Effect of Computer Assisted Instruction on Academic Achievement of Senior Secondary
School Students in Geometry in Oluyole Local Government Area, Oyo State

Ameen MUHAMMED-RAJI Q
LCU/PG/003976 ( 0

&

QO

Being a MSc (Ed) Thesis Submitted to the Depar of Science Education, Faculty of
Education, Lead City University’b n, Oyo State, Nigeria

. s\\' egree (MSc (Ed)) in Mathematics Education

O
&

2024



Certification
This is to certify that Ameen Olawale MUHAMMED-RAJI with matriculation number

LCU/PG/003976 carried out this research work titled “Effect of Computer Assisted

Instruction on Academic Achievement of Senior Secondary School Students in G etry in
Oluyole Local Government Area Oyo State” in the Department of Sci cation,
Faculty of Education, Lead City University, Ibadan, Oyo State, N1 er the award of

Master in Science Education Degree MSc (Ed) in Mathematics E@t n and that this has

not been previously submitted for any degree or certificate 61 institution.

Dr A. A. Waheed

Supervisor ° \A%

Prof. Philias Yara Date
Head of the Department



Dedication

I dedicate this work to the Almighty God.



Acknowledgments

The Researcher wishes to express profound gratitude to Lead City University, Ibadan for the
opportunity given for undergoing this master’s degree.

Firstly, the Researcher acknowledges the guidance and encouragement receive from the
supervisor, Asso. Prof. A.A Waheed, the Head of Department of Science E Q Prof. P.
O. Yara, the Dean of Faculty of Education, Prof. D. A. Odeleye, the t of the Post
Graduate College, Prof. A.O,Oredein,the Internal/External Examu'r . B. Adebo Prof. S.
Ileuma, Prof. O.S Pitan., Asso. Prof. V.E. Akuche, Asso. yedejl Asso. Prof. M.D.
Oyetade. I must also appreciate the scholarly contrl f Dr C.O Sam-Kayode who
doubled as the Post Graduate coordinator of pp@ﬂ of Science Education, Dr. M.M.
Ayantunji, Dr. B.S. Omoyajowo, Dr. O TP illfan , Dr. S.N Obi, Dr. D.O. Ayeni, Dr. S
David, Dr.O. Gambo, Dr. H. Abdulse % r. Y. Ibikunle, Dr. J. Kolashi, Miss O.G. Oduali,

Miss A. Awoniyi, and the depart ministrator, Mrs E. Adams who really tutored me

well during the course of th@%ramme

The researcher ackno@s the Commissioner of Education in Oyo State through Zonal
Inspector of @n (zone 2) via Oluyole Local Government Local Inspector of
Education gﬁ B. Adeola for providing relevant information for this research work and
fo al@g the Researcher to use some of their schools for research field. The support the
Researcher received from the selected public schools is worthy to be acknowledged. The
Researcher also appreciates all the authors whose works have been cited in this work. This
acknowledgment will not be complete without appreciating the research assistance- Mallam

S. Sharafadeen and Dr R. Ajadi for their encouragement, dedication and commitment just to



see the research work through. This means a lot. Also, the Researcher recognises the
contribution of dear brother and mentor- Alh M. Muhammed-Raji for his support morally
and financially. The Researcher specifically appreciate parents, Sheikh K. Muhammed-Raji,
and Alhaja H. Muhammed-Raji; dear wives, Mrs A.O. Muhammed-Raji and Mrs A. H.
Muhammed-Raji; children — Khaerat, Mubarak, Mukhtar, Mukhlis and Khalida and all other
members of family for their sacrifice, support and for enduring absence o QRe earcher
from home most time to pursue this programme. Q/

Even though the above -mentioned institution and persons have as@\n the process of the

research work, The Researcher alone stands responsible ft th ors, if any, found in the

work. Q



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 insi Nlto how
CAI, combined with motivational factors, can enhance learning in geometsy. A quasi-
experimental research design was employed, involving a total of 150, ts who were
randomly assigned to CAI and control groups, which used traditi nacgeyching methods.
The students' academic achievement in geometry was asse sing the Geometric

Achievement Test (GAT) (KR — 20=0.81), while their moti and attitudes towards

learning were measured using self-developed questionnaites:*The Student Motivation
Questionnaire (SMQ) (Cronbach alpha=0.73) and th dent Attitude Questionnaire
(SAQ) (Cronbach alpha=0.76).Data analysis, us COVA, revealed significant

differences in academic achievement between
(F(1,145=54.578, p<0.05), indicating that stu
better than those taught through conventi

Al group and the control group
posed to CAI performed significantly
ethods. Furthermore, the results showed
that students' motivation (F(1,145=5.5 «05) and attitudes (F(1,145= 6.216, p<0.05) had
a significant positive effect on their adademic achievement in geometry. Additionally,
motivation and attitudes were %&' moderate the effectiveness of CAI in improving
students' performance (F, 353, p<0.05).Based on these findings, the study
recommends the integrati CAI into the geometry curriculum, along with targeted
teacher training pro .a$e to maximise the benefits of technology in education.
Furthermore, add%%nd fostering positive student motivation and attitudes should be
prioritised to furthér=€nhance the effectiveness of CAI This research contributes to the

growing bo evidence supporting the potential of CAI in improving learning
outcomes'in géometry and provides a foundation for future educational interventions.

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

er Count: 300
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Chapter One

Introduction

1.1 Background to the Study

Mathematics education is fundamental to the intellectual developmeo%d future

success of individuals, providing essential skills for navigating the co@‘ties of the
modern world' Mathematics involves logical reasoning and pro%gd‘ring, which are
essential for cognitive development. Through mathematical nd activities, students
learn to analyse situations, identify patterns, and ulate logical solutions'. It
encourages critical thinking skills by requiring stt@s to evaluate information, make
connections between concepts, and apply 6%&5 strategies to solve problems. This
process strengthens analytical skills a@fbers a deeper understanding of mathematical
concepts'. Mathematical conﬁ@ often involve abstract ideas and symbolic
representation. Engaging ‘@(?\attems and apply mathematical principles to diverse
contexts'. It emphas@recision and accuracy in reasoning and communication.
Students learn tQ artiCulate their abstract mathematical concepts helps develop abstract
reasoning@?}}f nabling students to generalise mathematical thinking clearly and
conc%@ enhancing their ability to communicate ideas effectively and logically.
\Mgfematics 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 challenges> Mathematics has countless applications

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

13



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 lives?>. 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 Kthematics
education, students not only acquire mathematical knowledge and skills so*develop
essential cognitive abilities that are valuable in various academi(ipjgessional, and
personal contexts. Despite the fundamental nature of matheme@&ad its significance in
educational curricula, students often encounter challenges comprehending complex topics,
particularly in geometry. In Nigeria, Senior Second Qool students face difficulties in
mastering geometric concepts, leading to s op&%i academic performance. Traditional
teaching methods may not always ade%% ddress these challenges, prompting a need
to explore alternative instructional a %chesl’ 2,
X

These challenges i ifficulties in visualizing geometric concepts,
inadequate engagement& traditional teaching methods, and a lack of personalized
learning experier&@?lored to individual student needs. The advent of technology in
education @arly Computer-Assisted Instruction (CAI), offers a potential solution to
addres@e ¢ challenges ! 2. However, the extent to which integrating CAI into the
te@g 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 mathematics!: 2.

However, the effectiveness of utilizing CAI in improving the academic achievement of

14



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 a ch ents in
mathematics education research, which is incorporating new methods ahd embracing
various information technology innovations. While signiﬁsearch shows that
computer-assisted instruction can positively influence learming for students of all ages
across various subjects, studies specifically focused@e ondary school students remain
limited. This is due to factors such as p ov&%)rehension and traditional teaching
methods often associated with mathema@ome researchers suggest that computer-
assisted instruction holds great potﬁé&r improving education, with technology being

.
viewed as a best practice for ‘g{@hg mathematics.

The traditional® &Ch to teaching mathematics has long been the primary
method used in s@ schools for teaching developmental mathematics®. While many
researcher ‘@/Iedge that computer-assisted instruction (CAI) is innovative, engaging,
and h%s udents learn more quickly, some scholars have found that students taught
th@ 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

15



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 method*. 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. %&r-aided
instruction (CAI) introduces variety, sparking students' curiosity angd allowing them to
learn in a more engaging way. Additionally, lessons taught th@AI are more likely
to be retained for a longer time since they involve more of th dents' senses?.

In the current "information age," the ris gmology and computer-based
education encourages educators to explore ew&%ﬁng methods that can be applied in
any classroom setting as alternatives t(wQ “led techniques. Mathematics instructional
programme should incorporate tec }bgy to enhance students' understanding of the

.
subject and prepare them @arn mathematics in an increasingly digital world.
Computers and the in&@ able new ways of delivering instruction, giving students
more flexibility n, where, and how they learn mathematics.Computer-Assisted
Instruction,* holds significant potential for enhancing the teaching and learning
proces t(m educational levels. Its use has enriched education by incorporating
co@’gers, 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 dynamic*
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Students' motivation plays a pivotal role in students’ academic achievement in
geometry, as it does in other subjects®. 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 Qse k help,
leading to a deeper understanding of geometry concepts. Student mativation, in relation
to the effect of computer-aided instruction on academic achie &n in geometry, refers
to the internal and external factors that drive studen t&age with and persist in
learning geometry using computer-aided instruction Qfactors can influence students'
enthusiasm, interest, and effort, ultimatel W@ng their academic achievement in
geometry. Students' attitudes towards etry can significantly impact students’
academic achievement in the subjec Xpositive attitude can boost motivation, leading to

.
increased effort and engagem{ﬁsh\feaming geometry. Believing in one's ability to learn
geometry can enhance 'c&@nce, reducing anxiety and increasing persistence. A growth

\

mindset (embrac@?allenges and learning from failures) helps students overcome

obstacles Q@scommitted to learning. Finding geometry interesting or relevant can
njoy

increa%

St@s who believe they can master geometry are more likely to take risks, ask

ment and enthusiasm, leading to deeper understanding and better retention.

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 outcomes’. 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 h ﬁin real-
life situations. Students are actively involved in the learning process and icipate fully
in CAI activities. Computer-aided instruction (CAI) in mat@;s lessons connects
real-world settings with symbolic learning, aligning\with students' cognitive
development!é, CAI helps foster the growth of co skills at this stage by offering
innovative, concrete resources that support ee@asoning, explanation, and problem-
solving. Additionally, computers play a crﬁb@&ole in the learning process by stimulating
students' imagination. Any mathe &concept can be illustrated using visuals, and

XS
these images help students un{&éﬁnd concepts more easily.

The interactive‘@%s of the software offer an experience where mathematical
concepts are pres@ nearly tangible forms, making the activities both engaging and
challengi t\&q' computers as a teaching and learning tool provides opportunities for
studen :gfomy, increased motivation, real-world connections, and improved academic
pe@ance. 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 Q\

It has been observed that students consistently perform poorl (Qrcle theorem
questions in the West African Secondary School Certiﬁcat@&aﬂnation. Numerous
reports from WAEC Chief Examiners highlighted stud s%fﬁcient understanding of
circle theorems. This raised several questions: D@a ers introduce circle theorem
terminology before teaching the concept? %% teachers approach the teaching of
circle theorems? If the concept is taught eﬂb ely, why do students continue to struggle
with it? If teachers do introduce th&%ant terminology and the instruction is effective,
what accounts for students' pg—;\\rformance in this area? Students' performance in circle
geometry has suffered t@gﬂw use of ineffective instructional strategies during lessons.
Chief Examiners%ereatedly noted students' weaknesses and challenges in solving
circle the blems. Many reports indicate that most candidates tend to avoid
answe@c rcle theorem questions, and even among the few who attempt them, there is
0 ack 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 Go@en , Ibadan,
Oyo State, Nigeria. The objectives of the study are to: QJ
i. examine the main effect of CAI on senior secondary stude@demic achievement
in geometry;
ii.  determine the main effect of conventional on senior secondary students'

academic achievement in geometry; ; ,bQ

iii. examine the main effect of atti% on senior secondary students' academic
achievement in geometry; \
°
iv. examine the main ef@f motivation on senior secondary students' academic

achievement in gem&

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

acade@vement in geometry;
vi. te

ine the interaction effect of CAI and attitudes on senior secondary students'
Q;Qemic achievement in geometry;
Y
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;

20



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

1.4 Hypotheses

Hol:

H02 .

H031

Ho4 .

H051

H061

senior secondary students' academic achievement in geometry.

>\
R
There will be no significant main effect of CAI on Seniov@dary School
Students’ Academic Achievement in Geometry. Q
There will be no significant main effect of n%mal Method on Senior
Secondary School Students’ Academic Achie bln Geometry.
There will be no significant main effe Q@ivaﬁon on Senior Secondary School
Students’ Academic Achievement in etry.
There will be no significant &ai\neffect of Attitude on Senior Secondary School
Students’ Academic Ac@n’&ent in Geometry.
There will be no &%{cant interaction effect of CAI and Motivation on Senior
Secondary S@Q&udems’ Academic Achievement in Geometry.
The %&e no significant interaction effect of CAI and Attitude on Senior

N\

S@n ary School Students’ Academic Achievement in Geometry.

H@lere will be no significant interaction effect of Conventional Method and

H081

Motivation on Senior Secondary School Students’ Academic Achievement in
Geometry.
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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Ho9: There will be no significant interaction effect of Motivation and Attitude on Senior
Secondary School Students’ Academic Achievement in Geometry.
Hol0: There will be no significant main interaction effect of Conventional Method,

Motivation and Attitude on Senior Secondary School Students’ Academic

1.5 Significance of the Study { O

The effectiveness of Computer-Assisted Instruction h@x enhancing student

Achievement in Geometry.

engagement and interest in learning mathematics, :rt%ly geometry. This has

contributed to reducing students' anxiety towards atical concepts and improve
their overall attitude towards the subject. Th s@outcomes highlighted the challenges
faced by educators in implementing and suggested areas for professional
development. This has led to tailo haining programs aimed at improving teachers'
technological readiness and &ﬁ%gogical skills in integrating technology into their

teaching practices.  * Q
D

The ﬁndi@is study will contribute to enhancing the quality of mathematics

by provid@‘@ﬂs into the effectiveness of integrating CAI as a supplementary tool.
n

This p, ly led to improved learning outcomes in geometry topics among Senior

Q@lry 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 implicati@ student
achievement in mathematics. QJ

In summary, the significance of this study lied i@&otential to inform

educational practices, improve teaching methodologies,\enhance student learning
;c

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

enhanced mathematics education. ; er

1.6 Scope of the Study

The scope of this stu{@éelimited contextually to effect of computer aided

instruction on acaderm'ia@évement of senior secondary school students in geometry

and was also deliﬁq@%ographically to Oluyole Local Government Area, Oyo State.

)

1.7 Limitﬁn the Study
T@owing were the constraints encountered during the course of this study:
1. 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 GA@\ to senior
secondary school two students of Oluyole Local Government duri tguludy.
Computer-Assisted Instruction (CAI): For the purpose of @de, CAI refers to the
utilization of computer technology and software ap ﬁspeciﬁcally designed to
facilitate and enhance the teaching and learning @ess of selected geometry topics
within mathematics for SSS students in %ﬁb% Local Government. CAI involves
interactive, technology-based educa%%ols that supplement traditional classroom
instruction in geometry. . 5\%

Geometry: For the purpose ct&\sstudy, these topics will include but are not limited to,

angles, polygons, circt@ngmence, similarity, and transformations, as identified in the

Senior Seconda ol curriculum.

Studentséi&m to Geometry: This refers to the students' disposition or mindset

towz@eometry as a subject. It encompasses their level of interest, enthusiasm, and
\(1/' gness 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 tools’.

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 geometry?®,
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2.5

2.1

2.1.

Summary of Gaps in Literature Reviewed
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 stud&m within

Computer-Assisted Instruction (CAI) refers to &;e%ration of computers and

the specific context of Oluyole Local Government.
1 Computer-Assisted Instruction (CAI)

digital technology into the educational process t@ rt and enhance teaching and

learning. It encompasses a broad range of 0@, applications, and online platforms
that facilitate interactive learning ex eriéb§, making education more engaging and
accessible for students. In the cont x mathematics, and specifically geometry, CAI
.

offers a unique opportunity t&@mve students' understanding and mastery of geometric
concepts'. . \AQ

In geome@ involves the use of specialized digital tools such as software
programs, @r web-based platforms designed to provide interactive exercises,
Visualiﬁo S, simulations, and real-time feedback on students' progress. These
te ogical 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 setting?>.
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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 individualizeé@ion that
ensures the content is neither too difficult nor too easy for the learner

One of the key advantages of CAI is its ability to prc@&mmediate feedback.
When students engage with CAl-based exercises, they c%nstant responses to their
inputs, helping them quickly identify errors and ‘@~ nd the correct solutions. This
immediate feedback loop enhances students' w@g experiences, as they can quickly
rectify mistakes and continue progress{té ir own pace. Additionally, CAI tools can
track students' progress, offerin é&nled data on their strengths and areas for

°
improvement, which can he@mctors tailor their teaching strategies to better meet

students' needs'2. . \AQ

Incorporaﬁ@ into the teaching of geometry allows students to engage more

actively 1 ‘@aming process. By providing opportunities for interactive learning,

real-tix@ edback, and personalized instruction, CAI can enhance students'
co@’glension, 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 concepts’*.
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2
2.1.1.1 Advantages of CAI fb

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

enhancing the learning experi nd academic performance of students, particularly in
the field of mathematic@%ﬂng the various branches of mathematics, geometry stands
out as an area wlﬁ@%al representation plays a crucial role in understanding concepts.
The inte 3&% CAI into geometry instruction offers numerous benefits that make

leamir@o ¢ effective, engaging, and tailored to individual student needs'+.
Q’bOne 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 principles??.

Beyond visualization, CAI promotes interactivity and engage Q&wdch are
essential components of effective learning. Unlike passive learning ffcthods where
students merely absorb information, CAI encourages active pation by allowing

them to explore and interact with geometric concepts.@@interactive software and
e

digital exercises, students can construct geometr s, measure angles, and test

not only makes the learning process_m joyable but also improves retention and

\®)

hypotheses, thereby fostering a hands-on ;&v@o learning. This active involvement
understanding. By engaging directlﬁbﬂh the content, students develop a more intuitive
grasp of geometry, making it@tlmidaﬁng and more accessible?*.

