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Abstract
Senior Secondary School students in Nigeria often face significant challenges in
mastering geometric concepts, resulting in poor academic achievement in Mathematics.
This study aimed to determine the effects of Computer-Assisted Instruction (CAI) on
students' academic achievement in geometry, as well as the moderating roles of students'
motivation and attitudes. Given the importance of both instructional methods and student
characteristics in educational outcomes, this research sought to provide insights into how
CAI, combined with motivational factors, can enhance learning in geometry. A quasi-
experimental research design was employed, involving a total of 150 students who were
randomly assigned to CAI and control groups, which used traditional teaching methods.
The students' academic achievement in geometry was assessed using the Geometric
Achievement Test (GAT) (KR – 20=0.81), while their motivation and attitudes towards
learning were measured using self-developed questionnaires. The Student Motivation
Questionnaire (SMQ) (Cronbach alpha=0.73) and the Student Attitude Questionnaire
(SAQ) (Cronbach alpha=0.76).Data analysis, using ANCOVA, revealed significant
differences in academic achievement between the CAI group and the control group
(F(1,145)=54.578, p<0.05), indicating that students exposed to CAI performed significantly
better than those taught through conventional methods. Furthermore, the results showed
that students' motivation (F(1,145)=5.582, p<0.05) and attitudes (F(1,145= 6.216, p<0.05) had
a significant positive effect on their academic achievement in geometry. Additionally,
motivation and attitudes were found to moderate the effectiveness of CAI in improving
students' performance (F(1,134)=6.353, p<0.05).Based on these findings, the study
recommends the integration of CAI into the geometry curriculum, along with targeted
teacher training programme to maximise the benefits of technology in education.
Furthermore, addressing and fostering positive student motivation and attitudes should be
prioritised to further enhance the effectiveness of CAI. This research contributes to the
growing body of evidence supporting the potential of CAI in improving learning
outcomes in geometry and provides a foundation for future educational interventions.

Keywords: Computer-Assisted Instruction, Academic Achievement in Geometry,
Students’ Motivation

Word Count: 300
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Chapter One

Introduction

1.1 Background to the Study

Mathematics education is fundamental to the intellectual development and future

success of individuals, providing essential skills for navigating the complexities of the

modern world1 Mathematics involves logical reasoning and problem-solving, which are

essential for cognitive development. Through mathematical tasks and activities, students

learn to analyse situations, identify patterns, and formulate logical solutions1. It

encourages critical thinking skills by requiring students to evaluate information, make

connections between concepts, and apply various strategies to solve problems. This

process strengthens analytical skills and fosters a deeper understanding of mathematical

concepts1. Mathematical concepts often involve abstract ideas and symbolic

representation. Engaging with patterns and apply mathematical principles to diverse

contexts1. It emphasises precision and accuracy in reasoning and communication.

Students learn to articulate their abstract mathematical concepts helps develop abstract

reasoning skills, enabling students to generalise mathematical thinking clearly and

concisely, enhancing their ability to communicate ideas effectively and logically.

Mathematics provides opportunities for students to engage in problem-solving activities

that require creativity, perseverance, and resilience. By tackling mathematical problems,

students develop problem-solving strategies, learn from mistakes, and become more

confident in their ability to overcome challenges2.Mathematics has countless applications

in everyday life, from managing finances and making decisions to understanding



14

scientific phenomena and analyzing data. By applying mathematical concepts to real-

world situations, students develop a deeper appreciation for the relevance and utility of

mathematics in their lives2. Overall, mathematics serves as a cornerstone for cognitive

development and problem-solving skills by fostering logical thinking, critical reasoning,

abstract reasoning, precision, and real-world applications. Through mathematics

education, students not only acquire mathematical knowledge and skills but also develop

essential cognitive abilities that are valuable in various academic, professional, and

personal contexts. Despite the fundamental nature of mathematics and its significance in

educational curricula, students often encounter challenges comprehending complex topics,

particularly in geometry. In Nigeria, Senior Secondary School students face difficulties in

mastering geometric concepts, leading to suboptimal academic performance. Traditional

teaching methods may not always adequately address these challenges, prompting a need

to explore alternative instructional approaches1, 2.

These challenges include difficulties in visualizing geometric concepts,

inadequate engagement with traditional teaching methods, and a lack of personalized

learning experiences tailored to individual student needs. The advent of technology in

education, particularly Computer-Assisted Instruction (CAI), offers a potential solution to

address these challenges 1, 2. However, the extent to which integrating CAI into the

teaching of geometry topics effectively enhances the academic achievement of Senior

Secondary School students. Also, the integration of technology, specifically CAI,

presents an opportunity to enhance teaching and learning experiences in mathematics1, 2.

However, the effectiveness of utilizing CAI in improving the academic achievement of
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Senior Secondary School students in geometry topics remains under explored within the

context of Oluyole Local Government.

The use of computer technology to enhance traditional mathematics teaching and

to provide online instruction to secondary school students is a welcome development in

Nigeria. Mathematics education is evolving as it explores innovative ways to improve

instructional quality for learners. This shift is happening alongside advancements in

mathematics education research, which is incorporating new methods and embracing

various information technology innovations. While significant research shows that

computer-assisted instruction can positively influence learning for students of all ages

across various subjects, studies specifically focused on secondary school students remain

limited. This is due to factors such as poor comprehension and traditional teaching

methods often associated with mathematics. Some researchers suggest that computer-

assisted instruction holds great potential for improving education, with technology being

viewed as a best practice for teaching mathematics.

The traditional approach to teaching mathematics has long been the primary

method used in secondary schools for teaching developmental mathematics3. While many

researchers acknowledge that computer-assisted instruction (CAI) is innovative, engaging,

and helps students learn more quickly, some scholars have found that students taught

through both conventional methods and CAI acquire similar knowledge and skills.

However, students who learn through CAI tend to develop a more positive attitude

towards continuing their study of mathematics. The Traditional Instruction (TI) method

involves using conventional tools and techniques to teach mathematics in the classroom,

such as rulers, pencils, and paper to cover the subject matter. In this approach, learning
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occurs within the classroom, with lessons typically presented on the board, and textbooks

are frequently used. The teaching is teacher-centered, with a strong emphasis on the

question-and-answer method4. In mathematics classes where, traditional teaching

methods are predominantly used, students may struggle to fully absorb the extensive

material presented by the teacher. With paper-and-pencil methods, students can easily

become bored and find it challenging to repeatedly practice problems. Computer-aided

instruction (CAI) introduces variety, sparking students' curiosity and allowing them to

learn in a more engaging way. Additionally, lessons taught through CAI are more likely

to be retained for a longer time since they involve more of the students' senses3.

In the current "information age," the rise of technology and computer-based

education encourages educators to explore new teaching methods that can be applied in

any classroom setting as alternatives to teacher-led techniques. Mathematics instructional

programme should incorporate technology to enhance students' understanding of the

subject and prepare them to learn mathematics in an increasingly digital world.

Computers and the internet enable new ways of delivering instruction, giving students

more flexibility in when, where, and how they learn mathematics.Computer-Assisted

Instruction (CAI) holds significant potential for enhancing the teaching and learning

process at all educational levels. Its use has enriched education by incorporating

computers, fostering innovation, creativity, and change in teachers' instructional methods.

Both mathematics and computers are essential in modern life, offering vast opportunities.

Mathematics is extensively applied in both computer hardware and software.

Additionally, computers aid in improving mathematical knowledge and make classroom

teaching more engaging and dynamic3.
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Students' motivation plays a pivotal role in students’ academic achievement in

geometry, as it does in other subjects8. Motivated students are more likely to put in extra

effort to understand complex geometric concepts, leading to better grades and academic

achievement. Also, Motivation helps students stay focused and engaged during lessons,

reducing distractions and allowing them to absorb information more effectively. When

faced with challenges, motivated students are more likely to persevere and seek help,

leading to a deeper understanding of geometry concepts. Student motivation, in relation

to the effect of computer-aided instruction on academic achievement in geometry, refers

to the internal and external factors that drive students to engage with and persist in

learning geometry using computer-aided instruction. These factors can influence students'

enthusiasm, interest, and effort, ultimately affecting their academic achievement in

geometry. Students' attitudes towards geometry can significantly impact students’

academic achievement in the subject. A positive attitude can boost motivation, leading to

increased effort and engagement in learning geometry. Believing in one's ability to learn

geometry can enhance confidence, reducing anxiety and increasing persistence. A growth

mindset (embracing challenges and learning from failures) helps students overcome

obstacles and stay committed to learning. Finding geometry interesting or relevant can

increase enjoyment and enthusiasm, leading to deeper understanding and better retention.

Students who believe they can master geometry are more likely to take risks, ask

questions, and seek help when needed. A positive attitude can foster a stronger, more

supportive relationship with teachers, leading to additional guidance and encouragement.

However, A negative attitude can lead to increased anxiety and stress, which can impede

understanding and performance.
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Students' attitudes towards computer-aided instruction (CAI) can significantly

impact their academic achievement in geometry. Attitudes can influence students'

motivation, engagement, and overall learning outcomes9. Positive attitudes: Students

enjoy using technology and are excited to learn geometry with CAI. Students feel

comfortable using computers and believe CAI can help them understand geometry better.

Students see the practical applications of geometry and how CAI can help them in real-

life situations. Students are actively involved in the learning process and participate fully

in CAI activities. Computer-aided instruction (CAI) in mathematics lessons connects

real-world settings with symbolic learning, aligning with students' cognitive

development16. CAI helps foster the growth of cognitive skills at this stage by offering

innovative, concrete resources that support deeper reasoning, explanation, and problem-

solving. Additionally, computers play a crucial role in the learning process by stimulating

students' imagination. Any mathematical concept can be illustrated using visuals, and

these images help students understand concepts more easily.

The interactive features of the software offer an experience where mathematical

concepts are presented in nearly tangible forms, making the activities both engaging and

challenging. Using computers as a teaching and learning tool provides opportunities for

student autonomy, increased motivation, real-world connections, and improved academic

performance. This approach enhances student achievement in various ways, including

through standardized achievement tests. Likewise, incorporating technology into

mathematics instruction is considered a best practice for all students. Technology plays a

crucial role in teaching and learning mathematics, as it impacts the subject matter and

enhances students' learning experiences. However, it is important to determine how
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computer-assisted instruction compares to traditional teaching methods in improving

students' performance in mathematics, particularly for students in Nigeria. Therefore, this

study aimed to determine the effect of CAI on the academic achievement of Senior

Secondary School students in Geometry in Oluyole Local Government.

1.2 Statement of the Problem

It has been observed that students consistently perform poorly on circle theorem

questions in the West African Secondary School Certificate Examination. Numerous

reports from WAEC Chief Examiners highlighted students' insufficient understanding of

circle theorems. This raised several questions: Do teachers introduce circle theorem

terminology before teaching the concept? How do teachers approach the teaching of

circle theorems? If the concept is taught effectively, why do students continue to struggle

with it? If teachers do introduce the relevant terminology and the instruction is effective,

what accounts for students' poor performance in this area? Students' performance in circle

geometry has suffered due to the use of ineffective instructional strategies during lessons.

Chief Examiners have repeatedly noted students' weaknesses and challenges in solving

circle theorem problems. Many reports indicate that most candidates tend to avoid

answering circle theorem questions, and even among the few who attempt them, there is

often a lack of adequate content knowledge. This problem highlighted the need to assess

the efficacy of CAI as an intervention tool to mitigate the challenges faced by students in

comprehending geometry, and to ascertain whether CAI has the potential to enhance

academic achievement in this subject area within the specified educational context. In the
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light of this, this study aimed to determine the effects of CAI on academic achievement

of Senior Secondary School II Students in Geometry topic in Oluyole Local Government.

1.3 Aim and Objectives of the Study

The aim of the study was to determine the effects of CAI on Academic

Achievement of Senior Secondary School Students in Oluyole Local Government, Ibadan,

Oyo State, Nigeria. The objectives of the study are to:

i. examine the main effect of CAI on senior secondary students' academic achievement

in geometry;

ii. determine the main effect of conventional method on senior secondary students'

academic achievement in geometry;

iii. examine the main effect of attitude on senior secondary students' academic

achievement in geometry;

iv. examine the main effect of motivation on senior secondary students' academic

achievement in geometry;

v.determine the interaction effect of CAI and motivation on senior secondary students'

academic achievement in geometry;

vi. determine the interaction effect of CAI and attitudes on senior secondary students'

academic achievement in geometry;

vii. investigate the interaction effect of conventional method and motivation on senior

secondary students' academic achievement in geometry;

viii. examine ascertain the interaction effect of conventional method and attitudes on

senior secondary school students' academic achievement in geometry;
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ix. examine the interaction effect of attitude and motivation on senior secondary

students' academic achievement in geometry; and

x.examine the interaction effect of conventional method, motivation and attitude on

senior secondary students' academic achievement in geometry.

1.4 Hypotheses

H01: There will be no significant main effect of CAI on Senior Secondary School

Students’ Academic Achievement in Geometry.

H02: There will be no significant main effect of Conventional Method on Senior

Secondary School Students’ Academic Achievement in Geometry.

H03: There will be no significant main effect of Motivation on Senior Secondary School

Students’ Academic Achievement in Geometry.

H04: There will be no significant main effect of Attitude on Senior Secondary School

Students’ Academic Achievement in Geometry.

H05: There will be no significant interaction effect of CAI and Motivation on Senior

Secondary School Students’ Academic Achievement in Geometry.

H06: There will be no significant interaction effect of CAI and Attitude on Senior

Secondary School Students’ Academic Achievement in Geometry.

H07: There will be no significant interaction effect of Conventional Method and

Motivation on Senior Secondary School Students’ Academic Achievement in

Geometry.

H08: There will be no significant interaction effect of Conventional Method and Attitude

on Senior Secondary School Students’ Academic Achievement in Geometry.
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H09: There will be no significant interaction effect of Motivation and Attitude on Senior

Secondary School Students’ Academic Achievement in Geometry.

H010: There will be no significant main interaction effect of Conventional Method,

Motivation and Attitude on Senior Secondary School Students’ Academic

Achievement in Geometry.

1.5 Significance of the Study

The effectiveness of Computer-Assisted Instruction helps in enhancing student

engagement and interest in learning mathematics, particularly geometry. This has

contributed to reducing students' anxiety towards mathematical concepts and improve

their overall attitude towards the subject. The study's outcomes highlighted the challenges

faced by educators in implementing CAI and suggested areas for professional

development. This has led to tailored training programs aimed at improving teachers'

technological readiness and pedagogical skills in integrating technology into their

teaching practices.

The findings of this study will contribute to enhancing the quality of mathematics

by providing insights into the effectiveness of integrating CAI as a supplementary tool.

This potentially led to improved learning outcomes in geometry topics among Senior

Secondary School students. Understanding the impact of CAI on students' academic

achievement in geometry topics has assisted educators and policymakers in adopting

more innovative and effective teaching methods. This has paved way for the

incorporation of technology-enhanced learning approaches in mathematics education,

fostering a more engaging and interactive learning environment.
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The study's findings will influence educational policies within Oluyole Local

Government by providing empirical evidence on the benefits and challenges of using CAI

in mathematics education. This study has added to the existing body of knowledge on

technology-enhanced learning and its effect on mathematics education in Oluyole local

government. It has provided empirical evidence that could contribute to future research

endeavors focusing on educational technology and its implications for student

achievement in mathematics.

In summary, the significance of this study lied in its potential to inform

educational practices, improve teaching methodologies, enhance student learning

experiences, and contribute to the advancement of research in the field of technology-

enhanced mathematics education.

1.6 Scope of the Study

The scope of this study was delimited contextually to effect of computer aided

instruction on academic achievement of senior secondary school students in geometry

and was also delimited geographically to Oluyole Local Government Area, Oyo State.

1.7 Limitation of the Study

The following were the constraints encountered during the course of this study:

i. Variations in students’ access to and familiarity with computer-assisted instruction

outside the classroom affected their performance, potentially confounding the study’s

results.
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ii. Software malfunctions, limited computer availability and internet connectivity

problems disrupted the instruction and affected the consistency of the intervention’s

effect.

1.8 Operational Definition of Terms

Academic Achievement in Geometry: This is the result of the GAT given to senior

secondary school two students of Oluyole Local Government during the study.

Computer-Assisted Instruction (CAI): For the purpose of this study, CAI refers to the

utilization of computer technology and software applications specifically designed to

facilitate and enhance the teaching and learning process of selected geometry topics

within mathematics for SSS students in Oluyole Local Government. CAI involves

interactive, technology-based educational tools that supplement traditional classroom

instruction in geometry.

Geometry: For the purpose of this study, these topics will include but are not limited to,

angles, polygons, circles, congruence, similarity, and transformations, as identified in the

Senior Secondary School curriculum.

Students ‘Attitude to Geometry: This refers to the students' disposition or mindset

towards geometry as a subject. It encompasses their level of interest, enthusiasm, and

willingness to engage with geometry lessons. An individual's attitude in this study could

be measured through questionnaires assessing students' motivation, enjoyment, and effort

in learning geometry, as well as their openness to using CAI tools9.

Student Motivation: Student motivation, in relation to the effect of CAI on academic

achievement in geometry, refers to the internal and external factors that drive students to
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engage with and persist in learning geometry using computer-aided instruction. These

factors can influence students' enthusiasm, interest, and effort, ultimately affecting their

academic achievement in geometry8.
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2.5 Summary of Gaps in Literature Reviewed

2.1 Conceptual Review

These concepts form the foundational elements of understanding the

relationship between utilizing Computer-Assisted Instruction in geometry and its

potential effects on the academic performance of secondary school students within

the specific context of Oluyole Local Government.

2.1.1 Computer-Assisted Instruction (CAI)

Computer-Assisted Instruction (CAI) refers to the integration of computers and

digital technology into the educational process to support and enhance teaching and

learning. It encompasses a broad range of software, applications, and online platforms

that facilitate interactive learning experiences, making education more engaging and

accessible for students. In the context of mathematics, and specifically geometry, CAI

offers a unique opportunity to improve students' understanding and mastery of geometric

concepts1.

In geometry, CAI involves the use of specialized digital tools such as software

programs, apps, or web-based platforms designed to provide interactive exercises,

visualizations, simulations, and real-time feedback on students' progress. These

technological aids serve to bridge the gap between abstract geometric concepts and the

students' ability to understand and apply them effectively. Through CAI, students can

engage in dynamic learning activities that allow them to visualize geometric shapes,

manipulate angles, and explore geometric principles in a way that would be difficult or

impossible in a traditional classroom setting2,3.
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Interactive exercises within CAI can include virtual manipulatives like geometric

shapes that students can rotate, resize, and combine to explore relationships between

various geometric figures. Simulations allow students to see the real-time effects of

transformations, such as reflections, translations, and rotations, on geometric objects.

Additionally, CAI often includes personalized learning experiences, where the system

can adapt to each student’s pace and skill level, providing individualized instruction that

ensures the content is neither too difficult nor too easy for the learner2.

One of the key advantages of CAI is its ability to provide immediate feedback.

When students engage with CAI-based exercises, they receive instant responses to their

inputs, helping them quickly identify errors and understand the correct solutions. This

immediate feedback loop enhances students' learning experiences, as they can quickly

rectify mistakes and continue progressing at their own pace. Additionally, CAI tools can

track students' progress, offering detailed data on their strengths and areas for

improvement, which can help instructors tailor their teaching strategies to better meet

students' needs1,2.

Incorporating CAI into the teaching of geometry allows students to engage more

actively in their learning process. By providing opportunities for interactive learning,

real-time feedback, and personalized instruction, CAI can enhance students'

comprehension, retention, and application of geometric concepts. It also offers a more

flexible learning environment, allowing students to revisit difficult topics and practice

concepts as needed, fostering independent learning and critical thinking skills. Thus, the

integration of CAI in geometry education provides a powerful tool for improving

academic performance and understanding of mathematical concepts3,4.
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Figure 2.1: CAI Instructor8

2.1.1.1 Advantages of CAI

Computer-Assisted Instruction (CAI) has emerged as a powerful tool in

enhancing the learning experience and academic performance of students, particularly in

the field of mathematics. Among the various branches of mathematics, geometry stands

out as an area where visual representation plays a crucial role in understanding concepts.

The integration of CAI into geometry instruction offers numerous benefits that make

learning more effective, engaging, and tailored to individual student needs1,4.

One of the most significant advantages of CAI in geometry education is its ability

to enhance visual learning. Traditional classroom instruction often relies on static

diagrams drawn on the board or printed in textbooks, which may not always be sufficient

for students to grasp complex geometric concepts. However, with CAI, students have

access to dynamic visual aids, graphics, and simulations that bring geometric ideas to life.
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These digital tools make abstract concepts more tangible and easier to understand by

allowing students to manipulate shapes, observe transformations, and explore geometric

relationships in real time. Through interactive animations and three-dimensional models,

learners can develop a deeper comprehension of angles, symmetry, congruence, and other

fundamental geometric principles2,3.

Beyond visualization, CAI promotes interactivity and engagement, which are

essential components of effective learning. Unlike passive learning methods where

students merely absorb information, CAI encourages active participation by allowing

them to explore and interact with geometric concepts. Through interactive software and

digital exercises, students can construct geometric figures, measure angles, and test

hypotheses, thereby fostering a hands-on approach to learning. This active involvement

not only makes the learning process more enjoyable but also improves retention and

understanding. By engaging directly with the content, students develop a more intuitive

grasp of geometry, making it less intimidating and more accessible2,4.

Another crucial benefit of CAI is its capacity for personalized learning. Every

student learns at a different pace, and traditional classroom settings often struggle to

accommodate these differences. Some students grasp concepts quickly, while others

require more time and practice. CAI addresses this challenge by adapting to individual

learning styles and progress rates. It allows students to learn at their own speed, providing

additional exercises for those who need more practice while offering advanced challenges

for those who grasp concepts quickly. This level of customization helps cater to students'

strengths while addressing their weaknesses, ultimately enhancing their confidence and

performance in geometry1,2.
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Immediate feedback is another key advantage of CAI that significantly

contributes to effective learning. In a traditional classroom, students often have to wait

for teachers to grade their work before receiving feedback, which can delay the correction

of misunderstandings. CAI, on the other hand, provides instant feedback, allowing

students to identify errors and correct them promptly. This immediate reinforcement not

only enhances understanding but also helps students develop a problem-solving mindset.

By continuously refining their approach based on instant feedback, learners become more

adept at tackling complex geometric problems1,4.

