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Chapter One

Introduction

1.1 Background to the Study

Mathematics holds an indispensable role across numerous domains. Providing

foundational mathematical education to every child is not merely a luxury but an absolute

imperative. Its significance extends beyond its own domain, as it equips individuals with

skills applicable to various spheres including science, technology, business, medicine,

humanities, and more. Diverse stakeholders such as researchers, educators, parents, social

scientists, politicians, and others have consistently emphasized the value and necessity of

mastering Mathematics. A variety of sources echo this sentiment, portraying Mathematics as

a fundamental life skill. Its relevance traverses professions, fields without underscoring the

importance of comprehending this subject thoroughly. Despite its perception as timeless,

practical, and elegant, students are encouraged to actively engage in Mathematics classrooms.

Notably, for the majority of non-science college graduates, proficiency beyond basic

arithmetic is seldom essential for success. This reality prompts concern among educators

who advocate for a shift in teaching methodology from rote procedures to conceptual

understanding aligning with the notion that Mathematics should be approached as a cognitive

endeavor. The pursuit of Mathematics for societal progress is readily apparent in national

development strategies of both advanced and developing nations. The significance of

Mathematics within the realms of science and technological advancement cannot be

downplayed, particularly in uncovering fundamental truths, especially those pertaining to the

natural world1.
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Mathematics stands as one of the most powerful tool for honing the intellect. Any

nation's journey towards scientific and technological progress, as well as its expansion

beyond its workforce capabilities, hinges upon a solid grasp in basic Mathematics. Serving as

the cornerstone of all sciences, Mathematics is imperative for cultivating the intellectual

potential of our youth and should undoubtedly be imparted with careful attention.

Mathematics offers the framework and approach for delving into nearly all significant

contemporary fields of study, serving as the essential tool for comprehending the world we

inhabit2.

In the context of the National Transformation agenda, progress is intrinsically linked

to the effective utilization of Mathematics. Mathematics, often referred to as the cornerstone

of sciences, assumes a pivotal role within the National Transformation agenda, serving as an

indispensable instrument across diverse domains such as natural science, engineering,

technology, medicine, and social science. The significance of Mathematics transcends its role

as a mere academic pursuit; rather, it serves as a catalyst for honing an individual's capacity

for logical reasoning and adept problem-solving. Functioning as a versatile tool, Mathematics,

along with its associated knowledge and competencies, forms the very foundation upon

which societal metamorphosis and the translation of concepts into tangible reality rest. This

subject constitutes a fundamental component of our daily undertakings and assumes a central

position in various spheres, particularly in the realm of numerical operations inherent in

everyday calculations, measurements, computations, and notably, commercial transactions.

In essence, Mathematics encapsulates a distinctive approach to cognition and numerical

manipulation, necessitating methodical and dynamic cognitive engagement to discern
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patterns, correlations, and symbolic representations. Its scope extends to encompass not only

the resolution of challenges but also the potential to facilitate effective communication3.

Similar to other scientific disciplines, Mathematics embodies a collection of

established truths that have been attained through a dependable methodology, affirmed

through practical application, and ratified through the consensus of proficient authorities. At

its core, Mathematics revolves around abstract notions and conceptual frameworks, entities

that subsist solely within the collective cognizance of humankind. This characteristic endows

Mathematics with a dual nature it assumes as the characteristics of both a science and a facet

of human culture, attributable to its capacity for consistent replication. The bedrock of

Mathematics rests upon deductive inference, even though humanity's initial interaction with

Mathematics was characterized by an inductive approach. This signifies that the

underpinnings of Mathematics emerge from the exploration of logical and philosophical

concepts4.

In the educational curriculum of Colleges of Education, the inclusion of Basic

General Mathematics serves the purpose of enhancing the skills and competencies. This

version of Basic General Mathematics corresponds to the mathematical content covered

during their secondary school education. The scope of Basic General Mathematics

encompasses students across all levels within Colleges of Education. Year I students engage

with topics such as Binary numbers, conversion between base 2 and base 10, Set theory

including definitions, notations, and diagrams, Fundamental operations involving fractions

and whole numbers, as well as concepts like Fractions, decimals, and approximations,

Indices and surds, Manipulation of formulae, Simplification and factoring of elementary
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algebraic expressions, Solving basic algebraic equations using different methods, Tackling

straightforward word problems, Exploring Ratios, percentages, simple and compound

interests, and various forms of Variation including direct, inverse, joint, and partial

variations5.

Upon progressing to Year II, students delve into subjects such as Rearranging

formulae, Units of measurement pertaining to time, currency, length, mass, weight, area, and

volume. They engage in computations related to the areas and volumes of 2 and 3-

dimensional shapes, including triangles, squares, rectangles, cylinders, and more. The

exploration extends to the properties and classifications of 2 and 3-dimensional shapes, as

well as different types of angles, encompassing horizontal, vertical, parallel, and

perpendicular lines. Data collection methodologies and sources are introduced, along with

techniques for data representation through mediums like pictograms, bar charts, and pie

charts5.

Advancing to Year III, students encounter topics such as Frequency distribution,

Histograms, and cumulative frequency distributions. They delve into measures of central

tendency including Mode, Median, and Mean, as well as measures of dispersion like Range,

Mean Deviation, and Standard Deviation. Lastly, the curriculum covers elementary

probability theory and its applications. The structured progression through these

mathematical topics aims to equip students with a comprehensive mathematical foundation,

catering to their evolving cognitive capacities and academic growth5.

The historical significance of Mathematics as one of the earliest academic disciplines

cannot be disputed. Its indispensability for personal and societal advancement remains
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paramount. Mathematics permeates various aspects of daily existence, encompassing realms

such as political dynamics, economic activities, scientific pursuits, and technological

innovation. Regrettably, despite its paramount relevance, this venerable discipline often finds

itself at the periphery of learners' preferences. Its identity as a vital monarch, ruler, and

humble assistant is frequently overshadowed by a lack of enthusiasm from students. A

disheartening trend of poor performance in Mathematics is observable across all educational

tiers, spanning from primary education upwards. This trend is particularly a concern as

students, even at an early stage, start expressing discontent with Mathematics, despite its

foundational role in national progress. The pedagogical delivery and absorption of

Mathematics knowledge encounters multifaceted challenges, culminating in consistent

underachievement. Researchers, parents, and Mathematics educators are concerned by this

issue, prompting a thorough exploration of the factors contributing to this distressing pattern

of substandard mathematical proficiency6.

The issue of concern on students’ performance in Mathematics becomes evident in

the insufficient number of Mathematics Educators. Without proficient and knowledgeable

educators, students lack the opportunity to acquire the essential competencies that are vital

for propelling Nigeria's technological advancement. A solid and well-informed instructional

foundation is crucial to students’ ability to grasp the intricacies of technological

transformation via skilled guidance. In cases where the instructor's expertise merely

surpasses that of the students by a small margin, they might struggle to provide a

comprehensive elucidation of complex concepts that demand deeper comprehension. An

educator whose grasp of the subject matter is constrained may struggle to effectively convey
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the content, leading to a disconnect between theoretical concepts and their practical

application. Consequently, this shortfall in the teacher's understanding inadvertently widens

the chasm between knowledge and its real-world utilization. This, in turn, detrimentally

impacts students' grasp of the applicability of the subject matter7.

A significant portion of Nigerian students harbor apprehension and aversion towards

Mathematics, primarily due to the perceived abstract nature of its concepts. The immediate

relevance and practical application of the subject often elude many students, leaving them

questioning its pertinence to their daily lives and the professional landscape. Consequently,

they grapple with the notion of why they should invest effort in studying Mathematics. For

these youthful intellects, Mathematics persists as an enigmatic realm detached from tangible

reality. In the realm of secondary education, Mathematics is frequently perceived as a

prerequisite solely for securing admission into higher educational institutions. This viewpoint

overlooks the subject's broader educational and cognitive merits, relegating it to the status of

a mere stepping stone rather than recognizing its inherent value. It is disheartening to observe

that Mathematics continues to hold its position as one of the subjects with the lowest pass

rates in Nigerian schools, despite its significance and the amount of instructional time

dedicated to it within the typical educational framework8.

The curriculum stands as a pivotal tool within the educational framework, embodying

profound importance. It serves as the very core and vital force propelling educational

programs and practices forward. The failure to enact a functional curriculum carries

detrimental consequences for any educational system. The Mathematics curriculum, from the

moment modern Mathematics was introduced to Nigeria, has been a subject of ongoing
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debate among educators and practitioners in the field. This contention arises due to its

foreign origins, rendering it ill-equipped to adequately address the unique needs of both the

Nigerian populace and its educational landscape. Historically, the Mathematics curriculum in

Nigerian secondary schools has been largely determined by the National Educational

Research and Development Council (NERDC). It is an educational organization that

develops and promotes curriculum materials and research for the Nigerian educational

system. The National Educational Research and Development Council (NERDC) in Nigeria

was established in 1973. It was created to coordinate and oversee educational research and

curriculum development in the country. NERDC's primary goal is to ensure the development

of a robust and relevant educational system in Nigeria. This ongoing clash over curriculum

content predictably leads to a deficiency in effectively conveying Mathematics concepts to

students within the system. As a consequence, it is clear that the effective transmission of

Mathematics knowledge to students remains a consistent challenge. The amalgamation of

external curriculum components and the inherent characteristics of Mathematics and its

concepts instills a heightened sense of fear and aversion within the minds of learners9.

The matter of financial support from governmental and pertinent entities has emerged

as a significant obstacle in the realm of Mathematics education. The allocation of budgetary

resources to the education sector has consistently fallen far short in comparison to funding

dispensed by more advanced nations and certain developing economies10. Within Nigeria's

context, the education sector has not commanded the paramount position in budgetary

allocation that it rightfully merits, thus marking a prolonged period of underserved
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prioritization. Following instances of inadequate achievement, particularly evident in a

subject like Mathematics, the repercussions often extend to closely related fields11.

Class size is another issue of concern in relation to Mathematics performance. It is an

instructional instrument characterized as the average count of students within a school

classroom which signifies the ratio of students to teachers within a class, serving as a metric

to evaluate the effectiveness of the education system12. The number of students in a

classroom has a multifaceted impact on the learning experience. It can influence students

interactions, potentially leading to disruptive behavior that constrains the types of

instructional activities a teacher can facilitate. Moreover, it influences the extent to which a

teacher can dedicate time to individual students and address their specific learning

requirements, as opposed to focusing solely on the entire group. Smaller class sizes facilitate

a more targeted and attentive approach to addressing individual needs. Additionally, class

size affects how teachers apportion their time and, consequently, their overall effectiveness.

This is reflected in considerations such as the amount of course outlines that can be covered

comprehensively. Conversely, an overcrowded classroom involves a substantial number of

students sharing one confined space. Such environments are more prone to inadequate or

low-quality teaching resources, insufficient lighting, compromised safety measures,

inadequate ventilation or air conditioning, shared learning materials, and students being

compelled to sit on the floor13.

Gender emerges as a factor highlighted in literature for its substantial influence on

students' academic performance, particularly within scientific subjects. Gender encompasses

a spectrum of physical, biological, mental, and behavioral attributes that distinguish and
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differentiate between the female and male populations. The significance of scrutinizing

performance within the context of gender stems primarily from the socio-cultural distinctions

existing between girls and boys. Certain occupations and fields have historically been labeled

as male-dominated (such as engineering, arts and crafts, agriculture, etcetera), while others

have been categorized as female-oriented (like catering, typing, nursing, etcetera)14.

For a more comprehensive understanding of how to enhance Mathematics education

within the classroom, delving into the diverse approaches to Mathematics instruction across

various educational levels proves insightful. Each society harbours a unique teaching culture

that profoundly influences students' encounters with Mathematics. Notably, instructional

sessions often exhibit noteworthy variations from one society to another. While the

prescribed Mathematics curriculum might remain consistent between any two societies, the

methods employed to impart its content can differ significantly. Mathematics educators

employ a diverse array of teaching methods and techniques in their daily interactions within

the Mathematics classroom, aiming to foster greater interactivity and practicality in their

instruction. The dynamic relationship between teachers and students serves as the bedrock of

the educational environment. In order to foster positive interaction, educators employ

strategic teaching approaches designed to render learning relevant and advantageous. Various

teaching methods and techniques are at the disposal of Mathematics educators, offering a

spectrum of options to choose from. Among the array of available options, several teaching

methodologies can be harnessed, including the seminar method, lecture method, discovery

method, deductive method, heuristic method, analytic method, synthetic method, cooperative

method, laboratory method, and more. When it comes to Mathematics, instructors judiciously
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opt for the most suitable methods tailored to the subject's topics, content, and the specific

requirements of the learners15.

The Third International Mathematics and Science Study (TIMSS), conducted during

1994–1995, represented a substantial and all-encompassing exploration into the realm of

Mathematics education and learning across various global regions16. This extensive study

scrutinized Mathematics achievement across over forty nations. Remarkably high-ranking

countries on the assessment encompassed Singapore, Korea, and Japan, with their eighth-

grade average scores standing at 643, 607, and 605, respectively. Conversely, Canada,

England, and the United States achieved notably lower scores, with eighth-grade mean scores

of 527, 506, and 500, respectively. Subsequent iterations of the TIMSS in 1999, 2003, and

2007 revealed a consistent and enduring disparity in achievement between students in the

United States and their peers in other advanced industrialized countries17. Conducted on a

quadrennial basis, the study enrolls students from an expansive array of countries across

varying grade levels. The most recent iteration took place in 2019, with the subsequent one

scheduled for 2023, under the acronym TIMSS, which stands for Trends in International

Mathematics and Science Study. Beyond solely assessing students' academic performance,

the TIMSS investigations have also brought to light determinants that potentially elucidate

disparities in achievement among different nations18.