Another cruciat {Q t of CAI is its capacity for personalized learning. Every
student learns at@ent pace, and traditional classroom settings often struggle to
accommo ‘%e differences. Some students grasp concepts quickly, while others
requir@r time and practice. CAI addresses this challenge by adapting to individual
le@rQ 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 geometry!~.
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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- Q%nindset.
By continuously refining their approach based on instant feedback, learnefs®become more

adept at tackling complex geometric problems'*. O

Moreover, CAI offers unparalleled accessibility :c@bility, making it possible

for students to engage with learning materials bey itional classroom hours. With

the availability of online resources and so wz&%udents can revisit concepts at their
convenience, reinforcing their learning oudt$id€ of school. This flexibility is particularly
beneficial for students who may n ;\extra practice or those who prefer to study at

different times. By providin@’-the-clock access to learning tools, CAI ensures that

students can reinforce &Qgﬂnderstanding of geometry whenever and wherever they

\

choose!%3. QQ

In ﬂ@to improving comprehension and accessibility, CAI plays a vital role
in strepagthéhing students' problem-solving skills. Geometry, by its nature, requires
ar@al thinking and logical reasoning, and CAI encourages these skills through
}tgractive 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 life?°.

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 be eQm re from
watching an animated explanation of a geometric theorem, while@ may prefer
working through interactive problem sets. By integrating Varrms of media, CAI

makes learning more versatile and appealing to a broade @f students®#,

Lastly, CAI serves as a valuable support Q teachers. While technology
enhances learning, it does not replace the rqle cators; rather, it complements their
efforts. Teachers can use CAI to suggl&% their instruction by incorporating digital
resources, lesson plans, and assess«e\nh into their teaching strategies. These tools help

.
educators track student prog@%‘entify areas where students may be struggling, and
provide targeted interv@% to address learning gaps. By integrating CAI into their
classrooms, teads%Qan create a more effective and student-centered learning
environm &\

&e advantages of Computer-Assisted Instruction in teaching geometry are
pr@rgd 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 education®’.

2.1.1.2 Disadvantages of CAI Q\

While Computer-Assisted Instruction (CAI) offers nume@glvantages in
teaching geometry, it is equally important to recognize its li and challenges. A
balanced implementation that acknowledges these drawbacks 1S essential to ensure that
CAI is used effectively without undermining tradi earning methods or excluding
students due to resource constraints’. er

One of the primary challenges a ted with CAI in mathematics education,
particularly in geometry, is the&%igcant infrastructure requirement. Access to
computers, reliable internet g{ﬁ%&tlﬂty, and updated software is crucial for a seamless
learning experience. °@er, in many regions—especially those with limited
resources—thesek@%ments can pose serious challenges. Schools in underprivileged

areas may"® X&le to provide adequate technological infrastructure, leading to

N\
inequi@le ccess to CAIL. Without the necessary hardware and software, students in such
ar@’gay be at a disadvantage, widening the digital divide in education®®.

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 available'?.

Technical issues are another common drawback of CAl-based learning. Software
glitches, system crashes, or compatibility problems with different devic Q%nterrupt
lessons and create frustration among students and teachers. Such disriptiofiS can lead to a
loss of valuable instructional time, negatively impactin xaming experience.

éesolving these technical

Additionally, if schools do not have dedicated IT s§

difficulties can be a significant challenge, furth uraging the effective use of

CAI6%, ,69

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

technology provides access to Valugbe ucational resources, it also exposes students to
.

potential distractions. Many s@ts may be tempted to browse non-educational websites,

play games, or engage &%al media activities instead of focusing on their geometry

lessons. This divt@?tention can significantly reduce the effectiveness of CAl-based

instructio ‘1@ it essential for educators to implement monitoring tools or guidelines
to min 'z({istractions during lessons®’.

Q’bAnother 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
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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 contexts!-?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 fi %&:maﬁcal
problem-solving. These variations in adaptability can lead to %Qg levels of
engagement and comprehension, potentially leaving some s@ behind. Educators
must recognize these differences and provide additio@s rt to students who find
technology-based learning more challenging'-*. Q

Teacher training is another critical C@t determines the success of CAI in
geometry education. For CAI to be effecti ntegrated into classrooms, educators need
proper training on how to use t \echnology, design effective lesson plans, and
troubleshoot technical issues@ever, professional development programs focusing on
CAI may not always be sekg{y available or accessible to all teachers. Without sufficient

N\

training, educato struggle to maximize the benefits of CAl, leading to ineffective
implemenc@i underutilization of the available resources®’.
S

se osts, including purchasing computers, acquiring software licenses, and ensuring

N

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

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

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 programs’3.

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 es Ql pics. If
educators rely on poorly designed CAI programs, students may rec%gconsistent or
inadequate instruction, leading to gaps in their understanding 0 try. It is crucial for
schools and teachers to carefully evaluate and select high= %CAI resources that align
with educational standards and effectively support earning™®S,

While CAI presents numerous opp % to enhance geometry education, it
also comes with significant challenges t% ust be carefully managed. Infrastructure
limitations, overreliance on technol },‘technical issues, learning distractions, and the
potential for student isolatio&@? all factors that can affect the effectiveness of CAL
Additionally, variatiors Qgﬁden‘t adaptability, the need for teacher training, financial

\

constraints, and b@%s about the quality of digital resources further complicate its

implemen@o maximize the benefits of CAI while mitigating its drawbacks,
a

educat d policymakers must adopt a balanced approach—one that integrates

{/ ogy 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 education!’.
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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, ul 'Q%making
the learning process more engaging, effective, and adaptable. By leveragifig digital tools,
CAI fosters comprehension, retention, and interaction in wa@traditional teaching
methods alone may not always achieve??.

Drill and practice CAI focuses on reinforci@ ific skills or concepts through
repetition. This method is particularly effect've{& ubjects that require memorization and
mastery of fundamental principles. B 1%\ ng immediate feedback, it helps learners
correct mistakes and reinforce lea é‘t rough continuous practice. Examples include

.

math drills for practicing arit@ operations, spelling exercises to improve vocabulary
retention, and language{Q%ng apps that assist students in mastering new words and
sentence structur@ structured and repetitive nature of this approach ensures that

learners buyi @cy and confidence in foundational skills'*.
@gﬁl-based CAIl provides direct instruction on a given topic, offering
e tions, demonstrations, and step-by-step guidance to facilitate learning. These
igital 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 instruction®*.

Simulations recreate real-world scenarios within a virtual environment, enabling
students to explore, experiment, and learn through hands-on experiences. This type of
CAl is particularly valuable in fields where practical application is crucial but real-world
practice may be limited or costly. Examples include virtual science labs Xtudents
conduct chemistry experiments without physical risks, flight simulat@rs that help trainee
pilots develop critical skills before flying real aircraft, and bus ulations that teach
management principles through realistic decision-ma er01ses By providing an
immersive and interactive learning experience, s@a ons enhance problem-solving
skills and deepen understanding??.

Educational games integrate leam%§th entertainment, making the acquisition
of knowledge more enjoyable a aging. These games are designed to motivate
students while teaching spe %\sﬁs or concepts through challenges, puzzles, and
interactive tasks. For cn\@é math games might require players to solve equations to
advance through@ s, language learning games may build vocabulary through
interactiv{/@ling, and history games can simulate historical events, allowing
studen%o experience different time periods firsthand. The gamification of learning
er@s motivation, encourages competition, and fosters a sense of achievement,
making education more dynamic and appealing'’.

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 clarity'’.

Hypermedia-based CAI allows students to navigate educational ¢ Q&a a non-
linear fashion using hyperlinks. This interactive structure enables earfi€rs to explore
topics at their own pace and follow their interests, making th g experience more
flexible and self-directed. Examples of hypermedia %ms include educational
websites that provide linked resources, digital en gilias that allow users to jump
between related topics, and interactive e-b k@b% multimedia enhancements such as
videos, simulations, and cross-referen: es.&ffering multiple pathways to information,
hypermedia fosters curiosity and de %ngagement with the material®.

.

Technology has made‘&f%sboration more accessible through CAI platforms that
facilitate group leaminge\&amwork. These tools support communication, cooperation,
and shared knovﬂ@%uilding among students, regardless of their physical location.
Examples 8& online discussion boards where students can engage in academic
debate %orative document editing tools that allow real-time teamwork on projects,
al@’grning 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 skills!->®,
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2.1.2

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 re Qd ectures,
assignments, and discussion forums. Distance learning is partichJIerneﬁcial for
students with limited access to traditional classrooms, worl@&pofessionals seeking
additional qualifications, and institutions looking to e)wbn eir reach beyond physical

boundaries>%’. Q

Each type of CAI plays a distinct ,éo}ernhancing education by leveraging

technology to support diverse learning ne%

and skill reinforcement, tutorialﬁk&r structured instruction. Simulations provide
w

ile drill and practice focus on repetition

experiential learning opportu{ ile instructional games make education engaging.
Multimedia presentatim@gﬂypermedia expand access to information through dynamic

content, whereas*@%rative learning tools and distance learning platforms promote

interactiota?'%essibility. By incorporating these various forms of CAI, educators can
V

create 6

c ’Qlension, and long-term retention of knowledge**.

Y

An Overview of Mathematics Education

rsatile and effective learning environment that fosters engagement,

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, includi lassrooms,
blackboards, and textbooks. However, the availability and quality 0@ ties can vary
significantly between urban and rural areas within the local c@&en‘u Also, there is a
mix of qualified and less qualified mathematics teache .%er training colleges and
universities in Oyo State supply a steady stre@o new teachers, but ongoing
professional development remains critical. T. eﬁb;gcan be high in public schools, which
affects individual attention and the Vet% ality of instruction. Schools follow the
Nigerian national curriculum, whic ﬁ ines the mathematics content to be covered at
.

each grade level. Geometry is@ component of the mathematics curriculum, especially
in senior secondary sch%%ere it forms part of the preparation for national exams like
the West African@) School Certificate Examination (WASSCE)”3.

T ‘@ﬁnant teaching methods include lecture-based instruction and rote
memo lg(. These methods are often criticized for not promoting deep understanding
ar@tical thinking. Some schools and teachers are beginning to integrate more
N/

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

43



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 commitment®”.

Student performance in mathematics, including geometry, varies widely, with
many students struggling to achieve proficiency. Mathematics is ofte %ed as a
difficult subject, leading to anxiety and a lack of interest among students. Various
government programs and non-governmental organizations a@ ing to improve the
quality of education in Oluyole Local Government. @nclude teacher training
workshops, provision of learning materials, and inf ural improvements. Efforts are
being made to integrate Information and o’@icaﬁon Technology (ICT) into the
education system to enhance teaching and ng processes’%10,

Furthermore, increased pare a\linvolvement in education is being encouraged to

.

support students’ learning at {‘%\S‘Partnerships with private companies and educational
organizations help to® @ément resources and expertise in schools. Mathematics
education in Olu)@?ocal Government is characterized by a blend of strengths and

challenge@ there are significant efforts to improve the quality of education,
t

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

Q@able 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 careers'!-12.
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2.1.3 Geometry
It involves concepts such as points, lines, angles, shapes (like t:'@ circles,

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

three dimensions?. (’\\
\
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%%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 graphics®.

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 four@on upon
which more complex geometric figures are built>*, Q

Angles, another crucial element of geometry, are formed whe@nes intersect
at a point, called the vertex. The measure of an angle tells 1@ much one line has
rotated relative to the other, and angles are measured in. degtees. Geometry also studies
shapes or figures, such as triangles, circles, and Qs Triangles, for example, are
three-sided figures that come in different t)gs‘@é equilateral, isosceles, and scalene,
each with its own set of properties. Cir% defined by all points equidistant from a
central point, are characterized by k \e?ements like radius, diameter, and circumference.

R
Polygons, such as squares, rq&ﬁ%@les, and hexagons, are multi-sided figures that exhibit

unique properties based enx%lr number of sides and angles>*.

Another e&@?l\aspect of geometry is understanding the relationships between
different %d figures. Concepts such as congruence, which refers to figures that
are ideatical in shape and size, and similarity, where figures have the same shape but
di@t 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

distances!?14,

46



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 technology>-.

In geometry, both two-dimensional (flat) and three-dimensional (solid) concepts
are explored. While two-dimensional geometry focuses on shapes like s %, iangles,
and circles, three-dimensional geometry deals with solids such as @é,spheres, and
pyramids. Understanding these concepts not only develops @ent’s mathematical
skills but also enhances critical thinking, logical @ ng, and problem-solving

abilities®5. Q

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

relevance. Whether measuring land, de g structures, creating digital models, or
solving engineering problems, the mples of geometry are integral to many areas of

life. Its focus on spatial reas@an logical structure helps students develop essential

skills that are useful ac@ Itiple disciplines, making it a crucial subject in education

and beyond'>'6, Q

2.1.3.1 Impor@ce 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 careers>!2.

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 ge &nhance
students' ability to approach complex problems in various disciplineQe) ring they are
well-prepared for higher education®!”. é

The practical significance of geometry extends %e classroom. Many real-

world problems require geometric reasoning to solutions. Examples include:

Architecture — Designing structures and e

Lp%%tability using geometric principles.
Engineering — Applying geometry to desi chines, bridges, and circuits. Surveying —
Using geometric calculations fo l\ah measurements and construction planning.

Navigation — Applying coo@e geometry in GPS technology and mapping. By

mastering geometry, s{ck% develop problem-solving skills that are applicable in

diverse fields®!2. QQ

A Q?Q%asp of geometry is essential for students who aspire to pursue careers
in ﬁelﬁu

ur@rQlanning; Graphic design and animation; Robotics and artificial intelligence;

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

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

geometry can open doors to lucrative career opportunities both locally and

internationally'®.
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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 cruci $only in
mathematics but also in: Art and design — Understanding proportio& symmetry in
creative work. Physics and chemistry — Comprehending mole@%ructures and crystal

V$ and angles in athletic

both scientific and artistic

formations. Sports and biomechanics — Analyzing

performance. Visual thinking is a skill that be
disciplines?%2!, be

Geometry encourages logical re g, deductive thinking, and systematic
problem-solving. Students learn t:\Break down complex problems into smaller,
manageable steps. Develop \’t\y'%sep logical proofs. Apply geometric theorems to
real-world situations. T@gﬁtical thinking skills are valuable beyond mathematics and
can be applied in ﬁ%l n-making, strategy development, and analytical reasoning?’.

In 3& digital world, geometry plays a vital role in technology-driven
indust% udents who excel in geometry gain an advantage in fields such as:
C er-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 advancements!®-?3.
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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 6Q real-world
applications!®22, QJ

Studying geometry enhances memory, concentration@%nalytical thinking,
which contribute to overall cognitive growth. @ in geometric proofs,
constructions, and visual analysis strengthens stud@ ility to: Identify patterns and
relationships. Think logically and reason a sv@ Approach problems from multiple
perspectives. For SSS students in Oluyo cal Government, these cognitive benefits
extend beyond mathematics, im &hg performance in science, technology, and

R
problem-solving tasks®. &CO\

The study of g@%y is essential for academic success, real-world problem-
solving, and carﬁ’s@%nes& By building a strong foundation in geometric concepts,
students in® e Local Government gain valuable skills that enhance their logical
reason@ atial awareness, technological proficiency, and problem-solving abilities.
T@s, parents, and educational institutions must continue to support and promote

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

education and future careers®°.

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’&bility to
apply knowledge, think critically, and engage actively in learning!®-2!. Q

One of the most common ways to measure academic performance ifi mathematics
is through grades and standardized test scores. These assess@rovide a structured
way to evaluate a student’s understanding of mathematical principles. Formative

QS, track a student's progress

assessments, such as classwork, quizzes, and as

end-of-term exams and standardized tests,

throughout a course, helping teachers idegti%%ngths and areas for improvement.

Meanwhile, summative assessments, i%

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

testing helps compare indivi{ﬁ%\pﬁormance against established academic standards,

providing valuable insi %o a student’s proficiency in mathematics?%2,

Beyond t@es, a student's engagement and participation in class play a
crucial ro @sademic performance. Actively contributing to discussions, asking
questi and working collaboratively with peers demonstrate a deeper comprehension
of@ematical ideas. Students who engage in classroom activities tend to develop a

v/
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 subject!*2°,
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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 e&gineering
principles—illustrates a deeper level of comprehension. Q

Moreover, a student’s ability to retain and apply knowledge@me is a key
indicator of strong academic performance. Mathematics is E@J t that builds upon
itself; concepts learned in one stage often serve as atlon for more complex
topics. A student who can recall and apply prev@r earned material demonstrates
mastery and a long-term understanding @maﬁcal principles. This ability is
particularly important in higher-level ma tics, where interconnected ideas require
cumulative knowledge and logical t '&hgz“.

.

Another important fag&&%ﬂ academic performance is the development of critical
thinking and analyti ills. Mathematics requires students to evaluate multiple
approaches to p@@olving, assess the most efficient methods, and make logical
decisions. \ mathematical learners can identify patterns, make predictions, and
apply @h atical reasoning beyond the classroom, which is essential for success in
V@ fields, including science, technology, and engineering?°.

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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2.1.5

learning, refining their skills, and developing a deeper understanding of mathematical
concepts!'®.

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 ir&vement.
By fostering these aspects, teachers and educators can help students Qop a solid

mathematical foundation that will benefit them not only in school buf alsg=in their future

Students’ Motivation Q:

Student motivation plays a crucial rote h@demic achievement in geometry, just

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

academic and professional pursuits®#2>,

time and effort to understanding cg?ﬂ&x geometric concepts, which ultimately leads to
.

better academic performance‘&ﬁ.?the context of Computer-Aided Instruction (CAI) in

geometry, motivation i@%es how actively students engage with learning materials,

persist in solvingﬁ@ts, and explore geometric relationships through digital tools?*.