Moreover, CAI offers unparalleled accessibility and flexibility, making it possible

for students to engage with learning materials beyond traditional classroom hours. With

the availability of online resources and software, students can revisit concepts at their

convenience, reinforcing their learning outside of school. This flexibility is particularly

beneficial for students who may need extra practice or those who prefer to study at

different times. By providing round-the-clock access to learning tools, CAI ensures that

students can reinforce their understanding of geometry whenever and wherever they

choose1,2,3.

In addition to improving comprehension and accessibility, CAI plays a vital role

in strengthening students' problem-solving skills. Geometry, by its nature, requires

analytical thinking and logical reasoning, and CAI encourages these skills through

interactive exercises and challenges. Students are often presented with problems that

require them to apply geometric principles to real-world scenarios, fostering critical

thinking and deeper engagement with the subject matter. By working through these

exercises, students develop the ability to approach problems systematically, break them
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down into manageable steps, and arrive at logical solutions—skills that are invaluable not

only in mathematics but in everyday life2,5.

Furthermore, CAI incorporates multimedia resources such as videos, animations,

and interactive exercises, making the learning experience more dynamic and engaging.

These multimedia elements cater to diverse learning preferences, ensuring that students

remain interested and motivated. For example, some students may benefit more from

watching an animated explanation of a geometric theorem, while others may prefer

working through interactive problem sets. By integrating various forms of media, CAI

makes learning more versatile and appealing to a broader range of students3,4.

Lastly, CAI serves as a valuable support tool for teachers. While technology

enhances learning, it does not replace the role of educators; rather, it complements their

efforts. Teachers can use CAI to supplement their instruction by incorporating digital

resources, lesson plans, and assessments into their teaching strategies. These tools help

educators track student progress, identify areas where students may be struggling, and

provide targeted interventions to address learning gaps. By integrating CAI into their

classrooms, teachers can create a more effective and student-centered learning

environment1,5,6.

The advantages of Computer-Assisted Instruction in teaching geometry are

profound and far-reaching. From enhancing visual learning and promoting engagement to

offering personalized instruction and immediate feedback, CAI transforms the way

students interact with mathematical concepts. Its accessibility, flexibility, and ability to

develop problem-solving skills make it an indispensable tool for modern education.

Additionally, by incorporating multimedia resources and supporting teachers in their
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instructional efforts, CAI not only improves students' understanding of geometry but also

fosters a more interactive and enriching learning experience. As technology continues to

evolve, its role in education will only become more integral, making CAI an essential

component in shaping the future of mathematics education6,7.

2.1.1.2 Disadvantages of CAI

While Computer-Assisted Instruction (CAI) offers numerous advantages in

teaching geometry, it is equally important to recognize its limitations and challenges. A

balanced implementation that acknowledges these drawbacks is essential to ensure that

CAI is used effectively without undermining traditional learning methods or excluding

students due to resource constraints7,8.

One of the primary challenges associated with CAI in mathematics education,

particularly in geometry, is the significant infrastructure requirement. Access to

computers, reliable internet connectivity, and updated software is crucial for a seamless

learning experience. However, in many regions—especially those with limited

resources—these requirements can pose serious challenges. Schools in underprivileged

areas may struggle to provide adequate technological infrastructure, leading to

inequitable access to CAI. Without the necessary hardware and software, students in such

areas may be at a disadvantage, widening the digital divide in education3,6.

Another concern is the potential overreliance on technology. While CAI is an

excellent tool for enhancing visualization and interactive learning, excessive dependence

on it may lead to a decline in traditional problem-solving skills. Geometry, like other

branches of mathematics, requires students to develop the ability to solve problems using
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pen-and-paper methods, construct geometric proofs manually, and understand theoretical

foundations without the aid of software. If students rely too heavily on digital tools, they

may struggle with written exams or real-world applications where technology is not

always available1,8.

Technical issues are another common drawback of CAI-based learning. Software

glitches, system crashes, or compatibility problems with different devices can interrupt

lessons and create frustration among students and teachers. Such disruptions can lead to a

loss of valuable instructional time, negatively impacting the learning experience.

Additionally, if schools do not have dedicated IT support, resolving these technical

difficulties can be a significant challenge, further discouraging the effective use of

CAI2,6,8.

Beyond technical concerns, there is also the issue of learning distractions. While

technology provides access to valuable educational resources, it also exposes students to

potential distractions. Many students may be tempted to browse non-educational websites,

play games, or engage in social media activities instead of focusing on their geometry

lessons. This divided attention can significantly reduce the effectiveness of CAI-based

instruction, making it essential for educators to implement monitoring tools or guidelines

to minimize distractions during lessons3,7.

Another challenge is the potential isolation that prolonged CAI use may create.

One of the key aspects of effective geometry learning is collaboration—students often

benefit from group discussions, peer interactions, and hands-on problem-solving

activities. However, excessive use of CAI can reduce face-to-face interactions and hinder

social learning experiences. When students work individually on computer-based tasks



37

for extended periods, they may miss out on the opportunity to develop teamwork,

communication, and cooperative problem-solving skills, which are essential in both

academic and real-world contexts1,2,3.

Adaptability challenges further complicate the implementation of CAI. Not all

students adapt well to digital learning environments. Some may struggle with navigating

software, while others may feel less comfortable using technology for mathematical

problem-solving. These variations in adaptability can lead to differing levels of

engagement and comprehension, potentially leaving some students behind. Educators

must recognize these differences and provide additional support to students who find

technology-based learning more challenging1,3.

Teacher training is another critical factor that determines the success of CAI in

geometry education. For CAI to be effectively integrated into classrooms, educators need

proper training on how to use the technology, design effective lesson plans, and

troubleshoot technical issues. However, professional development programs focusing on

CAI may not always be readily available or accessible to all teachers. Without sufficient

training, educators may struggle to maximize the benefits of CAI, leading to ineffective

implementation and underutilization of the available resources2,7.

Cost is also a major consideration when implementing CAI in schools. The initial

setup costs, including purchasing computers, acquiring software licenses, and ensuring

regular maintenance, can be substantial. For many educational institutions, particularly

those with limited budgets, these expenses can be prohibitive. Even when funding is

available for initial investments, ongoing costs for software updates, technical support,
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and infrastructure upgrades may create financial burdens that limit the sustainability of

CAI programs7,8.

Finally, quality concerns must be addressed when selecting CAI resources. Not all

computer-assisted learning programs are of high quality or align perfectly with national

or regional curricula. Some software may provide only a superficial understanding of

geometry concepts, while others may lack comprehensive coverage of essential topics. If

educators rely on poorly designed CAI programs, students may receive inconsistent or

inadequate instruction, leading to gaps in their understanding of geometry. It is crucial for

schools and teachers to carefully evaluate and select high-quality CAI resources that align

with educational standards and effectively support student learning4,8.

While CAI presents numerous opportunities to enhance geometry education, it

also comes with significant challenges that must be carefully managed. Infrastructure

limitations, overreliance on technology, technical issues, learning distractions, and the

potential for student isolation are all factors that can affect the effectiveness of CAI.

Additionally, variations in student adaptability, the need for teacher training, financial

constraints, and concerns about the quality of digital resources further complicate its

implementation. To maximize the benefits of CAI while mitigating its drawbacks,

educators and policymakers must adopt a balanced approach—one that integrates

technology thoughtfully, provides necessary support for teachers and students, and

ensures equitable access to high-quality educational resources. By addressing these

challenges, CAI can be leveraged effectively to enhance geometry learning while

preserving the essential elements of traditional mathematical education1,7.
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2.1.1.3 Types of Computers Assisted Instruction

Computer-Assisted Instruction (CAI) encompasses a variety of approaches

designed to enhance learning through technology. Each type of CAI serves a unique

purpose, catering to different learning styles and educational needs, ultimately making

the learning process more engaging, effective, and adaptable. By leveraging digital tools,

CAI fosters comprehension, retention, and interaction in ways that traditional teaching

methods alone may not always achieve2,3.

Drill and practice CAI focuses on reinforcing specific skills or concepts through

repetition. This method is particularly effective in subjects that require memorization and

mastery of fundamental principles. By providing immediate feedback, it helps learners

correct mistakes and reinforce learning through continuous practice. Examples include

math drills for practicing arithmetic operations, spelling exercises to improve vocabulary

retention, and language learning apps that assist students in mastering new words and

sentence structures. The structured and repetitive nature of this approach ensures that

learners build fluency and confidence in foundational skills1,4.

Tutorial-based CAI provides direct instruction on a given topic, offering

explanations, demonstrations, and step-by-step guidance to facilitate learning. These

digital tutorials often incorporate interactive elements, such as quizzes and exercises, to

assess understanding and reinforce key concepts. Examples include interactive lessons on

geometric shapes, coding software that guides beginners through programming exercises,

and video tutorials with embedded quizzes that test comprehension. This approach is
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especially beneficial for self-paced learning, allowing students to progress at their own

speed while receiving targeted instruction2,4.

Simulations recreate real-world scenarios within a virtual environment, enabling

students to explore, experiment, and learn through hands-on experiences. This type of

CAI is particularly valuable in fields where practical application is crucial but real-world

practice may be limited or costly. Examples include virtual science labs where students

conduct chemistry experiments without physical risks, flight simulators that help trainee

pilots develop critical skills before flying real aircraft, and business simulations that teach

management principles through realistic decision-making exercises. By providing an

immersive and interactive learning experience, simulations enhance problem-solving

skills and deepen understanding3,8.

Educational games integrate learning with entertainment, making the acquisition

of knowledge more enjoyable and engaging. These games are designed to motivate

students while teaching specific skills or concepts through challenges, puzzles, and

interactive tasks. For example, math games might require players to solve equations to

advance through levels, language learning games may build vocabulary through

interactive storytelling, and history games can simulate historical events, allowing

students to experience different time periods firsthand. The gamification of learning

enhances motivation, encourages competition, and fosters a sense of achievement,

making education more dynamic and appealing1,2,7.

Multimedia presentations combine various digital elements—such as text, audio,

video, graphics, and animations—to present information in a dynamic and visually

appealing format. This approach caters to diverse learning styles by incorporating
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multiple sensory inputs, enhancing engagement and retention. Examples include

interactive textbooks that blend text with animations, educational documentaries with

embedded quizzes that reinforce key points, and animated explanations of scientific

concepts that simplify complex ideas. The integration of multimedia elements makes

learning more immersive and helps students grasp difficult concepts with greater clarity1,7.

Hypermedia-based CAI allows students to navigate educational content in a non-

linear fashion using hyperlinks. This interactive structure enables learners to explore

topics at their own pace and follow their interests, making the learning experience more

flexible and self-directed. Examples of hypermedia applications include educational

websites that provide linked resources, digital encyclopedias that allow users to jump

between related topics, and interactive e-books with multimedia enhancements such as

videos, simulations, and cross-references. By offering multiple pathways to information,

hypermedia fosters curiosity and deeper engagement with the material2,6.

Technology has made collaboration more accessible through CAI platforms that

facilitate group learning and teamwork. These tools support communication, cooperation,

and shared knowledge-building among students, regardless of their physical location.

Examples include online discussion boards where students can engage in academic

debates, collaborative document editing tools that allow real-time teamwork on projects,

and learning management systems (LMS) that enable teachers and students to interact

through forums, assignments, and group discussions. By promoting peer interaction,

collaborative learning tools enhance critical thinking, problem-solving, and social

learning skills1,2,6.
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Distance learning, powered by CAI, enables students to access educational

content remotely, breaking geographical barriers and making learning more flexible. This

approach has become increasingly relevant in modern education, allowing students to

pursue courses at their convenience. Examples include online courses that provide

structured lessons and assessments, virtual classrooms where instructors conduct live

sessions via video conferencing, and e-learning platforms that offer recorded lectures,

assignments, and discussion forums. Distance learning is particularly beneficial for

students with limited access to traditional classrooms, working professionals seeking

additional qualifications, and institutions looking to expand their reach beyond physical

boundaries2,6,7.

Each type of CAI plays a distinct role in enhancing education by leveraging

technology to support diverse learning needs. While drill and practice focus on repetition

and skill reinforcement, tutorials offer structured instruction. Simulations provide

experiential learning opportunities, while instructional games make education engaging.

Multimedia presentations and hypermedia expand access to information through dynamic

content, whereas collaborative learning tools and distance learning platforms promote

interaction and accessibility. By incorporating these various forms of CAI, educators can

create a versatile and effective learning environment that fosters engagement,

comprehension, and long-term retention of knowledge3,6.

2.1.2 An Overview of Mathematics Education

Oluyole Local Government, located in Oyo State, Nigeria, is an area with a

diverse educational landscape. Mathematics education, being a crucial part of the
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academic curriculum, plays a significant role in the development of students' analytical

and problem-solving skills. This overview examines the state of mathematics education

in Oluyole Local Government, highlighting its strengths, challenges, and areas for

improvement. The local government hosts numerous public and private primary and

secondary schools, each contributing to the foundational and advanced stages of

mathematics education. Many schools have basic facilities, including classrooms,

blackboards, and textbooks. However, the availability and quality of facilities can vary

significantly between urban and rural areas within the local government. Also, there is a

mix of qualified and less qualified mathematics teachers. Teacher training colleges and

universities in Oyo State supply a steady stream of new teachers, but ongoing

professional development remains critical. The ratio can be high in public schools, which

affects individual attention and the overall quality of instruction. Schools follow the

Nigerian national curriculum, which outlines the mathematics content to be covered at

each grade level. Geometry is a key component of the mathematics curriculum, especially

in senior secondary schools, where it forms part of the preparation for national exams like

the West African Senior School Certificate Examination (WASSCE)7,8.

The predominant teaching methods include lecture-based instruction and rote

memorization. These methods are often criticized for not promoting deep understanding

and critical thinking. Some schools and teachers are beginning to integrate more

innovative teaching methods, including the use of technology, problem-solving tasks, and

interactive activities. Many schools face shortages of essential teaching materials such as

textbooks, geometric tools, and instructional aids. Access to computers and the internet is

limited, especially in rural areas, hindering the implementation of Computer Assisted
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Instruction (CAI). There is a need for more continuous professional development

programs to keep teachers updated with the latest teaching methodologies and

technologies. Teacher motivation can be low due to inadequate salaries and working

conditions, impacting their effectiveness and commitment8,9.

Student performance in mathematics, including geometry, varies widely, with

many students struggling to achieve proficiency. Mathematics is often perceived as a

difficult subject, leading to anxiety and a lack of interest among students. Various

government programs and non-governmental organizations are working to improve the

quality of education in Oluyole Local Government. These include teacher training

workshops, provision of learning materials, and infrastructural improvements. Efforts are

being made to integrate Information and Communication Technology (ICT) into the

education system to enhance teaching and learning processes7,9,10.

Furthermore, increased parental involvement in education is being encouraged to

support students’ learning at home. Partnerships with private companies and educational

organizations help to supplement resources and expertise in schools. Mathematics

education in Oluyole Local Government is characterized by a blend of strengths and

challenges. While there are significant efforts to improve the quality of education,

including the adoption of innovative teaching methods and technology, there is still a

considerable need for resource enhancement, teacher development, and community

engagement. By addressing these challenges, the local government can foster a more

effective and equitable mathematics education system that better prepares students for

academic success and future careers11,12.
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2.1.3 Geometry

It involves concepts such as points, lines, angles, shapes (like triangles, circles,

polygons), and their properties, as well as transformations and measurements in two and

three dimensions5.

Figure 2.2: Circle Geometry Instructor3

Geometry is a fundamental branch of mathematics that explores the properties,

relationships, and measurements of shapes, sizes, and spaces. At its heart, geometry is

concerned with understanding points, lines, angles, shapes, and their interrelations in both

two-dimensional and three-dimensional spaces. It serves as a foundation for many other
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areas of mathematics and has practical applications in fields ranging from architecture

and engineering to art and computer graphics5.

The basic building blocks of geometry are points and lines. A point is simply a

location in space with no size or dimension, while a line is a straight, one-dimensional

figure that extends infinitely in both directions. These concepts form the foundation upon

which more complex geometric figures are built3,4.

Angles, another crucial element of geometry, are formed when two lines intersect

at a point, called the vertex. The measure of an angle tells us how much one line has

rotated relative to the other, and angles are measured in degrees. Geometry also studies

shapes or figures, such as triangles, circles, and polygons. Triangles, for example, are

three-sided figures that come in different types, like equilateral, isosceles, and scalene,

each with its own set of properties. Circles, defined by all points equidistant from a

central point, are characterized by key elements like radius, diameter, and circumference.

Polygons, such as squares, rectangles, and hexagons, are multi-sided figures that exhibit

unique properties based on their number of sides and angles5,8.

Another essential aspect of geometry is understanding the relationships between

different shapes and figures. Concepts such as congruence, which refers to figures that

are identical in shape and size, and similarity, where figures have the same shape but

different sizes, are vital. Geometric transformations, like translation (sliding), rotation

(turning), reflection (flipping), and dilation (scaling), help explain how shapes change in

position or size while preserving certain properties, such as angle measures and

distances13,14.
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Measurement is a critical component of geometry. It allows us to calculate areas,

perimeters, volumes, and surface areas of various geometric shapes and objects. These

measurements help determine the size and space that shapes occupy, which is essential in

practical applications such as construction, design, and technology5,6.

In geometry, both two-dimensional (flat) and three-dimensional (solid) concepts

are explored. While two-dimensional geometry focuses on shapes like squares, triangles,

and circles, three-dimensional geometry deals with solids such as cubes, spheres, and

pyramids. Understanding these concepts not only develops a student’s mathematical

skills but also enhances critical thinking, logical reasoning, and problem-solving

abilities8,15.

Ultimately, geometry is more than just an abstract field of study; it has real-world

relevance. Whether measuring land, designing structures, creating digital models, or

solving engineering problems, the principles of geometry are integral to many areas of

life. Its focus on spatial reasoning and logical structure helps students develop essential

skills that are useful across multiple disciplines, making it a crucial subject in education

and beyond15,16.

2.1.3.1 Importance of Geometry

Geometry plays a crucial role in the academic and cognitive development of

Senior Secondary School (SSS) students in Oluyole Local Government. Beyond its role

in mathematics, geometry provides essential skills that are applicable in real-world

scenarios, higher education, and various professional fields. Understanding these key
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aspects of geometry not only improves academic performance but also equips students

with critical skills necessary for their future careers2,12.

Geometry is a fundamental branch of mathematics that serves as a building block

for advanced mathematical concepts. Many higher-level subjects, including trigonometry,

calculus, and physics, require a solid foundation in geometric principles. The problem-

solving techniques and logical reasoning skills developed through geometry enhance

students' ability to approach complex problems in various disciplines, ensuring they are

well-prepared for higher education4,17.

The practical significance of geometry extends beyond the classroom. Many real-

world problems require geometric reasoning to find solutions. Examples include:

Architecture – Designing structures and ensuring stability using geometric principles.

Engineering – Applying geometry to design machines, bridges, and circuits. Surveying –

Using geometric calculations for land measurements and construction planning.

Navigation – Applying coordinate geometry in GPS technology and mapping. By

mastering geometry, students develop problem-solving skills that are applicable in

diverse fields6,12.

A strong grasp of geometry is essential for students who aspire to pursue careers

in fields such as: Engineering (civil, mechanical, electrical, software); Architecture and

urban planning; Graphic design and animation; Robotics and artificial intelligence;

Astronomy and physics. For students in Oluyole Local Government, understanding

geometry can open doors to lucrative career opportunities both locally and

internationally19.
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Geometry nurtures spatial awareness and reasoning, helping students: Mentally

visualize and manipulate shapes. Understand and interpret 2D and 3D objects. Grasp

spatial relationships between different objects. This skill is particularly beneficial in

fields such as medicine (MRI imaging), video game design, and industrial design, where

spatial reasoning is essential. By studying geometry, students train their minds to

recognize patterns, symmetries, and structures. This ability is crucial not only in

mathematics but also in: Art and design – Understanding proportions and symmetry in

creative work. Physics and chemistry – Comprehending molecular structures and crystal

formations. Sports and biomechanics – Analyzing movement and angles in athletic

performance. Visual thinking is a skill that benefits both scientific and artistic

disciplines20,21.

Geometry encourages logical reasoning, deductive thinking, and systematic

problem-solving. Students learn to: Break down complex problems into smaller,

manageable steps. Develop step-by-step logical proofs. Apply geometric theorems to

real-world situations. These critical thinking skills are valuable beyond mathematics and

can be applied in decision-making, strategy development, and analytical reasoning23.

In today’s digital world, geometry plays a vital role in technology-driven

industries. Students who excel in geometry gain an advantage in fields such as:

Computer-Aided Design (CAD) – Used in engineering, architecture, and manufacturing.

3D Modeling and Animation – Essential in film production, gaming, and virtual reality.

Artificial Intelligence and Machine Learning – Geometric algorithms play a role in facial

recognition and image processing. By integrating technology and geometry, students

develop skills that align with modern technological advancements19,23.
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Geometry is essential for understanding measurements, angles, and spatial

dimensions. Some key areas where geometry is applied include: Calculating areas and

volumes – Important in construction and material estimation. Understanding angles and

symmetry – Crucial in physics, design, and even medical imaging. Practical applications

in daily life – Measuring distances, optimizing space, and designing objects. Mastering

these measurement concepts prepares students for both academic and real-world

applications18,22.

Studying geometry enhances memory, concentration, and analytical thinking,

which contribute to overall cognitive growth. Engaging in geometric proofs,

constructions, and visual analysis strengthens students' ability to: Identify patterns and

relationships. Think logically and reason abstractly. Approach problems from multiple

perspectives. For SSS students in Oluyole Local Government, these cognitive benefits

extend beyond mathematics, improving performance in science, technology, and

problem-solving tasks8.

The study of geometry is essential for academic success, real-world problem-

solving, and career readiness. By building a strong foundation in geometric concepts,

students in Oluyole Local Government gain valuable skills that enhance their logical

reasoning, spatial awareness, technological proficiency, and problem-solving abilities.

Teachers, parents, and educational institutions must continue to support and promote

geometry education, ensuring students develop the skills necessary for both higher

education and future careers8,9.

2.1.4 Academic Achievement
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Academic performance refers to the evaluation of a student's achievements in a

particular subject or across multiple areas of study. In mathematics, performance is often

assessed through a combination of grades, test scores, problem-solving abilities, class

participation, and overall comprehension of mathematical concepts. However, academic

achievement goes beyond just numerical scores; it also encompasses a student’s ability to

apply knowledge, think critically, and engage actively in learning19,21.