This analytical aspect proves particularly valuable in elucidating distinct

methodologies employed in Mathematics instruction between the United States and Japan.

Specifically, the study characterizes the Japanese pedagogical approach as one where

educators assume a more passive role, allowing students to devise their own problem-solving
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procedures. Nevertheless, teachers meticulously structure and choreograph lessons to guide

students toward employing recently introduced procedures. This approach could aptly be

encapsulated by the term "structured problem solving". In contrast, the United States

pedagogical approach does incorporate content, albeit at a less advanced level, necessitating

considerably less mathematical reasoning. Instructors in the United States often present

definitions of terms and showcase step-by-step procedures for solving specific problems.

Students are then asked to memorize the definitions and practice the procedures19.

In Indonesia, the learning of Mathematics within the High School Curriculum of 2013

is designed with a dual purpose. Beyond comprehending and attaining proficiency in a

diverse array of mathematical concepts, students are also expected to apply this knowledge to

address challenges encountered in their daily lives. Moreover, students are also anticipated to

develop the capability to independently discover and grasp various mathematical concepts

during their learning encounters20. School-based curriculum standards elucidate the necessity

for students to cultivate a collection of mathematical competencies that become evident as a

result of the learning process21. The enhancement of students' cognitive abilities is imperative

to ensure a precise comprehension of Mathematics.

In Nigeria, one of the prominent organizations that conducts mathematics

competitions and exams to promote mathematics improvement is the National Mathematical

Centre (NMC). They organize various mathematics competitions and programs for students

at different levels, including the Nigerian Mathematics & Sciences Olympiad, which is a

nationwide competition designed to foster excellence in mathematics and the sciences.
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Additionally, organizations like the Mathematical Association of Nigeria (MAN) also play a

significant role in promoting mathematics education and organizing mathematics-related

events and competitions. These organizations provide platforms for students to enhance their

mathematical skills and knowledge in Nigeria. Nigeria has its own mathematics-related

events and competitions that are organized by various institutions and bodies to promote

mathematics education and identify talented individuals. Some of the notable ones in Nigeria

include:

i. National Mathematics Competition (NMC): The National Mathematics Competition is

organized by the National Mathematical Centre (NMC) in Nigeria. It is one of the most

prestigious mathematics competitions in the country. The competition is open to students

at both the junior and senior secondary school levels. NMC aims to promote interest in

mathematics and identify and nurture young mathematical talents.

ii. Cowbellpedia Mathematics Competition: This is one of the largest mathematics

competitions for students in Nigeria. Organized by Promasidor Nigeria, Cowbellpedia

focuses on junior and senior secondary school students. The competition has gained

popularity and is known for its challenging mathematics problems.

iii. Nigerian Mathematics and Sciences Olympiad: This competition is aimed at promoting

the study of mathematics and sciences in Nigeria. It includes subjects like mathematics,

physics, chemistry, biology, and computer studies. Winners often represent Nigeria at

international competitions.
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iv. Mathematics Without Borders (MWB) Nigeria: MWB is an international mathematics

competition that also has a presence in Nigeria. It provides students with challenging

mathematical problems and helps in promoting excellence in mathematics.

v. African Mathematics Millennium Science Initiative (AMMSI): Although not a

competition in itself, AMMSI organizes workshops, conferences, and programs to support

mathematics research and education in Nigeria and across Africa. These events bring

together mathematicians and students to foster learning and research in mathematics.

vi. Regional Mathematics Olympiad (RMO): Nigeria also participates in the Regional

Mathematics Olympiad, which serves as a qualifying competition for the International

Mathematical Olympiad (IMO). Winners of the RMO represent Nigeria at the IMO,

competing against students from around the world.

A prominent hurdle encountered in the teaching and learning process pertains to

discerning the most effective teaching approaches and strategies that harmonize with

students' individual learning styles. A teaching method encompasses the principles and

techniques employed by educators to facilitate students’ learning. These strategies are

influenced both by the subject matter being taught and the inherent characteristics of the

learners. In order for a specific teaching approach to be effective and fitting, it needs to align

with the attributes of the learners and the desired outcomes of the learning process.

Consequently, the design of instruction and the choice of teaching methods must consider not

only the inherent nature of the subject matter but also the intricacies of how students engage

in the learning process21. This study aims to determine the more effective teaching strategy

using inductive and deductive teaching strategies.
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The inductive approach involves presenting a mathematical context that includes the

target rules, enabling students to deduce these rules through practical examples and

contextual understanding. In essence, this approach progresses from setting up a scenario and

offering illustrative instances to reaching a broader generalization. In this process, students

either independently or with the guidance of the teacher, uncover such generalizations. In the

inductive approach, educators present a series of examples to students, prompting them to

recognize patterns and formulate generalizations or concept rules. This approach follows a

trajectory from the specific to the general. Learners are initially presented with multiple

examples showcasing a particular mathematical structure across diverse contexts. Their task

is to deduce the underlying rules themselves. Subsequently, these rules are applied in various

exercises and contexts to deepen their understanding of how they operate in practice.

The deductive approach to teaching Mathematics involves initially presenting

students with the mathematical rules, which are subsequently employed in problem-solving.

In this method, the teacher proceeds from the broader scope of general rules to the narrower

realm of specific applications, resembling what can informally be termed a "top-down"

approach.

Within the deductive approach, a mathematical rule is initially introduced explicitly

by the teacher, followed by examples showcasing the application of the rule. Subsequently,

students engage in practicing the rule through a variety of exercises. In essence, this method

moves from providing general information to progressively delving into more specific details.

The deductive approach serves to facilitate the learners' grasp by enabling them to discern

patterns and trends that might otherwise remain unnoticed. This is accomplished by offering
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learners clear interpretations of rules and allowing them time to internalize these rules before

being required to apply or generate structures that they may not yet fully comprehend.

Additionally, this approach affords teachers a streamlined and efficient way to impart rules,

creating more room for dedicated practice of the underlying concepts.

The academic performance of college students in Basic General Mathematics across

three consecutive sessions (2019/2020, 2020/2021, and 2021/2022) was evaluated based on

available records. A comprehensive analysis indicates a consistent decline and below-par

achievement rate in the pass percentages within the three chosen Colleges located in Oyo

State. Specifically, at Emmanuel Alayande College of Education, a total of two thousands

one hundred and forty two (2,142),two thousands and fifty four (2,054), and one thousand

five hundred and twenty six (1,526) students participated in the Basic General Mathematics

examinations during the three consecutive sessions. The corresponding counts of students

who successfully passed were one thousand nine hundred and seventy two (1,972), one

thousand eight hundred and forty nine (1,849) and one thousand three hundred and forty

three (1,343) respectively. A similar trend was observed in Federal College of Education

(Special), Oyo, where three thousands and nineteen (3,019), two thousand five hundred and

eighty four (2,584) and two thousands four hundred and seventy five (2,475) students took

the examinations across the three sessions. Out of these, the counts of students who secured

passing grades were two thousand eight hundred and thirty eight (2,838), two thousands three

hundred and seventy seven (2,377) and two thousand and two hundred (2,200). Similarly, at

Oyo State College of Education, Lanlate, the number of students who sat for Basic General

Mathematics in the three sessions were six hundred and forty two (642), six hundred and
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twenty five (625) and four hundred and eighty nine (489). Among them, six hundred and ten

(610), five hundred and seventy five (575) and four hundred and thirty five (435) students

respectively achieved passing scores. Refer to Appendix 1 for detailed information22. This

study will look into how inductive and deductive teaching strategies affect students’

academic achievement in Oyo’s Colleges of Education in Basic General Mathematics.

1.2 Statement of the Problem

The academic performance of students in Basic General Mathematics across Nigerian

Colleges of Education has exhibited a noticeable decline over time. This discouraging trend

has raised concerns among various education stakeholders. Multiple factors contribute to this

issue of low academic achievement in Basic General Mathematics, these include the teaching

methods employed by educators and the class sizes. In light of these challenges, this study

aims to address this issue by implementing specific teaching strategies to intervene and

rectify the problem. As such, the study focuses on investigating the effects of inductive and

deductive teaching strategies on students' academic achievement in Basic General

Mathematics within Colleges of Education located in Oyo State.
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1.3 Aim and Objectives of the Study

The aim of this study is to investigate the effect of inductive and deductive teaching

strategies on students’ academic achievement in Basic General Mathematics in Colleges of

Education in Oyo State.

The objectives of the study are to:

i. determine the frequency distribution on students’ academic achievement on Basic

General Mathematics in Colleges of Education in Oyo State.

ii. examine the effect of :

a. inductive teaching strategy,

b. deductive teaching strategy and

c. conventional teaching strategy

on students’ achievement in Basic General Mathematics in Colleges of Education in

Oyo State.

iii. investigate the effect of :

a. gender and

b. class size

on students’ achievements in Basic General Mathematics in Colleges of Education in

Oyo State.

iv. identify the interaction effect of treatment (inductive and deductive teaching

strategies) and gender on students’ achievements in Basic General Mathematics in

Colleges of Education in Oyo State.

v. identify the interaction effect of treatment (inductive and deductive teaching
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strategies) and class size on students’ achievements in Basic General Mathematics in

Colleges of Education in Oyo State.

vi. identify the interaction effect of treatment (inductive and deductive teaching

strategies), gender and class size on students’ achievements in Basic General

Mathematics in Colleges of Education in Oyo State.

1.4 Research Question

1. What are the frequency distribution of students’ achievements for pre-test and

post-test in Basic Mathematics Achievement Test (BMAT)?

1.5 Hypotheses

Based on the stated problems, the following hypotheses will be tested at a 0.05 level

of significance

H01: There will be no significant main effect of:

i. Inductive teaching strategy

ii. Deductive teaching strategy

iii. Conventional teaching strategy

on students’ academic achievement in Basic General Mathematics in

Colleges of Education in Oyo State.

H 02: There will be no significant main effect of:

i. Gender

ii. Class size

on students’ academic achievement in Basic General Mathematics in
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Colleges of Education in Oyo State.

H03: There will be no significant interaction effects of treatment (inductive, deductive and

conventional teaching strategies) and Gender on students’ academic achievement in

Basic General Mathematics in Colleges of Education in Oyo State.

H04: There will be no significant interaction effects of treatment (inductive, deductive and

conventional teaching strategies) and Class Size on students’ academic achievement in

Basic General Mathematics in Colleges of Education in Oyo State.

H05: There will be no significant interactions effects of gender and class size on students’

academic achievement in Basic General Mathematics in Colleges of Education in Oyo

State.

H06: There will be no significant interactions effects of treatment (inductive, deductive and

conventional teaching strategies), Gender and Class Size on Student Academic

Achievement.

1.6 Significance of the Study

The current study aims to delve into the effectiveness of inductive and deductive

teaching approaches in enhancing students' academic performance in Basic General

Mathematics at the NCE (Nigeria Certificate in Education) levels of education. By

conducting this research, Mathematics educators, instructors, and researchers will gain a

deeper understanding of which teaching strategy aligns best with the students' level of

achievement. Furthermore, the study will facilitate the cultivation of a constructive

perspective among teachers toward students' achievements. This study holds the potential to

inform teaching practices and strategies that optimize students' learning outcomes and
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overall engagement in Mathematics education.

Furthermore, it is expected that the outcomes of this study will offer empirical

insights into the influence of these variables on students' academic achievements. Educators

stand to benefit from the results of this research, as the findings will provide them with

valuable information regarding the significance of employing both inductive and deductive

teaching methods. This enhanced understanding can guide teachers in making informed

choices about instructional approaches, ultimately contributing to improved teaching

practices and student learning outcomes.

In addition, this study holds relevance for policymakers within the education sector,

aiding them in formulating effective and efficient decisions concerning educational practices

within the country. Furthermore, the study could serve as a foundational resource for future

research endeavors, paving the way for continued exploration and advancement in the field

of Mathematics education. The insights gained from this study have the potential to inform

policy directions and scholarly investigations aimed at enhancing the quality of education

and student achievements in the long term.

1.7 Scope of the Study

The study encompasses the entire population of Year Two students within Colleges

of Education situated in Oyo State. The content scope focuses specifically on the topic of

expansion and factorization of algebraic expressions in the context of Basic General

Mathematics as taught in Colleges of Education in Oyo State. Geographically, the study's

purview is confined to Oyo State, located in the Southwestern region of Nigeria. The

institutions under examination comprise Emmanuel Alayande College of Education, Oyo
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and Oyo State College of Education, Lanlate which are state owned government and Federal

College of Education (Special), Oyo, which are all located in Oyo State.

1.8 Limitation of the Study

The study's primary objective centers around investigating the effects of inductive

and deductive teaching strategies on students' academic achievements in the realm of Basic

General Mathematics. This exploration is specifically conducted within the context of three

Colleges of Education located in Oyo State, namely Emmanuel Alayande College of

Education, Oyo, Oyo State College of Education, Lanlate and Federal College of Education

(Special), Oyo.