M '@in learning can be classified into different types, each of which affects
studen%en agement and success in various ways. Intrinsic motivation comes from
w@he 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 otg)ractical

fields425, Q
While intrinsic motivation is ideal for deep learning, extrinsic @tion—driven

by external factors such as grades, rewards, and social e@ionsalso plays a
significant role in students' academic engagement. Mabst ents strive to perform well
in geometry to achieve high grades, gain recog, or meet parental and teacher
expectations. The structured nature of CAI w%b%lt-in quizzes, progress tracking, and
leaderboards, can be highly motivat%% tudents who thrive on competition and
external rewards. For instance, stu h‘may be encouraged to complete more practice
.

exercises if they receive be{@%} certificates, or higher rankings on CAI platforms.
Additionally, when t @h@and parents set high expectations and provide positive
reinforcement, stm@%re more likely to engage actively in their learning, even if their
initial mot'v@/as not self-driven?%?’,

&%ﬁive motivation stems from a student's natural curiosity, critical thinking
s nd 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 learn?#28,

When students are highly motivated—whether intrinsically, extrinsically, or
cognitively—they tend to take full advantage of CAI tools. They s Q&re time
exploring interactive visualizations, engage actively in problem-sol ir@ercises, and
seek additional resources to deepen their understanding. Motivdents are also more
likely to persist through challenges, using CAI features suchNas guided tutorials and self-
assessment quizzes to overcome difficulties. Com@@students with low motivation
may struggle to engage with CAI effectively. Y&%ﬂ a clear incentive or interest in the
subject, they may rush through lesson out fully understanding the concepts,
disengage from problem-solving ac '}ﬁes, or fail to utilize the interactive features that

N
make CAI beneficial?®-9. CO\

Motivation is a‘l&tor in determining how effectively students learn geometry
using Computer-x@struction. Whether driven by intrinsic interest, extrinsic rewards,
or cogniti @ty, motivation influences how actively students engage with CAI tools
and, ulti Cfg , their academic success. Educators and parents should strive to foster
m lon 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 geometry?'-32,
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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 t Q%y-based
instruction. When students have a positive attitude toward CAI, the@gore likely to
embrace the technology, actively engage with learning materia@ pply themselves to
mastering geometric concepts. Several key aspects, of N\positive attitudes include:
Enthusiasm: Students who enjoy using technolog Qook forward to learning with
CAL The interactive and visually engaging ap%%f digital tools makes geometry more
appealing, leading to greater interest and in understanding the subject. Enthusiastic
students explore beyond what is ta kn class, using CAI to experiment with different
.
geometric shapes, transforma'{(nj,\an theorems?!-32,
Confidence: Apeskgé attitude often correlates with students' confidence in their

\

ability to learn thtQu Al When students believe they can successfully use computers

to undersuq@uetry, they approach learning with a growth mindset. Confidence also
ents

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

pr@’as, and learn from mistakes using CAI simulations and interactive exercises.

N

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

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

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 purposefully?!-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 makin Qﬁes. This
anxiety can lead to avoidance behaviors, where students resist engagihg with CAI
platforms, missing out on valuable learning opportunities. S@i tsm: Some students
question the effectiveness of CAI, believing that tradition ethods are superior for

understanding geometry. They may doubt whether @ earning can truly replace face-

to-face instruction, leading to disengageng?@yassive participation in CAl-based
lessons?3:34, ’b

Frustration: Technical issu ch as software malfunctions, slow internet
RN
connections, or difficulty nayi g CAI platforms can lead to frustration. If students
struggle to access ma&&%r experience repeated disruptions, their motivation to use
CAI may decrea ing them less likely to persist in learning complex geometric
concepts. @ce to Change: Students who are accustomed to traditional teaching
metho%n resist adopting CAI. Some prefer paper-and-pencil problem-solving and
m% d digital learning unfamiliar or unnecessary. Without proper guidance and
v/
encouragement, these students may disengage from CAI, limiting their exposure to
interactive and dynamic learning experiences?!-4,

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 CAL.
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 Q}le hooting
support can prevent frustration caused by technical difficulties. C ng CAI with
traditional teaching methods can ease resistance, allowing stu gradually adapt to
technology-enhanced learning#3°,

Students’ attitudes toward CAI significantl nce their academic success in
geometry. While enthusiasm, confidence, nd@beived relevance enhance learning,
anxiety, skepticism, frustration, and re@%ce can create barriers. Educators must
actively support students in developing positive attitudes toward CAI by addressing

.

challenges, providing encou@en‘t, and demonstrating its practical benefits. When

students approach CA1 q&%an open and motivated mindset, they are more likely to

\

engage deeply wi@etﬂc concepts and achieve academic success*.
.
Q)

Theorgtical Framework

Q’bl'his 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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2.2.1

subject area under consideration. The theories will be reviewed under the following

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

Cognitive Load Theory
John Sweller, an Australian educational psychologist, introduced *t\re Load
Theory (CLT) in the late 1980s, a framework that explores ho@wman mind

processes information during learning. His work has signiﬁca@ﬂuenced the field of

educational psychology and instructional design. Cﬁp% that human cognitive
processing capacity is limited, and effective learni ]

are designed to manage cognitive load—essinw'@he mental effort required to process

information3’-8, ’b

when instructional materials

Sweller’s theory distinguis@etween three types of cognitive load: Intrinsic

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

determined by the cm@y of the content itself. For example, learning advanced

geometric theore&%%ore cognitively demanding than understanding basic shapes®.

Extraneou ‘@ive Load: This refers to the mental effort imposed by the way the
al”

instruc@

in@tion, it can unnecessarily increase cognitive load and hinder learning®. Germane

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

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 load**#!,
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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, Qes gned to

support the natural cognitive processes of students, thereby impr eir learning

outcomes3840,

O
The core tenets of Cognitive Load Theory (CL %e around understanding
how the mind processes information and how instmaterials can be optimized for
effective learning. CLT emphasizes that w I@emory has a limited capacity. It can
only process a small amount of informa t a time. If cognitive load exceeds this
capacity, it can hinder the learnin %ss. The theory suggests that learning efficiency
depends on how well cognitiyés%’is managed during learning tasks. Effective learning
requires keeping workh;g%ﬁory from being overwhelmed by excessive information?®.

CLT posiﬁ@%ptimal learning occurs when the cognitive load aligns with the
limitation b@ing memory. This means the amount of information being processed
should Mbe “Mmanageable, allowing learners to effectively organize and retain new
k&lge. 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 retention®”4!,

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 co Q%ocesses
and improve educational outcomes. One of the core assumptions of\CLTis the idea of
limited working memory. This assumption suggests that t@&an brain's working
memory, responsible for processing and holding info¢a$emporarily, has a finite

capacity. Just like a computer’s short-term memo only handle so many tasks at
once, our minds can become overloaded if tQo @information is presented at the same
time. When this happens, learners stru to process and retain new knowledge,
\®)
ultimately hindering their ability to %rehend complex material. This is why cognitive
.
load must be carefully mana@ the load is too high, it can overwhelm the working
memory, preventing eﬁ@%eaming from taking place®4°.

The secor&@%ﬂ assumption of CLT is that effective instructional design is key
to enhanci @ng. In order to facilitate the most efficient processing of information,
it is es@tl to reduce extraneous cognitive load—the mental effort required by factors
u\@d 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 effectively®’*!.

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 ab&rb facts—
they construct mental frameworks that allow them to connect new c ts*to their
existing knowledge. This is where prior knowledge becomes essential§ as it*helps students
manage cognitive load by providing a foundation from S’a to build further
understanding. Over time, as students continue to enc &w concepts and practice
applying them, these schemas become automat Qing that the cognitive load
required to process them decreases. The m ep@ticated a student’s schemas are, the
less mental effort is needed to underst(ld9 aterial, allowing for deeper learning and
the ability to handle more complex t h‘ A0,

.

presenting information,{&%oout creating environments and instructional experiences

These assumptions y emphasize that learning is not just about

that respect the &@?Ve limitations of students. By understanding and applying the
principle ognitive Load Theory, educators can better design lessons that foster

S
optimalhearning, reduce unnecessary mental strain, and help students develop the skills

%@wledge they need to succeed?®.

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 attenti Qn%oivation,
emotion, and individual differences in cognitive abilities. By conceftratiffg on working
memory constraints, CLT risks oversimplifying the broad s &of cognitive factors

%y account for the diverse

that influence learning. This focus on memory load may.no

cognitive strategies students use to approach lea@ r the diverse ways in which

individuals process information373%41, be
Another significant critique of CL’U;

emotion in the learning process. C@ve Load Theory is primarily concerned with the

its neglect of the role of motivation and
.
mental effort required to pm@& information and how that effort impacts learning.
However, critics argue’t@&T overlooks how motivation and emotion can significantly
influence leaming@gmes. Motivation plays a key role in whether a student engages
with and %1 learning activities, while emotions—such as frustration, excitement,
or anx&—can either facilitate or hinder cognitive processing. For example, a highly
m ed 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 learning**4!,
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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 obse %each of
which has its limitations. Because of these methodological diffe& there is no
universally accepted way to measure cognitive load, which xit difficult to draw
clear, consistent conclusions from research. The lack o t@dized measurement tools
has led to variations in how CLT is applied in eduettings, which undermines its
practical utility and generalizability>7-8, er

While Cognitive Load Theory, ha ided valuable insights into instructional
design and the role of working m \oy in learning, its critics highlight the theory’s

.
oversimplification of human {@tlon, its limited focus on motivational and emotional

factors, and the challcl@sociated with measuring cognitive load. These critiques

suggest that whih@?can be a useful framework, it may need to be integrated with

other the{@ approaches that account for the broader, more complex nature of

learnir%
Q0

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 achievement®’-3%,
One of the primary ways in which Cognitive Load Theory ca Q&ce CAI
design is through the effective management of cognitive load. CLT gmphasizes the
importance of minimizing extraneous cognitive load—the unn@r mental effort that

detracts from learning—while maximizing germane oﬁze load, which directly
contributes to the construction of knowledge. W ngning CALI tools for teaching
geometry, understanding this balance is be% Instructional materials that are
overloaded with irrelevant inforrnat'enQ §ly structured, or overly complex may
overwhelm students, hindering their\ability to process and retain geometric concepts. On
the other hand, CAI tools th@ine content delivery and present information in a
manner that is both cle@%engaging can help students focus their cognitive resources
on understanding*@%ncepts, leading to improved academic performance®®3°.

In @ to optimizing the design of CAI materials, Cognitive Load Theory
also s@ the development of adaptive learning systems. By utilizing CAI systems
th@ 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 geometry>74041,
Furthermore, the application of Cognitive Load Theory allows fo Q%luaﬁon
of instructional materials used in CAI for geometry teaching. Through the"lens of CLT,
educators can assess whether the instructional content is effe@xymanaging cognitive
load for students. CAI tools can be scrutinized for their ‘ability to present geometric
concepts in a structured and coherent manner cilitates learning rather than
overwhelming the student’s cognitive resou ep&% evaluation process ensures that the
tools used in geometry instruction are % edagogically sound but also conducive to

the optimal cognitive processing required for effective learning3®°.

The relevance of Cog 'G;\Load Theory to the design and implementation of CAI
in geometry education\ ot be overstated. By understanding and applying CLT

principles, educa@ enhance the effectiveness of their instructional tools, making

them mor ‘@Ple to students' needs and better suited to promoting deeper learning.
r $¢

For se condary school students in Oluyole Local Government, this approach can
si@lﬂtly impact their ability to comprehend and apply geometric concepts, leading to
improved academic performance and a stronger foundation for future academic and

professional pursuits®’4!,

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 d %nt and
refinement of Constructivist theory, each adding their unique perspgctive on how
individuals learn*>*, Q

One of the foundational figures in Construc ViS%lS Jean Piaget, a Swiss
psychologist who is widely regarded as the archit@ cognitive development theory.
Piaget's work, which began in the 1920s a d,a%med through the mid-20th century,
focused on how children develop cogniti ctures to make sense of the world around
them. Piaget believed that learnin B process of active construction, where learners

.
build their knowledge throug{ﬁ%&raction with their environment and through stages of

cognitive developmertt \@n‘troduced the concepts of schemas, assimilation, and

N
accommodation %&ribe how learners integrate new information into their existing
mental fr. @ Piaget's theory emphasized that learners must actively engage with
their s@u dings, experiment, and reflect on their experiences to make sense of the
W@M.

A

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 practice*>*. Q&

Lev Vygotsky, a Russian psychologist, introduced the concept 6f the Zone of
Proximal Development (ZPD), a core principle in Constructivi@ . Vygotsky's work
focused on the social and cultural aspects of learning. argued that cognitive
development is deeply embedded in social intera nd that learning occurs most
effectively when students engage with ot erpb h as teachers or peers, in guided
interactions. Vygotsky’s ZPD emphasiz e gap between what a learner can do
independently and what they can }eve with the help of a more knowledgeable
individual. He believed tha&ﬁ%ming is most effective when teachers provide the
necessary scaffolding,'&%g support and guidance to students as they navigate tasks
just beyond theiu@ t capabilities. This framework highlights the social nature of
learning a ﬁ\&hésscores the importance of collaborative learning environments*.

&a , Jerome Bruner, an American psychologist, contributed significantly to the
de@’gment 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
perspective?S.
Together, Piaget, Dewey, Vygotsky, and Bruner laid the foundations for the
theory of Constructivism, each emphasizing the active role of the learne Q&twcting
knowledge. Their work has had a profound influence on educationj partiCularly in the
design of learner-centered environments that encourage exi , problem-solving,
and collaboration. Constructivist teaching methods priori 'm%ent engagement, critical
thinking, and social interaction, making them effective for fostering deep
understanding and lasting learning outcome er
O
2.2.2.1 Tenets of Constructivism Theory \
.
Constructivism Theon{f%\a prominent educational framework, revolves around
several core principles® @%ghlight the active, dynamic, and social nature of learning.
These principles \@unded in the belief that learners are not passive recipients of
informatio ,@ther active participants in constructing their own understanding and
knowl%ﬁ. entral to Constructivism is the idea that learning is an active process.
L@s 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 learning*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 activitie Q{emourage
them to question, analyze, and reflect. This approach leads to a deep&r understanding, as
learners are encouraged to link new information to prior kn@ e and experiences,
refining their mental models over time. In this sense, g is seen as a process of
ongoing construction, where each new experl@ dds layers to the learner's
understanding. fb

Constructivism emphasizes the i nce of social interaction in the learning
process. Collaborative learning en\/iﬁ}hents, where students work together, share ideas,

.
and engage in dialogue w@ers and teachers, are fundamental to this theory.
According to Construe@ ; learners refine and expand their understanding not only
through their indivi Qexperiences but also through meaningful exchanges with others.
These int % contribute to shaping their thought processes, encouraging critical
thinki%an providing opportunities for different perspectives. Vygotsky’s concept of
th@e 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

isolation*44°,
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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 criti&hinking,
problem-solving, and a sense of ownership over one's educational progre@%

C

2.2.2.2 Assumptions of Constructivism Theory é
Constructivism Theory is built on several foundatidnal assumptions that shape

how learning occurs, particularly in subjects @ cometry. These assumptions
emphasize the importance of the learner’s bac uhd, the role of the environment, and

the dynamic nature of knowledge ac&m. One of the core assumptions of
Constructivism is that learners com }\%e learning process with prior knowledge and

.

experiences. This prior knowl @p’s’ays a crucial role in shaping how new information is
understood, interpreted,{n@tegrated into existing mental frameworks. In the context of
geometry, for exaﬁ@, student’s previous understanding of basic shapes, numbers, and

spatial re@uﬂuences how they will approach more complex geometric concepts.
1vist

Constryet teaching, therefore, emphasizes building upon what learners already know
ar@ng 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 abilities**3:46,
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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 acti Q{uch as
manipulating geometric shapes, creating models, or solving practical geontétry problems,
students can develop a deeper understanding of the material. T@a ing context should
be rich in opportunities for students to explore, inquire, and mmake meaning of the content
themselves. It should promote curiosity, allow Qerimentation, and encourage
students to confront and resolve challenges B@hat fosters independent thought and
critical thinking*3-40. ’b

Together, these assumptions, emphasize that learning is a personal and active

.
process that is influenced by@\earner's prior knowledge and experiences and is best
facilitated in a supportfv@glstimulating learning environment that promotes exploration
and meaningful @%ent. By incorporating these assumptions, educators can design

geometry Wat not only cater to the cognitive needs of students but also create an

enviro@n where students are empowered to construct their own understanding and

ac@ engage with new knowledge**+°.

AW

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 knowled Q’itl s argue
that by focusing heavily on the individual construction of knowle%@mstmctivism
risks undermining the existence of an objective reality. This ca@\to relativism, where
different interpretations and understandings of conce %seen as equally valid. In
educational contexts, particularly in subjects like e , this could create confusion
and ambiguity, as students might develop v @lerpretations of geometric principles
without a common, universally accepted %@%ﬁion. Critics fear that this approach could
ultimately result in a lack of ¢ %sus and shared understanding, especially in

.
disciplines that rely on objecti ts and universally accepted truths*#,

Another signifrc@%’lticism of Constructivism is the challenge it presents in

measuring and a@ learning outcomes. Constructivist approaches, which focus on

individual'Q&Le%Ting and context-specific understandings, make it difficult to develop
e

anda%

st assessments that effectively measure students' comprehension of the
mé@ 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
crucial#346,

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 Q&en‘[s to
take an active role in their learning and discover knowledge on thei@@,it may leave
them without the clear frameworks or scaffolding that are @ ecessary to master
complex concepts. In the case of geometry, for insta e,%ents may struggle with

(P

abstract concepts or the application of geometric they do not receive sufficient

direct instruction, examples, or step-by—s‘tep@dance from the teacher. Without

appropriate support and direction, stud% ight find themselves overwhelmed or

confused by the intricacies of the %b‘] t matter. Critics argue that a balance must be
wi

struck between providing stq{ﬁ%& ith the freedom to explore and ensuring they have
enough structured leami@%oﬂunities to make meaningful progress*>43:46,

While Cd@ ivism offers a valuable perspective on how learning occurs,
especially i of fostering independent thought and critical inquiry, it is not without

its lin%

ba& subjective interpretation and objective knowledge, the challenges of assessing

N

learning outcomes in a constructivist framework, and the potential for insufficient

Critics emphasize the need for careful consideration of the balance

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 populations*?4,
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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 knowed&, social
interaction, and personalized learning experiences, Constructivism ca @ the design
and implementation of CAI tools that effectively support studefits’ ufiderstanding and
application of geometric concepts. In the context of senio Qary school students in
Oluyole Local Government, integrating Constructivis@wiples into CAI can provide
numerous benefits for geometry education®2!4°,

One of the most significant contribu@%f Constructivism to CAI design is the
creation of interactive and exploratoﬁ@ung environments. Constructivism asserts that
learning is most effective wh ’ﬁ& nts actively engage with the content rather than
passively receiving 1nfom%{0n In the case of geometry, CAI tools that incorporate
interactive feature as virtual manipulatives, geometric visualization tools, and
dynamic 51mula Q allow students to explore geometric shapes, relationships, and
proper‘ue@mnd Students in Oluyole Local Government, by interacting with CAI
syst an experiment with different geometric transformations, visualize abstract

\Qpcepts, and discover mathematical truths through trial and error. This process aligns
with Constructivism’s emphasis on learners constructing their knowledge through
exploration and active engagement>4,

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

existing knowledge while fostering a deeper understanding of ge In Oluyole

receive content that is neither too difficult nor too easy, helping the Qld n their
Local Government, where students may come from diverse ba@) ds and have varied

levels of prior knowledge, this adaptability ensures that fac dent receives instruction

tailored to their unique learning needs?34°. Q

a geometry classroom, peer collaboration

Constructivism highlights the impogama% social interaction and collaborative

learning in the construction of knowledf
can significantly enhance leami%}specially when students discuss and explain

°
geometric concepts to one an@

such as discussion fom&ﬁup projects, and peer feedback—allow students to engage

I systems that incorporate collaborative features—

in dialogue witl@ classmates, share ideas, and collaboratively solve geometric
problems. @king together, students can refine their understanding of geometric
princi(% arn from each other’s perspectives, and enhance their critical thinking skills.
In@ole Local Government, where students may face challenges in fully grasping
>s,tract geometric concepts, collaborative learning opportunities provided by CAI

platforms can help bridge gaps in understanding and encourage a deeper engagement

with the subject matter!'®+,

76



2.3

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_ingeotetry by
enabling them to actively construct their knowledge, collaborate with pectS, and receive
personalized instruction that caters to their individual lea‘@ eeds. Through the
application of Constructivist principles, CAI becomes a.powerful tool for enhancing the

(o

educational experience and promoting academic su geometry?>44,

N\
O
’Z}b

A study compared and con@d computer-aided education with other teaching

Review of Empirical Studies

technologies while highlight'@he value of computers in mathematics instruction*?.