One of the most common ways to measure academic performance in mathematics

is through grades and standardized test scores. These assessments provide a structured

way to evaluate a student’s understanding of mathematical principles. Formative

assessments, such as classwork, quizzes, and assignments, track a student's progress

throughout a course, helping teachers identify strengths and areas for improvement.

Meanwhile, summative assessments, including end-of-term exams and standardized tests,

measure a student's overall grasp of mathematical concepts. Additionally, benchmark

testing helps compare individual performance against established academic standards,

providing valuable insights into a student’s proficiency in mathematics20,22.

Beyond test scores, a student's engagement and participation in class play a

crucial role in academic performance. Actively contributing to discussions, asking

questions, and working collaboratively with peers demonstrate a deeper comprehension

of mathematical ideas. Students who engage in classroom activities tend to develop a

stronger connection with the subject, as they continuously refine their problem-solving

skills through practice and discussion. The ability to explain mathematical reasoning to

peers or teachers further reinforces understanding, boosting confidence and competence

in the subject19,20.
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Mathematical proficiency is not solely about memorizing formulas but also about

understanding concepts and applying them effectively. Students who perform well in

mathematics can analyze problems, recognize patterns, and use logical reasoning to

arrive at solutions. Their ability to grasp abstract ideas and translate them into real-world

applications—such as in measurements, financial calculations, and engineering

principles—illustrates a deeper level of comprehension.

Moreover, a student’s ability to retain and apply knowledge over time is a key

indicator of strong academic performance. Mathematics is a subject that builds upon

itself; concepts learned in one stage often serve as the foundation for more complex

topics. A student who can recall and apply previously learned material demonstrates

mastery and a long-term understanding of mathematical principles. This ability is

particularly important in higher-level mathematics, where interconnected ideas require

cumulative knowledge and logical thinking24.

Another important factor in academic performance is the development of critical

thinking and analytical skills. Mathematics requires students to evaluate multiple

approaches to problem-solving, assess the most efficient methods, and make logical

decisions. Strong mathematical learners can identify patterns, make predictions, and

apply mathematical reasoning beyond the classroom, which is essential for success in

various fields, including science, technology, and engineering25.

Tracking a student's progress over time is another valuable way to assess

academic achievement. A student who shows steady improvement—whether through

higher test scores, increased confidence, or greater independence in solving problems—

demonstrates resilience and growth. This progress is a sign that the student is actively
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learning, refining their skills, and developing a deeper understanding of mathematical

concepts19,25.

Academic performance in mathematics is a multi-dimensional measure that

extends beyond grades and test scores. It includes conceptual understanding, problem-

solving abilities, engagement, retention, critical thinking, and continuous improvement.

By fostering these aspects, teachers and educators can help students develop a solid

mathematical foundation that will benefit them not only in school but also in their future

academic and professional pursuits24,25.

2.1.5 Students’ Motivation

Student motivation plays a crucial role in academic achievement in geometry, just

as it does in other subjects. When students are motivated, they are more likely to dedicate

time and effort to understanding complex geometric concepts, which ultimately leads to

better academic performance. In the context of Computer-Aided Instruction (CAI) in

geometry, motivation influences how actively students engage with learning materials,

persist in solving problems, and explore geometric relationships through digital tools24.

Motivation in learning can be classified into different types, each of which affects

students' engagement and success in various ways. Intrinsic motivation comes from

within the student and is driven by personal interest and enjoyment in learning geometry.

Students who are intrinsically motivated often engage in learning activities out of

curiosity and the desire to master concepts, rather than external rewards. For many

students, geometry presents an exciting challenge that stimulates logical reasoning and

spatial awareness. Those who enjoy problem-solving tend to explore geometric
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relationships more deeply, making connections between abstract theories and real-world

applications. Additionally, interactive features of CAI, such as simulations and

visualizations, make learning more engaging, encouraging students to experiment with

different shapes, patterns, and theorems. These students find satisfaction in understanding

and applying geometric concepts, whether in architecture, engineering, or other practical

fields24,25.

While intrinsic motivation is ideal for deep learning, extrinsic motivation—driven

by external factors such as grades, rewards, and social expectations—also plays a

significant role in students' academic engagement. Many students strive to perform well

in geometry to achieve high grades, gain recognition, or meet parental and teacher

expectations. The structured nature of CAI, with built-in quizzes, progress tracking, and

leaderboards, can be highly motivating for students who thrive on competition and

external rewards. For instance, students may be encouraged to complete more practice

exercises if they receive badges, certificates, or higher rankings on CAI platforms.

Additionally, when teachers and parents set high expectations and provide positive

reinforcement, students are more likely to engage actively in their learning, even if their

initial motivation was not self-driven26,27.

Cognitive motivation stems from a student's natural curiosity, critical thinking

skills, and desire for intellectual challenges. Some students are naturally inclined to

explore mathematical concepts because they enjoy discovering patterns, solving problems,

and understanding how things work. Geometry, with its emphasis on visualization,

logical reasoning, and spatial manipulation, appeals to students who enjoy intellectual

challenges. CAI enhances this by providing interactive problem-solving opportunities,
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allowing students to test different approaches, manipulate geometric figures, and receive

immediate feedback. Students who are particularly interested in technology may also find

digital learning tools more engaging than traditional methods, further enhancing their

motivation to learn24,28.

When students are highly motivated—whether intrinsically, extrinsically, or

cognitively—they tend to take full advantage of CAI tools. They spend more time

exploring interactive visualizations, engage actively in problem-solving exercises, and

seek additional resources to deepen their understanding. Motivated students are also more

likely to persist through challenges, using CAI features such as guided tutorials and self-

assessment quizzes to overcome difficulties. Conversely, students with low motivation

may struggle to engage with CAI effectively. Without a clear incentive or interest in the

subject, they may rush through lessons without fully understanding the concepts,

disengage from problem-solving activities, or fail to utilize the interactive features that

make CAI beneficial29,30.

Motivation is a key factor in determining how effectively students learn geometry

using Computer-Aided Instruction. Whether driven by intrinsic interest, extrinsic rewards,

or cognitive curiosity, motivation influences how actively students engage with CAI tools

and, ultimately, their academic success. Educators and parents should strive to foster

motivation by making learning interactive, recognizing students' achievements, setting

clear goals, and encouraging curiosity. By creating an environment that supports both

self-driven and externally motivated learners, schools can maximize the benefits of CAI

and enhance students' overall understanding of geometry31,32.



56

2.1.6 Students’ Attitude

Students' attitudes toward Computer-Aided Instruction (CAI) play a crucial role

in shaping their academic achievement in geometry. Attitudes influence motivation,

engagement, and overall learning experiences, affecting how well students absorb and

apply geometric concepts. A positive attitude towards CAI can enhance learning, while a

negative attitude may hinder progress and limit the effectiveness of technology-based

instruction. When students have a positive attitude toward CAI, they are more likely to

embrace the technology, actively engage with learning materials, and apply themselves to

mastering geometric concepts. Several key aspects of positive attitudes include:

Enthusiasm: Students who enjoy using technology often look forward to learning with

CAI. The interactive and visually engaging nature of digital tools makes geometry more

appealing, leading to greater interest and effort in understanding the subject. Enthusiastic

students explore beyond what is taught in class, using CAI to experiment with different

geometric shapes, transformations, and theorems31,32.

Confidence: A positive attitude often correlates with students' confidence in their

ability to learn through CAI. When students believe they can successfully use computers

to understand geometry, they approach learning with a growth mindset. Confidence also

helps students tackle challenging topics, making them more willing to take risks, solve

problems, and learn from mistakes using CAI simulations and interactive exercises.

Perceived Relevance: Students who recognize the real-world applications of

geometry and the role of CAI in developing important skills are more likely to engage

actively with digital tools. For example, understanding that geometry is essential in fields

such as architecture, engineering, and computer graphics encourages students to embrace
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CAI as a valuable learning resource. Seeing how technology enhances mathematical

problem-solving motivates them to use CAI purposefully31,33.

While CAI offers many benefits, some students may struggle with negative

attitudes that limit their ability to effectively engage with technology-based learning.

These challenges include: Anxiety: Some students may feel nervous or intimidated when

using computers, particularly if they lack prior experience or fear making mistakes. This

anxiety can lead to avoidance behaviors, where students resist engaging with CAI

platforms, missing out on valuable learning opportunities. Skepticism: Some students

question the effectiveness of CAI, believing that traditional methods are superior for

understanding geometry. They may doubt whether digital learning can truly replace face-

to-face instruction, leading to disengagement or passive participation in CAI-based

lessons33,34.

Frustration: Technical issues such as software malfunctions, slow internet

connections, or difficulty navigating CAI platforms can lead to frustration. If students

struggle to access materials or experience repeated disruptions, their motivation to use

CAI may decrease, making them less likely to persist in learning complex geometric

concepts. Resistance to Change: Students who are accustomed to traditional teaching

methods may resist adopting CAI. Some prefer paper-and-pencil problem-solving and

may find digital learning unfamiliar or unnecessary. Without proper guidance and

encouragement, these students may disengage from CAI, limiting their exposure to

interactive and dynamic learning experiences31,34.

Teachers play a critical role in fostering positive attitudes toward CAI and

addressing students' concerns. To maximize the benefits of CAI in geometry, educators
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can: Offering step-by-step instructions and ensuring students understand how to navigate

CAI platforms can build confidence and reduce anxiety. Demonstrating how geometry

and technology intersect in various careers can help students see the relevance of CAI.

Encourage a Growth Mindset: Reinforcing the idea that learning through CAI involves

trial and error can reduce fear of failure and motivate students to persist through

challenges. Ensuring that students have access to functional devices and troubleshooting

support can prevent frustration caused by technical difficulties. Combining CAI with

traditional teaching methods can ease resistance, allowing students to gradually adapt to

technology-enhanced learning34,35.

Students’ attitudes toward CAI significantly influence their academic success in

geometry. While enthusiasm, confidence, and perceived relevance enhance learning,

anxiety, skepticism, frustration, and resistance can create barriers. Educators must

actively support students in developing positive attitudes toward CAI by addressing

challenges, providing encouragement, and demonstrating its practical benefits. When

students approach CAI with an open and motivated mindset, they are more likely to

engage deeply with geometric concepts and achieve academic success36.

2.2 Theoretical Framework

This sets the stage for a structured exploration into the fundamental theories and

concepts relevant to the topic at hand. It aims to elucidate the importance of examining

existing theories, identifying gaps, contradictions, or areas requiring further investigation.

Through this review, the researcher aims to provide a comprehensive overview, critically

analyze different theoretical frameworks, and offer insights into their implications for the
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subject area under consideration. The theories will be reviewed under the following

headings: tenets, assumptions, criticisms and relevance to the study under consideration.

2.2.1 Cognitive Load Theory

John Sweller, an Australian educational psychologist, introduced Cognitive Load

Theory (CLT) in the late 1980s, a framework that explores how the human mind

processes information during learning. His work has significantly influenced the field of

educational psychology and instructional design. CLT posits that human cognitive

processing capacity is limited, and effective learning occurs when instructional materials

are designed to manage cognitive load—essentially, the mental effort required to process

information37,38.

Sweller’s theory distinguishes between three types of cognitive load: Intrinsic

Cognitive Load: This is the inherent difficulty of the material being learned, which is

determined by the complexity of the content itself. For example, learning advanced

geometric theorems is more cognitively demanding than understanding basic shapes38.

Extraneous Cognitive Load: This refers to the mental effort imposed by the way the

instructional material is presented. If a lesson is poorly structured or includes irrelevant

information, it can unnecessarily increase cognitive load and hinder learning39. Germane

Cognitive Load: This load is related to the mental effort used to process and understand

the content deeply, promoting learning and schema development. Effective instructional

design aims to optimize germane load while minimizing intrinsic and extraneous load40,41.
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2.2.1.1 Tenets of Cognitive Load Theory

Sweller's work has had a lasting impact on how educational content is structured

and delivered. By focusing on managing cognitive load, educators can create learning

environments that reduce unnecessary mental strain and enhance student comprehension

and retention. His theory has guided the development of instructional strategies, such as

worked examples, scaffolded learning, and split-attention techniques, all designed to

support the natural cognitive processes of students, thereby improving their learning

outcomes38,40.

The core tenets of Cognitive Load Theory (CLT) revolve around understanding

how the mind processes information and how instructional materials can be optimized for

effective learning. CLT emphasizes that working memory has a limited capacity. It can

only process a small amount of information at a time. If cognitive load exceeds this

capacity, it can hinder the learning process. The theory suggests that learning efficiency

depends on how well cognitive load is managed during learning tasks. Effective learning

requires keeping working memory from being overwhelmed by excessive information39.

CLT posits that optimal learning occurs when the cognitive load aligns with the

limitations of working memory. This means the amount of information being processed

should be manageable, allowing learners to effectively organize and retain new

knowledge. If the total cognitive load is too high, the learner's ability to process and store

new information diminishes. Therefore, learning is most effective when instructional

strategies are designed to minimize unnecessary load, focusing on the relevant content

and allowing working memory to process the material efficiently. These tenets highlight

the importance of designing instructional content and learning environments that respect
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the cognitive limits of learners, enabling them to absorb and process information in a way

that maximizes understanding and retention37,41.

2.2.1.2 Assumptions of Cognitive Load Theory

Cognitive Load Theory (CLT) operates on a set of fundamental assumptions that

guide the way learning experiences are designed, aiming to optimize cognitive processes

and improve educational outcomes. One of the core assumptions of CLT is the idea of

limited working memory. This assumption suggests that the human brain's working

memory, responsible for processing and holding information temporarily, has a finite

capacity. Just like a computer’s short-term memory can only handle so many tasks at

once, our minds can become overloaded if too much information is presented at the same

time. When this happens, learners struggle to process and retain new knowledge,

ultimately hindering their ability to comprehend complex material. This is why cognitive

load must be carefully managed; if the load is too high, it can overwhelm the working

memory, preventing effective learning from taking place39,40.

The second critical assumption of CLT is that effective instructional design is key

to enhancing learning. In order to facilitate the most efficient processing of information,

it is essential to reduce extraneous cognitive load—the mental effort required by factors

unrelated to the learning task itself. When instructional materials are poorly designed,

overly complicated, or confusing, they increase extraneous load, distracting students from

the actual content they need to learn. Therefore, CLT underscores the importance of well-

structured, clear, and intuitive instructional strategies. Whether through simplifying the

presentation of material, breaking complex information into manageable chunks, or
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eliminating unnecessary distractions, instructional design plays a crucial role in helping

students learn more effectively37,41.

The third assumption of CLT is centered on schema acquisition, which is the

process by which learners build mental structures, or schemas that help them organize

and understand new information. When students learn, they don’t simply absorb facts—

they construct mental frameworks that allow them to connect new concepts to their

existing knowledge. This is where prior knowledge becomes essential, as it helps students

manage cognitive load by providing a foundation from which to build further

understanding. Over time, as students continue to encounter new concepts and practice

applying them, these schemas become automated, meaning that the cognitive load

required to process them decreases. The more sophisticated a student’s schemas are, the

less mental effort is needed to understand new material, allowing for deeper learning and

the ability to handle more complex tasks37,40.

These assumptions collectively emphasize that learning is not just about

presenting information, but about creating environments and instructional experiences

that respect the cognitive limitations of students. By understanding and applying the

principles of Cognitive Load Theory, educators can better design lessons that foster

optimal learning, reduce unnecessary mental strain, and help students develop the skills

and knowledge they need to succeed38.

2.2.1.3 Criticisms of Cognitive Load Theory

While Cognitive Load Theory (CLT) has been widely influential in the field of

educational psychology, it has also faced several criticisms that highlight potential
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limitations in its approach to understanding the complexities of human cognition and

learning. One of the most prominent criticisms is that Cognitive Load Theory may

oversimplify the intricacies of human cognition. Critics argue that by focusing primarily

on the limitations of working memory, CLT fails to capture the full complexity of how

people learn. Human cognition is not just a matter of managing limited capacity in

working memory; it also involves complex processes such as attention, motivation,

emotion, and individual differences in cognitive abilities. By concentrating on working

memory constraints, CLT risks oversimplifying the broad spectrum of cognitive factors

that influence learning. This focus on memory load may not fully account for the diverse

cognitive strategies students use to approach learning or the diverse ways in which

individuals process information37,39,41.

Another significant critique of CLT is its neglect of the role of motivation and

emotion in the learning process. Cognitive Load Theory is primarily concerned with the

mental effort required to process information and how that effort impacts learning.

However, critics argue that CLT overlooks how motivation and emotion can significantly

influence learning outcomes. Motivation plays a key role in whether a student engages

with and persists in learning activities, while emotions—such as frustration, excitement,

or anxiety—can either facilitate or hinder cognitive processing. For example, a highly

motivated student might be able to overcome difficulties with a complex topic, whereas a

student who feels anxious or uninterested may struggle to concentrate, regardless of how

well the material is presented. By not integrating these emotional and motivational

factors, CLT’s approach may be seen as too narrow and may miss important influences

on learning40,41.
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Finally, there is a lack of consensus on how to measure and quantify cognitive

load, which poses a challenge for both researchers and educators. Critics point out that

the way cognitive load is assessed in CLT studies is often inconsistent, leading to

discrepancies in research findings. Cognitive load is a subjective experience, and

measuring it accurately can be difficult. Some studies use self-report questionnaires,

while others rely on physiological measurements or behavioral observations, each of

which has its limitations. Because of these methodological differences, there is no

universally accepted way to measure cognitive load, which makes it difficult to draw

clear, consistent conclusions from research. The lack of standardized measurement tools

has led to variations in how CLT is applied in educational settings, which undermines its

practical utility and generalizability37,38.

While Cognitive Load Theory has provided valuable insights into instructional

design and the role of working memory in learning, its critics highlight the theory’s

oversimplification of human cognition, its limited focus on motivational and emotional

factors, and the challenges associated with measuring cognitive load. These critiques

suggest that while CLT can be a useful framework, it may need to be integrated with

other theories and approaches that account for the broader, more complex nature of

learning40.

2.2.1.4 Relevance of Cognitive Load Theory to CAI and Academic Performance in
Geometry

Cognitive Load Theory (CLT) holds significant relevance in the design and

application of Computer-Assisted Instruction (CAI), particularly when applied to the

teaching of geometry. The core principles of CLT offer valuable insights into how CAI
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can be tailored to optimize students' learning experiences and improve their academic

performance, especially among senior secondary school students in Oluyole Local

Government. By understanding and applying CLT, educators can create more effective

instructional tools that cater to students' cognitive capacities, ensuring better

comprehension of geometric concepts and enhancing overall academic achievement37,38.

One of the primary ways in which Cognitive Load Theory can influence CAI

design is through the effective management of cognitive load. CLT emphasizes the

importance of minimizing extraneous cognitive load—the unnecessary mental effort that

detracts from learning—while maximizing germane cognitive load, which directly

contributes to the construction of knowledge. When designing CAI tools for teaching

geometry, understanding this balance is crucial. Instructional materials that are

overloaded with irrelevant information, poorly structured, or overly complex may

overwhelm students, hindering their ability to process and retain geometric concepts. On

the other hand, CAI tools that streamline content delivery and present information in a

manner that is both clear and engaging can help students focus their cognitive resources

on understanding core concepts, leading to improved academic performance38,39.

In addition to optimizing the design of CAI materials, Cognitive Load Theory

also supports the development of adaptive learning systems. By utilizing CAI systems

that are informed by CLT principles, instruction can be tailored to meet the individual

needs of students in geometry. Adaptive learning systems dynamically adjust the

difficulty and complexity of tasks based on the learner's progress and cognitive load,

ensuring that students are not overwhelmed by tasks that are too challenging or

disengaged by tasks that are too simple. For senior secondary students in Oluyole Local
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Government, this approach can be particularly beneficial, as it allows for personalized

learning experiences that align with their unique cognitive abilities, pacing, and

comprehension levels. By fostering a learning environment where students are

appropriately challenged without feeling frustrated, adaptive CAI systems can enhance

motivation, engagement, and, ultimately, academic achievement in geometry37,40,41.

Furthermore, the application of Cognitive Load Theory allows for the evaluation

of instructional materials used in CAI for geometry teaching. Through the lens of CLT,

educators can assess whether the instructional content is effectively managing cognitive

load for students. CAI tools can be scrutinized for their ability to present geometric

concepts in a structured and coherent manner that facilitates learning rather than

overwhelming the student’s cognitive resources. This evaluation process ensures that the

tools used in geometry instruction are not only pedagogically sound but also conducive to

the optimal cognitive processing required for effective learning38,39.

The relevance of Cognitive Load Theory to the design and implementation of CAI

in geometry education cannot be overstated. By understanding and applying CLT

principles, educators can enhance the effectiveness of their instructional tools, making

them more adaptable to students' needs and better suited to promoting deeper learning.

For senior secondary school students in Oluyole Local Government, this approach can

significantly impact their ability to comprehend and apply geometric concepts, leading to

improved academic performance and a stronger foundation for future academic and

professional pursuits37,41.

2.2.2 Constructivism Theory
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Constructivism Theory is a prominent educational theory that emphasizes the

active role of learners in constructing their own understanding and knowledge. The

theory posits that learning is not a passive process where students simply absorb

information; instead, they actively build upon their prior experiences and understanding

through interaction with their environment, social contexts, and educational experiences.

Several key figures have made substantial contributions to the development and

refinement of Constructivist theory, each adding their unique perspective on how

individuals learn42,43.

One of the foundational figures in Constructivism is Jean Piaget, a Swiss

psychologist who is widely regarded as the architect of cognitive development theory.

Piaget's work, which began in the 1920s and continued through the mid-20th century,

focused on how children develop cognitive structures to make sense of the world around

them. Piaget believed that learning is a process of active construction, where learners

build their knowledge through interaction with their environment and through stages of

cognitive development. He introduced the concepts of schemas, assimilation, and

accommodation to describe how learners integrate new information into their existing

mental frameworks. Piaget's theory emphasized that learners must actively engage with

their surroundings, experiment, and reflect on their experiences to make sense of the

world42,44.

Another key figure in the development of Constructivism is John Dewey, an

American philosopher and educator. Dewey is often recognized for his contributions to

experiential learning. Dewey believed that education should not simply focus on the

transmission of knowledge from teacher to student but should prioritize the experiences
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of the learner. He argued that meaningful learning occurs when students actively engage

in problem-solving, experimentation, and critical thinking. Dewey’s views were

groundbreaking in that he emphasized the social and contextual nature of learning. For

Dewey, education was not just about acquiring knowledge but also about preparing

students to live in a democratic society, making his work highly influential in both

educational theory and practice43,44.