1.9 Operational Definition of Terms

The following terms were operationally defined as they were used in the study:

Students’ Academic Achievement: Students’ academic achievement refers to the extent to

which a learner has attained in Basic General Mathematics.

Inductive Teaching Strategy: This is an umbrella term that encompasses a range of

instructional methods, including inquiry learning, problem-based learning, case-based

teaching, discovery learning, and just-in-time teaching of Basic General Mathematics.

Deductive Teaching Strategy: This is a teaching method which leads us from particular to

general, and unknown to known in Basic General Mathematics.

Conventional Teaching Method: This refers to the traditional method of teaching where

teachers and learners meet in a classroom setup for teaching-learning process to take place.

This often includes whole-class lectures, teacher-led instruction, pre-planned units, plenty of

structures, objective modes of assessment such as grades in Basic General Mathematics.
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Colleges of Education: The College of Education is one of the tripods of tertiary education

in Nigeria with the primary roles of training teachers who will be awarded the minimum

teaching qualification of Nigerian Certificate of Education (NCE). In this study, NCE II

students will be considered.

Basic General Mathematics: This is one of the courses offered at all levels in Colleges of

education. In this study, Year two students are used and algebra was considered (Expansion

and Factorizing of Algebraic Expression) which was done in their year one second semester.

Experimental Group: The group that will be taught Basic General Mathematics by the

researchers through inductive and deductive teaching strategies.

Control Group: The control group is the group that taught Basic General Mathematics by the

researcher using conventional teaching strategy.

Gender: It refers to the categorization of students as either male or female. It is a moderating

variable that is included to investigate whether the effect of inductive and deductive teaching

strategies on students' academic achievement in Basic General Mathematics varies between male and

female students. This variable will be recorded as "male" or "female" to distinguish between the two

categories of students.

Class Size: Class size, as used in this research, represents the number of students present in a

classroom during the experiment. It is a moderating variable included to explore whether the

influence of inductive and deductive teaching strategies on students' academic achievement in Basic

General Mathematics differs based on class size. Class size will be quantified as the actual number

of students in each classroom under investigation. The small class size is less than forty (40) while

large class size is above forty (40).
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Chapter Two

Literature Review

The review of related literature is discussed under the following subheadings:

2.1 Conceptual Review

2.1.1 Students’ Achievement

2.1.2 Concept of Class-Size

2.1.3Concept of Gender

2.1.4Concept of Basic General Mathematics

2.1.5 Inductive Teaching Strategy

2.1.6 Deductive Teaching Strategy

2.2 Theoretical Framework

2.2.1 Constructive Learning Theory

2.3 Review of Empirical Studies

2.3.1 Class size and Students’ Achievement

2.3.2 Gender and Students’ Achievement

2.4 Conceptual Model

2.5 Summary of Gap in Literature Reviewed

2.1 Conceptual Review

2.1.1 Students’ Achievement
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Academic achievement refers to a student's performance in educational settings, typically

measured through grades, test scores, and other indicators of learning and knowledge

acquisition. It is a critical aspect of a person's educational journey and can significantly

impact future opportunities and success1. It encompasses a wide range of outcomes,

including grades, test scores, class rankings, and overall knowledge acquisition. It can also

extend beyond formal assessments to include critical thinking, problem-solving abilities, and

practical application of knowledge2. Academic achievement is a complex and multifaceted

concept influenced by various factors such as:

a. Individual factors which include a student's innate abilities, motivation, study habits, and

attitude toward learning; growth mindset, where students believe in their ability to improve

through effort, can positively impact their academic achievement in mathematics3.

b. Socioeconomic factors which encompasses family income, parental education, and access

to educational resources can significantly affect a student's academic success. Students from

lower socioeconomic backgrounds may have limited access to resources, such as tutoring or

educational materials, which can affect their mathematics achievement. Students from

disadvantaged backgrounds may face more significant challenges4.

c. Teacher Quality: effective teachers can inspire and guide students to excel academically; a

supportive and skilled teaching environment is crucial5.The teacher attitudes and biases,

whether conscious or unconscious, can impact how they interact with students. This can

affect a student’s self-esteem and, consequently, their mathematics achievement.
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d. The academic performance of peers can also influence students. Positive peer relationships

and a culture of academic excellence can motivate students to achieve more in the subject

while a negative social environment can have the opposite effect6.

Students’ academic achievement is promoted by regular assessment and constructive

feedback the integration of technology into education7. Digital platforms, educational apps,

and online courses offer opportunities for self-paced learning. Students' mental and

emotional well-being must also be considered, high levels of stress and pressure can have

adverse effects on academic performance8. Promoting a balanced approach to education is

essential. Academic achievement in mathematics is achievable through a combination of

effective teaching strategies, a supportive learning environment, and a focus on conceptual

understanding9. Addressing math anxiety, providing differentiated instruction, and leveraging

technology are some of the ways educators can help students excel in mathematics and

develop essential problem-solving skills for the future10.

The issue of academic achievement among students in Nigerian schools has garnered

significant attention in the realm of education. When addressing this matter, it is crucial to

delve into the root causes of the problem. Numerous factors have been examined as the

underlying triggers for investigating the occurrences of both academic success and failure in

mathematics within the educational system. These factors have been analyzed from various

angles, encompassing elements such as students' attitudes, gender disparities, teachers' skill

sets, pedagogical approaches employed by educators, parental and familial impact, school

environment and location, inadequate educational funding, and more11.

The focal point of the research revolves around students' academic achievement in
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Basic General Mathematics, while variables such as gender and class size are considered

moderating factors due to their potential influence on academic achievement. The research

also considers inductive and deductive teaching strategies as the independent variables.

2.1.2 Concept of Class-Size

The term “class size” refers to the number of students enrolled in a particular class or

learning environment, with variations spanning from small groups to larger cohorts. It is a

multifaceted concept that intersects with various aspects of education, encompassing

pedagogy, classroom management, resource allocation, and student outcomes12. Class size is

an indispensable factor in the realm of education, wielding a profound influence on the

teaching and learning process13. It is a variable that permeates every educational setting, from

primary schools to higher education institutions, and plays a pivotal role in shaping the

educational experience of both teachers and students.

Class size is often viewed through the lens of instructional effectiveness. Class size is

measured as a student-teacher ratio, which indicates the number of students per teacher15. A

lower student-teacher ratio generally allows for more individualized attention and support for

students Smaller classes are believed to offer advantages such as increased individualized

attention from teachers, enhanced opportunities for student engagement, and potentially

improved academic outcomes. On the contrary, larger classes may present challenges in

maintaining an optimal teacher-to-student ratio, potentially leading to reduced student-

teacher interaction and a greater strain on educational resources. While smaller classes can

provide more opportunities for teacher-student interaction and personalized instruction16, the

impact on student achievement may vary depending on various factors, including teacher
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quality, instructional methods, and grade level. Students with special needs, such as those

with disabilities, may benefit from smaller class sizes, as it allows for more tailored support

and accommodations17. Smaller classes can be easier to manage for teachers, as it may lead

to fewer behavioral issues and disruptions18. This can create a more conducive learning

environment.

Additionally, class size can intersect with social and demographic factors, impacting

equity in education19. Class size can vary widely based on socioeconomic factors20. Schools

in disadvantaged communities may have larger class sizes due to resource constraints,

potentially exacerbating educational inequalities. Reducing class sizes can require additional

resources, including hiring more teachers and building more classrooms. This can be a

significant financial consideration for educational institutions Research has suggested that

students from marginalized backgrounds may benefit more from smaller class sizes, as it can

mitigate disparities in educational attainment. Class size is a critical factor in education and

has significant implications for both students and teacher21. The COVID-19 pandemic has

brought attention to class size as schools implemented remote and hybrid learning models22.

Maintaining smaller in-person class sizes has been a challenge to ensure social distancing

and safety23. Online classes can accommodate larger numbers of students, but effective

online teaching strategies are crucial to maintaining engagement and learning outcomes24.

Therefore, the implication of class size is crucial for ensuring that education remains

accessible and equitable for all.

The relationship between class size and mathematics achievement is a topic that has

been studied extensively. While the impact of class size on student achievement can vary
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depending on several factors, including grade level and teaching methods. Smaller class sizes

often provide students with more individualized attention from teachers, allowing for better

opportunities to ask questions, receive help, and engage in discussions. This can lead to

improved mathematics achievement, especially in early grades. Research has shown that

reducing class size in elementary schools, where foundational mathematics skills are taught,

can have a positive impact on student performance. Students in smaller classes may benefit

from increased teacher-student interaction. In some cases, the benefits of further reducing

class size may diminish beyond a certain point. The relationship between class size and

achievement tends to be more pronounced in very large classes, but the effects become less

significant as class size decreases below a certain threshold. The effectiveness of a teacher

plays a crucial role in student mathematics achievement. Smaller class sizes can be more

effective when combined with high-quality teaching methods and well-prepared educators.

Reducing class size significantly can be expensive, and education budgets often limit the

feasibility of maintaining very small classes. Schools may need to balance the benefits of

smaller class sizes with other educational priorities. Some students may benefit more from

smaller classes, especially those who require additional support, have learning disabilities, or

are struggling with mathematics. Smaller classes can allow for more targeted interventions. It

is important to note that while smaller class sizes can have a positive impact, they are just

one factor among many that influence mathematics achievement. Effective teaching methods,

curriculum design, and addressing other social and individual factors are also critical in

improving mathematics outcomes.
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2.1.3 Concept of Gender

Gender, as a multifaceted and intricate aspect of human identity, has permeated every

corner of society24. It is an integral part of the social fabric, influencing behavior,

expectations, and opportunities25. Understanding gender is not just a matter of

acknowledging the binary distinction between male and female; rather, it entails recognizing

the complex interplay of biological, social, cultural, and psychological factors that shape an

individual's sense of self and their role in society26. Gender, a fundamental aspect of human

identity, transcends mere biological distinctions. It is a complex social construct that

encompasses a spectrum of roles, behaviors, and expectations assigned to individuals based

on their perceived masculinity or femininity. Gender is deeply intertwined with culture,

history, and societal norms, shaping how people perceive themselves and interact with the

world27.

In its essence, gender transcends the mere classification of individuals as male or

female. It encompasses a spectrum of identities and expressions, from masculinity to

femininity and everything in between28. These identities can be fluid, evolving, and unique to

each person. The study of gender goes beyond the surface, delving into the intricate web of

norms, stereotypes, and expectations that society has woven around these identities. In

conclusion, gender is a multifaceted concept that permeates every aspect of society, including

education. Recognizing its intricate nature and its potential impact on teaching and academic

achievement is crucial for creating an equitable educational system. Some key aspects of the

concept of gender are:
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i Gender identity is an individual's deeply held sense of their own gender, which may

or may not align with the sex assigned to them at birth29. Some people identify as

cisgender, where their gender identity aligns with their assigned sex, while others

identify as transgender, where there is a disconnect between their gender identity and

assigned sex.

ii Gender expression refers to the way individuals outwardly express their gender

identity, which can include clothing, mannerisms, speech patterns, and more30. It can

be diverse and is not necessarily tied to one's biological sex.

iii Gender roles are societal expectations and norms regarding how individuals of

different genders should behave and the roles they should fulfill31. These roles can

vary significantly across cultures and time periods.

iv Gender stereotypes are preconceived notions and beliefs about what is considered

typical or appropriate for individuals of different genders32. These stereotypes can be

limiting and contribute to inequality and discrimination.

v Traditionally, many societies have adhered to a binary understanding of gender,

recognizing only male and female. However, a more inclusive perspective

acknowledges that gender exists on a spectrum, with a wide range of gender identities

beyond just male and female33.

vi Gender intersects with other aspects of identity, such as race, ethnicity, class, sexual

orientation, and disability. This intersectionality can lead to unique experiences and

challenges for individuals34.
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vii Legal and social recognition of gender identity varies around the world35. Many

countries have made efforts to acknowledge and protect the rights of transgender and

non-binary individuals, including legal recognition of gender changes and protections

against discrimination.

viii Gender equity advocates work to address inequalities and discrimination based on

gender36. Feminism is a movement that seeks to promote the rights and equality of

women but has evolved to encompass a broader range of gender-related issues.

It's important to note that discussions about gender are evolving, and there is increasing

recognition that gender is not solely determined by biological factors but is shaped by social

and cultural influences. Respect for diverse gender identities and expressions is a

fundamental aspect of promoting inclusivity and equality in society.

Gender and mathematics achievement have been a subject of study and discussion for

many years. There have been gender differences in mathematics achievement, with some

studies showing that, on average, boys have outperformed girls in mathematics. However,

these differences have been diminishing over the years and have become much less

pronounced in recent research. Stereotype threat can impact gender differences in math

achievement. When individuals believe in gender stereotypes suggesting that one gender is

superior in mathematics, it can create anxiety and hinder performance, particularly for girls.

Addressing and dispelling such stereotypes is important36. Cultural and societal norms can

influence gender differences in mathematics achievement. In some cultures, girls have been

discouraged or faced barriers in pursuing mathematics-related fields, affecting their
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achievement. Promoting gender equality in education can help mitigate these issues. There is

significant individual variation within genders. While there may be average differences in

mathematics achievement between boys and girls, many girls excel in mathematics, and

many boys may struggle with the subject. Recognizing and supporting individual abilities

and interests is crucial.