According to study ﬁn@gﬁom 320 students and 8 faculty members at a university,

The CATL syste@%nces student performance and teacher-student communication.

Other met b@unable to achieve the 94.43% performance rate that the CTL achieves.
G

Thus, 6

C er-assisted instruction and learning system (CATL). The suggested approach is a

Y

crucial concept to put into practice and use by utilizing the teaching and learning

dy proposed educational techniques to improve learning sustainability with

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 Theorem®. In this study, 210 students were
chosen using the probability systematic sampling methodology, and a sequentlal
explanatory design was employed along with a mixed-methods research Along
with the primary data collection, which included the use of ionnaire, an
achievement test, and an interview guide, a complete hterat® y was carried out.
Regression analysis and deductive manual theme an. 1ch was limited to the
qualitative data obtained from the interviews, wer ployed to analyze the field data.
The study discovered a strong correlation b@ the dependent variable (students'
academic achievement in Circle's T eo&nd the independent variable (teachers'
language skills and vocabulary kno ﬁge). This suggests that the teacher's vocabulary
knowledge and circle theore@guistic ability affect the students' performance in the
theorem. In order to im@%eachers’ language proficiency and vocabulary related to the
circle theorem, i@ed that the Ghana Education Service host training conferences
and work@dditionally, the Mathematics Syllabus should include instructions on
how st@n should be introduced to mathematical terminology and vocabulary.

Q’bA study looked into how mathematics achievement among Rivers State secondary
school pupils was affected by computer-assisted instruction**. 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-assi education
outperformed those receiving traditional training teaching strategies. Q} nally, results
showed that there is a notable distinction between the pre- @t-tests performance

levels of pupils instructed in mathematics with compute::& teaching approach. The

research suggested believe the government ought t orate computer and integrating
instructional software into maths classroom j@econdary school curriculum as this
will aid in preparing pupils for exceptiona performance at upper secondary school.

\®)

Another study looked at ho E‘lta State senior high school pupils' retention and
achievement in geometry we@fected by the Frizbi Mathematics 4 computer-assisted
instruction program®. %@%—experimental pre- and post-test study approach was used
in the research. 'S@%y‘s population consists of all SS2 students enrolled in public
secondary &sfor the academic year 2018-2019. Two schools were chosen using the
purpos@ sampling technique based on the fact that their school is the only one having a
co@’ger 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 inyestigation
also showed that there is no discernible variation in the mean scores for @ent and
retention among students using CAI software, both male and female tegardless of sex. It
follows that gender bias is not present in CAI. Thus, the inves concluded that the

CAIl-Frizbi Mathematics 4 program significantly i o%ieometry retention and
achievement among senior school students. Thus, l-gother things, it suggests that
math teachers need to be motivated to utili %QAI Frizbi Mathematics 4 program in
the geometry instruction in secondary eduéation.

A study examined how SS ﬁatsina, Katsina State, Nigeria performed in
geometry when they receive&f@ he study looked at the retention and achievement
scores of students who @géd computer-assisted instruction and individuals who were
instructed using @%al means. There were twenty senior high school students in the
sample. P @e selected from Katsina's two secondary schools. To choose, stratified
randor@ ling was employed. The 20 pupils, consisting of 10 men and 10 women.
T@ypotheses 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 @)te in the
schools for the teaching and learning of geometry and mathematics.

A study investigated the impact of CAI on mathematicement in mainland
China using meta-analysis*®. The study found 36 studigs that met the strict inclusion
requirements, totaling 13,438 students in grades @ugh 12. Overall, they had a
moderate effect (ES=+0.38) relative to co V@l training. This result appeared to
corroborate the reasoning behind the re urriculum changes in China's mainland,
specifically that CAI yielded superi Xutcomes when paired with fresh approaches to
instruction. Even Transmissi’(é}[ and Supplemental-CAI were more effective than
conventional transmissﬂ'@%’mction.

Another S@ x-rayed how mastery learning affected the retention and
achievem @;cle geometry in senior secondary school pupils*’. The research was
carried™out™ in Nigeria's Kwara state, at Ilorin. It used non-randomized, quasi-
ex@en‘[al, 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 &fﬁcient
application of the mastery learning approach if improved performance 1§*heeded in the
mathematics classroom.

A study examined how technology is im@ significantly impacts

classroom management. The rapid advancement nology has made its use in

utilized in educational settings. In tech -aided education based on a behavioral

\®)

classrooms unavoidable®. As technoloi};é%Qand expands, it changes how it is
approach, traditional lectures are ekanced, and student motivation is increased.
R

Conversely, in a classroom &d y a constructivist approach, there is a greater
emphasis on studenﬁ-@ d activities, which leads to changes in classroom
management tech@?s. Many students struggle with understanding fundamental
concepts @wtry and often leave geometry classes without learning basic
terrnin@gy. Systematic teaching of geometry can improve students' knowledge and
su@’g 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 method®®. 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-assist Qac ing on
students' mathematics achievement is 0.758, and on geometry ac@@en‘[ is 1.136.
these values represent a medium effect size for mathematic@vement and a very
large effect size for geometry achievement, althou@b%are considered medium

according to Cohen's standards. The study also cal ﬂ@ comparative effect sizes based
on implementation techniques, education levgsgagleaming fields. The findings indicate
that technology-assisted teaching i n{c& effective than traditional methods for
improving achievement in mathem %and geometry. Additionally, the effect size on
academic achievement in th@bjects does not vary based on implementation time,
education level, or leam@gﬂds.

A study e@l the use of Geogebra Software in Teaching Mathematics. The
advent of 0@ technology has created opportunities and facilitated its use in various
aspect% ife, including education, as a supportive tool’!. One such program beneficial
fo@rgthematics 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 triangles®?. 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 p %d, none
of whom had prior experience using computers for learning matheématicS. The results
indicated that dynamic geometry-based computer instructﬂ@%ﬂiﬁcantly improved
students' geometry achievement compared to traditiona @s. Additionally, this type
of instruction positively influenced students' attitu@) ard geometry and technology.
A correlation analysis revealed a positive ekﬁ%hip between students' achievement
levels and their attitudes toward both geo and technology.

A study investigated geo b‘ as a crucial component of the mathematics

.

curriculum, numerous studieiﬁ}cate that many students in Turkey do not achieve the
necessary level of geb@%understanding”. The project-based learning approach is
considered one o@%ost effective methods to create an environment where students
can deriv ‘@own conclusions rather than just receiving lectures. This study
investi@g'(he effects of project-based learning on seventh-grade students' geometry
ac@%ment 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 methods®™. The study involved a controlled experiment with
experimental and control groups, both taught by the same teacher. Thirty- Q%h-grade
students from a rural middle school in Turkey participated, none of Whoitt had previous
experience using computers for learning mathematics. The ﬁnt@&howed that dynamic
geometry CAI significantly improved students' geo t%ﬂevement compared to
traditional methods. Additionally, this instruction p influenced students' attitudes
toward geometry and technology. A correl 'o@ysis revealed a positive relationship
between students' achievement leveliaQ eir attitudes toward both geometry and
technology. \

A study investigated \ﬁgdmpact of integrating STEM practices into Science
courses for 6th-grade'@ school students on their academic achievement toward
STEM>®. The re&& was conducted during the 2018-2019 academic year with a
populatio ‘<‘{&s' ing of 6th-grade students from a middle school. Using a quasi-
experi rgl/design, both experimental and control groups underwent pre-tests and post-
te@’gmprising 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 strategy?’. Th Q&nvolved
100 students who initially completed a 30-item questionnaire to aSsess~their attitudes
towards chemistry. Pre-tests were conducted for both the contr@\xperimental groups.
Subsequently, the experimental group experienced instructi ia the flipped classroom
method, while the control group received tradi eaching. Following this, the

experimental group took a post-attitude test.;EqﬁQts were administered to both groups.

Results indicated a significantly higher m% the post-attitude test scores compared to
\S
the pre-test scores, suggesting a %e shift in students' attitudes towards chemistry
.

with the use of the flipped cl&&?@m strategy. Academic achievement was also assessed,
revealing that students® @%with the flipped classroom strategy achieved significantly
higher than tho%%ht conventionally. These findings suggest that the flipped
classroom % can enhance students' attitudes towards chemistry and improve their
acader%p formance. This study holds particular relevance for chemistry education in
se@rgry 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

58

among pre-service mathematics teachers®®. 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, motﬁon, and
comprehension of geometry concepts among pre-service mathematics tea

A study examined the use of augmented reality (AR) technology ifiniddle school
settings to teach Geometry. The researchers developed an ARtion for students to

learn fundamental geometric concepts, alongside :@ web-based application

targeting the same educational goals. They used a factorial design involving 93
participants to analyze how technology ty;(ge vs. AR), school type (private vs.

public), and assessment timing (pre-te% post-test) influenced motivation and

\®
knowledge retention. The findings %ealed that: (1) there was an interaction effect
-
between technology type, sc@\ype, and assessment timing on students' achievement
scores; (2) students u@% the AR application performed better in the post-test
compared to tho@% the web-based version; (3) the AR learning environment was
more effe @students in public schools, but not for those in private schools; (4) no
interacfign cffect was found regarding motivation across the different factors; (5) students
in&te 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 varied*. 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 a Q& toward
mathematics encompass multiple dimensions such as liking matherftatics, valuing
mathematics, and confidence in mathematics. Additional x found a positive
correlation between students' attitudes toward mathemat; %

A study examined Students' Attitude tow. ematics and its Relationship
with Mathematics Achievement. Mathe tlng essential in fields like Science,
Technology, and Engineering, where all zﬁb; ts are heavily math-oriented®'. However,
preliminary studies have linked st %s’ performance in Mathematics to three main
factors: interest, attitude, an{G%ming habits, as outlined in the KASH Model. This
model suggests that pa@%emic outcomes stem not only from lacking knowledge and
skills but also fr&%%ltive attitudes and ineffective study habits. This study aims to

explore t ‘@of interest, attitude, and learning habits among students based on the
KAS l;ge/l and examine their relationships. The sample consisted of 58 students
er@ 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 skills®?. This meta-analysis reviewed 57 effect sizes ex Q&rom 50
articles published between 2010 and 2020 in academic journals a@iQmational and
domestic conference proceedings. Comprehensive Meta-Analy A) was utilized for
data analysis, calculating effect sizes using the Hedges ef%t with a 95% confidence
level. The random effects model yielded an ove@ ect size of 1.07, indicating a
substantial positive impact of DGS on stu. n)'b dthematical abilities. This effect size
suggests that, on average, students usin perform better than 84% of their peers in
traditional classrooms with similar }nmg abilities. Analysis of study characteristics
revealed significant variatio s\\sé on sample size, student-to-computer ratio, and
educational level. Spec@%, DGS was found to be more effective in smaller sample
sizes (30 or few%%ients), settings with adequate access to computers allowing
individual *use, and at higher education levels such as high schools and colleges
compa@t Junior high schools. These findings provide insights to educators, guiding
de@s 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 students®®. 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 gffectively
implementing Mathematics Connections. Classes using Mathematics Co Q& exhibit
notably higher levels of student engagement compared to those using tra nal curricula.
The program's philosophy and design aim to equip students xskills necessary for

reasoning, communication, problem-solving, and critice@%.

A study examined the effects of -.‘@ cs Connections on student

ed for changes in teaching and learning

achievement, confidence, and perception Stgnéﬁ%aased school mathematics curricula.

In modern education, there is a recogni

methods to address current societa }'mands“. This study focuses on evaluating the
°

effectiveness of a collabora@eaming approach, centered around the Harry Potter

theme, compared to t]@&ﬂal methods in teaching geometric figures to first-year

students in Obliga@%condary Education mathematics. The research employs a quasi-

experime@titative, descriptive, and correlational design, utilizing standardized
aires

questi for data collection. The sample comprises 236 students from a public high
sc@m Cédiz, 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 functigns®. This
study aimed to assess the impact of computer-supported collaborative 1 Q%g(CSCL)
utilizing GeoGebra software on the academic performance of 11th-grade students in
exponential and logarithmic functions. It employed a quasi@&nental design with
both pre-test and post-test assessments conducted am 0 groups: an experimental
group (18 students) and a control group (17 @s) in Istanbul, Turkey. The
experimental group engaged in CSCL a i\%@facilitated by GeoGebra software,
whereas the control group received traditi extbook-based instruction. Data collection
utilized a mathematics achievement, test (MAT) comprising 20 multiple-choice items
developed by the researcher&(%mlmstered as both a pre-test and a post-test to both
groups. Findings indic@%t CSCL using GeoGebra software significantly enhanced
students' achieveﬂ@?understanding exponential and logarithmic functions compared
to traditio l@ctional methods.

& udy examined the Role of Students’ Beliefs, Parents' Educational Level, and
T@diaﬁng Role of Attitude and Motivation in Students” Mathematics Achievement®®,
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 (B = 0.20, p < 0.001), attitude
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(B=0.82,p <0.001), and motivation (B = 0.68, p < 0.001). Parents' educational level also
positively correlates with achievement (f = 0.17, p < 0.001) and motivation (p = 0.07, p =
0.04). Beliefs indirectly influence achievement through attitude (f = 0.31, p <0.001) and
motivation (f = 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 Qfs, parents'
educational background, attitudes, motivation, and academic achiever@ltj

A study investigated the impact of GeoGebra on tensional geometry
and specifically among

learning on students' overall mathematical communication

groups categorized by their prior mathematical 1 es%’. Conducted as a quasi-

experimental study with a randomized pozte@b@y design, the research involved 84

ntral Jakarta, Indonesia. Prior to the study,

twelfth-grade students from a high sct:ool
students were classified into highy medium, and low ability groups based on their

0

.
mathematical skills. Data col@ included results from a mathematical communication
skills test comprising ﬂ@gﬁons, which were analyzed using the Mann-Whitney test.
The findings ind&%%ifferences between students who received GeoGebra-assisted
geometry ing\and those who received traditional mathematics instruction. Overall, as
well aﬁlo g students with high and medium prior mathematical abilities. However, no
si@%ﬂt 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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Turkey®®. 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 traditi Qin truction.
Additionally, it was found that this learning environment positively @ced students'
attitudes toward geometry. é

A study assessed the impact of using GeoGebra_in ‘eonjunction with the ARCS
model (Attention, Relevance, Confidence, and @ction) on students' academic
achievement and motivation®. The researc i% d both an experimental group and a
control group. To evaluate motivation, th emic motivation questionnaire developed
by Harter (1981) was utilized. Addittenally, two sets of multiple-choice tests on a

.

geometry topic were created @asure students' academic achievement. Pre-tests were
administered to both g’f@ the start of the lessons. The experimental group received
instruction throu Gebra, while the control group was taught using traditional
methods. b@ were given to both groups at the end of the lessons. The statistical
differe@;i(post-test scores for academic motivation and achievement between the two
gr@ 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 students. 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 Q&ractions
between learning approaches and gender, significantly affected students' capabilities.
Specifically, students' BGC levels impacted their MSE, which @thindered their GPS
skills, with gender and learning approaches acting as n@r orS. The analysis identified

phases in the problem-solving process that nega

female students tended to focus on vi a@n, while male students preferred

affected student performance;

representation. The researchers recomm rther studies on gender-based learning
approaches in the geometry curricul \ enhance student abilities.
.

A study investigated éé\mpact of integrating PowerPoint on motivation and
achievement among s{c@g in under-resourced SHSs’!. The research utilized an
embedded mixem@l approach with a quasi-experimental design, involving 80
students T @ selected from two government-supported SHSs, who were divided
into co&) nd experimental groups. To gather data, teacher-created Pre- and Post GAT
w@%ministered, 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
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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 studies’. To
ensure accurate calculations, CMA software was utilized. The effect siz Q%lculated
using the Hedges equation, with 0.5%.kevel significance. The ﬁndin@gated that the
overall effect size of GeoGebra on students' mathematical abi@as 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 @ ormed their peers in traditional
classrooms, with their performance comp abﬁ% 82% of those students. The study
examined five specific characteristics and that GeoGebra was particularly effective
in samples of 30 or fewer studen \dditionally, providing a sufficient number of
computers in the classroom ﬁé%dwﬂual student use was crucial for achieving greater
effectiveness. Furtherm@ eoGebra software proved to be more effective when the
duration of the in@Qion was four weeks or less.

These’\findings provide valuable insights for educators regarding the study
charac@l'sgé that influence effect sizes when using GeoGebra software in the future’.
A& 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 G Qbr in all
mathematics teaching and learning activities.