Lev Vygotsky, a Russian psychologist, introduced the concept of the Zone of

Proximal Development (ZPD), a core principle in Constructivist theory. Vygotsky's work

focused on the social and cultural aspects of learning. He argued that cognitive

development is deeply embedded in social interactions and that learning occurs most

effectively when students engage with others, such as teachers or peers, in guided

interactions. Vygotsky’s ZPD emphasizes the gap between what a learner can do

independently and what they can achieve with the help of a more knowledgeable

individual. He believed that learning is most effective when teachers provide the

necessary scaffolding, offering support and guidance to students as they navigate tasks

just beyond their current capabilities. This framework highlights the social nature of

learning and underscores the importance of collaborative learning environments45.

Finally, Jerome Bruner, an American psychologist, contributed significantly to the

development of Constructivist theory through his ideas on discovery learning and

scaffolding. Bruner’s work emphasized that learners should be encouraged to explore and

discover concepts on their own rather than passively receiving information. He argued

that students learn best when they are actively engaged in the learning process,

constructing their own understanding through problem-solving and exploration. Bruner
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also introduced the idea of scaffolding, which refers to the support given to learners that

is gradually reduced as they become more capable. His emphasis on the importance of

active learning and student autonomy resonated deeply with the Constructivist

perspective46.

Together, Piaget, Dewey, Vygotsky, and Bruner laid the foundations for the

theory of Constructivism, each emphasizing the active role of the learner in constructing

knowledge. Their work has had a profound influence on education, particularly in the

design of learner-centered environments that encourage exploration, problem-solving,

and collaboration. Constructivist teaching methods prioritize student engagement, critical

thinking, and social interaction, making them highly effective for fostering deep

understanding and lasting learning outcomes.

2.2.2.1 Tenets of Constructivism Theory

Constructivism Theory, as a prominent educational framework, revolves around

several core principles that highlight the active, dynamic, and social nature of learning.

These principles are grounded in the belief that learners are not passive recipients of

information, but rather active participants in constructing their own understanding and

knowledge. Central to Constructivism is the idea that learning is an active process.

Learners are not mere vessels to be filled with knowledge; instead, they are active

constructors of their understanding. They engage with content, explore ideas, and interact

with their environment in meaningful ways. As learners encounter new experiences and

challenges, they actively work to make sense of them, integrating them into their existing

knowledge base. Through this hands-on engagement, students move beyond
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memorization and develop deeper, more meaningful connections with the material they

are learning44,46.

Constructivism asserts that learners build their own mental representations or

schemas of knowledge. This process of construction is driven by exploration, inquiry,

and reflection. Rather than passively receiving information from a teacher or textbook,

students actively engage in problem-solving and critical thinking activities that encourage

them to question, analyze, and reflect. This approach leads to a deeper understanding, as

learners are encouraged to link new information to prior knowledge and experiences,

refining their mental models over time. In this sense, learning is seen as a process of

ongoing construction, where each new experience adds layers to the learner's

understanding.

Constructivism emphasizes the importance of social interaction in the learning

process. Collaborative learning environments, where students work together, share ideas,

and engage in dialogue with peers and teachers, are fundamental to this theory.

According to Constructivism, learners refine and expand their understanding not only

through their individual experiences but also through meaningful exchanges with others.

These interactions contribute to shaping their thought processes, encouraging critical

thinking, and providing opportunities for different perspectives. Vygotsky’s concept of

the Zone of Proximal Development (ZPD) and the idea of scaffolding highlight the

importance of social support in helping learners progress beyond their current abilities.

By engaging in discussions, debates, and collaborative problem-solving, students refine

their understanding and construct new knowledge in ways they might not achieve in

isolation44,46.
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Together, these tenets underscore the core principles of Constructivism: that

learning is an active, individual, and social process. Students are not passive recipients of

knowledge but active participants in their learning journey, constructing their

understanding through direct experiences, reflective inquiry, and collaboration with

others. This approach fosters deeper, more engaged learning, promoting critical thinking,

problem-solving, and a sense of ownership over one's educational progress42,43.

2.2.2.2 Assumptions of Constructivism Theory

Constructivism Theory is built on several foundational assumptions that shape

how learning occurs, particularly in subjects like geometry. These assumptions

emphasize the importance of the learner’s background, the role of the environment, and

the dynamic nature of knowledge acquisition. One of the core assumptions of

Constructivism is that learners come to the learning process with prior knowledge and

experiences. This prior knowledge plays a crucial role in shaping how new information is

understood, interpreted, and integrated into existing mental frameworks. In the context of

geometry, for example, a student’s previous understanding of basic shapes, numbers, and

spatial reasoning influences how they will approach more complex geometric concepts.

Constructivist teaching, therefore, emphasizes building upon what learners already know

and using their existing knowledge as a foundation to explore and understand new

material. This assumption highlights the importance of assessing students' prior

knowledge to design learning experiences that connect with their individual learning

histories and cognitive abilities44,45,46.
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Constructivism places significant importance on the learning environment and its

role in facilitating knowledge construction. Learning is most effective when it occurs

within a context that encourages active engagement, exploration, and problem-solving. In

a geometry classroom, this assumption suggests that students should be provided with

real-world contexts and problems that require them to actively participate in discovering

geometric principles and concepts. By engaging in hands-on activities, such as

manipulating geometric shapes, creating models, or solving practical geometry problems,

students can develop a deeper understanding of the material. The learning context should

be rich in opportunities for students to explore, inquire, and make meaning of the content

themselves. It should promote curiosity, allow for experimentation, and encourage

students to confront and resolve challenges in a way that fosters independent thought and

critical thinking43,46.

Together, these assumptions emphasize that learning is a personal and active

process that is influenced by the learner's prior knowledge and experiences and is best

facilitated in a supportive and stimulating learning environment that promotes exploration

and meaningful engagement. By incorporating these assumptions, educators can design

geometry lessons that not only cater to the cognitive needs of students but also create an

environment where students are empowered to construct their own understanding and

actively engage with new knowledge44,46.

2.2.2.3 Criticisms of Constructivism Theory
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While Constructivism has been a highly influential and transformative

educational theory, it has faced several criticisms, particularly regarding its application in

diverse learning contexts and its impact on instructional practices. These criticisms

revolve around concerns related to the nature of knowledge, assessment, and the need for

structured guidance in the learning process. One of the primary criticisms of

Constructivism is its emphasis on subjective interpretations of knowledge. Critics argue

that by focusing heavily on the individual construction of knowledge, Constructivism

risks undermining the existence of an objective reality. This can lead to relativism, where

different interpretations and understandings of concepts are seen as equally valid. In

educational contexts, particularly in subjects like geometry, this could create confusion

and ambiguity, as students might develop varying interpretations of geometric principles

without a common, universally accepted foundation. Critics fear that this approach could

ultimately result in a lack of consensus and shared understanding, especially in

disciplines that rely on objective facts and universally accepted truths42,45.

Another significant criticism of Constructivism is the challenge it presents in

measuring and assessing learning outcomes. Constructivist approaches, which focus on

individualized learning and context-specific understandings, make it difficult to develop

standardized assessments that effectively measure students' comprehension of the

material. Traditional testing methods, such as multiple-choice questions or standardized

exams, often fail to capture the depth and complexity of students' learning experiences in

a constructivist classroom. Since the approach emphasizes personal meaning-making and

discovery, it can be challenging to assess the full range of skills and knowledge that

students develop. Consequently, critics argue that Constructivism may not always
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provide reliable or consistent metrics to evaluate academic performance, particularly in

subjects like geometry, where precise understanding and application of principles are

crucial43,46.

Critics also contend that purely constructivist approaches may sometimes provide

insufficient guidance or structure for learners, especially in subjects that are traditionally

seen as more structured, like mathematics. While the theory advocates for students to

take an active role in their learning and discover knowledge on their own, it may leave

them without the clear frameworks or scaffolding that are often necessary to master

complex concepts. In the case of geometry, for instance, students may struggle with

abstract concepts or the application of geometric rules if they do not receive sufficient

direct instruction, examples, or step-by-step guidance from the teacher. Without

appropriate support and direction, students might find themselves overwhelmed or

confused by the intricacies of the subject matter. Critics argue that a balance must be

struck between providing students with the freedom to explore and ensuring they have

enough structured learning opportunities to make meaningful progress42,45,46.

While Constructivism offers a valuable perspective on how learning occurs,

especially in terms of fostering independent thought and critical inquiry, it is not without

its limitations. Critics emphasize the need for careful consideration of the balance

between subjective interpretation and objective knowledge, the challenges of assessing

learning outcomes in a constructivist framework, and the potential for insufficient

guidance in certain academic contexts, such as mathematics and geometry. These

criticisms highlight the importance of adapting Constructivist principles to the specific

needs and challenges of different subjects and student populations42,46.
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2.2.2.4 Relevance of Constructivism Theory to CAI and Academic Performance in
Geometry

Constructivism Theory offers a valuable lens through which Computer-Assisted

Instruction (CAI) can be enhanced to improve academic performance, especially in

subjects like geometry. By emphasizing active learning, prior knowledge, social

interaction, and personalized learning experiences, Constructivism can inform the design

and implementation of CAI tools that effectively support students’ understanding and

application of geometric concepts. In the context of senior secondary school students in

Oluyole Local Government, integrating Constructivist principles into CAI can provide

numerous benefits for geometry education8,21,46.

One of the most significant contributions of Constructivism to CAI design is the

creation of interactive and exploratory learning environments. Constructivism asserts that

learning is most effective when students actively engage with the content rather than

passively receiving information. In the case of geometry, CAI tools that incorporate

interactive features, such as virtual manipulatives, geometric visualization tools, and

dynamic simulations, allow students to explore geometric shapes, relationships, and

properties firsthand. Students in Oluyole Local Government, by interacting with CAI

systems, can experiment with different geometric transformations, visualize abstract

concepts, and discover mathematical truths through trial and error. This process aligns

with Constructivism’s emphasis on learners constructing their knowledge through

exploration and active engagement24,42.

Another key aspect of Constructivism is its recognition of individual differences

in prior knowledge and learning styles. Applying these principles to CAI systems can
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result in adaptive and personalized learning experiences. CAI tools that integrate

Constructivist principles can be designed to assess students’ current understanding of

geometry and adapt the learning path accordingly. For example, a CAI platform might

present a student with different geometric problems or provide additional resources based

on their current level of comprehension. This personalized approach ensures that students

receive content that is neither too difficult nor too easy, helping them build on their

existing knowledge while fostering a deeper understanding of geometry. In Oluyole

Local Government, where students may come from diverse backgrounds and have varied

levels of prior knowledge, this adaptability ensures that each student receives instruction

tailored to their unique learning needs25,46.

Constructivism highlights the importance of social interaction and collaborative

learning in the construction of knowledge. In a geometry classroom, peer collaboration

can significantly enhance learning, especially when students discuss and explain

geometric concepts to one another. CAI systems that incorporate collaborative features—

such as discussion forums, group projects, and peer feedback—allow students to engage

in dialogue with their classmates, share ideas, and collaboratively solve geometric

problems. By working together, students can refine their understanding of geometric

principles, learn from each other’s perspectives, and enhance their critical thinking skills.

In Oluyole Local Government, where students may face challenges in fully grasping

abstract geometric concepts, collaborative learning opportunities provided by CAI

platforms can help bridge gaps in understanding and encourage a deeper engagement

with the subject matter19,45.
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Constructivism Theory’s focus on active learning, prior knowledge, social

interaction, and personalized learning aligns closely with the capabilities of Computer-

Assisted Instruction. By integrating these principles into the design of CAI tools for

geometry, educators can create engaging, interactive, and adaptive learning experiences

for senior secondary students in Oluyole Local Government. These experiences can

significantly improve students’ understanding and academic performance in geometry by

enabling them to actively construct their knowledge, collaborate with peers, and receive

personalized instruction that caters to their individual learning needs. Through the

application of Constructivist principles, CAI becomes a powerful tool for enhancing the

educational experience and promoting academic success in geometry22,44.

2.3 Review of Empirical Studies

A study compared and contrasted computer-aided education with other teaching

technologies while highlighting the value of computers in mathematics instruction42.

According to study findings from 320 students and 8 faculty members at a university,

The CATL system enhances student performance and teacher-student communication.

Other methods are unable to achieve the 94.43% performance rate that the CTL achieves.

Thus, the study proposed educational techniques to improve learning sustainability with

computer-assisted instruction and learning system (CATL). The suggested approach is a

crucial concept to put into practice and use by utilizing the teaching and learning

experiences of individual teachers. One strategy to improve the effectiveness and

sustainability of education is through the CATL system framework. Since computer
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education is essential for all learners, the study suggested that it is included in school

curriculum.

A study investigated the Teacher's Geometry Vocabulary Competence and

Students' Academic Performance in Circle Theorem43. In this study, 210 students were

chosen using the probability systematic sampling methodology, and a sequential

explanatory design was employed along with a mixed-methods research approach. Along

with the primary data collection, which included the use of a questionnaire, an

achievement test, and an interview guide, a complete literature study was carried out.

Regression analysis and deductive manual theme analysis, which was limited to the

qualitative data obtained from the interviews, were employed to analyze the field data.

The study discovered a strong correlation between the dependent variable (students'

academic achievement in Circle's Theorem) and the independent variable (teachers'

language skills and vocabulary knowledge). This suggests that the teacher's vocabulary

knowledge and circle theorem linguistic ability affect the students' performance in the

theorem. In order to improve teachers' language proficiency and vocabulary related to the

circle theorem, it is advised that the Ghana Education Service host training conferences

and workshops. Additionally, the Mathematics Syllabus should include instructions on

how students should be introduced to mathematical terminology and vocabulary.

A study looked into how mathematics achievement among Rivers State secondary

school pupils was affected by computer-assisted instruction44. Two inquiries for research

and two Researches were directed by hypotheses. It was a quasi-experimental design. 215

senior students made up the study's population. Gokana secondary school Kpor. The

study's sample was 35 pupils. Simple random was used to determine the sample size. The
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tool utilized to gather information was achievement test with multiple choice questions.

The device underwent validation by scholars and specialists in computer science

education. And 0.81 was established as the instrument's dependability. Utilizing the mean

and standard deviation, the pre-test and post-test results to address research inquiries,

whereas the z-test was utilized to evaluate the theories at 0.05 significant level. The

study's conclusions demonstrated that pupils receiving computer-assisted education

outperformed those receiving traditional training teaching strategies. Additionally, results

showed that there is a notable distinction between the pre- and post-tests performance

levels of pupils instructed in mathematics with computer-assisted teaching approach. The

research suggested believe the government ought to incorporate computer and integrating

instructional software into maths classrooms junior secondary school curriculum as this

will aid in preparing pupils for exceptional math performance at upper secondary school.

Another study looked at how Delta State senior high school pupils' retention and

achievement in geometry were affected by the Frizbi Mathematics 4 computer-assisted

instruction program45. A quasi-experimental pre- and post-test study approach was used

in the research. The study's population consists of all SS2 students enrolled in public

secondary schools for the academic year 2018–2019. Two schools were chosen using the

purposeful sampling technique based on the fact that their school is the only one having a

computer lab. After that, basic random was used. Using a sampling technique, a sample

size of 110 was chosen and split into Experimental and groups under control. The

experimental group's students used CAI software, but those Geometry was taught in the

control group using a conventional teaching methodology. The instruction took place

over a period of four weeks. Following that, both groups took the Geometry Achievement
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Retention Test, a research tool. The results attained were assessed at the 0.05 level of

significance using the mean, standard deviation, and t-test. The outcome demonstrates

that the average accomplishment and retention scores of the participants differ

significantly from one another the groups under experimentation and control. The

experimental group benefited from the observed difference collective. The investigation

also showed that there is no discernible variation in the mean scores for achievement and

retention among students using CAI software, both male and female regardless of sex. It

follows that gender bias is not present in CAI. Thus, the investigation concluded that the

CAI-Frizbi Mathematics 4 program significantly improves Geometry retention and

achievement among senior school students. Thus, among other things, it suggests that

math teachers need to be motivated to utilize the CAI Frizbi Mathematics 4 program in

the geometry instruction in secondary education.

A study examined how SSS in Katsina, Katsina State, Nigeria performed in

geometry when they received CAI46. The study looked at the retention and achievement

scores of students who received computer-assisted instruction and individuals who were

instructed using traditional means. There were twenty senior high school students in the

sample. Pupils were selected from Katsina's two secondary schools. To choose, stratified

random sampling was employed. The 20 pupils, consisting of 10 men and 10 women.

Three hypotheses and three research questions were developed, and the significance

threshold was assessed at 0.05. The 40-item GAT items of the multiple-choice objective

type that the researcher created and approved were utilized as a tool for gathering data. A

test called the Geometry Achievement Test (GAT) was given to students as pre-test and

post-test. To evaluate the hypotheses, the t-test statistic was used to assess the student
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outcomes. The findings showed that students who were taught using the CAI

outperformed their peers who were taught using the conventional style of instruction. In a

retention test, pupils who were taught with CAI outperformed the control group.

Additionally, it was discovered that the post-test performance scores of male and female

students who were taught using the CAI package did not differ significantly. It was

suggested, in light of the results, that computer-aided instruction be promoted in the

schools for the teaching and learning of geometry and mathematics.

A study investigated the impact of CAI on mathematical achievement in mainland

China using meta-analysis46. The study found 36 studies that met the strict inclusion

requirements, totaling 13,438 students in grades 1 through 12. Overall, they had a

moderate effect (ES=+0.38) relative to conventional training. This result appeared to

corroborate the reasoning behind the recent curriculum changes in China's mainland,

specifically that CAI yielded superior outcomes when paired with fresh approaches to

instruction. Even Transmission-CAI and Supplemental-CAI were more effective than

conventional transmission instruction.

Another study x-rayed how mastery learning affected the retention and

achievement of circle geometry in senior secondary school pupils47. The research was

carried out in Nigeria's Kwara state, at Ilorin. It used non-randomized, quasi-

experimental, pre- and post-test designs for the control groups. A sample of 172 pupils in

senior high school II was selected using a multi-stage selection process from four

coeducational schools. The Circle Geometry Achievement Test served as the data

gathering tool (CGAT). This was confirmed by professionals, yielding a dependability

index of 0.82 when test-retest methodology. The outcome demonstrated that senior
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school pupils' performance improved in circle geometry when taught utilizing mastery

method of learning. When using a mastery learning technique, there was no discernible

difference in the achievement of low, medium, and high scoring students based on gender.

In the post-test, there was also a significant difference mean score and retention score of

pupils instructed in mastery circle geometry method of learning. Among other things, it

was suggested that trainings should be provided to math teachers on the efficient

application of the mastery learning approach if improved performance is needed in the

mathematics classroom.

A study examined how technology is implemented significantly impacts

classroom management. The rapid advancement of technology has made its use in

classrooms unavoidable49. As technology evolves and expands, it changes how it is

utilized in educational settings. In technology-aided education based on a behavioral

approach, traditional lectures are enhanced, and student motivation is increased.

Conversely, in a classroom shaped by a constructivist approach, there is a greater

emphasis on student-centered activities, which leads to changes in classroom

management techniques. Many students struggle with understanding fundamental

concepts in geometry and often leave geometry classes without learning basic

terminology. Systematic teaching of geometry can improve students' knowledge and

success by boosting their motivation. This study aims to demonstrate the role of

technology-based teaching in enhancing student motivation and to explore whether the

use of technology in the classroom can improve geometry learning.

A study combined experimental studies that compare the effectiveness of

technology-assisted teaching with traditional methods on mathematical and geometry
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achievement using a meta-analytical review method50. It examines articles, master's

theses, and doctoral dissertations conducted in Turkey from 2000 to 2016. A total of 98

studies on academic achievement met the criteria and were included in the meta-analysis.

The effect size between variables was calculated by numerically combining the findings

from these studies, using CMA 2.0 and MS Office Excel 2010 for data analysis. The

meta-analysis results show that the effect size of technology-assisted teaching on

students' mathematics achievement is 0.758, and on geometry achievement is 1.136.

these values represent a medium effect size for mathematics achievement and a very

large effect size for geometry achievement, although both are considered medium

according to Cohen's standards. The study also calculated comparative effect sizes based

on implementation techniques, education levels, and learning fields. The findings indicate

that technology-assisted teaching is more effective than traditional methods for

improving achievement in mathematics and geometry. Additionally, the effect size on

academic achievement in these subjects does not vary based on implementation time,

education level, or learning fields.

A study examined the use of Geogebra Software in Teaching Mathematics. The

advent of computer technology has created opportunities and facilitated its use in various

aspects of life, including education, as a supportive tool51. One such program beneficial

for mathematics learning is Geogebra software. The researcher employed the

documentation method to collect data and analyzed it using content analysis. After

reviewing twelve relevant articles highlighting the benefits of Geogebra in mathematics

education, several significant findings emerged. These include the ease with which
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students understand geometry using Geogebra and their increased enjoyment of learning

geometry through this computer-operated software.

A study examined the effects of using dynamic geometry on eighth grade

students' achievement and attitude towards triangles52. The study involved a controlled

experiment with experimental and control groups, both taught by the same teacher.

Thirty-six eighth-grade students from a rural middle school in Turkey participated, none

of whom had prior experience using computers for learning mathematics. The results

indicated that dynamic geometry-based computer instruction significantly improved

students' geometry achievement compared to traditional methods. Additionally, this type

of instruction positively influenced students' attitudes toward geometry and technology.

A correlation analysis revealed a positive relationship between students' achievement

levels and their attitudes toward both geometry and technology.

A study investigated geometry as a crucial component of the mathematics

curriculum, numerous studies indicate that many students in Turkey do not achieve the

necessary level of geometric understanding54. The project-based learning approach is

considered one of the most effective methods to create an environment where students

can derive their own conclusions rather than just receiving lectures. This study

investigated the effects of project-based learning on seventh-grade students' geometry

achievement and their attitudes towards the subject. Student surveys, interviews, teacher

observations, and researcher observations also suggested that project-based learning

enhanced achievement and attitudes by involving students in model-making, solving real-

life problems, and using trial and error to determine dimensions and areas. This approach
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particularly benefited high-capacity students who were easily distracted during traditional

classes by engaging them in projects they felt ownership of, leading to positive outcomes.

