understanding of the subject and helps 

them in applying those learning in their daily lives outside of the classroom. It enhances student 

participation in learning and makes them more receptive to what is being taught. The main focus is 

given on the outcomes of courses and the students are free to learn in their styles. It encourages the 

students with special needs to be a part of the mainstream teaching ways and engage with other 

students.  

Mass participation sporting events refer to various athletic events that encourage broad public 

engagement, often with thousands of participants at a single occasion. These events are 

characterised not only by their scale but also by their capacity to foster an active lifestyle among a 

wide demographic. From marathons to cycling tours and obstacle course races, fitness industry 

trends are opening avenues for professional and amateur athletes alike to indulge in the spirit of 

sport. (Infront,2023) 

Morfoulaki , Myrovali , Kotoula,Karagiorgos and Alexandris (2023) observed that sports tourism 

is a fast-growing segment of tourism offering new perspectives and supporting travelers’ behavior 

shift towards active living that is a boost for sustainable destinations. These interrelations between 

active living, active travelling, and sport tourism have a powerful environmental, economic, and 

social impact.   Travel: refers to a trip, beyond the 

 

hometown, to a tourist destination, being (travel) the part of the tourism experience that can 

be influenced by the shift to more sustainable transport modes (i.e., taking the long leg of the 

trip by rail has considerably lower fuel emissions than other modes, and intra-area trips by 

walking and cycling are similarly more sustainable). Accommodation: includes accommodation, at 

least one day, at the host destination. The benefits of adopting sustainable management practices 

in accommodation appear promising in the hotel sector; however, there is a strong need for 
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investing in time and resources and a two-dimensional push (from customer to the entrepreneurs 

and vice versa). 

According to Sport and development (2022) It is obvious that, tourism is an essential pillar of 

the 2030 Agenda for Sustainable Development and the Sustainable Development Goals (SDGs), 

especially goals 8, 12, and 14. As a segment of tourism, sport tourism can also help achieve 

sustainable development.At an economic level, sport tourism contributes to SDG 8 (Promote 

sustained, inclusive, and sustainable economic growth, full and productive employment, and decent 

work for all) by creating many opportunities for new business activities that will create the need 

for many new jobs. 

Furthermore, sport tourism contributes to SDG 3 (ensure healthy lives and promote wellbeing for 

all at all ages). Besides providing the tourists with sporting opportunities and an outlet for physical 

exercise, investment in sport tourism can also promote the participation of local populations in 

sporting activities., to achieve future sustainable sporting events, residents should be deeply 

involved in the event’s planning and implementation, an issue that can trigger further interest in 

bottom-up investment in the sustainability of events (permanent jobs as a motivation or supporting 

stable and sustainable planning).Finally, given coordinated efforts in reducing CO2-related 

emissions and therefore responding urgently to the climate crisis, sport tourism can also contribute 

to SDG 15 (protect, restore, and promote sustainable use of the terrestrial ecosystem) as well as 

SDG 16 (promote peaceful and inclusive societies, provide access to justice for all, and build 

inclusive institutions) ( Sport and development 2022) 

The African continent has now a common reference framework to promote sustainability and 

responsibility in the tourism sector. It was comforting when in April 2012, the World Travel and 

Tourism Council (WTTC) released an analytical report on Nigeria’s tourism that read, travel and 

tourism generated 838,500 jobs directly in 2011 (1.4 percent total employment) and is forecasted 

to grow by seven percent in 2012 to 897,500. This includes employment by hotels, travel agents, 

airlines and other passenger services excluding commuter services. It also includes for example the 

activities of the restaurants and leisure industries directly supported by tourists. (Jumia,2015). 

 Events such as National Sport Festival, Nigeria leagues and others alike, are sports activities that 

make people travel increasingly in Nigeria. An example of Mass participation in sport is the 10km 

Okpekpe Road Race Marathon which is a traditional intermixes of local recreational and upcoming 

runners with the best of the best. Okpekpe is a town in Etsako East Local Government Area of Edo 

State, Nigeria. Okpekpe is famous for its position on the hill top in the Edo North Senatorial district 

and its huge agricultural and investment potential and quite a suitable tourism destination. In the 

5th edition of this Marathon, which took place in June, 2017 Kenya, Eritrea, Ethiopia, Uganda, 

Morocco, Israel, Bahrain and Nigeria were the participating countries. The 9th edition of this 10km 

international Road Race is took place on Saturday May 27, 2023 (Aworinde, 2023). 