A quasi-experimental study was conducted to eval@&te impact of using
GeoGebra software as a teaching aid on the achievement orm Two students. The
study involved 80 Form Two students, with 40 i@ reatment group and 40 in the
control group’®. The results revealed sig 'fw@ifferences in student achievement
related to the topics of functions and limi pending on the group type. Additionally,
both teachers and students exprﬁé\support for using GeoGebra in mathematics

.

instruction. The software effi 6§§’y illustrates mathematical concepts and procedures
through visuals and gra, zfgniﬁcantly aiding students in understanding functions and
limits. GeoGebra@%er-friendly and can alleviate the burden on teachers when
explainini@oncept& Although using the software can be time-consuming, it
promo@a more active learning process for students. Furthermore, incorporating
G@ra fosters active interaction between teachers and students. This study also offers
N/

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 styles’. 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 i %r poses
limitations, particularly for students and teachers without prior programmifig experience.
A study determined the effect of Computer-Assiste@&Jction on students’

academic performance and retention in chemistry co:&mong senior secondary

school students in Kankia, Katsina State-Nigeria®'. y had two research objectives,

two research questions and two null h ol@ A total number of 123 students
consisting of 78 males and 45 femalesele sing Simple random sampling techniques
formed the sample for the study. T \study adopted the pretest, posttest, and post post-
test quasi experimental and c@ group design. The subjects in the experimental group
were taught using Co\@ “Assisted Instruction (CAI), while the control group was
exposed to lectum@t od for a period of six weeks. One validated research instrument,
with relia '1@fﬁcient of 0.88, namely chemistry Performance Test (CPT), was used
in dataﬁgaition. Two null hypotheses were tested using t-test statistic at P < 0.05 level
of@ﬁcance. 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 universities®®. The paper interroga Qe eaching
and learning of Chemistry in Nigerian private universities with a Vi%ge-awakening
the students’ interest for effective mastery of the subject. It r secondary sources
and critical analysis and found out that major inhibitin a%smclude: Students’ faulty
foundation in Chemistry, syndrome of area of con@ n, absence of competitiveness
in the admission process, poor attitude of stud ahd lecturers as well as the ambience

&

enrolment in Chemistry and the segin ly poor interest in the subject portend sufficient
o 5\'

for effective scholarship. The paper ¢ that the current downturn in the students
threat to the future of Che@ chemical-related industries and the replacement of
ageing Chemistry lect@ n Nigeria. It recommended the following strategies to
mitigate the ViCiO@%: targeted tutorial system, adoption of digital modes of teaching
and learni @blem-based learning, capacity building initiatives for Chemistry
lecturebqu ity assurance mechanism, overhauling science education at the primary and
se@rgry 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 fields®. 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 st Q&%ﬂ%),
and middle school students (14%), respectively. In addition, the resultS“revealed that
researchers primarily used the quantitative method to collect &aid a substantial ratio
of the studies (83%) investigated student-level factors. a%the results obtained from
this study, it can be concluded that there is a need ﬁ

prehensively present the main

should examine databases such as ERICY uest, and Web of Science and include

research results on motivation in STEM Eduﬁ%l We suggest that future research

other documents in the analysis, including book chapters, conference papers, dissertations,

and theses. \CO\

One study invc& the effects of Computer-Assisted Instruction (CAI) on
students’ achieveb@QChemistry among boys and girls in public secondary schools in
Ondo Stat ‘9@a5i-experimental design was adopted for the study. The sample for the
study g(ed of 240 senior secondary school two (SSS II) intact class Chemistry
st@ 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 stu Q&prformed
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 t@vement of students.
However, the method is a modern day of imparting wledge. In another dimension,
when both males and females are taught with the CAl, the method appeared to
favour females than males. This suggests that %%thod us gender-biased. Based on the
findings of the research, it is reco me%%that the potential of computer-assisted
instruction should be utilised to enh %better achievement of the students in Chemistry,
most especially among fema@ﬁlle the male students also be encouraged to key into
the use of the method fo, exibility of teaching and learning.

A study %%gated the effect of Computer-Aided Instruction (CAI) on the
performa E@Pior Secondary School Students in Geometry in Katsina, Katsina State,
Nigeri :c({e study examined the significance of retention achievement scores of
st@ 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)

100



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 tau Q&s&g 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 o@nd female students
taught using CAI package. Based on the findings it w %mended that Computer-
Aided Instructions be encouraged for teachin learning of Geometry and
mathematics in our schools. Q
O
A Research aimed to deterrnin{tQ ct of implementing a Computer-Assisted
academic achievement®’. The research utilized

N

Instruction on secondary physics stu e}s
the quasi experimental prete<®§ control group design that is participated by 157
Grade 10 students of a@g{e school in the Philippines. The experimental group was
taught using the @er-ASSisted Instruction while the control group was instructed
using the ‘c@tional method of teaching Physics. Mann-Whitney test with a
signifi g{evel of 0.05 was used in comparing the difference between pretest scores of
th@rgtrol 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 CAIL 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 state®®. Quasi-experimental, pre-test, posttest, nonran c@& control
group design was adopted for the study. One research question {and“Corresponding
hypothesis guided the study. The population of the stud @ts of 2,228 senior
secondary two (SS2) students and an intact class ize% 241 participants were
purposively used for the study. Computer Assisted Qon in both subjects Chemistry
(CAIC) and Physics (CAIP) serves as the t %nt while two research instruments
Chemistry and Physics Achievement Test & PAT) were used to collect data for the

-

study. The instruments were validat a reliability index of 0.83 using the test-retest

technique and Kuder Richarﬁg\}inula 20(K-R20). The collected data was analyzed
using mean and standar; fation for the research questions and T-test for the research
hypotheses at 0.@% of significance. The result shows significant difference in
learning o t@among the two subjects, with the greatest academic achievement score
in physi¢s afid chemistry trail behind. It was recommended among others that Computer
A@’Q& 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 State®’.

The study was guided by three research objectives and questions respectively and two

102



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 %ns were
analyzed using weighted mean, while the hypotheses were tested using §tudent t-test at
0.05 significant level. The hypotheses were rejected. Findi s@ that the use of CAI
improves students’ academic performance. The study r n%ds the provision of CAL
software, capacity training of teachers to improv@1 selection and use of CAI in
teaching and the encouragement of research n@mong undergraduates.

Mobile applications (m-Apps h%§een recognized as a powerful tool in
teaching and learning of Mathemati .\Pfoper usage of m-Apps would enhance students’
and teachers’ effectiveness \ﬁ;}bhe classroom setting®. This study examined the
acceptance and percep‘t@g'students and teachers on the use of mobile application in
teaching and leam@ Mathematics. The study adopted descriptive research design of a
survey t .’\@ample for this study consisted of three hundred (300) respondents
consis@o fifty (50) Mathematics and science subject teachers and two hundred and
ﬁ@O) 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 teac Qﬁ\tudents
in teaching and learning of Mathematics. It was recommended, @mofig others, that
teachers of Mathematics should be sent to seminars, work, nd conferences to
update their pedagogical skills and strategies for inno@/ nd fruitful delivery in the
classrooms. Q

A Research aimed to determine ﬂ%%act of blended learning on the
performance of science students and ﬂ%§elf-regulation and to identify effective
recommendations to improve the effectiveness of blended learning®. Third-year students
of Kazan Federal University @art in the study. The measurement scale tools adopted
in this study included %st, post-test and self-regulation questionnaires. Analyses
showed that parth%n%in the experimental group scored higher on the final test than
students i t@;rence group. The experimental group scored significantly higher than
the re%lc group on the self-regulation questionnaire. It can be concluded that the
bl@ 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-Nigeria®!. 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 co thr up was
exposed to lecture method for a period of six weeks. One validated Sgl instrument,
with reliability coefficient of 0.88, namely chemistry Perform@&st (CPT), was used
in data collection. Two null hypotheses were tested usi ‘%statistic at P <0.05 level
of significance. The major findings from the stu@ caled that there is significant
difference in the posttest mean performance 8@ experimental and control groups in
favour of experimental group. Furt ern@, students exposed to Computer-Assisted
Instruction had higher level of reten ':&?ility in learning chemistry concept than lecture
group. The study found C&C%b effective teaching method. Based on that findings
emanating from this stu@%as recommended that federal and state governments should
adequately train S@ try teachers on using Computer-Assisted Instruction in teaching
chemistry T@thers.

&gf(er study determined effects of computer assisted instructional mode on
V&bility groups among Junior Secondary School Students in social studies®. 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)
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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 thatthere 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 t Qer was no
significant difference between the achievements of high, medium ngw ability of
students taught Social Studies with Computer Assisted Ir@enal mode. Iowa’s
therefore recommended among others that, Students of 'ffe% ability levels should use
the CAIMOSOS individually in order to improve @ arning achievement since the
package has been found to improve learni i@%ctive of ability levels.

A study determined the effects omputer assisted instructional mode on
achievement level of Junior Second X\Qool Students in social studies’®. Three research
questions were raised and thr@ ypotheses were tested at 0.05 alpha level. The study
adopted the pretest-post@%perimental-control group design. A sample of two hundred
and fourty (240)\@6 were drawn from six Junior Secondary Schools in seven
education ‘?xf@' f Niger State. The zones are located within the three senatorial zones
in the %e. urposive sampling technique was used to select six coeducational schools
fo@ 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 &1 female
students taught Social Studies with Computer Assisted Instructiona Qde. It was
recommended among others that, for effective teaching and learning in Juffior Secondary
Schools in Niger State and the country at large, government sh@*a matter of urgency
supply government schools with all the necessary instructional media such as Computer
assisted instructional mode on social studies (CAI in order to enhance effective
>

f blended learning on the performance of

teaching and learning of Social Studies.

Another study determined the_im
science students and their self-regu }n and to identify effective recommendations to
improve the effectiveness 0@% learning®?. Third-year students of Kazan Federal
University took part i %zfudy. The measurement scale tools adopted in this study
included pre-test; Qtest and self-regulation questionnaires. Analyses showed that
participan @experimen‘[al group scored higher on the final test than students in the
refere%g up. The experimental group scored significantly higher than the reference
gr@n 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
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Waka-Biu, Borno State®®. 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 @d using
simple frequency and mean. The finding of the studies conclude§ thdt”intrinsic and
extrinsic motivation in a proper blend has the potency to in@/e students’ academic
achievement in Economics. The study finally recommends“among others that, students
should be concertized as well as be empowered alize that they played the most
important role in motivating themselves first @1 sustainability, before anyone else;
and economics alongside other teachin ct areas to be made interesting so as to
arouse and sustain students’ interest h}enhance learners’ achievement motivation.
N

Science education is a@&ng Increasing attention and many researchers focus on
the issue about the att%\ug%chievement relationship in science, but there is still no
consistent conclu&@% using a three-level meta-analytic approach, the aim of the study
was to i e@; the relationship between attitude toward science and academic
achiev@n In learning science among primary and secondary school students, and to
ex@%if some study characteristics could have contributed to the inconsistent findings
with regard to this relationship as observed in the research literature®. 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 ﬁndiﬁand its
implications for future research directions were also discussed in this revi \Q

A study investigated peer group influence as a correlate sgldary school
student’s motivation towards learning in Oluyole Local Gove@area of Ibadan. The
main purpose of the study is to determine the influenc 0% group as a correlate of
secondary school student’s motivation towards lea@ - In specific terms, the study is
designed to determine whether peer gr ug@.‘ence secondary school students’
motivation towards learning, the factors t n determine student’s motivation towards
learning, whether peer group influenge determines variation in Academic Performance of

.

male and female students, wl&@sage does determine the extent to which peer influence
affects Academic Peﬁ@e of students, just to, mention a few. The researcher
employed descrip@%rvey method for the study. The population for the study was

based on i@y two (52) secondary schools under Oluyole local government area of
e; o

Oyo s nsisting of twenty seven (27) public secondary schools and thirty two
pr@ 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 @ndomly
selected students who were not part of the selected respondents aft€r which the
instrument was subjected to analysis and a cronbach Alpha @9.757 was obtained.
Descriptive statistical tool such as mean and standard dgyiatign were used to analyse the
obtained data to answer three questions while pe‘@a duct moment correlation was
used to analyze Hypotheses 1 and T-test was ,@Qto analyze Hypotheses 2 and 3. All

analyses were carried out at 0.05 level of cance.

R

secondary school stu&@%(vards learning is high at 2.89. Peer group influence on

The perceived motivation s%s ; secondary school students towards learning is
higher through the weighted f 3.24. Peer influence on the academic motivation of

secondary schoo\@ts’ academic motivation is high at 3.02. There is significant

relationsh@en peer group influence and secondary school students’ motivation

towardﬁlea ing at 0.005. There is no significant gender difference in peer group
in@e 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
teachers®. 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 un @%ng test,
and semi-structured interview. The data were analyzed quantitative and qualitatively. The

finding covered that learning geometry by integrating loc@s om form in MAR

application was effective and gave a positive impact @%}ttitude, motivation, and

geometry concept understanding of pre-service mat s teachers.
There are several concepts in 2D G that require understanding their
application in the real practical world, H 1, in classrooms, such concepts are often

taught without the analysis of the learners’ realization and interpretation of the existing
concepts around them, in th{f.j\rroundings. For this purpose, an Augmented Reality
(AR) based module for @% and 8th grade syllabus has been designed to encourage the
active participatiO@%e learners in the classroom while learning the concept of Lines
and Angl 5’\% mprises three AR learning activities that enable the participants to
recall,&u ize, and identify the type of angle and then mark it by drawing on the
a@’g‘[ed 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, 2 Q&s of 7th
grade were divided into dyads and their behavior patterns of performing the¢ AR learning
activities have been reported. Using Lag Sequential Analysis, ant sequences were
obtained based on the behaviors belonging to three categories of peer involvement,
teacher prompts and AR interactions. It was fo@ at the designed AR learning

activities encouraged the participants to dis u@concepts with peers, enhanced their
immersive experience as they together m%§around and inside the house to find and
identify the angles. \

Another study invest@ gender differences in pre-service teachers’ attitude
towards geometry in N@g‘( Region of Ghana’®. The research design was descriptive
cross-sectional s@% concurrent mixed-methods approach was adopted using both
closed an ‘@nded questionnaire items. The population for the study was one
thousa%slx hundred and sixty-nine (1669) level 200 Pre-service Teachers (PSTs). The
sa@ 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 GeoGeb Q&‘ware on
secondary school students' performance as well as teachers' and studefts' attitudes toward
3-dimensional geometry®’. A sample of 84 Senior Five st in upper secondary
school from Kicukiro and Musanze District was chosen r@ely. The selected sample
was divided into two groups for the quasi-experin@ esign, with the control group
having 44 students and the experimental O%ang 40 students. Additionally, two
teachers were chosen to involve in thesQ “Students in the experimental group used
GeoGebra software to study 3D geometty, whereas students in the control group received

.
traditional geometry instructi{q\hiata was collected quantitatively, with both groups
taking pre-and post-tes‘t\%%obtained data were analyzed using SPSS v.25.

The resul% led a statistically significant difference in students’ performance
between t @ in favour of the experimental group. Furthermore, both teachers' and
students!, atfitudes were improved. These findings support GeoGebra's efficacy in
in@ng 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 geometry®®. This study was carried out at one of the public&mentary
schools in Jember, East Java, Indonesia using an experimental r ch” design.
Participants were 54 grade 4 students consisting of class 4A and 4B, gqually divided into
the experimental and control groups, respectively. The experi r®= roup was treated in
the form of learning geometry topics using the OLM methed, while the control group
used conventional methods. Data were collected gestionnaires, observation, and
tests. The obtained data were analysed usi %n-parametric statistics with SPSS
software. The results showed that students ions were very positive.

Research findings in second ools have consistently indicated that geometry

.
is one of the most difficult @\of athematics at basic level and students’ attitude
towards it has been K@%r that is known to influence students’ achievement in
mathematics. The\@%e of another study is to investigate the level of students’ attitude
towards geduietryhand to find out whether gender difference influences such attitude®.
Some ge(cféi secondary schools in Zamfara state were used for the study. The study
aﬁ@ 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
a= 0.05 level of significance. It is recommended that teachers should b Qou ceful 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. O

2.4.2 Conceptual Model
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Source: Field Work, 2024.

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 secon sc3hool
students specifically in Oluyole Local Government. There is a dearth o .Qbh focusing
on the differential impact of CAI on various subgroups of g:ondary school
students, including those with diverse learning abilities, socio omic backgrounds, or
special educational needs within Oluyole local govern aent Limited studies focus on the
specific impact of CAI in geometry on senior se 9 school students within Oluyole
Local Government or similar regional con& Local factors, such as infrastructure,
teaching methods, and student dem@lcs, may influence the effectiveness of CAI
and these specific aspects need Aexploration.

Also, many studles@&ge primarily focused on short-term outcomes in terms of
immediate academ Q\(ﬁ)rmance However, there's a lack of longitudinal studies that
track the susta1 ed fmpact of CAI in geometry on senior secondary school students'
academw@ess and success beyond immediate assessments, hence the need for this
studyb other novelty about this study is that comparative research between the

Wetiveness 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, an Q%nter of
concentration of this is Technological Infrastructure and Accessibility™” Few studies
explore the influence of technological infrastructure, ac devices, internet

connectivity, and software availability on the effeg::’@ of CAI in geometry
¢

specifically within the region of Oluyole Local Go .

>

117



10.

1.

Endnotes

. P. C. Ukaigwe & K. E. Goi-tanen, Effects of Computer Assisted Instruction On

Mathematics Achievement among Secondary School Students In Rivers State,
Nigeria, .International Journal of Research and Innovation in Social Science, 6, 2022,
341-347.

I. Lawal, Effect of Computer-Aided Instruction on the Performance of Senior Secondary
School Students in Geometry in Katsina, Katsina Sate, Nigeria, International Journal of
Management, Social Sciences, Peace and Conflict Studies, 3(2), 2020, 124-129.

X. Chen, C. K. Alan, W. F. Wilfred & E. S. Robert, Effects Of Comguter\Assisted
Instruction on Mathematics Achievement In Mainland China: A Meta-Analysis,
International Journal of Educational Research, 10(2), 2020, 102.

S. M. Adeniji, S. K. Ameen, B. U. Dambatta & Razak orstomise, Effect of Mastery
Learning Approach on Senior School Students’ Academic Péxformance and Retention in
Circle Geometry, International Journal of Instruction, 11(4);2018, 951-962.

B. O. Biilbiil & M. Giiler, Can Geometry Achieveméritignd Geometric Habits of Mind Be
Improved Online? Reflections from a Computersdided Intervention, Journal of
Educational Technology Systems, 49(3), 2021, 376-398.

H. Serin, The Impact of Technology-Aided=Instruction on Motivation of Geometry
Learners, International Journal of So¢idl Sciences & Educational Studies, 7 (3), 2020,
63-72.

D. Juandi, Y. Kusumah, M. Tanir; K. Perbowo, M. Siagian, R. Sulastri & H. Negara,
The Effectiveness of Dynamic’\Geometry Software Applications in Learning Mathematics:

A Meta-Analysis Study, liitéenational Association of Online Engineering, 10(2), 2021,
144-152.

D. Cichon & J, GEllis, The Effects of Math Connections on Student Achievement,
Confidencey tad~Rerception Standards-based School Mathematics Curricula, Journal of
Mathematics\Education, 2020, 345-374.