A study examined the impact of dynamic geometry CAI on eighth-grade students'

geometry achievement and their attitudes toward geometry and technology, compared to

traditional teaching methods55. The study involved a controlled experiment with

experimental and control groups, both taught by the same teacher. Thirty-six eighth-grade

students from a rural middle school in Turkey participated, none of whom had previous

experience using computers for learning mathematics. The findings showed that dynamic

geometry CAI significantly improved students' geometry achievement compared to

traditional methods. Additionally, this instruction positively influenced students' attitudes

toward geometry and technology. A correlation analysis revealed a positive relationship

between students' achievement levels and their attitudes toward both geometry and

technology.

A study investigated the impact of integrating STEM practices into Science

courses for 6th-grade middle school students on their academic achievement toward

STEM56. The research was conducted during the 2018-2019 academic year with a

population consisting of 6th-grade students from a middle school. Using a quasi-

experimental design, both experimental and control groups underwent pre-tests and post-

tests comprising an ACT, STEM Problem Solving Inventory. Statistical analysis was

performed using a software package. The results indicated that students in the

experimental groups, who received STEM practices, achieved higher scores on the

Academic Achievement Test compared to the control group that followed a constructivist
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approach. This difference was found to be statistically significant. Additionally,

improvements were observed in the post-test scores of the STEM.

A study examined Students’ attitude and academic achievement in a flipped

classroom. The study employed a quasi-non-equivalent, the attitudes towards chemistry

and academic achievements of second-year Bachelor of Education students specializing

in Chemistry were examined using the flipped classroom strategy57. The study involved

100 students who initially completed a 30-item questionnaire to assess their attitudes

towards chemistry. Pre-tests were conducted for both the control and experimental groups.

Subsequently, the experimental group experienced instruction via the flipped classroom

method, while the control group received traditional teaching. Following this, the

experimental group took a post-attitude test. Post-tests were administered to both groups.

Results indicated a significantly higher mean in the post-attitude test scores compared to

the pre-test scores, suggesting a positive shift in students' attitudes towards chemistry

with the use of the flipped classroom strategy. Academic achievement was also assessed,

revealing that students taught with the flipped classroom strategy achieved significantly

higher than those taught conventionally. These findings suggest that the flipped

classroom approach can enhance students' attitudes towards chemistry and improve their

academic performance. This study holds particular relevance for chemistry education in

secondary and tertiary institutions in developing countries like Nigeria, where high

student-to-teacher ratios often challenge effective classroom instruction

A study explored the effects of integrating local wisdom forms into a MAR

application on the learning attitude, motivation, and understanding of geometry concepts

among pre-service mathematics teachers58. The study involved 24 participants and
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utilized an embedded design with mixed methods. Instruments included questionnaires to

assess attitude and motivation, a geometry concept understanding test, and semi-

structured interviews. Data were analyzed both quantitatively and qualitatively. The

findings indicate that integrating local wisdom into MAR applications for learning

geometry was effective, yielding positive impacts on the attitude, motivation, and

comprehension of geometry concepts among pre-service mathematics teachers.

A study examined the use of augmented reality (AR) technology in middle school

settings to teach Geometry. The researchers developed an AR application for students to

learn fundamental geometric concepts, alongside a similar web-based application

targeting the same educational goals. They used a 2 × 2 × 2 factorial design involving 93

participants to analyze how technology type (web vs. AR), school type (private vs.

public), and assessment timing (pre-test vs. post-test) influenced motivation and

knowledge retention. The findings revealed that: (1) there was an interaction effect

between technology type, school type, and assessment timing on students' achievement

scores; (2) students utilizing the AR application performed better in the post-test

compared to those using the web-based version; (3) the AR learning environment was

more effective for students in public schools, but not for those in private schools; (4) no

interaction effect was found regarding motivation across the different factors; (5) students

in private schools reported higher motivation levels when using the AR environment

compared to their public school counterparts. The results suggest that, in Mexico, AR

technology can be effectively utilized to support middle school students from both public

and private schools in learning the fundamental principles of Geometry.
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A study examined the connection between students' attitudes toward mathematics

and their achievement in the subject has been a focal point for researchers, although

findings on this relationship have varied59. Using latent profile analysis on data from the

2019 Trends in International Mathematics and Science Study in Singapore, we identified

four distinct attitude profiles: very negative (5.44%), negative (41.38%), neutral

(38.77%), and positive (14.41%). Our analysis affirmed that attitudes toward

mathematics encompass multiple dimensions such as liking mathematics, valuing

mathematics, and confidence in mathematics. Additionally, we found a positive

correlation between students' attitudes toward mathematic.

A study examined Students' Attitude toward Mathematics and its Relationship

with Mathematics Achievement. Mathematics is essential in fields like Science,

Technology, and Engineering, where all subjects are heavily math-oriented61. However,

preliminary studies have linked students' performance in Mathematics to three main

factors: interest, attitude, and learning habits, as outlined in the KASH Model. This

model suggests that poor academic outcomes stem not only from lacking knowledge and

skills but also from negative attitudes and ineffective study habits. This study aims to

explore the levels of interest, attitude, and learning habits among students based on the

KASH Model and examine their relationships. The sample consisted of 58 students

enrolled in subjects like Thermodynamics, Fluid Mechanics, and Solid Mechanics. Data

were collected using a questionnaire with 21 items, and descriptive analysis was

employed to determine means, percentages, and Pearson correlations. The findings

revealed high levels of interest, positive attitudes, and effective learning habits among the

students, with significant correlations observed between interest, attitude, and habits. The
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study underscores the importance of nurturing these variables equally during teaching

and learning processes to enhance students' achievement, particularly in Mathematics

subjects.

A study evaluated the impact of DGS on students' mathematical abilities; and

identify conditions under which the use of DGS is most effective in enhancing students'

mathematical skills62. This meta-analysis reviewed 57 effect sizes extracted from 50

articles published between 2010 and 2020 in academic journals and international and

domestic conference proceedings. Comprehensive Meta-Analysis (CMA) was utilized for

data analysis, calculating effect sizes using the Hedges coefficient with a 95% confidence

level. The random effects model yielded an overall effect size of 1.07, indicating a

substantial positive impact of DGS on students' mathematical abilities. This effect size

suggests that, on average, students using DGS perform better than 84% of their peers in

traditional classrooms with similar starting abilities. Analysis of study characteristics

revealed significant variations based on sample size, student-to-computer ratio, and

educational level. Specifically, DGS was found to be more effective in smaller sample

sizes (30 or fewer students), settings with adequate access to computers allowing

individual student use, and at higher education levels such as high schools and colleges

compared to junior high schools. These findings provide insights to educators, guiding

decisions on optimal sample sizes, student-to-computer ratios, and educational levels

when implementing DGS in mathematics education.

A study examined the effectiveness of dynamic geometry software applications in

learning mathematics. Mathematics Connections, a core secondary mathematics

curriculum funded by the National Science Foundation in 1992, aims to introduce
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advanced mathematical concepts to all students63. It portrays mathematics as a crucial,

powerful, and adaptable tool essential for engaging with the world at various levels, from

everyday scenarios to cutting-edge scientific and technological frontiers. The program

was developed with five primary goals by principal investigators, developers, and an

Advisory Council. Professional development plays a critical role in effectively

implementing Mathematics Connections. Classes using Mathematics Connections exhibit

notably higher levels of student engagement compared to those using traditional curricula.

The program's philosophy and design aim to equip students with the skills necessary for

reasoning, communication, problem-solving, and critical thinking.

A study examined the effects of Mathematics Connections on student

achievement, confidence, and perception Standards-based school mathematics curricula.

In modern education, there is a recognized need for changes in teaching and learning

methods to address current societal demands64. This study focuses on evaluating the

effectiveness of a collaborative learning approach, centered around the Harry Potter

theme, compared to traditional methods in teaching geometric figures to first-year

students in Obligatory Secondary Education mathematics. The research employs a quasi-

experimental, quantitative, descriptive, and correlational design, utilizing standardized

questionnaires for data collection. The sample comprises 236 students from a public high

school in Cádiz, Spain, distributed among eight groups (four experimental and four

control). Findings indicate that collaborative learning enhances both student attitudes and

mathematical comprehension. The collaborative method, infused with the Harry Potter

theme, fosters a more positive student outlook on the learning process in mathematics at

the first-year level of Secondary Education. Moreover, it supports the acquisition of
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geometric mathematical concepts, although the impact on actual grades is minimal

despite slightly better performance observed in the experimental group compared to the

control group.

A study examined the effect of CSCL using GeoGebra software on 11th grade

students’ mathematics achievement in exponential and logarithmic functions65. This

study aimed to assess the impact of computer-supported collaborative learning (CSCL)

utilizing GeoGebra software on the academic performance of 11th-grade students in

exponential and logarithmic functions. It employed a quasi-experimental design with

both pre-test and post-test assessments conducted among two groups: an experimental

group (18 students) and a control group (17 students) in Istanbul, Turkey. The

experimental group engaged in CSCL activities facilitated by GeoGebra software,

whereas the control group received traditional textbook-based instruction. Data collection

utilized a mathematics achievement test (MAT) comprising 20 multiple-choice items

developed by the researchers, administered as both a pre-test and a post-test to both

groups. Findings indicated that CSCL using GeoGebra software significantly enhanced

students' achievement in understanding exponential and logarithmic functions compared

to traditional instructional methods.

A study examined the Role of Students’ Beliefs, Parents' Educational Level, and

The Mediating Role of Attitude and Motivation in Students’ Mathematics Achievement66.

The study randomly selected 30 classes from six schools in Surabaya, Indonesia,

involving 894 fifth- and sixth-grade students (448 boys and 446 girls). Using SEM, the

study found that this model predicts 49% of the variance in students' mathematics

achievement. Beliefs positively correlate with achievement (β = 0.20, p < 0.001), attitude
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(β = 0.82, p < 0.001), and motivation (β = 0.68, p < 0.001). Parents' educational level also

positively correlates with achievement (β = 0.17, p < 0.001) and motivation (β = 0.07, p =

0.04). Beliefs indirectly influence achievement through attitude (β = 0.31, p < 0.001) and

motivation (β = 0.08, p = 0.01). However, the indirect effect of parents' educational level

on achievement through motivation was found to be insignificant. This study contributes

valuable insights into understanding the intricate relationships among beliefs, parents'

educational background, attitudes, motivation, and academic achievement.

A study investigated the impact of GeoGebra on three-dimensional geometry

learning on students' overall mathematical communication skills and specifically among

groups categorized by their prior mathematical abilities67. Conducted as a quasi-

experimental study with a randomized posttest-only design, the research involved 84

twelfth-grade students from a high school in Central Jakarta, Indonesia. Prior to the study,

students were classified into high, medium, and low ability groups based on their

mathematical skills. Data collected included results from a mathematical communication

skills test comprising 7 questions, which were analyzed using the Mann-Whitney test.

The findings indicate differences between students who received GeoGebra-assisted

geometry learning and those who received traditional mathematics instruction. Overall, as

well as among students with high and medium prior mathematical abilities. However, no

significant differences were observed among students with low prior mathematical ability.

A study investigated the impact of using GeoGebra software within aCSCL

environment on seventh graders' geometry achievement, learning retention, and attitudes

toward geometry. Utilizing a quasi-experimental design, the research involved a pretest,

post-test, and delayed post-test, and was conducted with 62 seventh-grade students in
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Turkey68. The experimental group engaged in CSCL activities with GeoGebra, while the

control group received traditional textbook-based instruction. Both groups completed the

GAT and the GAS as pretests and post-tests, with a retention test administered eight

weeks later. Data analysis was performed using SPSS 17.0 through t-tests and ANCOVA.

The findings indicated that the CSCL approach with GeoGebra significantly improved

students' geometry achievement and learning retention compared to traditional instruction.

Additionally, it was found that this learning environment positively influenced students'

attitudes toward geometry.

A study assessed the impact of using GeoGebra in conjunction with the ARCS

model (Attention, Relevance, Confidence, and Satisfaction) on students' academic

achievement and motivation69. The research involved both an experimental group and a

control group. To evaluate motivation, the academic motivation questionnaire developed

by Harter (1981) was utilized. Additionally, two sets of multiple-choice tests on a

geometry topic were created to measure students' academic achievement. Pre-tests were

administered to both groups at the start of the lessons. The experimental group received

instruction through GeoGebra, while the control group was taught using traditional

methods. Post-tests were given to both groups at the end of the lessons. The statistical

differences in post-test scores for academic motivation and achievement between the two

groups were analyzed using ANCOVA after confirming the assumptions of normality

and homogeneity. The results indicated that the experimental group outperformed the

control group in both academic achievement and motivation.

A study explored the factors influencing high school students' GPS abilities,

involving 101 Indonesian students70. Participants were divided into two groups based on
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the learning approach (LA) used: the investigative learning group and the direct

instruction group. Data were collected using three types of instruments: the test of Basic

Geometric Concepts (BGC), the Geometry Problem-Solving (GPS) assessment, and the

Mathematics Self-Efficacy (MSE) scale, which includes MTSE and MSSE. The

researchers analyzed the data using ANOVA techniques, path analysis, and error analysis.

The findings indicated that the levels of BGC and MTSE, along with the interactions

between learning approaches and gender, significantly affected students' GPS capabilities.

Specifically, students' BGC levels impacted their MSE, which in turn hindered their GPS

skills, with gender and learning approaches acting as moderators. The analysis identified

phases in the problem-solving process that negatively affected student performance;

female students tended to focus on visualization, while male students preferred

representation. The researchers recommend further studies on gender-based learning

approaches in the geometry curriculum to enhance student abilities.

A study investigated the impact of integrating PowerPoint on motivation and

achievement among students in under-resourced SHSs71. The research utilized an

embedded mixed-method approach with a quasi-experimental design, involving 80

students randomly selected from two government-supported SHSs, who were divided

into control and experimental groups. To gather data, teacher-created Pre- and Post GAT

were administered, along with semi-structured interviews for qualitative insights. The

experimental group received instruction using Information and Communication

Technology (ICT) through PowerPoint presentations, while the control group was taught

using traditional instructional methods. Both groups completed the pre-GAT and post-

GAT assessments, and their responses were scored to generate quantitative data. The



95

findings revealed that students in both groups showed improvement in their post-GAT

scores compared to their pre-GAT results.

This meta-analysis evaluated the overall impact of using GeoGebra software and

assessed how study characteristics influence effect sizes, which has implications for

future research. The analysis included 36 effect sizes from 29 primary studies72. To

ensure accurate calculations, CMA software was utilized. The effect size was calculated

using the Hedges equation, with 0.5%.kevel significance. The findings indicated that the

overall effect size of GeoGebra on students' mathematical abilities was 0.96, based on a

random-effects model, with a standard error of 0.08. This suggests that, on average,

students who engaged in GeoGebra-based learning outperformed their peers in traditional

classrooms, with their performance comparable to 82% of those students. The study

examined five specific characteristics and found that GeoGebra was particularly effective

in samples of 30 or fewer students. Additionally, providing a sufficient number of

computers in the classroom for individual student use was crucial for achieving greater

effectiveness. Furthermore, GeoGebra software proved to be more effective when the

duration of the intervention was four weeks or less.

These findings provide valuable insights for educators regarding the study

characteristics that influence effect sizes when using GeoGebra software in the future73.

Another study investigated the effectiveness of GeoGebra software in Rwandan

secondary schools for teaching geometry concepts. Using a quasi-experimental design,

the research involved four purposefully selected schools—two from the Northern

Province and two from Kigali City. A geometry-based test comprising 15 open-ended

questions was created to evaluate the teaching impact before and after geometry
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instruction. Conducted from December 2020 to June 2021, the study included 87 students,

with two schools designated as control groups and the other two as experimental groups,

each consisting of one school from Kigali and one from the Northern Province. Data

analysis was performed using SPSS, employing multivariate analysis of variance. The

results indicated that students who learned with GeoGebra significantly outperformed

those who did not. The study advocates for the integration of GeoGebra in all

mathematics teaching and learning activities.

A quasi-experimental study was conducted to evaluate the impact of using

GeoGebra software as a teaching aid on the achievement of Form Two students. The

study involved 80 Form Two students, with 40 in the treatment group and 40 in the

control group74. The results revealed significant differences in student achievement

related to the topics of functions and limits, depending on the group type. Additionally,

both teachers and students expressed support for using GeoGebra in mathematics

instruction. The software effectively illustrates mathematical concepts and procedures

through visuals and graphs, significantly aiding students in understanding functions and

limits. GeoGebra is user-friendly and can alleviate the burden on teachers when

explaining these concepts. Although using the software can be time-consuming, it

promotes a more active learning process for students. Furthermore, incorporating

GeoGebra fosters active interaction between teachers and students. This study also offers

recommendations for interventions aimed at enhancing student achievement.

In today's technology-driven world, it is essential to incorporate teaching methods

that engage students and align with their interests. This study examines the role of

GeoGebra in mathematics education, highlighting its potential to enhance student interest
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and achievement while accommodating various learning styles75. Additionally, the study

addresses important considerations to keep in mind before implementing GeoGebra-

integrated lessons, including challenges, limitations, and areas for future development.

Key challenges identified include users' beliefs and technological proficiency, as well as

the student-to-teacher ratio, which can hinder effective integration of GeoGebra into math

lessons. Furthermore, the complexity of certain commands in the input bar poses

limitations, particularly for students and teachers without prior programming experience.

A study determined the effect of Computer-Assisted Instruction on students’

academic performance and retention in chemistry concepts among senior secondary

school students in Kankia, Katsina State-Nigeria81. The study had two research objectives,

two research questions and two null hypotheses. A total number of 123 students

consisting of 78 males and 45 femaleselected using Simple random sampling techniques

formed the sample for the study. The study adopted the pretest, posttest, and post post-

test quasi experimental and control group design. The subjects in the experimental group

were taught using Computer-Assisted Instruction (CAI), while the control group was

exposed to lecture method for a period of six weeks. One validated research instrument,

with reliability coefficient of 0.88, namely chemistry Performance Test (CPT), was used

in data collection. Two null hypotheses were tested using t-test statistic at P ≤ 0.05 level

of significance. The major findings from the study revealed that there is significant

difference in the posttest mean performance scores of experimental and control groups in

favour of experimental group. Furthermore, students exposed to Computer-Assisted

Instruction had higher level of retention ability in learning chemistry concept than lecture

group. The study found CAI an effective teaching method. Based on that findings
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emanating from this study it was recommended that federal and state governments should

adequately train Chemistry teachers on using Computer-Assisted Instruction in teaching

chemistry among others.

The indispensability and vast career possibilities associated with Chemistry

notwithstanding, there is a palpable growing decline enrollment in Chemistry in Nigerian

universities, particularly the private universities88. The paper interrogated the teaching

and learning of Chemistry in Nigerian private universities with a view to re-awakening

the students’ interest for effective mastery of the subject. It relied on secondary sources

and critical analysis and found out that major inhibiting factors include: Students’ faulty

foundation in Chemistry, syndrome of area of concentration, absence of competitiveness

in the admission process, poor attitude of students and lecturers as well as the ambience

for effective scholarship. The paper concluded that the current downturn in the students

enrolment in Chemistry and the seemingly poor interest in the subject portend sufficient

threat to the future of Chemistry, chemical-related industries and the replacement of

ageing Chemistry lecturers in Nigeria. It recommended the following strategies to

mitigate the vicious cycle: targeted tutorial system, adoption of digital modes of teaching

and learning, problem-based learning, capacity building initiatives for Chemistry

lecturers, quality assurance mechanism, overhauling science education at the primary and

secondary school levels, need-based assessment and provision of quality materials as well

as adequate funding.

Motivation is an essential factor influencing learners’ active participation in

STEM subjects and their decision to study STEM fields83. This study aimed to determine

the current state of research on motivation and STEM and systematically review the
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current research in the literature. The study examined 78 articles published in journals

indexed in the SCOPUS database. Two researchers collected and analyzed the data using

the content analysis method. The results showed that the first research on motivation and

STEM were published in 2008, and most research papers were published in 2021. The

results also showed that most studies were conducted in the United States (47.8%), and

the preferred participants were undergraduates (28.1%), high school students (26.7%),

and middle school students (14%), respectively. In addition, the results revealed that

researchers primarily used the quantitative method to collect data, and a substantial ratio

of the studies (83%) investigated student-level factors. Based on the results obtained from

this study, it can be concluded that there is a need to comprehensively present the main

research results on motivation in STEM education. We suggest that future research

should examine databases such as ERIC, ProQuest, and Web of Science and include

other documents in the analysis, including book chapters, conference papers, dissertations,

and theses.

One study investigated the effects of Computer-Assisted Instruction (CAI) on

students’ achievement in Chemistry among boys and girls in public secondary schools in

Ondo State79. A quasi-experimental design was adopted for the study. The sample for the

study consisted of 240 senior secondary school two (SSS II) intact class Chemistry

students selected in stages using simple random sampling technique. Three schools were

selected from three local government areas from the three senatorial districts in Ondo

State. The students in the experimental groups were exposed to CAI while the control

group was taught with the conventional teaching method. Chemistry Achievement Test

(CAT) with a reliability coefficient of 0.81 was used to collect relevant data for the study.
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The experimental group was treated using CAI package while the control group was

treated using the conventional classroom teaching. Analysis of Co-variance (ANCOVA)

and t-test were used to test the research hypotheses at 0.05 level of significance. The

result from the study showed that there was no significant difference between the

achievement of male and female students in both the experimental and the control groups

respectively. The results showed that when exposed to CAI, female students performed

better than their counterparts. Based on the findings of the study, it could be concluded

that the use of CAI has not shown any better effectiveness in the achievement of students.

However, the method is a modern day of imparting knowledge. In another dimension,

when both males and females are taught with the use of CAI, the method appeared to

favour females than males. This suggests that the method us gender-biased. Based on the

findings of the research, it is recommended that the potential of computer-assisted

instruction should be utilised to enhance better achievement of the students in Chemistry,

most especially among females while the male students also be encouraged to key into

the use of the method for the flexibility of teaching and learning.