.Elandu (2013), opined that apart from mega sports events like Olympics Games and FIFA World 

Cup, regional sports competitions like Africa Games attract sport tourist from all parts of Africa 

especially Nigeria. Nigerians and foreigners still temporarily leave their residential homes to 
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participate in National, regional, interstate, inter-local governments, Universities, Colleges of 

Education, Polytechnics, Secondary schools and Primary school’s sports competitions. In Nigeria, 

the National Sports Festivals is now fast growing in terms of sports tourism. Athletes, coaches, 

media crew, fans and spectators from different states of Nigeria leave their homes to participate in 

sports competitions. Therefore, this study investigated the influence of mass participation in 

sporting events and tourism on empowerment of the next generation in Nigeria with a view to 

ensuring financial independence of the populace as well as sustainability in the development of the 

country 

1.1 Purpose of the Study 

The purpose of this study was to ascertain whether mass participation in sporting events and tourism 

influences empowerment of the next generation in Nigeria. 

2. Methodology  

  Descriptive survey and Ex-post facto research designs were used. Multi-stage, sampling technique 

was used as follows; the states were identified from the existing six Geo-political zones which are; 

North-Central, North-East, North-West, South-East, South-South and South-West. Purposeful 

simple random sampling technique was used in the selection of two states from each of the six geo-

political zones in the country. In this selection, all the states under each geo-political zone were 

assigned numbers on pieces of paper and put in a container from which two states were picked by 

some research assistants using dip and pick method with replacement. A self-developed 

questionnaire of five likert scale; Strogly Agree (SA), Agree(A), Undecided(U), Disagree(D) and 

Strongly Disagree (SD). The said instrument was validated and pilot tested for reliability. Six 

hundred and twenty-one (621) copies of the instrument were administered to staff members as well 

as athletes of sport councils/commissions and staff of tourism boards in the twelve sampled states 

across the six geo-political zones in Nigeria. Six hundred and twenty-one (621) copies of the 

instrument were retrieved. The data supplied by the respondents were statistically described using 

frequencies, percentages, means, standard deviation, Chi square statistics to test the hypothesis 

formulated.    

3. Results 

Hypothesis: Mass participation in sporting events and tourism has no significant influence on the 

empowerment of the next generation in Nigeria. 

Table showing Chi square statistics on significant influence of mass participation sporting events 

and tourism on the empowerment of the next generation in Nigeria. 

Variable                      SA      A          UD       D    SD    TOTAL  DF   X2cal    X2crit    P 

                                  147     284       111       79      0       621       28   813.295  41.33   0.001         

Empowerment  of   (140.63)(309.75)(101.00)(59.00)(10.62)    

the next generation    

X2 computed > X2 critical at df 28, p calculated < 0.05  

  Outcome of the chi square statistics shows that there is significant influence on of mass 

participation in sporting events and tourism with on the empowerment of the next generation in 

Nigeria. Reason being that the calculated p value of 0.001 is less than the 0.05 alpha level of 
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significance. Therefore, the null hypothesis which states that mass participation in sporting events 

and tourism has no significant influence on the empowerment of the next generation in Nigeria is 

hereby rejected.         

4. Discussion 

There is significant influence of mass participation in sporting events and tourism on the 

empowerment of the next generation in Nigeria as indicated by this study. In line with this, Results 

of a study carried out by Homafar, Honari, Heidary and Emaini (2011) also revealed that 

participation in sport events tourism influences job creation and youth empowerment in the region, 

country, city or community hosting the event. And that job creation was previously minimal. 

However, sport event tourism is believed to create job; hence contributing to the development of 

the entire tourism sector. Wanyonyi, Njoroge and Juma (2021) found out that sport events tourism 

has been considered as a major catalyst for host community development especially in terms of job 

or employment opportunity. And that the popularity of staging sport tourism event has been 

associated with the fact that they contribute huge impacts to the livelihood of the host community. 