A. Meréno-Guerrero, M. R. Garcia, N. M. Heredia & A. Rodriguez-Garcia,
Cotldborative Learning based on Harry Potter for Learning Geometric Figures in the
Subjéct of Mathematics, International Journal of Mathematics, 8(3), 2020, 369.

O. Birgin & H. Acar, The Effect of Computer-Supported Collaborative Learning using
GeoGebra Software on 11th Grade Students’ Mathematics Achievement in Exponential
and Logarithmic Functions, International Journal of Mathematical Education in
Science and Technology, 53(4), 2022, 872-889.

C. Hayati & D. Serap, The Effect of Technology Assisted Teaching on Success in

Mathematics and Geometry: A Meta-Analysis, Journal of Educational Psychology,
1(3), 2022, 358 - 397.

118



12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Y. Aiym, K. Galiya, B. Ademi, M. Adilet, Z. Kamshat & K. Gulmira, Development of the
Logical Thinking of Future Mathematics Teachers through the use of Digital Educational
Technologies, Cypriot Journal of Educational Sciences, 17(6), 2022, 105-109.

Y. D. Arthur, Mathematics Teachers’ Acceptance of ICT in Teaching and Learning: An
Extended Technology Acceptance Model, Problems of Education in the 21st Century,
80(3), 2022, 408-425.

C. Constantinou, Implications of Mathematics Standards on Geometry Education in New
York States, Teachers College, Columbia University Oroquest Dissertion & Theses, 2018.
10828601

S. Cementina, Language Teachers' Digital Mindsets: Links betweerm\ Everyday Use and
Professional Use of Technology, TESL Canada Journal, 36(3), 2019, 31-54.

B. Nwoke, Enhancing Senior Secondary School Students' ‘Rekformance in Geometry
through Origami Instructional Approach, The InternationaNournal for Technology in
Mathematics Education, 12(2), 2020, 56-67.

E. K.Suglo, C. S. Bornaa, A. B Iddrisu & F. X Adam$ Teachers’ Geometry Vocabulary
Competence and Students’ Academic Perfoymauce in Circle Theorem, Journal of
Education and Practice, 14(19), 2023, 13-20:

B. Tamam & D. Dasari, The use of\Geogebra Software in Teaching Mathematics,
Journal of Physics Conference Series,"T'he 1st South East Asia Science, Technology,
Engineering and Mathematics Fatérnational Conference, 1(8), 2020, 136.

S. T. Halime & A. Didemgylhe” Effects of Using Dynamic Geometry on Eighth Grade
Students' Achievement® gnd\ Attitude towards Triangles, The International Journal for
Technology in Mathe¢tmatics Education, 23(3), 2016, 95.

D. P.Asuman &\ U."Behiye, Effects of Drama-Based Geometry Instruction on Student

Achievemenit,*ditttudes, and Thinking Levels, The Journal of Educational Research
102(4), 2009, 272-286.

O. PBstay An Investigation on the Effects of Project-Based Learning on Students’
Adhievement in and Attitude towards Geometry, Middle East Technical University, 2006

C. A. Tabuenal & J. Pentang, Learning Motivation and Utilization of Virtual Media in
Learning Mathematics, Asia-Africa Journal of Recent Scientific Research, 1,2021,
65-75.

T. O. Onansanya, G. A. Aladesusi, S. A. Taiwo, S. A. Onasanya, J. T. Adeoye, Effect of
Technology-Enabled Video Instruction on Senior Secondary School Students’

Performance in Selected Technical Drawing Concept in Illorin, Science & Technology,
2(2) 2022, 122-131.

119



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

M. B. Ibafiez, A.U. Portillo, R.Z Cabada & M. L Barrén, Impact of Augmented Reality
Technology on Academic Achievement and Motivation of Students from Public and
Private Mexican Schools: A Case Study In A Middle-School Geometry Course,
Computers & Education, 14(5), 2020, 103734.

Z.Hosseini, M. Mehdizadeh,.Sadegi & Maryam, Using GeoGebra in Teaching Geometry
to Enhance Students Academic Achievement and Motivation, Innovare Journal of
Education, 10(3), 2022, 34-38.

J.Y. Mensah & M. J. Nabie,The Effect of PowerPoint Instruction (onN\NHigh School
Students' Achievement and Motivation to Learn Geometry, International Journal of
Technology in Education, 4(3), 2021, 331-350.

J. Y. Mensah, Effect of ICT Integration on Senior High\Students’ Motivation and
Achievement in Geometry, the Case of Gomoa West District, A Dissertation in the
Department of Mathematics Education, in the University ofiEducation, Winneba, 2019.

N. Siiren & M. A. Kandemir, The Effects of Mathemiatics Anxiety And Motivation on
Students’ Mathematics Achievement, Intepnational Journal of Education in
Mathematics, Science and Technology, 8(3)»2020, 190-218,

H. Serin, The Impact of Technologyididéd Instruction on Motivation of Geometry
Learners. International Journal of Soc¢ial Sciences & Educational Studies, 7(3), 2020,
63-72.

A. Alfauzan, A. Alimni, As,K.Dwi, T.Elza & A. P. Wahyu, Implications of Teacher
Interpersonal Communicaften Ability on Student Learning Motivation in Islamic

Religious Educatiop Fessons During Pandemic, Journal of Education Research and
Evaluation, 6(1)x2022% 156-167.

S. Sudirman,®I*~Mellawaty, Y. Poppy & 1. Rully, Integrating Local Wisdom Forms in
Augmentéd Reality Application: Impact Attitudes, Motivations and Understanding of
Geomelky Of Pre-Service Mathematics Teachers, International Association of Online
Engineering, 10(2), 2020, 134-145.

A, Hidayatullah & C. Csikos, The Role of Students’ Beliefs, Parents' Educational Level,
and The Mediating Role of Attitude and Motivation in Students’ Mathematics
Achievement, The Asia-Pacific Education Researcher, 33(2), 2024, 253-262.

S. T. Halime & A. Didem, An Investigation on the Effect of STEM Practices on Sixth
Grade Students' Academic Achievement, Problem Solving Skills, and Attitudes towards
STEM, The International Journal for Technology in Mathematics Education, 23(3),
2016, 95.

120


https://scholar.google.com/citations?user=0xwP96cAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=D8kAdBkAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=D4ucy5MAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=ePyO1fAAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/pii/S0360131519302878
https://www.sciencedirect.com/science/article/pii/S0360131519302878
https://www.sciencedirect.com/science/article/pii/S0360131519302878
https://scholar.google.com/citations?user=ghZm7hUAAAAJ&hl=en&oi=sra
https://trepo.tuni.fi/handle/10024/139650
https://trepo.tuni.fi/handle/10024/139650

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

O. N.Cecllia, E. O.Richard, A. N.Hope, O. U.John, E. U.Uduak & Mary A. L., Students’
Attitude and Academic Achievement in a Flipped Classroom, Journal of Science
Learning, 8(1), 2022, 134.

H. Sunghwan & S. Taekwon, Students' Attitude toward Mathematics and its Relationship
with Mathematics Achievement, Journal of Education and e-Learning Research, 8(3),
2021, 272-280.

O Birgin & F Topuz, Effect of the Geogebra Software-Supported Collaborative Learning
Environment on Seventh Grade Students' Geometry Achievement, Retention Attitudes,
The Journal of Educational Research, 12(2), 2021, 474-494.

S. John, A. Paul & K. Slava, Cognitive Load Theory, Springer, 2011 O
L. Stephen, Applying Cognitive Learning Theory to Adult @ﬁg, Informtion Age

Publishing, 1991 §
P. Fred, R. Alexander & S. John, Cognitive Load T he@n the Format of Instruction,
Cognition and Instruction Journal, 5(7), 2003. Q

L. P. Jan, M. Roxana & B. Roland, Cognitiv Theory and Instructional Design:
Recent Developments, Educational Psycholegist;2010.

C. C. Ruth & E. M. Richard, Cogniti d Theory: Instructional Implications for the
Design of Multimedia, Journal of Educational Psychology, 5(7), 2021.

T. F. Catherine & S. P. Ra @’%%0 structivism: Theory, Perspectives, and Practice,
Teachers College Press, 20%&

T. F.Catherine& .@%ﬂee, Constructivist Learning Design: Key Questions for
Teaching to Standar. eachers College Press, 2005.

P.S. Leslifg G\\h}{uctivism in Education, Lawrence Erlbaum Associates, 1995

L. Matie, BY Nadine & G. James Constructivism: Its Foundations and Applications,
Law; Erlbaum Assoc iates, 1998

& M. Yilmaz, The effect of Construtivist Learning Approach and Active Learning
on Environmental Education: A Meta Analysis Study, International Journal of Science
Education and Environmental, 3(1), 2020, 456.

Y. S. Kusumah, D. Kustiawati & T. Hermarn, The Effect of GeoGebra in Three-
Dimensional Geometry Learning on Students' Mathematical Communication Ability,
International Journal of Instruction, 13 (2), 2020, 895-908.

121


https://scholar.google.com/citations?user=FVkyj8sAAAAJ&hl=en&oi=sra
https://www.tandfonline.com/doi/abs/10.1080/00220671.2021.1983505
https://www.tandfonline.com/doi/abs/10.1080/00220671.2021.1983505

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

S. K. Ekundayo, Effects Of Computer-Assisted Instruction (CAI) on Students Academic
Achievement in Chemistry among Boys and Girls in Public Secondary Schools in Ondo
State, Nigeria, British Journal of Education, 10(2), 2022, 31-41. Available online: Doi:
Https://Do1.0rg/10.37745/Bje.2013

S. Egarievwe, A. O. Ajiboye & G. Biswas, Internet Application of Lab VIEW in
Computer Based Learning, Journal of Science Learning, 2(1), 2000, 121-130.

J. Mohammed, O. Onasanya & S. Adenubi, Exploring The Effectiveness Of E — Learning:
A Scoping Review Of Qualitative And Quantitative Research, ejourna&in.Edu
Mimbar Pendidikan, (2), 2023, 101-108.

V. Lev, Mind in Society: The Development of Higher Psychological@ses, Harvard
University Press, 1978.

R. Barbara & M. Jayanthi, Guided Participation in Cult inily by Toddlers and
Caregivers, Cambridge University Press, 1990

R. Barbara, The Zone of Proximal Development: @e)!ultum and Cognition Create
Each Other, The Sage Handbook of Cultural Analysis,"2008

K. Olga & K. Igor, Zone of Proximal D&ment (ZPD): A Conceptual Tool for
Building the Learning Process, Social an(f& avioral Sciences, 7(8), 2021, 87-94.

B. Albert, Social Learning Theory, e\n&'ce Hall, 1977
E. M. Neal & D. John, Social @ving and Imitation, Yale University Press, 1941
B. Albert, Social Learm&ory of Aggression, Communication Review, 1978

S. Fatimah & D. tdin, Student-based Learning in the Perspective of Constructivism:
Theory and Maiéuti¢S Method, International Journal of Science Education, 3(4), 2020,

em74123. ‘&

B. Al% odeling Processes in Social Learning, Advances in Experimental Social
Psy , 1965

. Robert & L. A. Ronald, Social Learning Theory and the Process of Imitation,
American Sociological Review, 1966

D. D. Fred, P. B. Richard & R. W. Paul, User Acceptance of Computer Technology: A
Comparison of Two Theoretical Models, Journal of Management Science, 6(3), 2022

V. Viswanath & D. D. Fred, Predicting User Intentions: Comparing the Technology

Acceptance Model with the Theory of Planned Behavior, Information Systems
Research, 6(9), 2020, 47-54.

122



63

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

. V. Viswanath, The Role of Perceived Usefulness, Perceived Ease of Use, and Social
Influence in the User Acceptance of Information Technology, MIS Quarterly, 2003

G. Shirley & J. David, Information Systems Research: Relevant Theory and Informed
Practice, Routledge, 2007

B. Urie, Ecological Systems Theory, Harvard University Press, 1979

B. Urie & A. M. Pamela, Making Human Beings Human: Bio Ecological Perspectives on
Human Development, SAGE Publications, 2006 &

B. Urie, Ecological Systems Theory, Readings on the Development ;ren, Worth
Publishers, 2002

B. Urie, The Ecology of Human Development: Experiment@\'ature and Design,
Harvard University Press, 1979.

A. M. Mark & E. M. Jessica, Ecological Systems %o in Education Research:
Conceptual Underpinnings and Practical, Educatic ’m' gsearcher, 7(1), 2008

J. G. Ruud, Ecological Systems Theory: A able Framework for Research on
Inclusion and Special Educational Need, ropean Journal of Special Needs

Education, 6(1), 2004, 136. ’b

Y. Maha & A. Z. Nadera, Ecological Systems Theory: A Strengths-Based Approach for
Understanding and Addressing %Behavioral Problems, International Journal of
-29.

&4l
Higher Education, 10(2), 20 (%S

C.Huaruo, W. Ya & 1;,% , Computer Teaching And Learning Of Basic Elementary
chal, 6(7), 2023, 57-58.

Students to Three-Dimensional Geometry Problems, International Electronic
Journal t(/ ematics Education, 15(3), 2020, 590

Functions, Heliyo JQK
Alghadari, F. Tif Qman & S. Prabawanto. Factors Affecting Senior High School

D.J @Y.S. Kusumah, M.Tamur, K. S. Perbowo & T. T. Wijaya, A Meta-Analysis of
Gé&ya Software Decade of Assisted Mathematics Learning: What to Learn and Where

%)/ 0?, A Research Article, 7(5), 2021

75

76

. M. S. Uwurukundo, J. F. Maniraho & M. T. Rwibasira, Effect of Geogebra Software on

Secondary School Students’ Achievement in 3-D Geometry, Education and Information
Technologies, 27(4), 2022, 5749-5765.

. H. Zulnaidi, E. Oktavika & R. Hidayat, Effect Of Use Of Geogebra on Achievement of

High School Mathematics Students, Education and Information Technologies, 25(1),
2022, 51-72.

123



77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

W. Y. Abera & G. A. Zergaw, Some of the Potential Affordances, Challenges and
Limitations of Using GeoGebra in Mathematics Education, Eurasia Journal of
Mathematics, Science and Technology Education, 15(8), 2019, 1734.

H. Ramatu, Effects Of Computer -Assisted Instruction on Achievement of Junior

Secondary School Students in Social Studies in Niger State, Nigeria, Journal of Science
Learning, 8(2), 2022, 136.

H. Ramatu, Effects Of Computer — Assisted Instruction on Varied Ability groyps Among
Junior Secondary School Students In Social Studies in Niger State, Nigerig-~dournal of
Science Learning, 7(1), 2020, 128.

A. G. Jamilu, Effect Of Computer-Assisted Instruction on, Studepts’ Academic

Performance and Retention in Chemistry Concepts, Journal of ‘Science, Technology,
Mathematics Pedagogy, 2(1), 2024, 1-12

V. S.Ilyos Abdullayev, H. Hajiyev, M. Y. A.Kozachek &R.%akieva. Blended Learning:
The Effect on Students’ Self-Regulation and Academic 4chievements, Journal of Science
Learning, 9(1), 2024, 101-112.

A. R. Bayanova, N. A. Orekhovskaya, N. I, 8okelova, E. F. Shaleeva, S. A. Knyazeva
& R. L. Budkevich , Exploring The Role OfiMetivation In Stem Education: A Systematic

Review, Eurasia Journal Of Mathematics{'Science And Technology Education, 18(4),
2022, em2250. Available online: httpss/doi.org/10.29333/ejmste/13086

A. A. Arigbabu, O. W. Lawal, A’R., Hassan, T. O. Abiodun & S. O. Ganiyu, Perception
Of Teachers And Students OngFre Use Of Mobile Applications In Teaching And Learning
Of Mathematics, DepartmefPOf Mathematics, Tai Solarin University Of Education
Ijagun, Ogun State, Nigeria, 2021.

O. Owede & K. Bli, Use Of Computer Aided Instructions (CAI) at Secondary School on
Academic Perfownance of Undergraduates in Bayelsa State, Journal Of Educational
Research»10.2024, 124,

H. M.Muftawu & A. A. Benard, Effects Of Computer Assisted Instruction on Learning
Outéone’in Science Subjects among Secondary School Students in Kogi State, Nigeria,
Custech International Journal Of Economics, 7, 2024, 17-34.

L. J. D. Rosali, Effect of Computer-Assisted Instruction (CAI) on the Academic
Achievement in Secondary Physics, Open Access Library Journal, 7, 2020, e6319.
Available online: https://Doi.Org/10.4236/0Oalib.1106319.

M. O. Nkiko, Interrogating The Teaching and Learning of Chemistry in Nigerian Private
Universities: Matters Arising, Journal Of Education And Learning; 10(3), 2021, 13-23.

124


Https://Doi.Org/10.29333/Ejmste/13086

88

89.

90.

91.

92.

93.

94.

95.

96.

97.

. P. K. Alheri, U. Burgasa, A. Isah &Y. Gambo, Motivation and Academic Achievement of
Students toward Sustainable National Development in Nigeria: A Pragmatic Approach,
African Journal of Humanities and Contemporary Education Research, 6(1), 2022,
69-79.

P. Mao, Z. Cal, J. He, X. Chen & X. Fan, The Relationship Between Attitude toward
Science and Academic Achievement in Science: A Three -Level Meta-Analysis, Frontiers
In psychology, 12, 2021, 784068.

E. U. Akuche & S. O. Adeniyi, Factors influencing the enrolment of students<f@r science
subjects among secondary schools in Oluyole Local Government AregNIbadan, 1FE
PsychologlA: An International Journal, 25(1), 2017, 444-462.

A. B. Adeniyi & A. M.Mojirade, Students Perception Towartls th& Use of ICT in
Teaching and Learning of Social Studies in Oluyole Local Gopermment Area, Oyo State,
IFE PsychologlA: An International Journal, 30(2), 2022, 151 0-

M. D. Oyetade, M. Beckley & A. O. Oredein, Peer Group Influence as a Correlate of
Secondary School Students’ Motivation towards Learniyg in Oluyole Local Government,
Ibadan Journal of Capital Development in Behayioural Sciences, 8(2), 2020, 60-73.

94 S. Sudirman, M. Mellawaty, P. Yaniawatf & R. Indrawan, [Integrating Local Wisdom
Forms in Augmented Reality Applicagion: Impact Attitudes, Motivations and
Understanding of Geometry of Pre*selvice Mathematics Teachers, International
Association of Online Engineexing, 7(17), 2020, 217-224. Available online:
https://www.learntechlib.org/p/2 A7 53/.

P. Sarkar, K. Kadam & J.¢SNPillai, Learners' Approaches, Motivation and Patterns of
Problem-Solving on °Lines~And Angles in Geometry Using Augmented Reality,
International Associdtion of Online Engineering, 7(17), 2020, 172-181.