The effective teaching methods and curriculum design can impact the achievement of

both genders in mathematics. This ensures that mathematic instruction is engaging and

accessible to all students can help close achievement gaps. The teacher attitudes and biases

can also play a role in gender differences in mathematics achievement. It's important for

educators to provide equal opportunities and encouragement to all students, regardless of

their gender.

2.1.4 Concept of Basic General Mathematics

Basic general mathematics is an essential set of skills that empowers individuals to navigate

and make informed decisions in a numerically driven world. It forms the foundation for more

advanced mathematical learning and is integral to many aspects of daily life and professional

development. It encompasses a wide range of mathematical topics and principles that are

relevant to various aspects of daily living, problem-solving, and decision-making. Here are

some key aspects of the concept of basic general mathematics:

1. Arithmetic: Arithmetic is the foundation of basic mathematics and includes

operations such as addition, subtraction, multiplication, and division. These

operations are used in everyday tasks like budgeting, shopping, and cooking.
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2. Numeracy: Numeracy is the ability to work with numbers effectively. This includes

understanding number relationships, estimating quantities, and interpreting numerical

information, such as percentages and fractions.

3. Measurement: Measurement involves concepts related to length, area, volume, weight,

time, and temperature. Understanding measurement is crucial for tasks like

construction, cooking, and understanding weather reports.

4. Geometry: Basic geometry includes concepts such as shapes, angles, and properties

of two- and three-dimensional figures. It’s relevant for activities like home

improvement, navigation, and understanding spatial relationships.

5. Data Interpretation: Basic mathematics includes the ability to interpret and analyze

data, including reading and creating simple graphs and charts. This skill is essential

for making informed decisions based on data.

6. Algebraic Concepts: While basic mathematics may not delve deeply into algebra,

understanding basic algebraic concepts like equations, inequalities, and variables can

be valuable for solving real-world problems.

7. Financial Literacy: Basic mathematics plays a crucial role in financial literacy,

including budgeting, saving, understanding interest rates, and making informed

financial decisions.

8. Problem Solving: Basic mathematics is a key tool for problem-solving in various

domains, from everyday challenges to workplace tasks
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9. Practical Applications: Basic mathematics is used in a wide range of professions and

industries, including science, engineering, healthcare, finance, and more. It provides a

common language for solving problems and communicating ideas.

10. Life-Long Learning: Basic general mathematics is not limited to formal education; it

is a skill set that individuals can continue to develop and apply throughout their lives

to meet evolving needs and challenges.

2.1.5 Inductive Teaching Strategy

The inductive method centers around the principle of induction, which involves

establishing a universal truth by demonstrating that if a specific case holds true and remains

true across a sufficiently representative range of cases, then it holds true for all instances of

its kind. Utilizing an inductive teaching strategy can prove highly effective in facilitating

students' acquisition of mathematical knowledge. This pedagogical approach prioritizes

student engagement and participation, fostering an environment where learners take an active

role in their educational journey. Such a method aids in the cultivation of critical thinking

skills and problem-solving abilities among students. Within this approach, the initial stage

entails resolving a problem based on the learner's existing knowledge, thought processes,

reasoning, and insights. It is also known as a ‘bottom up approach37. During this phase, the

student lacks familiarity with any specific formula, principle, or technique for addressing the

given problem. Presented with a substantial collection of comparable examples, facts, or

entities, learners undertake the task of independently deducing a generalized solution for all

instances. Hence, they attain a broad conclusion or formulate an equation by employing a

persuasive method of logical deduction and resolving numerous analogous challenges38.
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Within this approach, instructors refrain from furnishing students with predefined rules and

equations. Instead, learners are exposed to a range of facts and instances. From these

instances, they are tasked with deducing rules or devising overarching formulas. This process

thus involves formulating a formula through the examination of a sufficient quantity of

specific examples. Consequently, the inductive teaching method guides us from the familiar

to the unfamiliar, specific to general, and from instances to comprehensive principles. Once a

multitude of specific scenarios have been comprehended, the learner gains the capability to

venture into generalizations independently. Various manifestations of inductive teaching

strategies exist, encompassing approaches such as discovery learning, inquiry-based learning,

problem-based learning, project-based learning, case-based instruction, and just-in-time

teaching37.

A comprehensive examination of the conceptual framework and foundational

research for inductive teaching has extended to exploring its application within Engineering

education. Additionally, the role of other student-centered methodologies, such as active and

cooperative learning, in the context of inductive teaching has been subject to investigation.

The shared characteristic among various inductive methods is the presentation of a challenge

to students, prompting them to acquire the necessary knowledge to tackle the challenge.

These methods diverge in terms of the complexity and extent of the challenge, as well as the

level of guidance provided by instructors as students strive to overcome the challenge.

Inductive approaches manifest in numerous forms, each of which can be executed with

varying degrees of instructor participation, and may involve formal facilitation of teamwork
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or not, with tasks completed predominantly within or outside the classroom, and so forth.

The subsequent sections provide a synopsis of findings from such meta-analyses.

i. Inquiry-based learning, also referred to as inquiry-guided learning or guided inquiry,

involves presenting students with a specific challenge. This challenge could take the

form of a question requiring an answer, an observation or dataset necessitating

interpretation, or a hypothesis demanding testing. Through the act of addressing this

challenge, students attain the intended learning outcomes. Like other inductive

techniques, the information essential for addressing the challenge isn't directly

conveyed in prior lectures or readings; however, it often draws upon pre-existing

knowledge. Research has consistently shown that inquiry-based learning tends to

outperform traditional science instruction in enhancing academic achievement and

fostering the growth of critical thinking, problem-solving, and laboratory skills40.

ii. Problem-based learning, often abbreviated as PBL, initiates by presenting students

with an open-ended, complex, real-world problem. Collaborating in teams, students

ascertain their learning requirements and formulate a viable solution. Instructors

assume the role of facilitators, prioritizing guidance over being the main dispensers of

information. The range of problems in problem-based learning can vary widely in

terms of their extent, encompassing single-topic, single-discipline issues solvable

within a few days, as well as multidisciplinary challenges that might require an entire

semester for resolution 41.

iii. Project-based learning and its hybrid forms: Project-based learning commences by

assigning one or more tasks that culminate in the creation of a final product a design,
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model, device, or computer simulation. The project concludes with a written and or

oral report that outlines the procedure employed in crafting the product and presents

the resultant outcome. Notably, the abbreviation PBL is commonly used to signify

both project-based learning and problem-based learning. An inherent trade-off

emerges between instructors adopting a relatively directive approach in selecting

projects, ensuring alignment with course and curriculum objectives, and providing

students the liberty to independently determine their project concepts and strategies,

which can enhance their motivation42.

iv. Case-based teaching: Within case-based teaching, students engage with the analysis

of case studies that pertain to historical or hypothetical scenarios involving problem-

solving and/or decision-making. These cases ought to authentically represent

situations anticipated in real professional contexts and can be sourced from narratives

in newspapers, magazines, or constructed through interviews with individuals directly

involved in the depicted situations43.

v. Discovery learning: Discovery learning represents an inquiry-based strategy wherein

students receive a question to address, a problem to solve, or a collection of

observations to elucidate. Subsequently, they operate in a largely self-directed manner

to fulfill their assigned tasks and deduce appropriate inferences from the results,

effectively "discovering" the essential factual and conceptual knowledge throughout

the process. In this method, students are presented with a challenge and left to

navigate the solution independently. While the instructor may offer feedback in

response to student endeavors, minimal to no guidance is provided before or during
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these endeavors. The distinct characteristics of discovery learning, compared to other

inductive approaches, encompass the absence of structured instruction and guidance

from the instructor, and the consequential reliance on trial and error by students. This

particularly rigorous form of inductive teaching was developed primarily for pre-

college education and has been seldom employed in undergraduate courses, with

limited empirical support for its effectiveness within that context44.

vi. Just-in-time teaching: Just-in-time teaching, commonly known as J.I.T.T., integrates

web-based technology with active learning strategies in the classroom environment.

Students independently engage with web-based assignments a few hours before the

class, providing answers to specific questions. The instructor evaluates their

responses ahead of the class and adapts the lesson plan accordingly, guaranteeing its

immediacy and pertinence. This cyclical process is repeated several times each week.

The incorporation of questions to guide the learning trajectory defines the inherently

inductive nature of this approach45.

In summary, the traditional approach to science and engineering education is

deductive, commencing with the introduction of fundamental principles in lectures and

progressing towards students practicing and applying the lecture material. In contrast, the

teaching methodologies addressed in this document namely inquiry learning, problem-based

learning, project-based learning, case-based teaching, discovery learning, and just-in-time

teaching take an inductive route. They commence with observations requiring interpretation,

queries seeking answers, issues necessitating resolution, or case studies demanding analysis.
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The knowledge, techniques, and proficiencies that the course aims to impart are acquired by

students, with varying levels of instructor guidance, through engagement with these exercises.

Steps in Inductive Teaching Strategy

By using inductive method following steps are used:

a. Presentation of Examples: As the initial phase, the teacher showcases numerous

instances of a similar nature, and the solutions to these particular examples are

collaboratively obtained with the involvement of the students.

b. Observation/Reflection: Following the resolution of numerous specific examples,

students engage in discerning and reflecting upon these instances, striving to derive

certain conclusions.

c. Generalization (Simplification): At this juncture, both the educator and students pool

their collective observations, systematically extracting common rules, laws, formulae,

or principles through reasoned collaborative discussions.

d. Testing and verification (authentication): In the fourth step, students assess and

validate the identified law, rule, or principle by subjecting it to examination using

other suitable specific examples. This meticulous process enables students to

logically attain proficiency in the inductive method, following the aforementioned

steps.

Advantages and Disadvantages of Inductive Teachings Strategy

In general the advantages and disadvantages of inductive strategy to teaching are

summarized below:

Advantages of an Inductive Teaching strategy
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i. Enhanced Cognitive Depth and Memory Ability: The involvement of mental

effort leads to heightened cognitive depth, subsequently facilitating greater

memory capacity46.

ii. Fosters Pattern Recognition and Problem-Solving: This approach particularly

supports learners with an inclination towards pattern recognition and problem-

solving, making it suitable for those who enjoy such challenges47.

iii. Active Involvement and Increased Motivation: Students become active

participants in the learning process, transcending the role of passive recipients.

This heightened involvement results in improved attentiveness and motivation.37.

iv. Meaningful and Memorable Rules: Rules that students discover on their own

tend to align more effectively with their existing cognitive frameworks

compared to rules presented to them. This alignment enhances the

meaningfulness, memorability and practical utility of the acquired rules48.

v. Cultivates Self-Reliance and Autonomy: Encouraging students to deduce

solutions for themselves prepares them for greater self-reliance and autonomy,

contributing to their overall development49.

Disadvantages of an Inductive Teaching Strategy

i. Considerable time and effort are expended in collaboratively deriving rules alongside

students.50.

ii. The duration spent on formulating a rule might detract from the time available for

implementing the rule in a productive manner50.
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iii. Teachers might be required to develop a lesson plan that involves the careful

selection and organization of data. This process aims to lead students towards a

precise understanding of a rule, all the while guaranteeing that the data remains

comprehensible51.

iv. An inductive approach can be frustrating for students who prefer straightforward rule

presentation52.

v. Students might hypothesize an incorrect rule, or their interpretation of the rule could

be either overly general or excessively restricted in its application53.

2.1.6 Deductive Teaching Strategy

Deductive teaching strategy is a method of teaching in which students are introduced

to a broad principle, regulation, or idea at the start of a lesson. Subsequently, particular

instances and uses of this principle are furnished to aid students in comprehending and

employing the overarching concept. Essentially, it entails transitioning from a comprehensive

statement to distinct occurrences or deductions. This approach is frequently utilized in

disciplines such as Mathematics, logic, and linguistics. The deductive method involves

presenting the content initially and then providing clarifications and illustrations thereafter54.

Thus, in the deductive teaching approach, the learner moves from the broader concept to the

specific, from theoretical to practical, and from formulas to instances. Here, learners are

provided with a predefined rule or formula and are tasked with solving associated problems

using that particular formula. Therefore, in this approach, the learner is primarily engaged in

performing calculations or simplifying the substituted known values within the provided

formula in order to derive the solution for the problem.
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Deductive teaching secures first the learning of definition or law or rule, then

carefully explains its meaning and lastly illustrates it fully by applying to fact. This approach

is primarily employed in subjects such as Algebra, Geometry, Arithmetic, and

Trigonometry55. This strategy involves utilizing assumptions and conjectures based on

mathematical axioms. It finds application in teaching Mathematics at secondary, higher

secondary, and higher educational levels. Deductive reasoning, also known as logical

deduction or "top-down" logic, involves drawing logically definite conclusions from one or

more statements. The deductive teaching approach stands in contrast to the inductive method.

The deductive approach is more instructor-centered, wherein the teacher introduces a novel

concept, elucidates it, and subsequently guides students through its application via practice56.