In the same vein, Zaei and Zaei (2013) discovered that sport event tourism is a sector that can 

contribute small and medium-sized enterprises’ development as well as creation of new jobs. Hence 

the sport event tourism sector is able to offer a significant contribution to the labour market and 

creates occupation opportunities directly or indirectly through the supply of goods and the 

necessary services.  

Science and tourism are already connected, and this year we can show off the connection and 

strengthen the bond between the two. Each passing year sees innovations in the transportation of 

people and ideas. Faster and bigger planes and trains increase the accessibility of the beautiful 

African landscapes; faster and smarter devices allow visitors to find new places and hidden places 

in their own cities.  There is the physics of skydiving and the biological and environmental sciences 

linked to nature reserves.  Advances in medicines, vaccines and antibiotics allow us to travel to 

places that were originally high-risk zones. In this way, tourism has also pressured science to find 

solutions to problems facing the industry. The cultivation and care of plants and animals brings 

visitors to botanical gardens and zoos.  Science centres around the country create new and exciting 

places to visit. The research around the human genome and interest in the history of humanity 

brings people to see the Cradle of Humankind. (The wonders of South Africa 2017) 

 Halil (2017) discovered that students who participate in various sports show improved math test 

scores, potentially due to enhanced strategic and logical reasoning abilities developed through 

sports participation. Integrating sports into mathematics education can enhance numerical literacy 

by utilizing real sports data for operations, statistical analyses, and graph creation,University 

students participating in team competitions, especially in soccer, demonstrate higher mathematical 

thinking skills, emphasizing the impact of sports on problem-solving and reasoning abilities. 

Overall, sports engagement, particularly in individual disciplines like billiards and archery, can 

contribute to Sports have been shown to influence math skills positively. Athletes engaged in 

individual sports tend to exhibit higher mathematical thinking scores compared to those in team 
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sports . Specifically, female athletes involved in physical the development of mathematical thinking 

skills and problem-solving capabilities. Additionally, Halil (2018) posited that, team sports like 

soccer and volleyball positively impact mathematical thinking skills in athletes compared to 

individual sports. Gender and educational status also play a role in mathematical thinking abilities.  

Sports can particularly enhance mathematical thinking skills in university students. Male athletes 

tend to score higher in mathematical thinking compared to female athletes. Giuseppe (2022) found 

out that, involvement in sports can enhance girls' math scores by improving strategic and logical 

reasoning abilities under pressure, compensating for limited childhood experiences outside the 

home. In the same vein, Natalie (2021) discovered that, participation in sporting events can 

motivate math learners by providing real data for operations, statistical analyses, and graphing. 

This connection enhances numerical literacy and makes math more engaging for students. 

Individual sports athletes tend to exhibit higher mathematical thinking skills compared to team 

athletes. Billiards and archery players show the highest scores, while basketball players show the 

lowest. 

 5. Conclusion 

In conclusion, mass participation in sporting events and tourism influences the empowerment of 

the next generation in Nigeria. The authors of this paper are therefore strongly of the opinion that 

sport participation is beyond elite athleticism or competency and winning laurels or medals but 

when properly managed, sports and tourism industries are one of the major innovative pedagogical 

strategies for re-vitalizing the teaching of science, technology and mathematics (STEM) in Nigeria. 

Africa and the world at large. 

6. Recommendations  

Based on the conclusion in this study, the following recommendations are hereby made; 

1. The government at various levels in Nigeria should encourage mass participation of the citizens 

in sports by providing enabling environment especially frequent organization of sport events such 

as marathon races, road walk, cycling and others. By so doing, tourism infrastructure such as; roads, 

airports, hotels, motels, restaurants, stadia would constantly be provided or maintained thereby 

providing job opportunities to many people especially youths in the host communities to be 

empowered financially and fitness wise. 

2. The government should invest in sports events as they can be a source of income generation due 

to their touristic benefits especially in the area of multiplier effects. . The importance of sports 

tourism cannot be overemphasized as it is a great avenue for making revenue not only to the sports 

people but also to the government and therefore must be sponsored to its fullest 

3.  Sports and tourism should be encouraged by the government and non-governmental agencies 

especially from primary to tertiary levels of education because they both serve as veritable tools or 

innovative pedagogical strategies for empowering the next generation in STEM education in 

Nigeria and Africa at large, 
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