A. S. Salifu, M\ J."Nabie & J.Apawu, College Of Education Pre-Service Teachers’
Attitude in® Peyms, of Usefulness, Confidence and Enjoyment Towards Geometry by
Gender, \Contemporary Mathematics and Science Education, 2(2), 2021, ep21012.

M. S Uwurukundo, J. F.Maniraho, M. Tusiime, I. Ndayambaje & V.Mutarutinya,
Géggebra Software in Teaching and Learning Geometry of 3-Dimension to Improve
Students’ Performance and Attitude of Secondary School Teachers and Students,
Education and Information Technologies, 29(8), 2024, 10201-10223.

D. S. Pambudi, The Effect of Outdoor Learning Method on Elementary Students'

Motivation and Achievement in Geometry, International Journal of Instruction, 15(1),
2022, 747-764.

125


https://www.learntechlib.org/p/217753/

98. B. Suleiman, A. Isma’il,& A. Bello, Investigation into Secondary School Students’
Attitude towards Learning of Geometry in Zamfara State, Nigeria, IRA International
Journal of Education and Multidisciplinary Studies, 16(4), 2020, 236-242.

126



3.1

Chapter Three
Methodology
This chapter discussed the methodology for the study under the following headings:
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 expe Q&‘ control
groups. It focuses on treatment at two (2) levels (computer aided instruction and control
group), moderating variable at two levels (students’ mot@ and attitude) and

dependent variable at one level (academic achievemeﬁ i@metry). Computer aided

instruction is independent variable which serves a catments for the experimental
groups, while the conventional teaching me op&%ed for the control group. Students’
achievement in Geometry Achievement % GAT) at the pre-test and post-test levels

\®)

will be the dependent variable wh'&udents ‘motivation and attitude will serves as

moderating variables. ‘\C;\\'

Table 3.1 Schemata Re& tation
AN

Group Q\ * Pretest Treatment Post Test

X
C A@}aﬁ ! O X 02

@i group 2 O3 X2 Oy

\%Control group 1 Os X3 Os

Source: Reseracher’s Fieldwork, 2024
Where

O1= Pretest scores experimental group 1
Os= Pretest scores of experimental group 2
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3.2

3.3

Y

Os= Pretest scores of control group

O>=Posttest scores of experimental group 1

O4= Posttest scores of experimental group 2

O¢= Posttest scores of control group

Xi= Experimental group 1 (CAI)

X>= Experimental group 2 (CAI) Q\

X3= Control group (Conventional) Q/O
N

O

Population of the study %

The population of the study comprised of al ;secondary school two students

offering mathematics constitute whic thousand three hundred and thirty nine

enrolled in government owned schools wgth%%uyole Local Government who are

(5,339) students in twenty seven g § ent secondary schools.

Sample Size and Samphli %echnlques

Purposive@ng technique will be used to select schools from the targeted
populatio @ese criteria. (1). Schools that are government owned (2). Schools that
have ea one (1) qualified Mathematics teacher for SS11 (3) Schools that have
M@rgatlcs 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 SSSII, Community Grammar School, Ayegun with 424 as the
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34.

number of students in SSSII, Christ High school, Oleyo with 325 as the number of
students in SSSII and Methodist High School, Express way with 49 as the number of
students in SSS 1I. Intact senior secondary school II class will be used in each school for

the experiment.

Description of the Research Instrument Q\
The researcher assesses the students' understanding of geom@lcepts before

and after the intervention using:

e Geometry Achievement Test (GAT), %

e Lesson plan for CAI Q

e Lesson plan for control group, er

e Students’ Motivation Questionnai Q).

e Students’ Attitude Quesﬁig&'re SAQ).

Geometry Achlevement T% AT)

A GAT i emahzed assessment designed to measure the academic
achievement o sefiior secondary school two students in mathematics geometry,
part1cu1ar®us1ng on the effect of CAI on their learning outcomes. This test evaluates
stu nderstanding and application of geometric concepts such as lines, angles,

Mes, 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 Comprehension Application Total
25% 30% 45% .
1 Chords and 2 2 2 6
2 Arcs Q\
Angles in a 1 3 2 6
3 Circle QJ
Cyclic 2 2 &{ 6
4 Quadrilateral Q
Bisector of 1 4 2 7
Angle in a
Triangle Q
Total 6 u <\ 8 25
Source: Reseracher’s Fieldwork, 2024 Qv

As it was shown in the table above @ evel of knowledge, comprehension and
application were tested under the fou\’@ed sub topics in the table. In the table only 10
out of 40 items were tested on k@dge with 25% (i.e number of items divided by the
total number of questi.ons iplied by 100). Also, 11 out of 40 items were tested on

comprehension w% (i.e number of items divided by the total number of questions

multiplies Ey’& 9 out of 40 were tested on Application with 45% (i.e number of

items iiv@y the total number of questions multiplied by 100).

\Secson 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

Lesson Plan for Control Group { O

In conducting a study on the effect of CAI on the acad@hievemen‘[ of senior

computer-based learning.

secondary school two students in mathematics geometry,i %yole Local Government, it
is essential to have a control group that does not re@ I. The research assistants will
teach without any instructional materials. T 1;@6 h assistants will rely on the use of a
chalkboard for instruction, the research as s will be more active and the students are
passive. The research assistants will \rﬁe the lesson note. The lesson plan for the control

°
group is similar to the CAI g@n terms of content and objectives, but without the use

of computer-assisted tGQ\lQQ
N
Students’é’@e Questionnaire (SAQ) and Students’ Motivation Questionnaire
(SMQ
&%tudent’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

3.6

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 modiflications

were effected before being used to assess academic acl'(e@ent of the

senior secondary school students in geometry. 6\

N

Reliability of The Research Instrument Q

Kuder Richardson—-20 (KR-20) w%’b& to calculate the reliability
value of the instrument (GAT) X@nistering the instrument on another
set of participants from ah&r school apart from the selected schools
but share the same $® ties. The reliability value of the instrument

(GAT) is 0.81 QQ

Geometry A ement Test (GAT): This was given to the researcher supervisor Lead
City i\gﬁiﬂy, Ibadan to check the content of the instruments if it is relevant to the
se@rbsecondary school two mathematics curriculums and to make the necessary
Mections 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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3.7.

3.8

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. Q
Students’ attitude and students‘motivation Questionnaire: Thes@ given to the
researcher’s supervisor, experts in the Department of Scie ducation, Lead City
University, Ibadan, to look at the content, construct and 6 1dity of the instruments.
Q

Method of Data Administration er

Data were collected using the follo procedural steps: selection and training of
NQ
O

research assistants, administration % pretest, treatment, and administration of post-

test. The number of weeks sc@

Selection am@%—lg of research
assistamsQ 1 weeks

@dministration 1week

6 I Intervention 4 weeks

or data collection is summarized below:

\;éb Revision 1 week

Post-test administration 1 week

Total 8 weeks

Data analysis

133



3.9

\*

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.

>\
N
Ethical Approval Q/O
Ethical approval is crucial as it ensures that resear@lving participant is
conducted ethically, respecting their rights, dignity, and“safety. Approval from the
Honourable Commissioner, Ministry of Education @and Technology, Oyo State to
carry out research in Oluyole Local Gove n%Qvas gotten. Also, approval from the
principals of the school involved are_so at the proposed study will meet ethical
standard and safeguards the welfa \of the participants. The researcher ensures the

confidentiality, privacy, and @ymlty 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

4.1 Presentation of Data OQ
Table 4.1 Demographic Data Q/

A
Variable Frequency E\)’ercentage
\/

the study's objective.

(BN

Gender Q
Male 73 b’bQ 48.7%
(8)

Female 77 @ 51.3%
Total @ 100.0%

Source: Field Survey Report, 2024

Table 4.1 @u\s the distribution of participants based on gender. Out of the total
participantss 8.7%) identified as male, while 77 (51.3%) identified as female. This

shows&gﬁf{/ely 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 OQ
Standard deviation 11.92 17. 19« -
Minimum 10.00
Maximum 69.00 @9.00
Source: Field Survey Report, 2024 QV

Table 4.2 provides descriptive stat%ﬁbfor the dependent variable, students’
academic performance in Geometry a@ured by the GAT. For pretest, the sample size
(N) is 150, indicating the numb@eamers that took part in the pretest. There are no
missing values, meamng théﬂ participants had scores for the pretest. The mean value of
the pretest is 33.93 n®mg that, on average, the pretest in the sample scored relatively
below the avera &wh is 50.00. The median value is 34.00, which suggests that the

distributi@\responses is slightly skewed towards lower performance. The standard
devi%bls 11.92, which implies that there is a moderate amount of variability in the
X‘%st 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

R

Table 4.3 Descriptive Statistics of the Independent Variables as meaglégy Students’
Motivation Questionnaire (SMQ) and Students’ M‘Qu Questionnaire

(SAQ)
AN
Students’ Motivation $Students’ Attitude

(ANCOVA).

N 150 Q\J 150

Missing 0 Q 0
O
Mean 2.92{66 2.86

Median ?\9 2.50
Standard deviation &.14
N
Minimum .« \A@ 1.00 1.00
Maxim@ 5.00 5.00
A\

0.12

Source: @Vey Report, 2024
’b le 4.3 provides descriptive statistics for the variables related to the students’
\%Iation 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.
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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 Q%)nses is
slightly skewed towards low attitudinal ratings. The standard deviatioQJQ.S , indicating

a moderate amount of variability in the responses for students’ @1

Table 4.4 Descriptive Statistics of students’ p;ance in geometry based on
ti

students Motivation and Students’ Attitude

Performance in Students’ Motivation rb - Student’s Attitude
Geometric Test High Positive Negative
Mean score 63.19 &\‘33.26 59.36 37.18

y _N

Source: Field Survey RGQKQT)M
Table 4.4%}Qe\descriptively shows the mean values of students as they
responded wy&lotivation and attitude questionnaires. Students’ motivation toward the
comp%Qsted instruction was classified as high and low. The means value is 36.19
aq@%% respectively. This implies that students with high motivation towards CAI
Med 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 Df Mean F Sig. Partial
Sum of Square Eta
Squares Squared

Main

Effects

Corrected 13449.245% 4 3362.311 15.940 .000 305

Model

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 44035.573 149

Total

a. R Squared = .605 (Adjusted R Squared = .586)
Source: Field Survey Report, 2024

Answering of Research Hypothesesw :
Findings from the study s5\;)1‘ ented below following the hypotheses tested.
Hyl: There will be no i@kant main effect of CAI on Senior Secondary School
students’ aca chlevement in geometry.
Table’&shows that there was a significant main effect of CAI on Senior
Secon ar@ool students’ academic achievement in geometry. [F (1, 145= 54.578; P
<.0 ence the Hy is rejected. This implies that there is significant difference in the
\ptetest 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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Ho2: 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 Ho is therefore not rejected. The value of eta square, .011
implies that conventional teaching strategies contributes just 1% of the \Qti in the
students’ academic performance in geometry. This implies that the conveftional method

was not effective in teaching geometry among SS2 St@s in Oluyole Local

Government Area, Ibadan. : %

Ho3: There will be no significant main eff: t@tivaﬁon on SSS students’ academic
achievement in geometry in Oluyole Government Area, Ibadan.
The result from table 4.5 %e reveled that there was significant effect of
.
students’ motivation a on the @mlc achievement of senior secondary school students
in Geometry in Oluyole{&%’Govemment Area, Ibadan. [F (1,145) =5.582; P <.05], the Ho
is therefore rejec@is implies that the motivation of students towards the Computer
Assisted [ %}Nw contribute significantly to their academic achievement in geometry.
The VB@O ta Square .037 signifies that motivation contributes 4% of the variation in
th ents’ academic performance in geometry.
Ho4: 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

141



Government Area, Ibadan. [F (1,145 =6.216; P <.05], the Ho 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 Motiﬁ%n and

Attitude -
Source Type 1II  df Mean F Sig.
Sum of Square
Squares
2- Ways Interactive
Effects -
Corrected Model 18076.955? 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 * 1346.290 1 1346.290 7.209 .008
Attitude
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 * 1862.589 1 1862.589 9.974 .002
Motivation o
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

S

O

{éqlere 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 no 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.

Ho6: There will be no significant interaction effect of CAI and attitude o Qﬁludents’
academic achievement in geometry in Oluyole Local Government Afea, Ibadan.

The result from table 4.6 shows that there is signiﬁcan@&tion effects of CAI

and attitude on academic achievement of SSS in geome @uyole Local Government

Area, Ibadan. [F (1,139) =3.272; P <.05], the Ho is@e re rejected. This implies that

Computer Aided Instruction (CAI) and w'th@ive attitude will enhance students’
academic achievement in geometry ang Vi(@&’d.

Hy7: There will be no sig{ﬁﬁ\nt interaction effect of conventional method and
motivation on SS&%H'[S’ academic achievement in geometry in Oluyole Local
Governmen y Ibadan.

As @ in table 4.6 above, there was significant interaction effects of
conveﬁn(al/method and motivation on academic achievement of SSS in geometry in

O@ Local Government Area, Ibadan. [F (1,139) =9.974; P <.05], hence, the Hy is

rejected.
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Ho8: 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], EfQ the Ho is

4\

Ho9: There will be no significant interaction effect of %ﬂ and attitude on Senior

rejected.

Secondary School students’ academic achw@ in geometry in Oluyole Local
Government Area, Ibadan. ’b

From table 4.6 above, there was cant interaction effect of motivation and

attitude on Senior Secondary Sc & udents academic achievement in geometry in

Oluyole Local Government badan [F (11399 =2.677; P <.05], hence, the Hp is

rejected. QQ/
Qﬁ\
¢

O
&
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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  Df Mean F Sig.
Sum of Square
Squares
3-ways  Interactive
Effect
Corrected Model 18202.0112 14 1300.144 6.794 .000
Intercept 79922.162 1 79922.162 1985.382 .000
CAI * Conventional * 45.557 1 845.557 10.238 .001
Attitude -
CAI * Motivation * 15.701 1 915.701 12.082 .000
Attitude -
Conventional 11.115 1 711.115 8.058 012
*Motivation * Attitude -
CAI * Conventional * 86.459 1 86.459 6.452 .043
Motivation -
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

-

Ho10: There will be no sigé%\nt main interaction effect of conventional method,

\V

motivation and?@% on SSS students’ academic achievement in geometry.
ANCOV‘%J? on table 4.7 revealed a significant main interaction effect of
conventioi/ d, motivation and attitude on SSS students’ academic achievement in
[ F (1,135 =

ge 8.058; P <.05], hence, the Hy is rejected.

D
\¥
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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. Q
The first objective of this study is to investigate the main effe@/@mputer aided
instruction on students’ academic achievement in geometr)o e study’s findings
unequivocally demonstrate the efficacy of CAI in enh in%nior secondary students’
academic achievement in geometry. Notably, Q exposed to CAI exhibited
significantly higher scores on geometry tests,c d to their counterparts who received
traditional instruction. This result is c%{@ ith previous research that has shown the
effectiveness of CAI in improvig\sh)dent outcomes; incorporation of CAI in the

.
teaching of Mathematics ed the achievement of students more than the
conventional teaching n&@%

This out%%derscores the potential of CAI to revolutionize geometry
education, <]%%Viding interactive visualizations and simulations, CAI facilitates a
deeper erstanding of geometric concepts, thereby enhancing problem-solving skills
ar&tial 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’ %&gs also
highlight areas for further investigation. Future research should exploréthe long-term
effects of CAI on students’ retention and application @metric knowledge.
Additionally, comparisons with other instructional method$, such as blended learning,
would provide valuable insights. In conclusion, thi provides compelling evidence
supporting the effectiveness of CAI 1 % ry education. As educators and
policymakers seek innovative solutions to ove teaching and learning outcomes, CAI
emerges as a promising strategy wo }o consideration.

2

Second objective of g{&}tudy is to investigate the main effect of conventional
teaching methods on s‘t@ academic achievement in Geometry. The findings of this
study reveal a sig@t main effect of formative feedback on students’ The study’s
results re %iking absence of a significant main effect of conventional teaching
metho@n enior secondary students’ academic achievement in geometry. This finding
ra mportant questions about the efficacy of traditional instructional approaches in

N\
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 students>**. 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 leaminzmeractive
engagement, and hands-on experience. Q

Several factors may contribute to the ineffectiveness of co VeQnal teaching
methods. These include an overemphasis on memorization, la®1teractive elements,
and failure to connect geometric concepts to practi L%exts. To address these
limitations, educators should explore alternative @a es, such as Computer-Aided
Instructions (CAI). Moreover, the study h%%lts the importance of technology
integration in geometry education. % -Aided Instructions (CAI), for instance,
offer interactive visualizations and 'hations that can enhance students’ understanding

RN

and retention of geometric c@ts. he results imply that educators should reconsider
their reliance on convaﬁ\@ teaching strategies and explore alternative approaches that
promote active M;SQ, critical thinking, and problem-solving. Innovative methods,
collaboratj ’@ing, or technology-enhanced instruction, may be more effective in
enhan%s dent learning outcomes in geometry.

Q he 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-focuse Qate ies. To

optimize student achievement, educators should foster positive attitud@ ress negative

motivation, and encourage student self-reflection. é

%of attitude on students’

D

significant main effect of attitude on stude s}@%mic performance in geometry. The

The fourth objective is to examine the mai

academic achievement in geometry. Similarly, ifidings of this study revealed

study’s findings underscore the profound f@ t of students’ attitudes on their academic
\O
achievement in geometry. A signifi }t main effect emerged, revealing that students’
°
attitudes exert a considerable {@ence on their learning outcomes in geometry. Positive
attitudes toward geomm\qk%re found to be a potent predictor of academic success.

Students who ha’t@? enthusiasm and interest in the subject demonstrated superior

performar{:@)ared to their peers who held negative attitudes. This striking
n i

orrela@

C ghlights the critical role that attitudes play in shaping students’ motivation,
er@nent, 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 inﬂbeQ of attitude
on students’ academic achievement®*-1 QJ

The fifth objective is to examine the interactive effe@n‘teraction effect of
CAI and motivation on SSS academic achievement in geg

Q‘ &t between CAI and students’

The study revealed a significant interactio
motivation on SSS academic achieveme '%%bmetry. This dynamic relationship
highlights that CAI’s effectiveness is in ed by students’ motivation of their own
learning capabilities. When students \em positive motivation of their geometric abilities,

.
CAI significantly enhanced t@mmg outcomes, fostering:

Deeper undersh@ of geometric concepts through interactive visualizations,
improved probler@%g skills via engaging simulations and increased confidence and
self-effica y5\Q9 ersely, students with negative self-motivation did not benefit from

Q

CAI t%

m@ ting CAI’s impact.