Steps in Deductive Teaching Strategy

Deductive teaching strategy follows the following steps given below for effective teaching:

i. Introduction of the General Concept: Start by introducing the overarching

concept, principle, or rule that you want to teach. This should be a broad

statement that encapsulates the main idea you want students to understand.

ii. Explanation of the Concept: Provide a clear and concise explanation of the

general concept. Use simple language and examples that are relatable to the

students' level of understanding.

iii. Statement of the Specific Rule or Application: After explaining the general

concept, present a specific rule, theorem, or application that is derived from the

general concept. This specific application is what students will be focusing on in

the deductive process.
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iv. Clarification of the Specific Rule: Make sure the specific rule or application is

well-defined. Break it down into its components and explain any terminology or

notation that might be unfamiliar to students.

v. Presentation of Examples: Provide a series of examples that demonstrate how the

specific rule or application is used. These examples should be carefully chosen to

illustrate different aspects of the rule and to show its various applications.

vi. Guided Practice: Walk the students through solving problems or exercises that

require them to apply the specific rule to new situations. Provide step-by-step

guidance, explaining each step's connection to the general concept and the

specific rule.

vii. Independent Practice: Assign exercises or problems for students to solve on their

own. These should be similar to the guided practice problems but without as

much hand-holding. This allows students to solidify their understanding and

practice applying the rule independently.

viii. Review and Feedback: After students have completed the independent practice,

review their work and provide feedback. Address any mistakes or

misconceptions and encourage questions and discussion.

ix. Extension and Application: Introduce more complex examples or scenarios that

require students to combine the specific rule with other concepts they've learned.

This helps students see how the deductive reasoning process can be applied in a

broader context.
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x. Assessment: Administer quizzes, tests, or assignments that assess students'

understanding of the general concept and their ability to apply the specific rule.

This helps gauge their mastery of the material.

xi. Reinforcement and Recap: Periodically revisit the general concept and specific

rule in subsequent lessons to reinforce learning and provide opportunities for

students to apply their knowledge.

xii. Integration and Synthesis: Encourage students to connect the specific rule they've

learned with other concepts they've studied. This helps deepen their

understanding and demonstrates the interconnectedness of different ideas.

Advantages and Disadvantages of Deductive Teaching Strategy

Advantages of Deductive Teaching Strategy:

i. Clarity and Structure: Deductive teaching provides a clear structure to lessons. It

starts with a clear statement of the main concept or principle, followed by specific

examples. This structure helps students understand the logical progression of ideas

and concepts57.

ii. Efficiency: Deductive teaching can be efficient, especially when dealing with

complex or abstract topics58. By presenting the main principle first, students have a

framework to understand the subsequent examples. This approach can save time by

avoiding unnecessary confusion that might arise from starting with examples before

understanding the overarching concept59.

iii. Critical Thinking: Deductive teaching encourages students to engage in critical

thinking and problem-solving60. As they are presented with examples that illustrate a
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principle, they need to analyze and evaluate the relationships between the examples

and the principle itself.

iv. Generalization: By starting with a general principle and then providing specific

examples, students are encouraged to generalize their understanding. They learn to

apply the principle to various scenarios and contexts, which can enhance their ability

to transfer knowledge to different situations61.

v. Higher-Order Skills: Deductive teaching promotes higher-order thinking skills such

as analysis, synthesis, and evaluation62. Students are not just memorizing facts; they

are actively processing information, making connections, and drawing conclusions

based on the given information.

vi. Logical Reasoning: This strategy helps students develop their logical reasoning

abilities. As they work through examples that support a given principle, they learn to

follow logical steps and deduce conclusions based on the information provided63.

vii. Preparation for Real-world Situations: In many real-world scenarios, we are presented

with general rules or principles that guide our decision-making. Deductive teaching

helps students become accustomed to this way of thinking, preparing them for

situations where they need to apply general concepts to specific cases64.

viii. Conceptual Understanding: By presenting the main principle before diving into

examples, students have the opportunity to grasp the fundamental concept before

getting caught up in the details. This can lead to a deeper and more comprehensive

understanding of the subject matter54.
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ix. Orderly Progression: Deductive teaching follows a logical and orderly progression

from the general to the specific. This progression aligns with how our brains naturally

organize information, making it easier for students to follow and retain the content65.

x. Effective for Foundations: Deductive teaching is particularly effective when

introducing foundational concepts or theories66. It lays the groundwork for subsequent

learning, making it easier for students to build upon their understanding in later

lessons.

The disadvantages of a deductive strategy:

i. Starting the lesson with a rule presentation may be not understandable for some

students, especially at young ages. They may not be able to understand the rules

involved.

ii. It taxes the students’ mind.

iii. Such an approach encourages the belief that learning a language is simply a case of

knowing the rules.

iv. Students are only passive learners.

v. It does not impart any training in scientific method.

vi. It encourages cramming67.

2.2 Theoretical Framework

There are two conflicting theories of learning: constructivism and behaviorism.

Teachers hold a favorable outlook on both constructivism and behaviorism, blending these

approaches in their instructional methods within their classrooms. For instance, they

frequently employ inquiry-driven learning tasks to facilitate students in building their
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personal understanding, while also utilizing reinforcement methods to assist students in

acquiring particular skills.

2.2.1 Constructive Learning Theory

Constructivism serves as an epistemological viewpoint, offering an explanation for

how individuals attain their knowledge. At its core, constructivism posits that individuals

formulate their own comprehension and awareness of the world by engaging with

experiences and contemplating upon them. This theory emphasizes that learning is a

personalized process intrinsic to each learner. This theory postulates that individuals will

endeavor to comprehend all the information they encounter, resulting in each person

uniquely "constructing" significance from the given information68. The concept of

constructivism is commonly associated with Jean Piaget, who detailed how learners

internalize knowledge. Piaget proposed that by using accommodation and assimilation,

individuals create fresh knowledge based on their experiences. Constructivism proves

advantageous in Mathematics education as it fosters a more profound comprehension of

mathematical concepts and motivates students to formulate their own approaches to solving

problems. To effectively employ constructivist methods, meticulous forethought and

groundwork are essential. Several elements impact the efficacy of constructivist

methodologies, encompassing variables such as the students' age and skill levels, the duration

of the intervention, and the employment of suitable assessment metricsd69. Furthermore, in

cases where an individual's experiences run counter to their internal conceptions, they might

adjust their perceptions of those experiences to align with their internal frameworks.

Constructivist Assessment

Traditionally, classroom evaluation relies on tests. In this approach, the emphasis is

on students providing accurate responses. Nevertheless, in constructivist education, the

acquisition of knowledge is seen as equally significant as the end result. Hence, evaluation
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involves not solely exams, but also the observation of the student, their assignments, and

their perspectives70. Several assessment approaches encompass the following methods:

i Verbal exchanges: The teacher introduces a "focus" question to students,

fostering an open dialogue about the subject.

ii KWL (H) Chart: This method involves documenting "What we know," "What

we want to know," "What we have learned," and "How we know it." It serves

as a continual assessment tool for monitoring student progress throughout the

topic's study period.

iii Concept Mapping: Students compile and categorize concepts and notions

associated with a given topic.

iv Hands-on tasks: Using manipulatives and hands-on activities like geometric

shapes, number lines, and other concrete materials can help students develop a

deep understanding of mathematical concepts. For example, using physical

objects to explore concepts like fractions or geometry can make abstract ideas

more tangible. These activities prompt students to interact with their

surroundings or specific educational materials. Teachers can employ

checklists and observations to gauge students' proficiency with the designated

materials.

v Pre-testing: This assessment aids educators in gauging students' existing

knowledge about a new topic, offering guidance for the subsequent course of

study.

Within the realm of cognitive constructivism, an individual's responses to experiences

result in either the attainment or lack of attainment of learning outcomes71. Constructivist
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methodologies involve furnishing activities that leverage children's existing comprehension

while aligning with their developmental stage. These activities should also present challenges,

which, in turn, facilitate ongoing advancement through the mechanism of accommodation72.

Both individual and collaborative tasks centered on problem-solving and project-based

endeavors are deemed suitable in this context. Concrete activities are prioritized for younger

children, whereas activities requiring symbolic and abstract thinking are reserved for older

students73. As per the model, the instructor's role is to impart this knowledge to the students,

often accomplished through lecturing as the inherent approach. Conversely, the students'

responsibility is to assimilate this knowledge.

Guiding Principles of Constructivism

Proponents of constructivism offer variations of the following principles for effective

instruction:

i. Prior Knowledge and Schema Theory: In mathematics, it's important to

acknowledge and build upon students' prior mathematical knowledge and

experiences. Teachers can use students' existing understanding of numbers,

operations, and patterns as a foundation for new mathematical concepts.

Schema theory proposes that individuals organize and categorize knowledge

into mental frameworks or schemas. New information is assimilated into

existing schemas or can lead to the creation of new ones74.

ii. Active Learning: Learning is most effective when learners actively engage

with the material. This can involve problem-solving, critical thinking, hands-

on activities, discussions, and collaborative projects. Active participation
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helps learners make connections and adapt their mental frameworks to

accommodate new information75.

iii. Social Interaction: Social interactions play a crucial role in the construction of

knowledge. Collaborative learning, group discussions, and interactions with

peers and teachers help learners exchange ideas, challenge assumptions, and

negotiate meaning. Vygotsky's socio-cultural theory is closely related to this

aspect of constructivism76. Zone of Proximal Development (ZPD): Vygotsky's

concept of the ZPD refers to the range of tasks that a learner can perform with

the help of a more knowledgeable individual, such as a teacher or a peer. It's

the gap between what a learner can do on their own and what they can achieve

with guidance. Effective learning occurs when instruction is tailored to a

learner's ZPD77.

iv. Scaffolding: Just as in general constructivist education, scaffolding is used in

mathematics instruction. Teachers provide guidance and support to students as

they work through mathematical problems, gradually reducing the support as

students become more independent78.

v. Student-Centered and Individualized Learning: Constructivist learning

environments are student-centered, focusing on the learner's interests, needs,

and pace79. Instruction is adapted to accommodate different learning styles

and abilities, promoting a more personalized learning experience.

vi. Reflection and Meta-cognition: Encouraging students to reflect on their

problem-solving processes and discuss their thinking helps them develop
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meta-cognition, or awareness of their own thought processes. This can lead to

a deeper understanding of mathematical concepts. Meta-cognition, or thinking

about one's thinking, is essential for self-directed learning and continuous

improvement80.

vii. Real-World Contexts: Learning is more meaningful when it occurs within

authentic, real-world contexts. Showing students how mathematics is used in

real-world situations can make the subject more relevant and meaningful. This

can enhance students' motivation to learn mathematics81.

viii. Ownership and Motivation: When learners have ownership of their learning

and can actively shape their educational experiences, they become more

motivated and engaged. Constructivist approaches foster a sense of ownership

and empowerment, leading to increased intrinsic motivation82.

ix. Assessment as Understanding: Assessment in constructivist settings focuses

on understanding and application rather than rote memorization. Performance-

based assessments, portfolios, and projects that require learners to

demonstrate their understanding in practical ways are preferred over

traditional exams83.

These guiding principles of constructivism collectively contribute to a holistic and

dynamic approach to learning, where learners are active participants in the process of

constructing their knowledge and understanding of the world.

Constructivist teaching encourages the development of critical reasoning and

cultivates enthusiastic and self-reliant learners. This theoretical approach asserts that the
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process of learning consistently builds upon a student's existing knowledge, referred to as a

schema. Because all learning is perceived through pre-existing mental frameworks,

proponents of constructivism propose that active engagement in the learning process, as

opposed to passive reception of information, enhances the effectiveness of learning.

Numerous methodologies lay claim to being grounded in constructivist learning theory. The

majority of these techniques involve some variant of guided exploration, wherein the teacher

minimizes direct instruction and instead guides the student through questioning and activities,

enabling them to uncover, discuss, value, and articulate new knowledge. Constructivist

learning theory asserts that all knowledge is constructed on a foundation of prior

understanding. Children aren't blank slates, and knowledge cannot be simply imparted; rather,

it must align with the child's current conceptualizations for comprehension to take place.

Hence, optimal child learning occurs when they are given the opportunity to create an

individualized comprehension through direct encounters and subsequent contemplation of

those experiences84.

The conventional method of teaching through lectures contradicts each of these

principles. Assuming the constructivist learning model is embraced, and considering the

substantial supporting research, effective instruction must orchestrate situations that prompt

students to independently formulate knowledge. This could involve modifying or discarding

their existing beliefs and misunderstandings based on the evidence derived from these

experiences. This depiction could essentially be regarded as a characterization of inductive

learning. The philosophy of learning known as constructivism is rooted in the idea that our

personal comprehension of the world develops when we contemplate our encounters.
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Individually, we establish our unique "guidelines" and "cognitive frameworks" that we

employ to comprehend our experiences. Consequently, learning entails the straightforward

procedure of adapting our cognitive frameworks to incorporate novel experiences.

Constructivist learning operates on inductive principles. According to constructivist

learning, actions drive the development of concepts rather than concepts guiding actions.

Activities pave the way for the emergence of concepts; it's not the concepts that pave the way

for the activities. Essentially, in constructivist learning, the conventional classroom approach

is reversed – no lectures, no demonstrations, and no presentations. From the beginning,

students engage in activities through which they develop skills and acquire concepts85.

Constructivism as an Instructional Strategy: The Teacher’s Role

Constructivism entails a cooperative dynamic involving educators, students, and

other members of the community, and is customized to address the unique needs and

objectives of each individual learner. This approach facilitates ongoing learning experiences.