A study investigated the effect of Computer-Aided Instruction (CAI) on the

performance of Senior Secondary School Students in Geometry in Katsina, Katsina State,

Nigeria44. The study examined the significance of retention achievement scores of

students taught using computer-aided instruction and those taught using the traditional

method. The sample consisted of twenty senior secondary school students drawn from

two secondary schools in Katsina. Stratified random sampling was used to select the 20

students (10 males and 10 females). Three research questions and three hypotheses were

formulated, and tested at 0.05 level significance. Geometry Achievement Test (GAT)
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made up of 40 items of multiple-choice objective type, developed and validated by the

researcher was used as an instrument for data collection. The Geometry Achievement

Test (GAT) was administered to students as pre-test and post-test. The results of students

were analyzed using t-test statistic to test the hypotheses. The results indicated that

students taught using (CAI) performed significantly better than their counterparts taught

using the traditional method of instruction. Similarly students taught using CAI

performed better than the control group in retention test. It was also found that there was

no significant difference in the post-test performance scores of male and female students

taught using CAI package. Based on the findings it was recommended that Computer-

Aided Instructions be encouraged for teaching and learning of Geometry and

mathematics in our schools.

A Research aimed to determine the effect of implementing a Computer-Assisted

Instruction on secondary physics students’ academic achievement87. The research utilized

the quasi experimental pretest-posttest control group design that is participated by 157

Grade 10 students of a private school in the Philippines. The experimental group was

taught using the Computer-Assisted Instruction while the control group was instructed

using the conventional method of teaching Physics. Mann-Whitney test with a

significance level of 0.05 was used in comparing the difference between pretest scores of

the control and experimental groups, the difference between the pretest and posttest

scores of the control group and experimental group, and Z test with a significance level of

0.05 was utilized in comparing the mean gain scores of both groups to determine the

effect of the CAI. The findings of the study show that both CAI and conventional

methods of teaching improve the level of performance of students in physics significantly.
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However, when the effectiveness of the two methods is compared, there is no significant

difference between their effects on academic achievement. Therefore, CAI could be used

as an alternative teaching method.

One study investigated the effects of Computer Assisted Instruction (CAI) on

learning outcome in science subjects (Chemistry & Physics) among secondary school

students in Kogi state86. Quasi-experimental, pre-test, posttest, nonrandomized control

group design was adopted for the study. One research question and corresponding

hypothesis guided the study. The population of the study consists of 2,228 senior

secondary two (SS2) students and an intact class size of 241 participants were

purposively used for the study. Computer Assisted Instruction in both subjects Chemistry

(CAIC) and Physics (CAIP) serves as the treatment while two research instruments

Chemistry and Physics Achievement Test (CAT & PAT) were used to collect data for the

study. The instruments were validated with a reliability index of 0.83 using the test-retest

technique and Kuder Richardson formula 20(K-R20). The collected data was analyzed

using mean and standard deviation for the research questions and T-test for the research

hypotheses at 0.05 level of significance. The result shows significant difference in

learning outcomes among the two subjects, with the greatest academic achievement score

in physics and chemistry trail behind. It was recommended among others that Computer

Assisted Instructions be embedded with Animation to take care of chemistry abstractive

nature for a better result.

A study examined how the use of Computer Aided Instruction (CAI) in secondary

schools affects the academic performance of undergraduate students in Bayelsa State85.

The study was guided by three research objectives and questions respectively and two
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research hypotheses.it adopted the analytical descriptive survey, a sample population of

1000 undergraduate students were selected and used for the study through the

proportionate stratified random and sample random sampling technique. Secondary data

of students’ result was used to analyze academic performance and the questionnaire was

also used for data collection designed under the four-point Likert scale, it was validated

with reliable coefficient of 0.63 using the split half method. Research questions were

analyzed using weighted mean, while the hypotheses were tested using student t-test at

0.05 significant level. The hypotheses were rejected. Findings show that the use of CAI

improves students’ academic performance. The study recommends the provision of CAL

software, capacity training of teachers to improve their selection and use of CAI in

teaching and the encouragement of research on CAI among undergraduates.

Mobile applications (m-Apps) have been recognized as a powerful tool in

teaching and learning of Mathematics. Proper usage of m-Apps would enhance students’

and teachers’ effectiveness in the classroom setting84. This study examined the

acceptance and perception of students and teachers on the use of mobile application in

teaching and learning of Mathematics. The study adopted descriptive research design of a

survey type. The sample for this study consisted of three hundred (300) respondents

consisting of fifty (50) Mathematics and science subject teachers and two hundred and

fifty (250) Senior Secondary School year one (SSS1) students randomly selected from

five (5) public secondary schools in three Local Government Areas of Ogun-East

Senatorial District in Ogun-State, Nigeria. The sampling technique used in this study was

a simple random sampling. The only instrument used for data collection was titled

“Acceptance and Perception on Mobile-Apps Questionnaire”. The reliability of the
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instrument was determined using Cronbach alpha and a reliability coefficient of 0.764

was computed. Four research questions were answered. Data collected were analyzed

using the descriptive statistics of mean, standard-deviation and percentages. The result of

the study revealed that teachers are more perceptive than the students about the use of

mobile-Apps in teaching and learning of Mathematics. Furthermore, the result of the

study showed that there is a high-level acceptability automobiles by teachers and students

in teaching and learning of Mathematics. It was recommended, among others, that

teachers of Mathematics should be sent to seminars, workshops, and conferences to

update their pedagogical skills and strategies for innovative and fruitful delivery in the

classrooms.

A Research aimed to determine the impact of blended learning on the

performance of science students and their self-regulation and to identify effective

recommendations to improve the effectiveness of blended learning82. Third-year students

of Kazan Federal University took part in the study. The measurement scale tools adopted

in this study included pre-test, post-test and self-regulation questionnaires. Analyses

showed that participants in the experimental group scored higher on the final test than

students in the reference group. The experimental group scored significantly higher than

the reference group on the self-regulation questionnaire. It can be concluded that the

blended learning model can significantly improve students’ self-regulation compared to

the traditional approach to learning. Recommendations were made to improve blended

learning.

A study determined the effect of Computer-Assisted Instruction on students’

academic performance and retention in chemistry concepts among senior secondary
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school students in Kankia, Katsina State-Nigeria81. The study had two research objectives,

two research questions and two null hypotheses. A total number of 123 students

consisting of 78 males and 45 female selected using Simple random sampling techniques

formed the sample for the study. The study adopted the pretest, posttest, and post post-

test quasi experimental and control group design. The subjects in the experimental group

were taught using Computer-Assisted Instruction (CAI), while the control group was

exposed to lecture method for a period of six weeks. One validated research instrument,

with reliability coefficient of 0.88, namely chemistry Performance Test (CPT), was used

in data collection. Two null hypotheses were tested using t-test statistic at P ≤ 0.05 level

of significance. The major findings from the study revealed that there is significant

difference in the posttest mean performance scores of experimental and control groups in

favour of experimental group. Furthermore, students exposed to Computer-Assisted

Instruction had higher level of retention ability in learning chemistry concept than lecture

group. The study found CAI an effective teaching method. Based on that findings

emanating from this study it was recommended that federal and state governments should

adequately train Chemistry teachers on using Computer-Assisted Instruction in teaching

chemistry among others.

Another study determined effects of computer assisted instructional mode on

varied ability groups among Junior Secondary School Students in social studies80. The

theories that have basis for Computer Assisted Instruction have been explored in order to

establish the theoretical base for this research. Purposive sampling technique was used

to select six co-educational schools for the research. The study adopted the pretest

– posttest experimental – control group design. A sample of two hundred and forty (240)



106

students were drawn from six Junior Secondary Schools in seven educational zones of

Niger State. Two research questions were raised and two null hypotheses were tested

at 0.05 alpha level. Data were collected and analyzed. The result of hypothesis

one indicated that there was statistically significant difference between the ability

of students taught Social Studies using Computer Assisted Instructional mode and those

taught with conventional lecture method. While hypothesis two showed that there was no

significant difference between the achievements of high, medium and low ability of

students taught Social Studies with Computer Assisted Instructional mode. Iowa’s

therefore recommended among others that, Students of different ability levels should use

the CAIMOSOS individually in order to improve their learning achievement since the

package has been found to improve learning irrespective of ability levels.

A study determined the effects of computer assisted instructional mode on

achievement level of Junior Secondary School Students in social studies78. Three research

questions were raised and three null hypotheses were tested at 0.05 alpha level. The study

adopted the pretest-posttest experimental-control group design. A sample of two hundred

and fourty (240) students were drawn from six Junior Secondary Schools in seven

educational zones of Niger State. The zones are located within the three senatorial zones

in the state. Purposive sampling technique was used to select six coeducational schools

for the research. The researcher developed computer assisted instructional package on

social studies which was used as treatment instrument for the experimental group while

the control group was exposed to conventional lecture method. The instruments for data

collection were Social Studies Achievement Test (SOSAT). A forty item multiple-choice

objective type questions were used for the SOSAT. A reliability coefficient of 0.95 and
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0.95 were obtained for the instruments using split-half method. For instance, the result of

hypothesis one indicated that there was statistically significant difference in the

achievement of students taught Social Studies using Computer Assisted Instructional

mode and those taught with conventional lecture method. While hypothesis four showed

that there was no significant difference in the achievement scores of male and female

students taught Social Studies with Computer Assisted Instructional mode. It was

recommended among others that, for effective teaching and learning in Junior Secondary

Schools in Niger State and the country at large, government should as a matter of urgency

supply government schools with all the necessary instructional media such as Computer

assisted instructional mode on social studies (CAIMOSOS) in order to enhance effective

teaching and learning of Social Studies.

Another study determined the impact of blended learning on the performance of

science students and their self-regulation and to identify effective recommendations to

improve the effectiveness of blended learning82. Third-year students of Kazan Federal

University took part in the study. The measurement scale tools adopted in this study

included pre-test, post-test and self-regulation questionnaires. Analyses showed that

participants in the experimental group scored higher on the final test than students in the

reference group. The experimental group scored significantly higher than the reference

group on the self-regulation questionnaire. It can be concluded that the blended learning

model can significantly improve students’ self-regulation compared to the traditional

approach to learning. Recommendations were made to improve blended learning.

A study examined Motivation and Academic Achievement of Students’ toward

sustainable national development in Nigeria with reference to College of Education



108

Waka–Biu, Borno State88. Two research questions were raised to guide the study. The

descriptive survey research design was used. The target population was NCE two (400)

and NCE three (420) students covering Economics department from the Schools of Arts

and social science. 200 respondents were purposively sampled. 21-item of research

instrument based on a 5-point Likert scale was tagged through the Motivation for

Academic Achievement Questionnaire (MAAQ). Data collated were analyzed using

simple frequency and mean. The finding of the studies concludes that intrinsic and

extrinsic motivation in a proper blend has the potency to improve students’ academic

achievement in Economics. The study finally recommends among others that, students

should be concertized as well as be empowered to realize that they played the most

important role in motivating themselves first toward sustainability, before anyone else;

and economics alongside other teaching subject areas to be made interesting so as to

arouse and sustain students’ interests and enhance learners’ achievement motivation.

Science education is attracting increasing attention and many researchers focus on

the issue about the attitude-achievement relationship in science, but there is still no

consistent conclusion. By using a three-level meta-analytic approach, the aim of the study

was to investigate the relationship between attitude toward science and academic

achievement in learning science among primary and secondary school students, and to

explore if some study characteristics could have contributed to the inconsistent findings

with regard to this relationship as observed in the research literature90. A total of 37

studies with 132 effect sizes a total of 1,042,537 participants were identified. The meta-

analytic results revealed that there was an overall positive and moderate relationship

between attitude toward science and learning achievement in science (r = 0.248, p <
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0.001). The results further found that this association was moderated by the type of

attitude and larger effect sizes were shown in self-efficacy than in interest, societal

relevance of attitude toward science, and mixed attitude. Moreover, the effect sizes of

studies with unstandardized measure to assess science achievement were larger than

those with standardized measure. Possible explanations for these findings and its

implications for future research directions were also discussed in this review.

A study investigated peer group influence as a correlate of secondary school

student’s motivation towards learning in Oluyole Local Government area of Ibadan. The

main purpose of the study is to determine the influence of peer group as a correlate of

secondary school student’s motivation towards learning93. In specific terms, the study is

designed to determine whether peer group influence secondary school students’

motivation towards learning, the factors that can determine student’s motivation towards

learning, whether peer group influence determines variation in Academic Performance of

male and female students, whether age does determine the extent to which peer influence

affects Academic Performance of students, just to, mention a few. The researcher

employed descriptive survey method for the study. The population for the study was

based on all the fifty two (52) secondary schools under Oluyole local government area of

Oyo state; consisting of twenty seven (27) public secondary schools and thirty two

private secondary schools. Sampling techniques used were multistage, stratified and

simple random sampling technique.

A multistage sampling technique was used due to two stages involved in selecting

the sample. At the first stage, schools are stratified into public and private, and simple

random sampling technique was used to select ten public secondary schools out of twenty
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seven and ten private schools out of thirty two which make a total of twenty schools. At

the second stage, a simple random sampling technique was used in selecting only ten

student’s from the selected secondary schools from both private and public secondary

schools, five from junior secondary school and five from Senior Secondary School in

Oluyole Local Government area in Ibadan making a total of two hundred students. A

pilot survey was carried out by administering the research instrument to ten randomly

selected students who were not part of the selected respondents after which the

instrument was subjected to analysis and a cronbach Alpha value 0.757 was obtained.

Descriptive statistical tool such as mean and standard deviation were used to analyse the

obtained data to answer three questions while person product moment correlation was

used to analyze Hypotheses 1 and T-test was used to analyze Hypotheses 2 and 3. All

analyses were carried out at 0.05 level of significance.

The perceived motivation status of secondary school students towards learning is

higher through the weighted mean of 3.24. Peer influence on the academic motivation of

secondary school students towards learning is high at 2.89. Peer group influence on

secondary school students’ academic motivation is high at 3.02. There is significant

relationship between peer group influence and secondary school students’ motivation

towards learning at 0.005. There is no significant gender difference in peer group

influence of secondary school student’s motivation towards learning at 0.958. There is no

significant school type difference in secondary students’ academic motivation towards

learning at 197. It is recommended that students should move with peer groups that will

motivate them towards learning.
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A study ained to implement integrated learning of local wisdom forms in Mobile

Augmented Reality (MAR) application and analyze their impact on learning attitude,

learning motivation and Geometry concept understanding of pre-service mathematics

teachers94. The subjects of this study were 24 pre-service mathematics teachers. This

study uses an embedded design of the Mix-method. The instruments in this study were

questionnaires (attitude and learning motivation), Geometry concept understanding test,

and semi-structured interview. The data were analyzed quantitative and qualitatively. The

finding covered that learning geometry by integrating local wisdom form in MAR

application was effective and gave a positive impact on the attitude, motivation, and

geometry concept understanding of pre-service mathematics teachers.

There are several concepts in 2D Geometry that require understanding their

application in the real practical world. However, in classrooms, such concepts are often

taught without the analysis of the learners’ realization and interpretation of the existing

concepts around them, in their surroundings. For this purpose, an Augmented Reality

(AR) based module for the 7th and 8th grade syllabus has been designed to encourage the

active participation of the learners in the classroom while learning the concept of Lines

and Angles95. It comprises three AR learning activities that enable the participants to

recall, visualize, and identify the type of angle and then mark it by drawing on the

augmented 3D house. Before conducting the main studies, a pilot study was conducted

with 6 students of 8th grade. This helped in validating the data instruments, timing, and

execution of the research study. The first study was conducted with 21 students of 8th

grade where 12 participants performed the AR learning activities in dyads and 9

participants performed individually. Their perspectives, approaches, and motivation in
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performing the AR learning activities have been reported. Findings from the study

showed that the majority i.e. 90.4% participants preferred to perform the AR learning

activities in dyads than individually. Though the usability score was higher for the

participants who performed the AR learning activities individually (M = 70.28) as

compared to dyads (M = 65.23), there was no significant difference in the motivation

scores between the participants of the two groups. In the second study, 28 students of 7th

grade were divided into dyads and their behavior patterns of performing the AR learning

activities have been reported. Using Lag Sequential Analysis, significant sequences were

obtained based on the behaviors belonging to three categories of peer involvement,

teacher prompts and AR interactions. It was found that the designed AR learning

activities encouraged the participants to discuss the concepts with peers, enhanced their

immersive experience as they together moved around and inside the house to find and

identify the angles.

Another study investigated gender differences in pre-service teachers’ attitude

towards geometry in Northern Region of Ghana96. The research design was descriptive

cross-sectional survey. A concurrent mixed-methods approach was adopted using both

closed and open-ended questionnaire items. The population for the study was one

thousand, six hundred and sixty-nine (1669) level 200 Pre-service Teachers (PSTs). The

sample composed of two hundred and forty (240), comprising 120 PSTs each of female

and male. The sampling procedure was convenient, stratified and simple random. The

instrument used was 32 item Utley Geometry Attitude Scales (UGAS) that was

developed by Utley (2007) and 4 opened ended questions. Statistically significant

difference was detected between the male and female in their responses to usefulness of
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learning geometry, confidence to learning geometry and enjoyment of learning geometry

which all favored the male PSTs who showed positive attitude towards geometry.

It has been discovered that incorporating technology into geometry instruction

improves students' abilities and attitudes. GeoGebra Software is effective at motivating

teachers to use technology as a supplement to enhance students' mathematical learning

potential. Another study sought to ascertain the effects of GeoGebra software on

secondary school students' performance as well as teachers' and students' attitudes toward

3-dimensional geometry97. A sample of 84 Senior Five students in upper secondary

school from Kicukiro and Musanze District was chosen purposively. The selected sample

was divided into two groups for the quasi-experimental design, with the control group

having 44 students and the experimental group having 40 students. Additionally, two

teachers were chosen to involve in the study. Students in the experimental group used

GeoGebra software to study 3D geometry, whereas students in the control group received

traditional geometry instruction. The data was collected quantitatively, with both groups

taking pre-and post-tests. The obtained data were analyzed using SPSS v.25.

The results revealed a statistically significant difference in students’ performance

between the groups in favour of the experimental group. Furthermore, both teachers' and

students' attitudes were improved. These findings support GeoGebra's efficacy in

increasing student achievement as well as teachers' and students' attitudes toward 3-D

geometry. However, there was no statistically significant difference in attitudes between

male and female students, according to the study. Therefore, we advise adding GeoGebra

to mathematics curricula across all grade levels in Rwanda, with a focus on geometry.
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Mastering mathematics in elementary school is essential for students because it

provides the foundation to learn the subject at the secondary school and university levels.

A study aimed to examine the effect of implementing the Outdoor Learning in

Mathematics (OLM) method to increase elementary students' motivation and learning

achievements in geometry98. This study was carried out at one of the public elementary

schools in Jember, East Java, Indonesia using an experimental research design.

Participants were 54 grade 4 students consisting of class 4A and 4B, equally divided into

the experimental and control groups, respectively. The experimental group was treated in

the form of learning geometry topics using the OLM method, while the control group

used conventional methods. Data were collected using questionnaires, observation, and

tests. The obtained data were analysed using non-parametric statistics with SPSS

software. The results showed that students' opinions were very positive.

Research findings in secondary schools have consistently indicated that geometry

is one of the most difficult areas of Mathematics at basic level and students’ attitude

towards it has been a factor that is known to influence students’ achievement in

mathematics. The purpose of another study is to investigate the level of students’ attitude

towards geometry and to find out whether gender difference influences such attitude99.

Some selected secondary schools in Zamfara state were used for the study. The study

adopted a descriptive survey design using a questionnaire tagged Geometric Attitude

Questionnaire. The population of the study consisted of SS I students in Zamfara state. A

sample of 157students was drawn using simple random sampling technique. Descriptive

statistics of means and standard deviations were used to answer the research questions
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while Inferential Statistics of the Mann-Whitney test was used to test the formulated

hypothesis.

The study revealed that students’ attitude towards geometry was relatively high

generally, with male students having much higher positive attitude to geometry than their

female counterparts and that difference between them was not statistically significant at

α= 0.05 level of significance. It is recommended that teachers should be resourceful in

encouraging and helping students in order to build positive attitude by trying to relate

geometry to real life situations and also be gender sensitive.

2.4.2 Conceptual Model

Figure2. 3: Conceptual Model Showing the Relationship among Independent Variables
Moderating Variables and Dependent Variable
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Source: Field Work, 2024.

2.5 Summary of Gaps in Literature Reviewed

Addressing these gaps in the literature would contribute significantly to a more

comprehensive understanding of the effectiveness, challenges, and implications of

employing Computer-Assisted Instruction in geometry for senior secondary sc3hool

students specifically in Oluyole Local Government. There is a dearth of research focusing

on the differential impact of CAI on various subgroups of senior secondary school

students, including those with diverse learning abilities, socio-economic backgrounds, or

special educational needs within Oluyole local government. Limited studies focus on the

specific impact of CAI in geometry on senior secondary school students within Oluyole

Local Government or similar regional contexts. Local factors, such as infrastructure,

teaching methods, and student demographics, may influence the effectiveness of CAI,

and these specific aspects need further exploration.

Also, many studies have primarily focused on short-term outcomes in terms of

immediate academic performance. However, there's a lack of longitudinal studies that

track the sustained impact of CAI in geometry on senior secondary school students'

academic progress and success beyond immediate assessments, hence the need for this

study. Another novelty about this study is that comparative research between the

effectiveness of CAI in geometry and traditional teaching methods within Oluyole Local

Government is relatively scarce. A comparative analysis could provide insights into the

relative strengths and weaknesses of each method. Similarly, limited research emphasizes

the role of teachers in facilitating and supporting CAI in geometry. Further investigation

into the importance of teacher training, strategies for effective integration, and the impact
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of teacher involvement on student outcomes is necessary. Thus, this study wants to shed

light on it.

Another vocal point is Student Engagement and Interaction. More in-depth

studies are needed to understand the level of student engagement, the nature of

interactions, and the influence of individual learning styles within the context of CAI in

geometry for SSS in Oluyole Local Government. Furthermore, another center of

concentration of this is Technological Infrastructure and Accessibility. Few studies

explore the influence of technological infrastructure, access to devices, internet

connectivity, and software availability on the effectiveness of CAI in geometry

specifically within the region of Oluyole Local Government.
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Chapter Three

Methodology

This chapter discussed the methodology for the study under the following headings:

3.1 Research Design

The research design for this study is a 2x2x1 factorial matrix quasi-experimental

design of pre-test-post-test non-randomized and non-equivalent experimental control

groups. It focuses on treatment at two (2) levels (computer aided instruction and control

group), moderating variable at two levels (students’ motivation and attitude) and

dependent variable at one level (academic achievement in geometry). Computer aided

instruction is independent variable which serves as the treatments for the experimental

groups, while the conventional teaching method is used for the control group. Students’

achievement in Geometry Achievement Test (GAT) at the pre-test and post-test levels

will be the dependent variable while students ‘motivation and attitude will serves as

moderating variables.