Y

can create an inclusive, engaging, and effective learning environment, unlocking senior

ame extent. This underscores the critical role of students’ motivation in

By acknowledging the interplay between CAI and students’ motivation, educators

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 t Qtw factors
work together to enhance student learning outcomes. The study unc(\ﬁcjga significant
interactive effect between CAI and attitude on SSS academicement in geometry.
This dynamic relationship reveals that CAI’s effectiv s&ampliﬁed when students
possess positive attitudes toward geometry. Whe@ nts exhibited enthusiasm and
interest in geometry, CAI enhanced t eivb%‘ning outcomes, fostering deeper
understanding of geometric concepts % gh interactive visualizations, improved
problem-solving skills via engagin é\b?ations and increased confidence and motivation.

.
Conversely, students with ne§6}~§udes toward geometry did not benefit from CAI to

the same extent. Thi\ ights the crucial role of attitudes in moderating the

effectiveness of C\QQ

Tl{@’h objective of this study is to examine the interaction effects of
conveﬁla m

st@ findings highlight a significant interaction effect between conventional teaching

ethod and motivation on SSS academic achievement in geometry. The

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.

151



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 *%!112° The implications of this finding are profound. Educator Q%ioritize
fostering positive self-motivation in students, adapting instructio Qccommodate
diverse student motivations, and promoting supportive learnironments. Several
factors contribute to this interactive effect include positi %ation empowers students
to take ownership of their learning, conventional @ provide structure and clarity
and teacher feedback strengthens positive c@n. By acknowledging the interplay
between conventional teaching methods udents’ motivation, educators can create

\S)
inclusive, engaging, and effective ge k&ry education.
.

Similarly, the eighth {@ive is to examine the interaction effects of effect of

conventional method ar@ de on SSS academic achievement in geometry.

The study reve;ﬂ@?signiﬁcant interaction effect between conventional teaching

methods a d@rts’ attitudes on SSS academic achievement in geometry. This dynamic
“hi

relatio@p

b dents’ attitudes toward geometry. When students held positive attitudes,
g ry p

ghlights that the effectiveness of traditional teaching methods is influenced

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
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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 &men‘[ in
geometry. The findings suggest that students with high motivation™demonstrated
improved academic achievement in geometry when using com@&ssisted instructions.
Motivation significantly influenced the effectiveness of computer-assisted instructions on
geometry achievement. Highly-motivated stude ed greater enthusiasm and
engagement with computer-assisted learnin%fé%de on the other side, students with

positive attitudes toward geometry xhi% enhanced academic achievement when

using computer-assisted instmctio§%s1tive attitudes facilitated deeper understanding
.
and application of geometr@ncepts This finding implies that Educators should
prioritize fostering moﬁ@%&md positive attitudes in students. Teachers should monitor
and address motit@% and attitudinal challenges. The study therefore underscores the
crucial ro @tivaﬁon and attitude in students’ academic achievement in geometry
when using Computer-assisted instructions. Educators and policymakers should prioritize
fo@g 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 motiyation and
attitudes mitigated the efficacy of conventional teaching approaches. Q<
Further analysis indicated that motivation mediated the rélatiofiShip between
conventional teaching methods and academic achievem@timde, meanwhile,
moderated the impact of motivation on the effectivenesﬁ%ntional methods.

These findings have profound implications for educ d policymakers.

>

154



Endnotes

1. C. Hayati, & D. Serap, The Effect of Technology Assisted Teaching on Success in
Mathematics and Geometry: A Meta-Analysis, Journal of Educational Psychology, 1(3),
2022, 358 - 397.

2. B. Tamam & D. Dasari, The use of Geogebra Software in Teaching Mather@ Journal
of Physics Conference Series, The 1st South East Asia Science, Techno ngineering
and Mathematics International Conference, 2020.

3.S. T. Halime & A. Didem, The Effects of Using Dynamic G
Students' Achievement And Attitude Towards Triangles, The
Technology in Mathematics Education, 23(3), 2016, 95.

4.D. P. Asuman & U. Behiye, Effects of Drama-Ba Q éometry Instruction on Student
Achievement, Attitudes, And Thinking Levels, T& purnal of Educational Research

z on Eighth Grade
-

ernational Journal for

102(4), 2009, 272-286.

5. Esra, An Investigation on The Effects of Projéest-Based Learning on Students’ Achievement
in and Attitude Towards Geometry, N East Technical University, 2006

)

. O. N.Ceclilia, E. O.Richard, A. %pe O. UJohn, E. U. Uduak & A. 1. Mary, Students’
Attitude and Academic Ach\ ent in a Flipped Classroom, Journal of Science

Learning, 8(1), 2022.
L] \A@

. H. Sunghwan, & S. é%()n, Students' Attitude toward Mathematics and Its Relationship
with Mathematics ievement, Journal of Education and e-Learning Research, 8(3),

2021, 272-28Q
(2
. A. Alfavza

~

8 . Alimni, A. K. Dwi, T. Elza & A. P. Wahyu, Implications of Teacher
Inter, al Communication Ability on Student Learning Motivation in Islamic
Reli s Education Lessons During Pandemic, Journal of Education Research and

\Q/ ation 6 (1),2022, 156-167.

9.S. Hwang, & T. Son, Students' Attitude toward Mathematics and its Relationship with
Mathematics Achievement, Journal of Education and e-Learning Research, 8(3), 2020,
272-280.

10. M.B. Ibafiez, A.U. Portillo, R.Z. Cabada & M.L. Barrén, Impact of Augmented Reality
Technology on Academic Aachievement and Motivation of Students from Public and
Private Mexican Schools: A Case Study in a Middle-School Geometry Course,
Computers & Education, 145, 2020, 103734.

155



5.1

Chapter Five
Conclusion
Summary of Findings
The results of the ANCOVA, as shown in Table 4.2, indicate Qﬁre exist
significant main effect Computer Aided Instruction [F (1, 145) = 54.578§ P <<05], Students’
motivation[F 1,145y =5.582; P <.05], and attitude [F (1,145 =6.® .05], on academic

achievement of SSS in geometry. However, from the @le, the results show that

conventional teaching method has no significant ect on academic achievement
of senior secondary students in geometry; [F 1,% .556; P >.05].

Furthermore, results from table 4. ws that there were significant interaction
effects CAI and conventional met }c)n academic achievement of senior secondary
students in geometry [F (1,139) @09; P <.05]; between CAI and students’ motivation[F
(1,139) =9.974; P <.05],° n Computer Aided Instruction (CAI) and attitude [F (1,139
=3.272; P <.05],1@%1 conventional method and motivation[F (1,139) =9.974; P <.05],
between @gnal method and attitude [F (1,139) =7.209; P <.05], on academic
achiev@n of SSS academic achievement in geometry.

Q’q\ﬂoreover, 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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5.2

5.3

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

S\
Conclusion QJOQ

This study determined the effects of CAI on SSS '&hw achievement in

Oluyole Local Government Area, Ibadan [F (1,134=.6.353; P <.05].

geometry in Oluyole Local Government, Oyo State. he esearch also explored the
moderating effects of students’ motivation and att@s he findings demonstrate that
CAI significantly enhances students’ aca er% hievement of geometric concepts.
Notably, students’ positive motlvatlon an des toward CAI amplify its effectiveness,
leading to improved academic outco &es

c,J\
Recommendations Aé

To max1mQQe benefits of CAI in geometry education, the following

recomme@gre proposed:
1. &u tional institutions should prioritize CAI integration by providing necessary

’bmfrastructure and technical support. Teacher training and capacity building are

\*

ii. Teachers play a crucial role in fostering a positive learning environment. They

essential for effective CAI utilization.

should incorporate interactive CAI materials into lesson plans, encourage

students’ enthusiasm for technology, and address difficulties promptly.
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5.4

iii. Policy makers can support CAI adoption by developing policies, allocating
resources, and fostering collaboration between educators, policymakers, and

technology experts.

Contribution to Knowledge

This study makes significant contributions to the existing body @edge on
computer-assisted instruction (CAI) in geometry education. QJ

By providing quantitative evidence on CAI’s effectiv@this research fills a

critical gap in the literature. The findings inform gducators and policymakers on

evidence-based strategies for CAI implementatio dging the gap between research

and practice. er

Methodologically, this study, de trates the effectiveness of quantitative
research design in assessing CAI’s %act. Theoretically, the study supports cognitive
load theory and self-efficacy {E%w in mathematics education, deepening understanding
Qg{ically, this research has far-reaching implications for

\

educational policy\égoting informed decision-making.

of learning processes.

UI'Q this study lays the groundwork for future research, providing a
foundation for 1

ongitudinal studies, comparative analyses, and investigations into CAI’s
ef@ 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. Q

Comparative analysis: Compare CAI’s effectiveness with a@nal teaching
methods. 6\

Diverse populations: Investigate CAI’s impact S%ts with varying learning
styles, abilities, and socioeconomic backgro@

Teacher factors: Examine teacher c%a@stics, training, and support on CAI

implementation. ’b

Integration with other te b&ogies: Explore combining CAI with other
educational technolog@ as virtual reality, gamification and so on.

Subject-specifie @evelop and evaluate CAI materials for other mathematics

subjects ( .,%ebra, calculus).

¢

O
&
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Appendix I
Mathematics Achievement Test (MAT)
Instruction:
In section A: Please provide an appropriate answer to the following questi

&\

In section B: Please shade only one answer at a time from the given optio

O
Section & Q%

Demographic Characteristics of Participant Q

Duration: 40 minutes

School Name:

=
Gender: Male 6 Female :|
Parents Occupation: Civil Servar& Public Servant | ]

Private Sector [ | ess Trading [ |

Test type: pretest® \QE post test :|
Q Section B

. A Chord "ub&an angle of 72° at the centre of a circle of radius 24.5m. Calculate the

periméter € minor segment.
n Son
B.% cm
\Q/ .6 cm

D7 55.6 cm

. The diameter of a cylinder closed at both ends 7cm. if the total surface area is 209cm?.

Calculate the height [Take 7= %]

6 cm
10 cm
3cm
Scm

oawyx
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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 =2%/7)
A. 314.98cm?
B. 276.57c¢cm?
C. 201.14cm?
D. 477.71cm?

4. The ratio of the radius to the slant height of a right circular cone is 2.5. if % surface
area of the cone is 224 cm?, calculate the slant height :

S
r O
5. The dimensions of a rectangular base of a right pyrare 9cm by Scm. if the volume of
the pyramid is 105cm? how is the height of the p)@i ?
A. 10cm ’b
B. 6cm
C. 8&m ’b

D. 7cm @

6. A solid cuboid has length 7cm,@cm and height 4cm. calculate its total surface area.
A. 280cm? é
B. 166cm? A

C. 140cm?

D. 83cm? QQ\

7. A sector of.asﬁeowith radius 6¢cm subtends an angle of 60° at the centre. Calculate its
perimeter, slof
A 2\t K
B. 2 3)cm
C cm

\Q) +12)em

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

OO w
N J>|U"|\>
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D. lim
4

9. The slant height of a cone is Scm and the radius of its base is 3cm. find correct to the
nearest whole number, the volume of the cone. (Take = 2%/7)
A. 38 m?
B. 33 m’
C. 28m?
D. 23 m’

10. A cylinder with base radius 14cm has the same volume as a cube side 2 Qalculate the
ratio of the total surface area of the cylinder to that of the cube [Take
A. 73:77 C/

B. 77: 74 ’\

C. 63:77

D. 73:73 %

11. The volume of a cuboid is 54cm?. If the length, width.ag elght of the cuboid are in the
ratio 2:1:1 respectively, find its total area
A. 108cm?

B. 90cm?
C. Soom? b’b’
D. 75cm? \Q’b

12. A sector of a circle with radlus subtends an angle 60°at the centre. Calculate its
perimeter in forms of

A. 2( +6) \C’\
B. 2( +3) QJ
C. 2( +8) Q

D. 2 ( +6) QQ\

13. The volume g&)ne of height 3cm is 38'/>2cm?. Find the radius of its base
A = 30
B- 25
C. 2§
ng®

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. 2.5cm
B. 23 cm
C. 28cm
D. 3.5¢cm

15. The volume of a cuboid is 54cm?. 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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96 cm?
90 cm?
86 cm?
94 cm?

oSawp

16. A sector of a circle of radius 14cm containing an angle 60° is folded to form a cone.
Calculate the radius of the base of cone
A. 3.5cm
B. 3cm

C. 7cm \
D. 33 cm Q

17. The angle of a sector of a circle of radius 8cm is 240°. This Sector is ‘erg form a cone.

Find the radius of the cone.
16

; Q
o L 0$
o Q

© 3

18. The angle of a sector of a circle radius 7cm§h)° calculate the perimeter of the sector
(Take =?2%/7)
A.272cm @
B. 27 cm
C. 28cm
D. 27.5cm

A.

19.

Cal he area of the shaded segment of the circle shown in the diagram (Take = 22/7)
A045 cm?
1.4 cm?
C. 10.5cm?
D. 13.48 cm?

20. The angle of a sector of a circle radius 10.5cm is 120°. find the perimeter of the sector
(Take =?%2/7)
A. 43 cm
B. 42cm
C. 4l cm
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D. 44 cm

21. A sector of a circle radius 6cm had an angle of 105° at the centre calculate its (i)
Perimeter (Take =%2/7)
A. 33 cm
B. 54 cm
C. 50 cm
D. 25 cm

[Take =2%/1]
A. 246 cm

B. 357 cm < D,
C. 462 cm 4\
D. 200 cm 0

22. The angle of a sector of a circle of radius 35cm is 288° . Find the perimetikga sector

23. Calculate the total surface area of a solid cone of slant 'ﬁcm and base radius 8cm
in terms of

A. 184 cm? Q
B. 164 cm?

C. 123 cm?

D. 176 cm? fbb

24.

The solid is’ er surmounted by a hemispherical bowl calculate its volume ( =%2/7)
A.2258.61 c
B. 23451 cm?
C. 3660234 cm?
\D./ .87 cm?
25. A solid cylinder of radius 7cm, is 10cm long. Find its total surface area
A. 238 cm?
B. 84 cm?
C. 184 cm?
D. 254 cm?
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Answer

© N kWD =

e e e e e e e e e e R (@)
S % 2 bk wWDD = o

=
>%>o>cwcw>oww>cwcw>cow
G

21.

2

24. D
25. B
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Appendix 11
Students’ Attitude Questionnaire (SAQ)
Section B: Please note the following abbreviation SA= Strongly Agree, A= Agree, N=

Neutral, D=Disagree, SD= Strongly Disagree

SINO SA|  A| N4\ sp
1 CAI helps me understand geometry topics q i
better. 0
2 I feel more confident in my geometry abilities
when using CAL ~
3 I believe CAI is a valuable tool for 9 \)
supplementing  classroom instruction in ﬁk
geometry. N
4 CAI helps me visualize geometry concepts<gv
more clearly.

[ 4

5 I am satisfied with the variety of rimg‘

available through CAI for learning geo

students who struggle with geom

6 I believe CAI can help bridge ;t?:’@’ for
~\

7 I believe CAI should 'a\&iarated more
extensively into the geomK curriculum.

R\

8 Using CAI for_geeihetty enhances my overall
academic achie nt.

\
9 I feel \\pared for geometry assessments
after using*CAL
10 fb;ould recommend the use of CAI to my

“\ Q)eers for learning geometry topics.
A4
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Appendix 11T

Students’ Motivation Questionnaire (SMQ)

S/NO SA A N SD
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. ‘Q
4 I am confident in my ability to solve geometry ( }
problems. ( N
5 Learning geometry will be helpful for my future /\ -~
education or career. (\
. > N
6 I find geometry easier to learn compared to §§
other math topics. N D
7 I am motivated to learn geometry because it j~N_)
improves my logical thinking. Q
8 I enjoy practicing geometry problems ou (ﬁ‘bl
class.
9 I feel a sense of accomplishment W@TVG a
difficult geometry problem.
10 Geometry is one of my fa@ subjects in
school.
11 Learning geometry wi @p me achieve better
grades in math.  °
12 I am motivated carh geometry because it is
required for myac emic success.
13 I often fe h%vated to learn geometry when I
see ho‘( \ lies to real-world problems.
14 W concentrate better in geometry class
t}% ther subjects
15 \%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 Q\
Mode of Lesson: Projector or White Marker Board Q/O
Objective: By the end of the lesson, the students should be @

1. define arc and chord of a circle : S ’

ii. identify and label the arc and chord of a circle Q

iii. understand the relationship between chords ;@

iv. applying understanding of chord sand src e problem

Textbook: Comprehensive Mathematics\for'\Senior Secondary School Students by D. B. Adu,
Revised Edition. KC)\
Instructional Aids: Proj ec@gﬁte board, Circle diagram print out, markers and protractor

Previous Knowledge: h%dents are familiar with drawing of circles
Introduction:&%‘:er introduces the topic by defining Arc and Chord
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Step 1: Definition of Arc and Chord

e 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).

e Chord: A chord is a straight line segment whose endpoints both lie on the circle%entially,

it connects two points on the circumference of the circle. The longest chorc@kircle is the

diameter, which passes through the center. ;\

Step 2: The teacher shows the student the Diagram Showi ¢ and Chord of a Circle

Q

B l/ \Q Chord of a circle
\ A segment whose

Arc

Central Angle
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1.

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 =
9
360
Length of a Chord = x — \

Step 4: The students apply the formula taught in step 3 above in solv@ and Chord

related problems. 6\
Examples: %

1. Find the length of an arc of a circle of radius 7cm wh&nds an angle 84 degree at the

center of the circle. Q

2. Find the length of a chord of circle radius 6 @ihe chord subtends angle 80 degree at the

center. @
Solution to Question One .@
Length of an Arc =: . Aé

&
A

x 2

(oY)

60

o4 X 2 x22x7
360

O
rb %xll
N4

90
=103
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Solution to Question Two

e Length of a Chord =

2 xsinz
=2 %6 xsinﬁ
2
=2x6 x 40 Q\
= 12 x0.6428 Q/O
=7.7cm ’\

Evaluation: The teacher evaluates the students by aski@ons on the topic thought.

Assignment:
A

1. An arc of a circle is 17.6 cm. If the angle @ded at the centre by the arc is 72 degree.

Calculate the radius of the circle. @

2. A chord of length 9 cm s draw1tb;‘& ircle of radius 16 cm. Find the angle subtended at

the center by the chord to t‘h@st whole number.

&
A

\?:Z>6
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