In a constructivist classroom, the teacher's role extends beyond mere lecturing to that of an

adept learner, capable of steering students towards adopting cognitive techniques like self-

assessment, articulating comprehension, posing probing inquiries, and reflecting. Within

constructivist classrooms, the teacher's responsibility is to structure information around

overarching concepts that captivate the students' curiosity, aid students in cultivating fresh

perspectives, and bridge these with their earlier learning. The activities are centered around

the students, encouraging them to pose their own inquiries, conduct their own experiments,

establish their own parallels, and formulate their own conclusions. During typical

constructivist sessions, as students tackle a problem, the instructor intervenes only when
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necessary to channel students in the appropriate direction. Essentially, the instructor presents

the challenge and empowers the students to take the lead. Numerous educators and cognitive

psychologists have applied constructivist principles to the design of learning environments.

From these applications, they have distilled a set of design principles which encompass:

i. Develop authentic settings that mirror the real-life contexts where learning holds

significance.

ii. Emphasize practical methods to address authentic real-world challenges.

iii. The instructor functions as a mentor and evaluator of the strategies applied to resolve

these challenges.

iv. Highlight the interconnected nature of concepts, offering diverse representations or

viewpoints of the subject matter.

v. Educational objectives and goals should be collaboratively established, rather than

imposed.

vi. Assessment should function as a tool for learners to self-assess their progress.

vii. Supply tools and environments that aid learners in interpreting the myriad

perspectives of the world.

viii. Learning should be driven by the learner's internal control and mediation.

Constructivism empowers educators. In constructivist teaching, instructors motivate

students to consistently evaluate the efficacy of activities in fostering comprehension.

Through introspection and analysis of their strategies, students within the constructivist

framework ideally evolve into "proficient learners," progressively equipping themselves for

ongoing learning. With a carefully designed classroom setting, students acquire the skills of
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learning itself, akin to a spiral progression. As they continually introspect on their

experiences, students witness the growth of their ideas in complexity and potency, thereby

enhancing their capacity to assimilate novel information. The central responsibility of the

teacher shifts towards nurturing this cycle of learning and reflection.

Within the framework of constructivist learning, instructors offer a diverse range of

learning scenarios to learners, resulting in a shift for students from the role of "acquiring

knowledge" to "constructing knowledge." Learning transforms into a process of actively

building knowledge. Learners play an active role in shaping their own understanding by

linking novel concepts to preexisting ideas, drawing from the materials or activities presented

to them. For instance, the utilization of text, a collection of images, or visual aids concerning

a phenomenon or object is followed by group discussions or interactions86.

Active involvement of learners in pertinent activities contributes significantly to the

organization and reorganization of ideas. Collaborative learning fosters opportunities for the

exchange of diverse viewpoints and the negotiation of meaning. Each individual learner, both

independently and collectively, constructs meaning pertaining to a phenomenon, object, or

event as they engage in the learning process. Teachers facilitate an environment where

children can pose questions related to their school learning, and they encourage children to

respond in their own words, drawing from their personal experiences. The encouragement of

"intelligent guessing" is embraced as a valid teaching technique. Students question not only

their teachers' ideas but also those of their peers, make predictions about phenomena, design

experiments to test their hypotheses, and discuss their findings. They compare their results

with those of others, arrive at autonomous conclusions, apply new concepts to familiar



59

scenarios, and familiar concepts to novel situations. This process enables learners to validate

their beliefs and notions, showcase solutions and methodologies, and elaborate on and

interpret textual information. A habit of self-directed learning is cultivated in the learner.

Moreover, constructivism empowers students to pursue their individual interests and

objectives. Within this approach, learners harness and enhance their own abilities.

The implications of constructivism for teaching and learning are highlighted as

follows:

i. Teachers function as facilitators, supporters, guides, and exemplars of the learning

process.

ii. Learning involves adapting our mental frameworks to accommodate new encounters.

iii. Learning revolves around establishing connections between various pieces of

information.

iv. Instruction should revolve around intricate problems that lack straightforward,

definitive answers.

v. Context and personal knowledge hold significant importance.

vi. Student engagement and dedication outweigh the importance of textbook content.

vii. Learners excel in the process of discovering and generating their own knowledge.

viii. Emphasis is placed on discovery and guided discovery learning.

Behaviorism Approach to Learning

The deductive strategy, as promoted by behaviorists, serves as a clear and direct

illustration of conventional teaching, involving the following steps:

1. Presenting overarching principles or generalizations.
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2. Reinforcement through methods such as:

a. Providing examples

b. Addressing students' inquiries

c. Clarifying and restating the principle.

3. Utilizing tangible manipulation when applicable.

4. Seeking feedback from students through questioning.

5. Implementing drill exercises.

The inductive discovery strategy aimed to uncover principles or generalizations. The

instructional sequence was structured as follows:

1. Concretely manipulating the facts intended for correlation.

2. Introducing the facts intended for correlation.

3. Facilitating discovery through discussion by:

a. Offering specific examples

b. Addressing students' queries

c. Proposing guiding questions if steps a. and b. didn't result in discovery.

4. Reinforcing the identified generalization.

5. Incorporating a drill phase.

The theory of behaviorism originated from the contributions of Thorndike, Pavlov,

and Skinner to the field of learning88. The established principles of stimulus-response, along

with classical and operant conditioning, have been employed to elucidate the process of

learning by utilizing rewards, penalties, and trial-and-error mechanisms. This perspective is

rooted in biological drives and is considered a means of adapting to the environment. In this
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framework, learners are positively reinforced in a consistent manner for incremental strides

in learning and accomplishments. On a broader level, behaviorism advocates for teacher-

controlled or teacher-centered methodologies where the educator holds the primary

authoritative role. Knowledge is distributed across distinct segments of a segregated

curriculum, perceived by students as separate subjects, and conveyed from teacher to student

in predetermined sequences, with limited room for student choice or interaction. Behaviorism

theory centers on the analysis of observable and quantifiable behavior, underscoring that

behavior is largely acquired through conditioning and reinforcement, encompassing rewards

and punishments. From the behaviorist perspective, the objective of educational psychology

is to equip educators with the ability to anticipate, regulate, and modify classroom behavior.

This outlook contrasts with the approach that regards educational psychology as a

comprehensive area of content, emphasizing information over skill development. From the

forgoing the principles derived from Thorndike's postulates can be summarized as follows:

i. Law of Effect: Behaviors leading to satisfying outcomes are more likely to be

repeated, while behaviors leading to unsatisfying outcomes are less likely to be

repeated.

ii. Law of Exercise: Connections between stimuli and responses are strengthened

through repetition and practice.

iii. Law of Readiness: Learning is most effective when the learner is motivated and ready

to engage in the task.

iv. Law of Multiple Responses: In a situation, an organism may exhibit multiple

responses, but only one is likely to be correct or successful.
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v. Law of Prepotency of Elements: Some elements in a situation are more noticeable

and elicit stronger responses.

vi. Law of Belongingness: Connections between stimuli and responses are more effective

if they logically belong together.

vii. Law of Analogy: Learning involves making analogies between new and previously

learned situations.

viii. Law of Imitation: Learning can occur through observing and imitating the behaviors

of others89.

Behaviorism and the Construction of Knowledge

Behaviorists posit that learning emerges through the observation of cultural

influences90. Instruction grounded in behaviorism can serve as an efficacious method for

imparting mathematical concepts, especially beneficial for students encountering challenges

with the subject. This approach aids in fostering a more favorable outlook towards

Mathematics, potentially resulting in heightened motivation and increased involvement

among students. Instruction rooted in behaviorism can serve as a valuable pedagogical

resource for educators aiming to enhance both student learning achievements and their

attitudes toward Mathematics91. On the flip side, the behaviorist-oriented teaching approach

falls short in addressing the cognitive processes intrinsic to the acquisition of mathematical

knowledge92.

Basic Tenets of Behaviorist Approach

The following principles illustrate the operating principles of behaviorism:
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i. Empiricism: Behaviorists believe that knowledge comes from empirical observation

and measurement. They emphasize the importance of studying behaviors that can be

objectively observed, measured, and analyzed.

ii. Focus on Observable Behavior: Behaviorists primarily focus on studying and

analyzing behaviors that are directly observable and measurable. This allows for a

more scientific and objective approach to psychology.

iii. Stimulus-Response (S-R) Relationships: Behaviorists often describe behavior in

terms of stimulus-response relationships. A stimulus is something in the environment

that triggers a response, which is a behavior. This approach emphasizes the role of the

environment in shaping and controlling behavior.

iv. Classical Conditioning: This is a form of learning in which an initially neutral

stimulus becomes associated with a meaningful stimulus, leading to a learned

response. Ivan Pavlov's famous experiments with dogs are an example of classical

conditioning.

v. Operant Conditioning: Operant conditioning involves learning through the

consequences of one's actions. Behaviors that are followed by rewards

(reinforcements) are more likely to be repeated, while behaviors followed by

punishments are less likely to be repeated. B.F. Skinner is a key figure associated

with operant conditioning.

vi. Reinforcement and Punishment: Reinforcement is a process that increases the

likelihood of a behavior being repeated, while punishment decreases the likelihood of
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a behavior being repeated. Positive reinforcement involves adding a rewarding

stimulus, while negative reinforcement involves removing an aversive stimulus.

vii. Behavior Modification: Behaviorists believe that behavior can be modified or

changed through appropriate techniques. By manipulating the environment and

providing the right reinforcements, undesirable behaviors can be replaced with

desirable ones.

viii. Environmental Determinism: The behaviorist approach leans towards the idea of

environmental determinism, suggesting that behavior is largely determined by

external factors rather than internal thoughts or emotions. This is in contrast to

approaches like cognitive psychology, which give more weight to internal mental

processes.

ix. Observational Learning: While the behaviorist approach primarily focuses on direct

experiences and conditioning, some behaviorists also acknowledge the role of

observational learning. This is learning by observing others' behaviors and their

consequences. Albert Bandura's work on social learning theory is relevant here.

x. Scientific Method: Behaviorists emphasize the importance of using the scientific

method to study behavior. This includes formulating hypotheses, conducting

experiments, collecting data, and analyzing results to draw conclusions about

behavior and its underlying principles93.

Criticisms of the behaviorist approach

The Behaviorist approach encounters the subsequent criticisms: (a) it is contended

that Behaviorist methodologies are tailored exclusively to address aberrant conduct; (b) the
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contention is that pinpointing distinct teacher behaviors conducive to specific student

outcomes is unfeasible; and (c) the accusation persists that Behaviorists exclusively impart

Skinnerian and operant techniques. Furthermore, there are misapprehensions surrounding

courses in educational psychology. Such courses ought to exclude subject areas that do not

contribute to expediting behavioral transformation.. Instead of attempting to encompass all

topics, educators should focus on instructing students in skills that will prove valuable to

them in their future roles as teachers94. Behaviorist proponents do not recognize the internal

composition of the learner or the methods by which they assimilate incoming information.

Consequently, Behaviorism falls short of elucidating the cognitive mechanisms engaged in

language acquisition. This divergence becomes evident when compared to the socio-cultural

standpoint, which comprehensively considers both external stimuli and internal cognitive

frameworks. Additionally, it is improbable that learning unfolds uniformly for every

individual. In other words, each person cannot attain identical proficiency under identical

learning circumstances due to the distinct backgrounds and experiences that shape individual

learning paths. Furthermore, as posited by Chomsky, there exists a necessity for innate

capacities within human beings that incline them towards seeking fundamental patterns

within language95. The behaviorist model encountered opposition from the social learning

theory, which observed that children acquire knowledge through observing and imitating

adults in an apprenticeship-style framework. In a more comprehensive sense, behaviorism

aligns with teacher-controlled or teacher-centered methodologies, positioning the teacher as

the primary authoritative figure. Knowledge is parceled across various segments of a

segregated curriculum, presenting children with distinct subjects. This knowledge is then
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transmitted from the teacher to the students in predetermined sequences, characterized by

limited student autonomy or engagement. Assessment is often exam-oriented and high stake,

without teachers’ direct involvement96.

Pedagogical methods that can be broadly categorized as having roots in behaviorism

might lead to practices like delivering lectures, providing demonstrations, employing rote

learning, memorization techniques, collective repetition, imitation or copying, and

conducting specialized instructional sessions, such as master classes (for instance, in learning

music or dance). The practice of 'structured' or 'direct/explicit instruction' diverges by being

led by the teacher instead of being centered solely on the teacher97. This strategy denotes that

educators follow a particular sequence, frequently employing scripted and occasionally

prescriptive techniques, which is particularly noticeable in the context of initial reading

education98. Nevertheless, this methodology has the potential to transition into more activities

centered around the students as the lesson advances.

2.3 Review of Empirical Studies

The teaching of Mathematics has long been a subject of educational research, with a

continuous exploration of teaching strategies that promote effective learning outcomes. Two

prominent teaching strategies, inductive and deductive, have gained substantial attention.

This review aims to critically assess empirical studies comparing the efficacy of these

strategies in the context of teaching Mathematics. Inductive teaching emphasizes learning

through discovery. Students are presented with specific examples or observations and are

encouraged to derive general principles or concepts from these examples. Proponents argue

that this approach promotes critical thinking, problem-solving skills, and a deeper
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understanding of mathematical concepts. Several empirical studies support the benefits of

inductive teaching. For example, in a research study, an investigator examined the impact of

both inductive and deductive approaches on students' academic achievement concerning

various grammatical topics covered in a textbook used for teaching Grammar 2 within the

Department of English Language and Literature. The findings indicated notable disparities,

with the inductive approach proving to be more effective99. Inductive instruction led to

higher engagement and better conceptual understanding compared to traditional deductive

methods100.