Table 3.1 Schemata Representation

Group Pretest Treatment Post Test

C A I group 1 O1 X1 O2

C A I group 2 O3 X2 O4

Control group 1 O5 X3 O6

Source: Reseracher’s Fieldwork, 2024

Where

O1= Pretest scores experimental group 1

O3= Pretest scores of experimental group 2
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O5= Pretest scores of control group

O2=Posttest scores of experimental group 1

O4= Posttest scores of experimental group 2

O6= Posttest scores of control group

X1= Experimental group 1 (CAI)

X2= Experimental group 2 (CAI)

X3= Control group (Conventional)

3.2 Population of the study

The population of the study comprised of all senior secondary school two students

enrolled in government owned schools within Oluyole Local Government who are

offering mathematics constitute which is five thousand three hundred and thirty nine

(5,339) students in twenty seven government secondary schools.

3.3 Sample Size and Sampling Techniques

Purposive sampling technique will be used to select schools from the targeted

population using these criteria. (1). Schools that are government owned (2). Schools that

have at least one (1) qualified Mathematics teacher for SS11 (3) Schools that have

Mathematics teachers with at least seven (7) years of experience of being Examiner to

external examination bodies (4) Schools that have standard Computer laboratory. Four (4)

public co-educational secondary schools will be purposively selected in Oluyole local

government areas. Selected schools are Abe Technical Secondary school with 245 as the

number of students in SSSll, Community Grammar School, Ayegun with 424 as the
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number of students in SSSll, Christ High school, Oleyo with 325 as the number of

students in SSSll and Methodist High School, Express way with 49 as the number of

students in SSS ll. Intact senior secondary school II class will be used in each school for

the experiment.

3.4. Description of the Research Instrument

The researcher assesses the students' understanding of geometry concepts before

and after the intervention using:

 Geometry Achievement Test (GAT),

 Lesson plan for CAI,

 Lesson plan for control group,

 Students’ Motivation Questionnaire (SMQ).

 Students’ Attitude Questionnaire (SAQ).

Geometry Achievement Test (GAT)

A GAT is a specialized assessment designed to measure the academic

achievement of senior secondary school two students in mathematics geometry,

particularly focusing on the effect of CAI on their learning outcomes. This test evaluates

students' understanding and application of geometric concepts such as lines, angles,

shapes, properties, and theorems.

The GAT aims to assess the students' proficiency in geometry before and after

receiving instruction through computer-assisted learning tools. The test typically includes

a variety of question types such as multiple-choice, true/false, short answer, and problem-

solving tasks to comprehensively evaluate students' knowledge, critical thinking, and
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analytical skills in geometry. The table of specification for the items in which Knowledge

with 25%, Comprehension with 30% and Application 45% are shown below:

Table 3.4.1: of Specification for Students Geometry Achievement Test

Topic Level of Cognition
S/N Geometry Knowledge

25%
Comprehension
30%

Application
45%

Total

1 Chords and
Arcs
Angles in a
Circle
Cyclic
Quadrilateral
Bisector of
Angle in a
Triangle

2

1

2

1

2

3

2

4

2

2

2

2

6

6

6

7

2

3

4

Total 6 11 8 25
Source: Reseracher’s Fieldwork, 2024

As it was shown in the table above, the level of knowledge, comprehension and

application were tested under the four enlisted sub topics in the table. In the table only 10

out of 40 items were tested on knowledge with 25% (i.e number of items divided by the

total number of questions multiplied by 100). Also, 11 out of 40 items were tested on

comprehension with 30% (i.e number of items divided by the total number of questions

multiplies by 100). 19 out of 40 were tested on Application with 45% (i.e number of

items divided by the total number of questions multiplied by 100).

Lesson Plan for Computer Assisted Instruction (CAI)

A lesson plan for CAI on the academic achievement of SSS two students in

geometry in Oluyole Local Government using laptop, Projector and screen for

demonstrations. The research assistants will teach with the aid of computer aided tools

that are available in schools as a treatment to support learning. The research assistants
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will write lesson notes and project the work with a laptop in which geogebra software

application has been installed on the screen for demonstration. This will help in

improving students' understanding of geometric concepts such as angles, lines, and

shapes and develop students' problem-solving skills in geometry through interactive

computer-based learning.

Lesson Plan for Control Group

In conducting a study on the effect of CAI on the academic achievement of senior

secondary school two students in mathematics geometry in Oluyole Local Government, it

is essential to have a control group that does not receive CAI. The research assistants will

teach without any instructional materials. The research assistants will rely on the use of a

chalkboard for instruction, the research assistants will be more active and the students are

passive. The research assistants will write the lesson note. The lesson plan for the control

group is similar to the CAI group in terms of content and objectives, but without the use

of computer-assisted tools.

Students’ Attitude Questionnaire (SAQ) and Students’ Motivation Questionnaire

(SMQ)

Student’s attitude and student’s motivation questionnaire are valuable tools for

assessing senior secondary school two students' opinions and feelings about their

experience with CAI in mathematics geometry in Oluyole Local Government. The

questionnaire will provide insights into students' preferences, challenges, and perceived

benefits of using CAI in their learning process.
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3.5 Validity of the Research Instrument

The research instrument was validated by the researcher’s

supervisor and two (2) experts at the Department of Science Education,

Lead City University, Ibadan, Nigeria. All corrections and modifications

were effected before being used to assess academic achievement of the

senior secondary school students in geometry.

3.6 Reliability of The Research Instrument

Kuder Richardson-20 (KR-20) was used to calculate the reliability

value of the instrument (GAT) by administering the instrument on another

set of participants from another school apart from the selected schools

but share the same properties. The reliability value of the instrument

(GAT) is 0.81

Geometry Achievement Test (GAT): This was given to the researcher supervisor Lead

City University, Ibadan to check the content of the instruments if it is relevant to the

senior secondary school two mathematics curriculums and to make the necessary

corrections to suit the purpose of the study before use. The validators also checked the

geometry lesson plans to whether they covered the activities involved in the teaching and

learning strategies to be used in the study.
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Lesson Plan for CAI: Notes were given to the researcher’s supervisor, experts in the

Department of Science Education, Lead City University, Ibadan, to look at the content,

construct and face validity of the instruments.

Lesson Plan for Control Group: Notes were given to the researcher’s supervisor,

experts in the Department of Science Education, Lead City University, Ibadan, to look at

the content, construct and face validity of the instruments.

Students’ attitude and students‘motivation Questionnaire: These were given to the

researcher’s supervisor, experts in the Department of Science Education, Lead City

University, Ibadan, to look at the content, construct and face validity of the instruments.

3.7. Method of Data Administration

Data were collected using the following procedural steps: selection and training of

research assistants, administration of the pretest, treatment, and administration of post-

test. The number of weeks scheduled for data collection is summarized below:

Selection and training of research

assistants

Pretest administration

CAI Intervention

Revision

Post-test administration

1 weeks

1week

4 weeks

1 week

1 week

Total 8 weeks

3.8 Data analysis
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The information gathered will be examined using frequency counts and standard

deviation while the hypotheses for the study will be tested using ANCOVA at 0.05 level

of significance.

3.9 Ethical Approval

Ethical approval is crucial as it ensures that research involving participant is

conducted ethically, respecting their rights, dignity, and safety. Approval from the

Honourable Commissioner, Ministry of Education Science and Technology, Oyo State to

carry out research in Oluyole Local Government was gotten. Also, approval from the

principals of the school involved are sorted that the proposed study will meet ethical

standard and safeguards the welfare of the participants. The researcher ensures the

confidentiality, privacy, and anonymity of participants and their data throughout the

study.
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Chapter Four

Results and Discussion of Findings

The results and discussion of findings of the investigation are presented in this

chapter. The findings were based on the hypotheses that were raised in accordance with

the study's objective.

4.1 Presentation of Data

Table 4.1 Demographic Data

Variable Frequency Percentage

Gender

Male 73 48.7%

Female

Total

77

150

51.3%

100.0%

Source: Field Survey Report, 2024

Table 4.1 presents the distribution of participants based on gender. Out of the total

participants, 73 (48.7%) identified as male, while 77 (51.3%) identified as female. This

shows a relatively balanced representation of both genders in the study.
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Table 4.2 Descriptive Statistics of the Dependent Variable – Students Performance
in Geometry

Pretest Posttest

N 150 150

Missing 0 0

Mean 33.93 54.95

Median 34.00 56.00

Standard deviation 11.92 17.19

Minimum 10.00 12.00

Maximum 69.00 89.00

Source: Field Survey Report, 2024

Table 4.2 provides descriptive statistics for the dependent variable, students’

academic performance in Geometry as measured by the GAT. For pretest, the sample size

(N) is 150, indicating the number of learners that took part in the pretest. There are no

missing values, meaning that all participants had scores for the pretest. The mean value of

the pretest is 33.93, indicating that, on average, the pretest in the sample scored relatively

below the average which is 50.00. The median value is 34.00, which suggests that the

distribution of responses is slightly skewed towards lower performance. The standard

deviation is 11.92, which implies that there is a moderate amount of variability in the

pretest scores. Furthermore, the least and the maximum scores are 10 and 69 respectively.

Similarly, for posttest, the sample size is also 150, and there are no missing values. The

mean value for posttest is 54.95, indicating a relatively high average score. The median

value of 56.00 suggests that the distribution of responses is slightly skewed towards

higher performance score. The standard deviation is 17.19, indicating a moderate amount
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of variability in the responses for the posttest score. While the least and the maximum

scores are 12 and 89 respectively. This implies there is an improvement in the

performance of students after the intervention (use of new teaching strategies) but the

magnitude of the improvement will be determined with the below Analysis of Covariance

(ANCOVA).

Table 4.3 Descriptive Statistics of the Independent Variables as measured by Students’
Motivation Questionnaire (SMQ) and Students’ Attitude Questionnaire
(SAQ)

Source: Field Survey Report, 2024

Table 4.3 provides descriptive statistics for the variables related to the students’

motivation and attitude as measured by the SMQ and SAQ. For Students’ Motivation, the

sample size (N) is 150, indicating the number of valid responses received for this variable.

There are no missing values, meaning that all participants responded to the questionnaire

and provided data for Students’ Motivation. The mean value of Students’ Motivation is

2.92, indicating that, on average, students scored relatively low on Students’ Motivation.

Students’ Motivation Students’ Attitude

N 150 150

Missing 0 0

Mean 2.92 2.86

Median 2.83 2.50

Standard deviation 0.14 0.12

Minimum 1.00 1.00

Maximum 5.00 5.00
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The median value is 2.83, which suggests that the distribution of responses is slightly

skewed towards lower motivational ratings. The standard deviation is 0.14, which implies

that there is a moderate amount of variability in the responses for Students’ Motivation.

Similarly, for Operational Performance, the sample size is also 150, and there are no

missing values. The mean value for students’ attitude is 2.95, indicating a relatively low

average rating. The median value of 2.64 suggests that the distribution of responses is

slightly skewed towards low attitudinal ratings. The standard deviation is 0.15, indicating

a moderate amount of variability in the responses for students’ attitude.

Table 4.4 Descriptive Statistics of students’ performance in geometry based on
students Motivation and Students’ Attitude

Performance in

Geometric Test

Students’ Motivation Student’s Attitude

High Low Positive Negative

Mean score 63.19 33.26 59.36 37.18

Source: Field Survey Report, 2024

Table 4.4 above descriptively shows the mean values of students as they

responded to the motivation and attitude questionnaires. Students’ motivation toward the

computer assisted instruction was classified as high and low. The means value is 36.19

and 33.26 respectively. This implies that students with high motivation towards CAI

scored above average while their counterpart with low motivation score below average.

In the same vein, students with positive attitude towards CAI performed better (59.26)

than their counterparts who developed negative attitude toward the method.
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Table 4.5: Summary of ANCOVA on the Post-test Achievement Scores in Geometry
According to Teaching Strategies and Motivation and Attitude

Source Type III
Sum of
Squares

Df Mean
Square

F Sig. Partial
Eta
Squared

Main
Effects
Corrected
Model

13449.245a 4 3362.311 15.940 .000 .305

Intercept 454793.999 1 454793.999 2156.033 .000 .937
CAI 11512.776 1 11512.776 54.578 .000 .273
Conventional 328.166 1 328.166 1.556 .214 .011
Motivation 1177.549 1 1177.549 5.582 .019 .037
Attitude 1311.200 1 1311.200 6.216 .014 .041
Error 30586.329 145 210.940
Total 496906.000 150
Corrected
Total

44035.573 149

a. R Squared = .605 (Adjusted R Squared = .586)
Source: Field Survey Report, 2024

4.2 Answering of Research Hypotheses

Findings from the study are presented below following the hypotheses tested.

H01: There will be no significant main effect of CAI on Senior Secondary School

students’ academic achievement in geometry.

Table 4.5 shows that there was a significant main effect of CAI on Senior

Secondary School students’ academic achievement in geometry. [F (1, 145)= 54.578; P

< .05]. Hence the H0 is rejected. This implies that there is significant difference in the

pretest and posttest scores of students taught with CAI. Furthermore, the partial eta

square (.273) shows that CAI contributes 27% of variation in the students’ academic

performance in geometry.
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H02: There will be no significant main effect of conventional method on Senior

Secondary School students’ academic achievement in geometry.

There was no significant main effect of conventional teaching methods on the

academic achievement of senior secondary school students in geometry [F (1,145) = 1.556;

P >.05]. Since P> .05, the H0 is therefore not rejected. The value of eta square, .011

implies that conventional teaching strategies contributes just 1% of the variation in the

students’ academic performance in geometry. This implies that the conventional method

was not effective in teaching geometry among SS2 Students in Oluyole Local

Government Area, Ibadan.

H03: There will be no significant main effect of motivation on SSS students’ academic

achievement in geometry in Oluyole Local Government Area, Ibadan.

The result from table 4.5 above reveled that there was significant effect of

students’ motivation a on the academic achievement of senior secondary school students

in Geometry in Oluyole Local Government Area, Ibadan. [F (1,145) =5.582; P <.05], the H0

is therefore rejected. This implies that the motivation of students towards the Computer

Assisted Instructions contribute significantly to their academic achievement in geometry.

The value of Eta Square .037 signifies that motivation contributes 4% of the variation in

the students’ academic performance in geometry.

H04: There will be no significant main effect of attitude on SSS students’ academic

achievement in geometry in Oluyole Local Government Area, Ibadan.

As depicted in the table 4.5 above, there was significant main effects of student’s

attitude towards CAI on academic achievement of SSS in geometry in Oluyole Local
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Government Area, Ibadan. [F (1,145) =6.216; P <.05], the H0 is therefore rejected. The

value of eta square, .041 implies that attitude contributes 4% the variation in the students’

academic performance in geometry.

Table 4.6: Summary of 2-Ways ANCOVA on the Post-test Achievement Scores in
Geometry According to Teaching Strategies and Motivation and
Attitude

Source Type III
Sum of
Squares

df Mean
Square

F Sig.

2- Ways Interactive
Effects
Corrected Model 18076.955a 10 1807.696 9.680 .000
Intercept 387178.167 1 387178.167 2073.214 .000
CAI * Attitude 424.289 1 424.289 3.272 .034
Conventional *
Attitude

1346.290 1 1346.290 7.209 .008

Motivation * Attitude 686.752 1 686.752 2.677 .051
CAI * Conventional 43.551 1 43.551 3.233 .030
CAI * Motivation 1865.024 1 1865.024 9.987 .002
Conventional *
Motivation

1862.589 1 1862.589 9.974 .002

Error 25958.618 139 186.753
Total 496906.000 150
Corrected Total 44035.573 149
a. R Squared = .411 (Adjusted R Squared = .368)

Source: Field Survey Report, 2024

H05: There will be no significant interaction effect of CAI and motivation on SSS

students’ academic achievement in geometry in Oluyole Local Government Area,

Ibadan.

Result from table 4.6 above shows that there was significant interaction effect of

CAI and students’ motivation on academic achievement of senior secondary students in
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geometry in Oluyole Local Government Area, Ibadan. [F (1,139) =9.987; P <.05], the Ho is

therefore rejected. This implies that when computer assisted instructions are combined

with students’ motivation (positive or negative) contributes to the students’ performance

in geometry.

H06: There will be no significant interaction effect of CAI and attitude on SSS students’

academic achievement in geometry in Oluyole Local Government Area, Ibadan.

The result from table 4.6 shows that there is significant interaction effects of CAI

and attitude on academic achievement of SSS in geometry in Oluyole Local Government

Area, Ibadan. [F (1,139) =3.272; P <.05], the H0 is therefore rejected. This implies that

Computer Aided Instruction (CAI) and with positive attitude will enhance students’

academic achievement in geometry and vice versa.

H07: There will be no significant interaction effect of conventional method and

motivation on SSS students’ academic achievement in geometry in Oluyole Local

Government Area, Ibadan.

As shown in table 4.6 above, there was significant interaction effects of

conventional method and motivation on academic achievement of SSS in geometry in

Oluyole Local Government Area, Ibadan. [F (1,139) =9.974; P <.05], hence, the H0 is

rejected.
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H08: There will be no significant interaction effect of conventional method and attitude

on Senior Secondary School students’ academic achievement in geometry in

Oluyole Local Government Area, Ibadan.

From table 4.6 above, there was no significant interaction effects of conventional

method and attitude on academic achievement of senior secondary students in geometry

in Oluyole Local Government Area, Ibadan. [F (1,139) =7.209; P <.05], hence, the Ho is

rejected.

H09: There will be no significant interaction effect of motivation and attitude on Senior

Secondary School students’ academic achievement in geometry in Oluyole Local

Government Area, Ibadan.

From table 4.6 above, there was significant interaction effect of motivation and

attitude on Senior Secondary School students’ academic achievement in geometry in

Oluyole Local Government Area, Ibadan. [F (1,139) =2.677; P <.05], hence, the H0 is

rejected.
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Table 4.7: Summary of 3-ways interactions ANCOVA on the Post-test Achievement
Scores in Geometry According to Teaching Strategies and Motivation
and Attitude

Source Type III
Sum of
Squares

Df Mean
Square

F Sig.

3-ways Interactive
Effect
Corrected Model 18202.011a 14 1300.144 6.794 .000
Intercept 79922.162 1 79922.162 1985.382 .000
CAI * Conventional *
Attitude

45.557 1 845.557 10.238 .001

CAI * Motivation *
Attitude

15.701 1 915.701 12.082 .000

Conventional
*Motivation * Attitude

11.115 1 711.115 8.058 .012

CAI * Conventional *
Motivation

86.459 1 86.459 6.452 .043

Error 25833.562 135 191.360
Total 496906.000 150
Corrected Total 44035.573 149
a. R Squared = .413 (Adjusted R Squared = .353)

Source: Field Survey Report, 2024

H010: There will be no significant main interaction effect of conventional method,

motivation and attitude on SSS students’ academic achievement in geometry.

ANCOVA result on table 4.7 revealed a significant main interaction effect of

conventional method, motivation and attitude on SSS students’ academic achievement in

geometry;[F (1,135) =8.058; P <.05], hence, the H0 is rejected.
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4.3 Discussion of Findings

The findings of this study are discussed based on the objectives of the study as

guided by research hypotheses. Fourteen (14) hypotheses were raised and tested to guide

the study. The first four hypotheses were tested to test for the main effects of CAI,

conventional method, motivation and attitude on students’ academic achievement in

geometry.

The first objective of this study is to investigate the main effect of computer aided

instruction on students’ academic achievement in geometry. The study’s findings

unequivocally demonstrate the efficacy of CAI in enhancing senior secondary students’

academic achievement in geometry. Notably, students exposed to CAI exhibited

significantly higher scores on geometry tests compared to their counterparts who received

traditional instruction. This result is consistent with previous research that has shown the

effectiveness of CAI in improving student outcomes; incorporation of CAI in the

teaching of Mathematics enhanced the achievement of students more than the

conventional teaching method1

This outcome underscores the potential of CAI to revolutionize geometry

education. By providing interactive visualizations and simulations, CAI facilitates a

deeper understanding of geometric concepts, thereby enhancing problem-solving skills

and spatial reasoning. Moreover, the study reveals that CAI’s benefits transcend

demographic boundaries and prior knowledge levels, making it an inclusive and effective

instructional tool. The integration of CAI into geometry instruction has far-reaching

implications. Educators can leverage CAI to provide personalized learning experiences,
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addressing individual students’ needs and learning styles. This, in turn, can foster a more

engaging and effective learning environment.

Several factors contribute to CAI’s effectiveness. Interactive visualizations enable

students to explore geometric concepts in an immersive and interactive manner.

Immediate feedback and assessment promote active learning, while CAI’s adaptability

accommodates diverse learning styles and pace. However, the study’s findings also

highlight areas for further investigation. Future research should explore the long-term

effects of CAI on students’ retention and application of geometric knowledge.

Additionally, comparisons with other instructional methods, such as blended learning,

would provide valuable insights. In conclusion, this study provides compelling evidence

supporting the effectiveness of CAI in geometry education. As educators and

policymakers seek innovative solutions to improve teaching and learning outcomes, CAI

emerges as a promising strategy worthy of consideration.

Second objective of the study is to investigate the main effect of conventional

teaching methods on students’ academic achievement in Geometry. The findings of this

study reveal a significant main effect of formative feedback on students’ The study’s

results reveal a striking absence of a significant main effect of conventional teaching

methods on senior secondary students’ academic achievement in geometry. This finding

raises important questions about the efficacy of traditional instructional approaches in

fostering meaningful learning outcomes.

Contrary to expectations, the data indicates that conventional teaching methods do

not have a substantial impact on students’ understanding and retention of geometric

concepts. This outcome is in line with past studies which suggests that the long-standing
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reliance on traditional teaching methods may be insufficient to meet the diverse needs of

senior secondary students2,3,4. The implications of this finding are far-reaching. Educators

must reassess their teaching practices, shifting focus from rote memorization to critical

thinking, problem-solving, and real-world applications. The study underscores the need

for innovative instructional strategies that prioritize student-centered learning, interactive

engagement, and hands-on experience.

Several factors may contribute to the ineffectiveness of conventional teaching

methods. These include an overemphasis on memorization, lack of interactive elements,

and failure to connect geometric concepts to practical contexts. To address these

limitations, educators should explore alternative approaches, such as Computer-Aided

Instructions (CAI). Moreover, the study highlights the importance of technology

integration in geometry education. Computer-Aided Instructions (CAI), for instance,

offer interactive visualizations and simulations that can enhance students’ understanding

and retention of geometric concepts. The results imply that educators should reconsider

their reliance on conventional teaching strategies and explore alternative approaches that

promote active learning, critical thinking, and problem-solving. Innovative methods,

collaborative learning, or technology-enhanced instruction, may be more effective in

enhancing student learning outcomes in geometry.

The third objective is to examine the main effect of students’ motivation on

students’ academic achievement in geometry. The study revealed a significant main

effect of students’ motivation on academic achievement in geometry. Students with

positive motivation demonstrated higher geometry scores, while those with negative

motivation showed lower achievement.
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This finding underscores the critical role of perception in geometry education. Positive

motivation significantly enhances geometry performance, whereas negative motivation

hinders achievement.

The implications are profound. Educators should prioritize motivation-focused

interventions, and teacher training should emphasize motivation-sensitive instruction.

Geometry curriculum design should also incorporate perception-focused strategies. To

optimize student achievement, educators should foster positive attitudes, address negative

motivation, and encourage student self-reflection.

The fourth objective is to examine the main effect of attitude on students’

academic achievement in geometry. Similarly, the findings of this study revealed

significant main effect of attitude on students’ academic performance in geometry. The

study’s findings underscore the profound impact of students’ attitudes on their academic

achievement in geometry. A significant main effect emerged, revealing that students’

attitudes exert a considerable influence on their learning outcomes in geometry. Positive

attitudes toward geometry were found to be a potent predictor of academic success.

Students who harbored enthusiasm and interest in the subject demonstrated superior

performance compared to their peers who held negative attitudes. This striking

correlation highlights the critical role that attitudes play in shaping students’ motivation,

engagement, and ultimately, their geometric literacy. The Implications of this discovery

are far-reaching. Educators must now prioritize the cultivation of positive attitudes

toward geometry, emphasizing its relevance, beauty, and practical applications. By doing

so, teachers can foster an environment conducive to learning, where students are

motivated to explore and understand geometric concepts.
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Factors contributing to the attitude-achievement nexus include interest,

confidence, and anxiety. Students who find geometry intriguing and enjoyable tend to

perform better, while those beset by anxiety and self-doubt struggle to achieve academic

success. Teachers must address these attitude-related barriers, providing interactive and

engaging learning experiences that bolster confidence and mitigate stress. This finding

aligns with previous research that has consistently shown significant influence of attitude

on students’ academic achievement8,9,10

The fifth objective is to examine the interactive effects of interaction effect of

CAI and motivation on SSS academic achievement in geometry.

The study revealed a significant interaction effect between CAI and students’

motivation on SSS academic achievement in geometry. This dynamic relationship

highlights that CAI’s effectiveness is influenced by students’ motivation of their own

learning capabilities. When students held positive motivation of their geometric abilities,

CAI significantly enhanced their learning outcomes, fostering:

Deeper understanding of geometric concepts through interactive visualizations,

improved problem-solving skills via engaging simulations and increased confidence and

self-efficacy. Conversely, students with negative self-motivation did not benefit from

CAI to the same extent. This underscores the critical role of students’ motivation in

moderating CAI’s impact.

By acknowledging the interplay between CAI and students’ motivation, educators

can create an inclusive, engaging, and effective learning environment, unlocking senior

secondary students’ full potential in geometry.
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The sixth objective of this study is to examine the interaction effect of CAI and

attitude on SSS academic achievement in geometry.

The results from table 4.3 shows that there is significant interaction effect of CAI

and attitude on Senior Secondary School students’ academic achievement in geometry.

The significant interactive effect of conventional teaching strategy and formative

feedback on students’ academic performance in geometry suggests that these two factors

work together to enhance student learning outcomes. The study uncovered a significant

interactive effect between CAI and attitude on SSS academic achievement in geometry.

This dynamic relationship reveals that CAI’s effectiveness is amplified when students

possess positive attitudes toward geometry. When students exhibited enthusiasm and

interest in geometry, CAI enhanced their learning outcomes, fostering deeper

understanding of geometric concepts through interactive visualizations, improved

problem-solving skills via engaging simulations and increased confidence and motivation.

Conversely, students with negative attitudes toward geometry did not benefit from CAI to

the same extent. This highlights the crucial role of attitudes in moderating the

effectiveness of CAI.

The seventh objective of this study is to examine the interaction effects of

conventional method and motivation on SSS academic achievement in geometry. The

study’s findings highlight a significant interaction effect between conventional teaching

methods and students’ motivation on SSS academic achievement in geometry. This

dynamic relationship underscores the crucial role of students’ motivation in moderating

the effectiveness of traditional teaching methods.
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When students possess a positive motivation of their geometric abilities,

conventional teaching methods yield superior learning outcomes. These students

demonstrate enhanced understanding, improved problem-solving skills, and increased

confidence. Conversely, students with negative self-motivation do not benefit from

conventional teaching methods to the same extent. This result is in agreement with past

studies 9,8,11,12 .The implications of this finding are profound. Educators must prioritize

fostering positive self-motivation in students, adapting instruction to accommodate

diverse student motivations, and promoting supportive learning environments. Several

factors contribute to this interactive effect include positive motivation empowers students

to take ownership of their learning, conventional methods provide structure and clarity

and teacher feedback strengthens positive motivation. By acknowledging the interplay

between conventional teaching methods and students’ motivation, educators can create

inclusive, engaging, and effective geometry education.

Similarly, the eighth objective is to examine the interaction effects of effect of

conventional method and attitude on SSS academic achievement in geometry.

The study revealed a significant interaction effect between conventional teaching

methods and students’ attitudes on SSS academic achievement in geometry. This dynamic

relationship highlights that the effectiveness of traditional teaching methods is influenced

by students’ attitudes toward geometry. When students held positive attitudes,

conventional teaching methods yielded better learning outcomes, characterized by

improved understanding of geometric concepts, enhanced problem-solving skill and

increased confidence and motivation. Conversely, students with negative attitudes did not



153

benefit from conventional teaching methods to the same extent. This underscores the

critical role of attitudes in moderating the effectiveness of traditional instruction.

The ninth objective is to examine the interaction effect of motivation and attitude

on SSS academic achievement in geometry.

From table 4.3 above, the result shows that the study revealed significant

moderating effects of students’ motivation and attitude on their academic achievement in

geometry. The findings suggest that students with high motivation demonstrated

improved academic achievement in geometry when using computer-assisted instructions.

Motivation significantly influenced the effectiveness of computer-assisted instructions on

geometry achievement. Highly-motivated students showed greater enthusiasm and

engagement with computer-assisted learning. Attitude on the other side, students with

positive attitudes toward geometry exhibited enhanced academic achievement when

using computer-assisted instructions. Positive attitudes facilitated deeper understanding

and application of geometric concepts This finding implies that Educators should

prioritize fostering motivation and positive attitudes in students. Teachers should monitor

and address motivational and attitudinal challenges. The study therefore underscores the

crucial role of motivation and attitude in students’ academic achievement in geometry

when using computer-assisted instructions. Educators and policymakers should prioritize

fostering positive motivational and attitudinal environments

The tenth objective is to investigate the interaction effect of effect of conventional

method, motivation and attitude on SSS academic achievement in geometry.

This study investigated the interaction effects of conventional teaching methods,

student motivation, and attitude on academic achievement in geometry among senior
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secondary school students. The results revealed a significant interplay between these

variables, highlighting the pivotal role of motivation and attitude in moderating the

effectiveness of conventional teaching methods. Notably, students who held positive

motivation and attitudes toward geometry demonstrated improved academic achievement

when instructed through conventional methods. Conversely, negative motivation and

attitudes mitigated the efficacy of conventional teaching approaches.

Further analysis indicated that motivation mediated the relationship between

conventional teaching methods and academic achievement. Attitude, meanwhile,

moderated the impact of motivation on the effectiveness of conventional methods.

These findings have profound implications for educators and policymakers.
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Chapter Five

Conclusion

5.1 Summary of Findings

The results of the ANCOVA, as shown in Table 4.2, indicate that there exist

significant main effect Computer Aided Instruction [F (1, 145) = 54.578; P < .05], Students’

motivation[F (1,145) =5.582; P <.05], and attitude [F (1,145) =6.216; P <.05], on academic

achievement of SSS in geometry. However, from the same table, the results show that

conventional teaching method has no significant main effect on academic achievement

of senior secondary students in geometry; [F (1,145) = 1.556; P >.05].

Furthermore, results from table 4.3 shows that there were significant interaction

effects CAI and conventional method on academic achievement of senior secondary

students in geometry [F (1,139) = 7.209; P < .05]; between CAI and students’ motivation[F

(1,139) =9.974; P <.05], between Computer Aided Instruction (CAI) and attitude [F (1,139)

=3.272; P <.05], between conventional method and motivation[F (1,139) =9.974; P <.05],

between conventional method and attitude [F (1,139) =7.209; P <.05], on academic

achievement of SSS academic achievement in geometry.

Moreover, result from table 4.4 shows that that was significant 3 – ways

interaction effect of Computer Aided Instruction (CAI), conventional method and

motivation on student’ academic achievement of senior secondary students in geometry

[F (1,135) =8.058; P <.05]; amongst Computer Aided Instruction (CAI), conventional
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method and attitude [F (1,135) =.10.238; P <.05]; and amongst conventional method,

motivation and attitude [F (1,135)=8.058; P <.05].

Finally, there was significant 4 ways interaction effects CAI, conventional method,

motivation and attitude on students’ academic achievement of SSS in geometry in

Oluyole Local Government Area, Ibadan [F (1,134)=.6.353; P <.05].

5.2 Conclusion

This study determined the effects of CAI on SSS academic achievement in

geometry in Oluyole Local Government, Oyo State. The research also explored the

moderating effects of students’ motivation and attitudes. The findings demonstrate that

CAI significantly enhances students’ academic achievement of geometric concepts.

Notably, students’ positive motivation and attitudes toward CAI amplify its effectiveness,

leading to improved academic outcomes.

5.3 Recommendations

To maximize the benefits of CAI in geometry education, the following

recommendations are proposed:

i. Educational institutions should prioritize CAI integration by providing necessary

infrastructure and technical support. Teacher training and capacity building are

essential for effective CAI utilization.

ii. Teachers play a crucial role in fostering a positive learning environment. They

should incorporate interactive CAI materials into lesson plans, encourage

students’ enthusiasm for technology, and address difficulties promptly.
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iii. Policy makers can support CAI adoption by developing policies, allocating

resources, and fostering collaboration between educators, policymakers, and

technology experts.

5.4 Contribution to Knowledge

This study makes significant contributions to the existing body of knowledge on

computer-assisted instruction (CAI) in geometry education.

By providing quantitative evidence on CAI’s effectiveness, this research fills a

critical gap in the literature. The findings inform educators and policymakers on

evidence-based strategies for CAI implementation, bridging the gap between research

and practice.

Methodologically, this study demonstrates the effectiveness of quantitative

research design in assessing CAI’s impact. Theoretically, the study supports cognitive

load theory and self-efficacy theory in mathematics education, deepening understanding

of learning processes. Practically, this research has far-reaching implications for

educational policy, promoting informed decision-making.

Ultimately, this study lays the groundwork for future research, providing a

foundation for longitudinal studies, comparative analyses, and investigations into CAI’s

effects on diverse populations. By advancing understanding of CAI’s potential, this

research contributes meaningfully to enhancing geometry education.
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5.5 Suggested Areas for Further Research

To deepen understanding and explore new avenues, future research should

consider:

1. Longitudinal studies: Assess CAI’s long-term impact on students’ academic

achievement and retention.

2. Comparative analysis: Compare CAI’s effectiveness with traditional teaching

methods.

3. Diverse populations: Investigate CAI’s impact on students with varying learning

styles, abilities, and socioeconomic backgrounds.

4. Teacher factors: Examine teacher characteristics, training, and support on CAI

implementation.

5. Integration with other technologies: Explore combining CAI with other

educational technologies such as virtual reality, gamification and so on.

6. Subject-specific CAI: Develop and evaluate CAI materials for other mathematics

subjects (e.g., algebra, calculus).
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Appendix I

Mathematics Achievement Test (MAT)

Instruction:

In section A: Please provide an appropriate answer to the following questions

In section B: Please shade only one answer at a time from the given options

Duration: 40 minutes

Section A

Demographic Characteristics of Participant

School Name:________________________________________________

Gender: Male Female

Parents Occupation: Civil Servant Public Servant

Private Sector Business Trading

Test type: pretest post test

Section B

1. A Chord subtends an angle of 720 at the centre of a circle of radius 24.5m. Calculate the
perimeter of the minor segment.
A. 59.6cm
B. 58.6 cm
C. 70.6 cm
D. 55.6 cm

2. The diameter of a cylinder closed at both ends 7cm. if the total surface area is 209cm2.

Calculate the height [Take  =
7
22 ]

A. 6 cm
B. 10 cm
C. 3 cm
D. 5cm
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3. A cone has a base radius of 8cm and height 11cm. calculate curved surface area correct to
two decimal places (Take �=22/7)
A. 314.98cm2

B. 276.57cm2

C. 201.14cm2

D. 477.71cm2

4. The ratio of the radius to the slant height of a right circular cone is 2.5. if the total surface
area of the cone is 224�cm2, calculate the slant height
A. 5�

2

B. 5�
4

C. �
2

D. 5r

5. The dimensions of a rectangular base of a right pyramid are 9cm by 5cm. if the volume of
the pyramid is 105cm3 how is the height of the pyramid?
A. 10cm
B. 6cm
C. 8cm
D. 7cm

6. A solid cuboid has length 7cm, width 5cm and height 4cm. calculate its total surface area.
A. 280cm2

B. 166cm2

C. 140cm2

D. 83cm2

7. A sector of a circle with radius 6cm subtends an angle of 600 at the centre. Calculate its
perimeter in terms of �
A. 2 (�+ 6)cm
B. 2(� + 3)cm
C. 2(�+2)cm
D. (� + 12)cm

8. The dimensions of a rectangular tank are 2m by 7m by 11m. if its volume is equal to that
of a cylindrical tank of height 4cm. calculate the base radius of the cylindrical tank. [Take

�=
7
22 ]

A. 14cm
B. 7m
C. 31/2m
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D. 1 m
4
3

9. The slant height of a cone is 5cm and the radius of its base is 3cm. find correct to the
nearest whole number, the volume of the cone. (Take �= 22/7)
A. 38 m3

B. 33 m3

C. 28m3

D. 23 m3

10. A cylinder with base radius 14cm has the same volume as a cube side 22cm. calculate the
ratio of the total surface area of the cylinder to that of the cube [Take �=22/7]
A. 73:77
B. 77; 74
C. 63: 77
D. 73:73

11. The volume of a cuboid is 54cm3. If the length, width and height of the cuboid are in the
ratio 2:1:1 respectively, find its total area
A. 108cm2

B. 90cm2

C. 80cm2

D. 75cm2

12. A sector of a circle with radius 6cm subtends an angle 600at the centre. Calculate its
perimeter in forms of �
A. 2 � + 6 ��
B. 2 � + 3 ��
C. 2 � + 8 ��
D. 2� � + 6 ��

13. The volume of a cone of height 3cm is 381/2cm2. Find the radius of its base
A. � = 31

2
B. � = 21

2
C. � = 31

4

D. � = 32
3

14. The radii of the base of two cylindrical tins, P and Q are r and 2r respectively. If the
water level in P is 10cm high. What would be the height of the same quantity of water.
A. 2.5 cm
B. 2.3 cm
C. 2.8 cm
D. 3.5 cm

15. The volume of a cuboid is 54cm3. If the length, width and height of the cuboid are in the
ratio 2:1:1 respectively, find its total surface area.
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A. 96 cm2

B. 90 cm2

C. 86 cm2

D. 94 cm2

16. A sector of a circle of radius 14cm containing an angle 600 is folded to form a cone.
Calculate the radius of the base of cone
A. 3.5cm
B. 3 cm
C. 7 cm
D. 3.3 cm

17. The angle of a sector of a circle of radius 8cm is 2400. This Sector is bent to form a cone.
Find the radius of the cone.
A. 16

3
��

B. 17
3

��

C. 16
5

��

D. 18
3

��

18. The angle of a sector of a circle radius 7cm is 1800 calculate the perimeter of the sector
(Take � = 22/7 )
A. 27.2 cm
B. 27 cm
C. 28cm
D. 27.5cm

19.

Calculate the area of the shaded segment of the circle shown in the diagram (Take � = 22/7)
A. 10.45 cm2

B. 11.4 cm2

C. 10.5 cm2

D. 13.48 cm2

20. The angle of a sector of a circle radius 10.5cm is 120o. find the perimeter of the sector
(Take � = 22/7)
A. 43 cm
B. 42 cm
C. 41 cm
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D. 44 cm

21. A sector of a circle radius 6cm had an angle of 1050 at the centre calculate its (i)
Perimeter (Take �=22/7)
A. 33 cm
B. 54 cm
C. 50 cm
D. 25 cm

22. The angle of a sector of a circle of radius 35cm is 2880 . Find the perimeter of a sector
[Take �= 22/7]
A. 246 cm
B. 357 cm
C. 462 cm
D. 200 cm

23. Calculate the total surface area of a solid cone of slant height 15cm and base radius 8cm
in terms of �
A. 184� cm2

B. 164� cm2

C. 123 cm2

D. 176� cm2

24.

The solid is a cylinder surmounted by a hemispherical bowl calculate its volume (�=22/7)
A. 2258.67 cm3

B. 2345.21 cm3

C. 3567.34 cm3

D. 5743. 87 cm3

25. A solid cylinder of radius 7cm, is 10cm long. Find its total surface area
A. 238� cm3

B. 84� cm3

C. 184� cm3

D. 254� cm3

7cm

10cm
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Answer

1. B

2. C

3. D

4. A

5. B

6. D

7. B

8. D

9. A

10. B

11. B

12. C

13. A

14. B

15. D

16. B

17. D

18. A

19. C

20. A

21. C

22. A

23. A

24. D

25. B



174

Appendix II

Students’ Attitude Questionnaire (SAQ)

Section B: Please note the following abbreviation SA= Strongly Agree, A= Agree, N=

Neutral, D=Disagree, SD= Strongly Disagree

S/NO SA A N SD D
1 CAI helps me understand geometry topics

better.
2 I feel more confident in my geometry abilities

when using CAI.
3 I believe CAI is a valuable tool for

supplementing classroom instruction in
geometry.

4 CAI helps me visualize geometry concepts
more clearly.

5 I am satisfied with the variety of resources
available through CAI for learning geometry.

6 I believe CAI can help bridge the gap for
students who struggle with geometry.

7 I believe CAI should be integrated more
extensively into the geometry curriculum.

8 Using CAI for geometry enhances my overall
academic achievement.

9 I feel more prepared for geometry assessments
after using CAI.

10 I would recommend the use of CAI to my
peers for learning geometry topics.
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Appendix III

Students’ Motivation Questionnaire (SMQ)

S/NO SA A N SD D
1 I enjoy learning geometry in school.

2 I feel motivated to study geometry because it is
interesting.

3 Geometry helps me understand the world around
me better.

4 I am confident in my ability to solve geometry
problems.

5 Learning geometry will be helpful for my future
education or career.

6 I find geometry easier to learn compared to
other math topics.

7 I am motivated to learn geometry because it
improves my logical thinking.

8 I enjoy practicing geometry problems outside of
class.

9 I feel a sense of accomplishment when I solve a
difficult geometry problem.

10 Geometry is one of my favorite subjects in
school.

11 Learning geometry will help me achieve better
grades in math.

12 I am motivated to learn geometry because it is
required for my academic success.

13 I often feel motivated to learn geometry when I
see how it applies to real-world problems.

14 I am able to concentrate better in geometry class
than in other subjects

15 I feel frustrated when I don’t understand
geometry concepts.

16 Geometry is important for my future academic
plans.

17 I enjoy using geometry to solve practical
problems in everyday life.

18 Group activities in geometry class help motivate
me to learn more.
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19 I regularly set goals to improve my geometry
skills.

20 I feel excited about learning new topics in
geometry.
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Appendix IV

Subject: Mathematics

Topic: Geometry

Sub-Topic: Understanding Chords and Arcs in Circle

Duration: 40 minutes

Class: Senior Secondary School Two

Mode of Lesson: Projector or White Marker Board

Objective: By the end of the lesson, the students should be able to:

i. define arc and chord of a circle

ii. identify and label the arc and chord of a circle

iii. understand the relationship between chords and arc

iv. applying understanding of chord sand arc to solve problem

Textbook:Comprehensive Mathematics for Senior Secondary School Students by D. B. Adu,

Revised Edition.

Instructional Aids: Projector, white board, Circle diagram print out, markers and protractor

Previous Knowledge: The students are familiar with drawing of circles

Introduction: The teacher introduces the topic by defining Arc and Chord
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Step 1: Definition of Arc and Chord

 Arc: An arc is a part of the circumference of a circle. It is the curved segment that lies

between two points on the circle. Arcs can be classified as minor arcs (less than half the

circumference) or major arcs (more than half the circumference).

 Chord: A chord is a straight line segment whose endpoints both lie on the circle. Essentially,

it connects two points on the circumference of the circle. The longest chord in a circle is the

diameter, which passes through the center.

Step 2: The teacher shows the student the Diagram Showing Arc and Chord of a Circle
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Step 3: The teacher teaches the student the Formulae using in solving length of an Arc and

Chord of a Circle

Length of an Arc =

θ
360

× 2��

Length of a Chord = �� × ��� �
�

Step 4: The students apply the formula taught in step 3 above in solving Arc and Chord

related problems.

 Examples:

1. Find the length of an arc of a circle of radius 7cm which subtends an angle 84 degree at the

center of the circle.

2. Find the length of a chord of circle radius 6 cm if the chord subtends angle 80 degree at the

center.

Solution to Question One

1. Length of an Arc = :

�
360

× 2��

84
360

× 2 × 22 × 7

84
90

× 11

= 10.3 ��
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Solution to Question Two

 Length of a Chord =

2� × sin �
2

= 2 × 6 × sin
80
2

= 2 × 6 × ���40

= 12 × 0.6428

= 7.7 cm

Evaluation: The teacher evaluates the students by asking questions on the topic thought.

Assignment:

1. An arc of a circle is 17.6 cm. If the angle subtended at the centre by the arc is 72 degree.

Calculate the radius of the circle.

2. A chord of length 9 cm s drawn on a circle of radius 16 cm. Find the angle subtended at

the center by the chord to the nearest whole number.
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