Deductive teaching, on the other hand, involves presenting students with general

principles or concepts followed by specific examples and applications101. This approach is

often associated with more structured and formal learning. Advocates suggest that deductive

teaching helps students grasp abstract concepts and develop logical reasoning skills.

Numerous empirical studies have examined the effectiveness of deductive teaching. For

example, A study conducted to explore the impacts of employing deductive and inductive

methods for instructing grammar at both a university and two chosen schools revealed a

noteworthy statistical contrast between the two approaches, with a preference observed for

the deductive method102. Deductive instruction is particularly effective in enhancing

procedural knowledge and preparing students for standardized tests.

Several empirical studies have directly compared inductive and deductive teaching

strategies, both strategies led to significant learning gains, inductive teaching fostered a

stronger ability to apply mathematical concepts in novel scenarios. However, it's important to

note that the effectiveness of each strategy can be influenced by factors such as the students'
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prior knowledge, learning styles, and the specific mathematical topic being taught103.

Inductive and deductive teaching strategies in Mathematics continue to spark interest among

educators and researchers. Both approaches offer unique advantages and disadvantages, and

their effectiveness can vary depending on the context and the learning objectives. Empirical

studies have consistently demonstrated that both strategies can yield positive learning

outcomes, suggesting that a balanced approach that integrates elements of both methods

might be most beneficial. Further research should focus on identifying the conditions under

which each strategy is most effective and tailoring instructional approaches to meet the

diverse needs of students.

2.3.1 Class size and Students’ Academic Achievement

Class size pertains to the number of students present within a particular course or

classroom setting. This measurement encompasses either the number of students under the

instruction of individual teachers within a specific course or classroom or the average count

of students taught by educators within a school or educational framework. Additionally, the

term may also denote the number of students engaged in a learning process. Notably, class

size primarily constitutes an administrative determination, often outside the realm of direct

influence for teachers. It serves as an educational metric to describe the typical number of

students within a given class across a school. UNESCO's estimations indicate that

approximately 84 percent of classrooms feature a student-teacher ratio of fewer than 40

students per teacher104. The majority of nations surpassing a student-teacher ratio of 40:1 are

concentrated in Sub-Saharan Africa and Asia. Notably, Sub-Saharan Africa registers the

highest median Pupil-Teacher Ratio (PTR), with countries such as Congo, Ethiopia, and
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Malawi displaying PTRs hovering around 70:1. Likewise, South and East Asia also report

elevated PTRs, with Afghanistan and Cambodia surpassing a ratio of 55:1105. Within Nigeria,

there exists a recurring issue of considerable class sizes, marked by ratios ranging from 40:1,

50:1, and occasionally even reaching an alarming ratio of 100:1. This prevalent trend has

been notably impeding the progress of the education system, acting as a significant

hindrance106. The National Policy on Education (NPE) advocates for specific class size

guidelines of twenty (20) pupils for pre-primary levels, thirty (30) students for primary levels,

and thirty-five (35) students for secondary school levels107. An appropriate class size for the

secondary level is generally considered to be around forty (40) students per teacher.

On average, in many educational institutions worldwide, including colleges and

universities, class sizes of 20 to 30 students per lecturer are often considered reasonable for

effective teaching and learning108. However, this number can be higher or lower depending

on the specific circumstances and resources available at a particular institution. The ideal

class size for effective teaching and learning in Colleges of Education in Nigeria should take

into account the institution's specific goals, resources, and the nature of the programs being

offered109. Smaller class sizes are generally preferred, but practical constraints may influence

the actual class size. It's essential for educational institutions to strike a balance between

maintaining manageable class sizes and ensuring access to education for a broad range of

students. However, there are some general guidelines that can be considered. In higher

education institutions like Colleges of Education, smaller class sizes are often preferred for

more effective teaching and learning108. Smaller classes can facilitate better student-teacher

interactions, more personalized instruction, and a more conducive learning environment110.
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The size of a class has a direct impact on classroom instruction, as larger classes necessitate

teachers to allocate time towards management duties instead of focusing solely on teaching

and facilitating learning. The size of classes differs across different educational levels. A

high student-teacher ratio poses challenges for educators in delivering high-quality

instruction, consequently resulting in diminished student achievements.

The number of students in a classroom can impact the learning process in various

manners. One notable effect is on students interactions. A larger class size might lead to

disruptive behavior, influencing the types of activities the teacher can implement. Moreover,

it influences the extent of individualized attention a teacher can offer to each student, as

opposed to focusing solely on the entire group. Smaller class sizes allow for greater focus

and tailored attention based on individual needs. Furthermore, class size also influences how

effectively a teacher manages their time and resources, affecting factors such as the amount

of material that can be covered. In classrooms with high occupancy, the prevalent issues

includes; inadequate or substandard teaching materials, inadequate lighting, compromised

safety measures, insufficient ventilation or air conditioning, low-quality flooring and

foundations, book sharing, students sitting on bare floor due to inadequate furniture and lack

of enough spaces for teachers and students to move freely in the classroom111. Students

enrolled in smaller classes tend to exhibit better academic performance compared to their

counterparts in larger classes. The average student-teacher ratio within the Nigerian

government schools system fluctuates from one state to another, although it typically remains

relatively high. The elevated student-teacher ratio stands as a significant obstacle to

maintaining the quality of education in Nigeria112. Moreover, smaller class sizes have been
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found to be associated with higher students achievement, especially for younger students and

students from low income families. Smaller class sizes also grant teachers the opportunity to

offer greater individual attention to students, a factor that often contributes to elevated

academic accomplishments113. Several crucial factors, including the caliber of the teacher,

the attributes of the students, motivation levels, and the quality of interaction between

students and teachers, hold significance in shaping academic achievements in Mathematics114.

Even highly experienced teachers encounter challenges in managing large class sizes.

These challenges encompass constraints on the time available for curriculum-related

activities and extended periods required for grading assessments. In the face of sizable class

sizes, educators often resort to employing direct teaching methods to cope with the situation.

Substantial class sizes serve as a formidable barrier to achieving optimal classroom

integration, thereby underscoring the notion that smaller classes are more likely to foster

heightened academic achievement115.

2.3.2 Gender and Students’ Academic Achievement

Gender stands out as one of the factors frequently discussed in literature for its

considerable influence on students' academic achievement, particularly in science subjects.

Gender refers to the spectrum of physical, biological, mental, and behavioral attributes

distinguishing between the female and male populations. The exploration of achievement in

relation to gender is primarily rooted in the socio-cultural disparities between girls and boys.

Certain careers and fields have traditionally been deemed suitable for men (such as

engineering, arts and crafts, and agriculture), while others are associated with women (like

catering, typing, nursing). This division has even permeated into household responsibilities,
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where tasks like car maintenance, gardening, and manual tasks are often assigned to boys,

whereas girls are often designated with duties like cooking, cleaning, and household chores.

This pattern of thinking has led society to perceive boys as capable of tackling complex and

demanding tasks, while viewing girls as more suited for less challenging responsibilities. In

essence, this societal mindset has contributed to the perception of girls as the "weaker sex."

As a result, the average Nigerian girl enters the educational system burdened with these

ingrained stereotypes116. The exploration of gender disparities in academic achievement has

been a longstanding focus of research, resulting in the accumulation of a significant body of

literature. Within this realm of studies, certain researchers contend that no substantial gender

differences exist in students' academic achievement and continuity across diverse subjects. In

contrast, alternative studies reveal noteworthy disparities, wherein either boys or girls exhibit

superior academic performance and persistence. Studies have delved into the intersection of

gender and motivation in the context of explaining students' achievements in Mathematics.

An example of such is a sample of Korean middle and high school students, where the

authors investigated the interplay between gender, motivation, and Mathematics

achievement117. Findings from the study revealed that, on average, male students exhibited

higher Mathematics achievement compared to their female counterparts. The disparity in

Mathematics achievement between genders was found to be partially attributed to variations

in students' motivational aspects. Notably, the authors discovered that female students

displayed lower levels of Mathematics self-efficacy and intrinsic motivation in comparison

to male students. These motivational factors were found to play a role in mediating the

connection between gender and Mathematics achievement. Furthermore, it was noted that the
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gender discrepancies in Mathematics achievement demonstrated variability contingent on the

specific level of Mathematics being studied. In the realm of Mathematics, female students

generally exhibited comparatively lower performance than their male counterparts in subjects

like algebra, geometry, and statistics. However, their performance was on par with male

students' achievements in the field of calculus118.

The belief that men possess a natural advantage in Mathematics compared to women

has persisted throughout history. This belief has also manifested in the education system,

where girls were frequently dissuaded from pursuing studies in Mathematics and science. It's

worth noting that gender differences in Mathematics are generally marginal and subject to

variations depending on the particular task or measurement being considered. Several factors

contribute to these gender differences in Mathematics, including:

i Teacher expectations: teachers often have lower expectation for girls’

mathematical ability than boys119. This can lead to girls receiving less

challenging Mathematics instruction leading to girls having less confidence in

their mathematical abilities.

ii Parental involvement: Parent often encourages their sons to pursue

Mathematics more than their daughter120. This can lead to boys having more

opportunities to learn Mathematics outside of school and to boys having more

positive attitude towards Mathematics.

iii Peer pressure: peer pressure can also influence gender difference in

Mathematics121. For example, girls may be less likely to participate in

Mathematics activities if their friends are not interested in Mathematics.
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iv Cultural factors: In some cultures, Mathematics is seen as a masculine domain

which can discourage girls from pursuing Mathematics and Mathematics

related disciplines122.

A study conducted on a sample of Chinese middle school students utilized data from

the Trends in International Mathematics and Science Study (TIMSS) to explore the gender

gap in Mathematics achievement and its potential contributing factors to this gap. The

findings indicated that, on the average, male students achieved higher Mathematics scores

compared to their female counterparts. However, the observed gender gap in Mathematics

achievement was found to be partially attributed to differences in students' attitudes toward

Mathematics and their approach to learning. Specifically, female students demonstrated

lower levels of confidence in their mathematical abilities and were less inclined to employ

advanced learning strategies like planning and monitoring, in comparison to their male

counterparts123. Furthermore, the gender disparities in Mathematics achievement exhibited

variations based on the specific type of Mathematics being studied. Male students tended to

perform better than female students in geometry and data analysis124. Female students tended

to outperform male students in the domains of number and algebra125.

Teaching Strategies and Students’ Academic Achievement

Two methodologies considered for Mathematics instructions in this study are

deductive approach and inductive approach. In the deductive method of teaching, the

instructor directly introduces the mathematical framework right at the beginning of the lesson.

The instruction usually involves a detailed explanation of the rules, forms, and contexts126.

Mathematicians employ various techniques to uncover novel concepts, and one such
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approach involves experimentation. Referred to as the "experimental method" or "inductive

reasoning," this technique entails the scientist conducting a multitude of meticulous

observations and subsequently drawing likely conclusions. Likewise, the scientist might

replicate experiments numerous times and derive probable outcomes from the amassed data,

thereby engaging in inductive reasoning. In essence, this entails drawing a broad inference

from an extensive array of specific instances. In contrast, another method hinges on logical

analysis rather than experimental or observational data. This is denoted as "deductive

reasoning." When a mathematician commences with a collection of accepted conditions,

termed the hypothesis, and then employs a sequence of logical implications to arrive at a

valid conclusion, they are employing deductive reasoning127.

The primary contrast between these two methodologies becomes evident through the

specific terms they incorporate: "probable," which characterizes inductive reasoning, and

"valid," which pertains to deductive reasoning. In certain research contexts, these two

strategies are alternatively labeled as qualitative (inductive) and quantitative (deductive),

signifying their ongoing rivalry and competition over the course of time. Various adjectives

have been employed to characterize the distinct concepts of induction and deduction. These

include terms such as inductive/deductive research, inductive/deductive thinkers,

inductive/deductive approaches, instructive/deductive pedagogy, inductive/deductive

teaching, inductive/deductive learning strategies, and inductive/deductive reasoning. These

two approaches are frequently encountered in written works. Although the methodologies

themselves diverge, their objectives remain consistent. Both strategies present strengths and

weaknesses128.
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2.4 Conceptual Model

Conceptual model of this study shows the relationship between the independent

variables (inductive teaching strategy, deductive teaching strategy and conventional teaching

strategy) and dependent variables (students’ achievement in Basic General Mathematics).

The moderating variables are Gender (male and female) and Class size (large and small).

This is illustrated in the Figure below

Fig 2.1: Conceptual Framework of the Study

Source: Field work 2023
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types, but the most pivotal ones in the context of most research methodologies are the

independent and dependent variables. The independent variable, also referred to as the

manipulated variable, serves as the core element in quantitative experimental design. It is

meticulously isolated and controlled by the researcher. In the framework outlined above, the

independent variables that influence the academic achievement among College students are

the inductive teaching strategy, deductive teaching strategy and conventional teaching

strategy.

The dependent variable, on the other hand, represents the quantifiable outcome

resulting from this manipulation, which in this case is the academic achievement of the

students. In this particular study, there exist two distinct groups: (i) the Control group and (ii)

the Experimental groups. The Experimental groups will receive instruction through inductive

and deductive teaching strategies, while the Control group will be taught using conventional

teaching methods. Additionally, this research takes into account gender and class size as

moderating variables.

One of the factors frequently discussed in academic literature as having a significant

effect on the academic achievements of students, particularly in the field of science subjects,

is gender. Gender encompasses a spectrum of physical, biological, mental, and behavioral

traits that distinguish and differentiate between the female and male populations. The

significance of investigating students' academic performance in connection with gender

primarily arises from disparities in academic achievement between girls and boys, known as

the gender gap. It's worth noting that the gender gap in Mathematics achievement varies

depending on the specific level of Mathematics under consideration, and it may be
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particularly pronounced in certain mathematical topics130. Considering the notion that

students' gender might influence their academic performance, this research explores any

potential relationship between the two.

Research evidences indicate that class size has a notable adverse impact on students'

academic performance. Specifically, the research revealed that students in smaller class

settings outperformed their counterparts in larger classes. Furthermore, it was observed that

the detrimental impact of class size on academic performance was particularly notable in

science subjects compared to non-science subjects131.

Mathematics learning encompasses more than just thinking and reasoning; it is

closely tied to the learners' attitudes towards both learning and Mathematics itself. Attitudes

comprise cognitive, affective, and behavioral responses that individuals exhibit towards an

object or their surroundings based on their emotions or interests. In the context of attitudes

towards Mathematics, the cognitive component pertains to an individual's thoughts or beliefs

about the subject, while the affective component involves the emotions and feelings

associated with learning Mathematics. Negative attitudes, such as laziness/procrastination,

tardiness, absenteeism, apathy/lack of interest, and low self-esteem, can exert adverse effects

on students' academic performance. Conversely, positive attitudes like self-motivation can

significantly enhance students' academic achievement132.
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2.5 Summary of Gaps in Literature Reviewed

Research have demonstrated that a critical factor contributing to success in

Mathematics is the selection of efficient problem-solving strategies. Mastery of calculations

alone is insufficient; instead, it is vital to cultivate meta-cognitive skills, including control

and elaboration strategies. Several research findings indicate that students can enhance their

mathematical achievements significantly when they make intensive use of elaboration

strategies. Therefore, the present research centers on assessing the impacts of inductive and

deductive teaching methods in Mathematics education. Although these methods may differ,

their ultimate objectives align, and both approaches come with their respective advantages

and disadvantages.

There are two basic schools of thought in the theory of learning. These are

behaviorism and constructivism. Behaviorists define the role of educational psychology as

equipping educators with the ability to anticipate, manage, and modify classroom behavior.

This viewpoint stands in contrast to an approach that emphasizes educational psychology as a

comprehensive field centered on information rather than skills. A core divergence between

behaviorists and non-behaviorists centers on whether the purpose of education and teaching

is primarily to impart and cultivate skills (as viewed by behaviorists) or to prioritize the

development of interpersonal relationships and positive self-concepts (as seen in the non-

behaviorist perspective). In contrast, constructivism serves as an epistemological theory that

elucidates how individuals acquire knowledge. Essentially, constructivism posits that people

construct their own understanding and knowledge of the world through firsthand experiences

and reflective processes. It asserts that learning is a highly individualized activity, suggesting
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that individuals endeavour to make sense of all the information they encounter, thus

"constructing" their own meaning from it.

Both behaviorism and constructivism offer distinct advantages and drawbacks as

theoretical frameworks in the context of Mathematics education. Behaviorism underscores

the significance of practice, repetition, and feedback in the learning process. Nevertheless, it

has faced criticism for its heavy reliance on rote memorization and its tendency to overlook

students' active engagement in knowledge construction. On the contrary, constructivism

places importance on students' active involvement in learning, emphasizing their role in

constructing meaning and understanding through experiences and interactions with their

environment. However, constructivism has also been criticized for its limited emphasis on

explicit instruction and foundational knowledge and skills. Exploring the application of

behaviorism in Mathematics teaching, it's essential to understand behaviorism as a

psychological theory that highlights observable behaviors and their reinforcement in the

learning process. This perspective can be valuable in addressing challenges students

encounter in Mathematics learning. One significant application of behaviorism in

Mathematics teaching involves employing positive reinforcement to encourage desired

behaviors among students. Teachers can utilize various forms of reinforcement, such as

praise, rewards, and grades, to reinforce correct responses and promote desirable behaviors.

Furthermore, behaviorism can be harnessed to teach mathematical concepts and skills by

emphasizing repetition and practice, allowing students ample opportunities to solve

mathematical problems and tasks, thus aiding in the development of automaticity and fluency

in Mathematics. Another practical use of behaviorism in Mathematics education is the



81

implementation of behavior contracts to establish clear expectations for student behavior and

offer incentives for meeting these expectations.

The researchers arrived at the conclusion that a blended approach, combining

elements of behaviorism and constructivism, could prove to be the most efficient strategy for

Mathematics education. They recommended that educators should offer students the chance

for regular practice and repetition. Simultaneously, they should foster an environment where

students actively engage in constructing their own comprehension of mathematical concepts

through problem-solving and exploration. Additionally, the researchers stressed the

significance of delivering prompt and insightful feedback. They also highlighted the

advantages of leveraging technology to enrich the learning experience and offer personalized

feedback and practice opportunities.

When designing an experiment, it is crucial to consider the research variables that

might have an impact on the results. Various types of variables exist, but for most research

methods, the primary ones are the independent and dependent variables. The independent

variable serves as the central element of the experiment, controlled and manipulated by the

researcher. In the context of this research, the specific independent variables under scrutiny

are the inductive and deductive teaching methods. Meanwhile, the dependent variable in this

study is the academic achievement of the students. Additionally, gender and class size are

considered moderating variables in relation to Mathematics.
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Chapter Three

Methodology

The research study is concerned with effects of inductive and deductive teaching

strategies on students’ achievement in Basic General Mathematics in Colleges of Education

in Oyo State. This chapter deals with Research Design, Population of the Study, Sample and

Sampling Techniques, Description of the Research Instruments, Validity of the Research

Instruments, Reliability of the research Instrument, Data collection and Data analysis.

3.1 Research Design

The research design that was used for this study is quasi experimental design to examine the

effect of inductive and deductive teaching strategies on students’ achievement in Basic

General Mathematics in Colleges of Education in Oyo State. The study was make use of 3 ×2

× 2 factorial design. This design is chosen because it allows for the determination of the

effect of each independent variable on the dependent variable. This is the main component of

the design. It also provides an opportunity to determine the combined influence of the

independent variable on the dependent variable.
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Table 3.1: Factorial Design

GROUP

1

PRE TREATMENT

2

POST-TEST CLASS SIZE GENDER

E1 O 1 X 1 0 2 Large

Small

Female

Male

E 2 O 3 X 2 O 4 Large

Small

Female

Male

E 3 O 5 X3 O 6 Large

Small

Female

Male

Source: Field work 2023

Where

E1 represents Experimental Group 1 (Inductive Teaching Strategy)

E2 represents Experimental Group 2 (Deductive Teaching Strategy)

E3 represents Experimental Group 3 (Conventional Teaching Strategy)

O1 represents Pre-test score of Group 1

O3 represents Pre-test score of Group 2

O5 represents Pre-test score of control Group

O2 represents Post-test score of Group 1

O4 represents Post-test score of Group 2

O6 represents Post-test score of control Group

X 1=Treatment 1 (Inductive Teaching Strategy)

X 2=Treatment 2 (Deductive Teaching Strategy)
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X3 =Treatment 3(Conventional Teaching Strategy)

Independent variables include

 Independent variables of three levels

 Inductive teaching strategy

 Deductive teaching strategy

 Conventional teaching strategy

Dependent variables include

 Students’ academic achievement in Basic General Mathematics

Moderating variables include

 Gender at two levels

 Male

 Female

 Class size at two levels

 Small

 Large
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Table 3.2: Schematic Representation of the (3 × 2 × 2) Factorial Matrix

The schematic representation of the (3 × 2 × 2) factorial matrix for the study is shown above

3.2 Population of the Study

The population for the study comprises of three thousand, six hundred and sixty three

(3663) year Two Students in the government Colleges of Education in Oyo State: four

hundred and seven (407) Year Two students in Oyo State College of Education, Lanlate;

Two thousand and fifty-six (2056) year two students in Federal College of

Education(Special), Oyo and one thousand two hundred(1200) students in Emmanuel

Alayande College of Education, Oyo.

Treatment Class Size Gender

Inductive Teaching Strategy (X1)
Large

Small

Female

Male
Deductive Teaching Strategy (X2) Large

Small

Female

Male

Conventional Teaching Strategy (X3)
Large

Small

Female

Male
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Table 3.3: Population of year two students

S/N College of Education Level Population

1 Emmanuel Alayande Colleges of

Education, Oyo

200 1,200

2 Federal College of Education

(special), Akinmorin, Oyo

200 2,056

3 Oyo State College of Education,

Lanlate, Oyo State

200 407

TOTAL 3,663

Source: Field work 2023

3.3 Sample and Sampling Techniques

The study adopted a purposive sampling technique of three intact class of non-science

Year Two students of Early Childhood Care School and Adult and non-formal education

students from school of Education of Alayande College of Education, Oyo, Federal College

of Education (Special), Oyo and Oyo State College of Education, Lanlate, Oyo. There are six

(6) Schools in all Colleges of Education (School of Art &Social Science, School of Early

Childhood Care, School of Education, School of Languages, School of Science and School of

Vocational and Technical Education). The total number of Year Two students of School of

Education and Early Childhood Care from the three Colleges of Education who is

participated in the study is two hundred and thirty-five (235). One hundred and nine (109)

students from Federal College of Education (Special), Oyo, sixty (60) students from Oyo

State College of Education, Lanlate and sixty six (66) students from Emmanuel Alayande

College of Education ,Oyo.
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Table 3.4: Sample of year two students

S/N College of Education Level Population Sample

1 Emmanuel Alayande Colleges

of Education, Oyo

200 1200 66

2 Federal College of Education

(Special), Akinmorin, Oyo

200 2,056 109

3 Oyo State College of

Education, Lanlate, Oyo State

200 407 60

TOTAL 3,663 235

Source: Field work 2023

3.4 Description of the Research Instruments

The instruments used in this research work were:

i) Lesson Plan prepared by the researcher and

ii) Basic Mathematics Achievement Test (BMAT).

i. Lesson Plan: The lesson plan was developed by the investigator and specifically designed

to align with the content in the Basic General Mathematics II curriculum, as outlined in the

second-semester course for 100-level students. The topic selected for this plan is "Expansion

and Factorization of Algebraic Expressions." Three separate lesson plans were created: one

for the experimental group I, another for experimental group II, and a third for the control

group. These lesson plans were employed as instructional tools, and you can find them in

Appendix II, III, and IV.

ii. Basic Mathematics Achievement Test (BMAT): The BMAT was derived from previously

administered 100-level examination questions. It comprehensively covers all subtopics
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related to the expansion and factorization of algebraic expressions. The Basic Mathematics

Achievement Test (BMAT) consists of a set of 25 multiple-choice questions, each offering

five answer choices labeled from A to E. Detailed question examples can be found in

Appendix V.

3.5 Validity of Research Instruments

The face and content validity of the research instruments, was done by the

researcher’s supervisor and two experts in the Department of Science Education. All

corrections and modifications were effected before the final drafts were produced.

3.6 Reliability of the Research Instruments

A pilot survey of Twenty (20) Year II students were chosen from School of

Languages at Emmanuel Alayande Colleges of Education, Oyo was used to determine the

reliability of the instruments and was carried on of the sample of the population who did not

partake in the main study. Kuder-Richardson formula (KR-20) was used to calculate the

reliability of the instrument (BMAT) with reliability value of 0.89.

3.7 Method of Data Collection

Prior to the commencement of the research, a letter of introduction was collected

from the Department of Science Education, Lead City University, Ibadan to secure the

consent of Heads of the various institutions. The researcher administered and conducted the

Basic Mathematics Achievement Test (BMAT) with the help of two (2) trained research

assistances both before and after the treatments. A total of nine (9) weeks was used to

conduct the study. The first one (1) week was used for pre-test; the second stage of seven (7)

weeks was used for lectures. The third stage of two (2) weeks was used for post-test. This
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was paper and pencil tests. The post-test results were obtained after the treatment, students

from Emmanuel Alayande College of Education (Experimental group1), Oyo were exposed

to inductive teaching strategy, while the students of Federal College of Education (Special)

(Experimental group 2), Oyo were exposed to deductive teaching strategy and Oyo State

College of Education Lanlate was only exposed to the regular conventional teaching strategy.

The table of specification for Basic Mathematics Achievement Test (BMAT) was used for

assessment, both before and after the treatment. see Appendix II.

3.8 Method of Data Analysis

Analysis of Co-variance (ANCOVA) was used to analyze the collected data. The data

was tabulated and analyzed under the following headings: (i) Analysis of mean achievement

scores of control group and experimental group for pre-test data (ii) Analysis of mean

achievement scores of control group and experimental group for post-test data.

Out of six categories of cognitive domain which aims at the development of mental

skills and the acquisition of knowledge of the individual, which include knowledge,

comprehension, application, analysis, synthesis and evaluation, the items in Basic

Mathematics Achievement Test (BMAT) was based on three cognitive levels which are

Knowledge, Comprehension and Application. This measure the dependent variable, that is,

Students’ Academic Achievement in Basic General Mathematics. The table of specification

for Basic Mathematics Achievement Test (BMAT) is presented in Appendix VI.
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Endnote

1. List of Colleges of Education in Oyo State, https://samphina.com.ng/federalstate-
private-colleges-education-oyo-state/



103

Chapter Four

Results and Discussion of Findings

4.1 Demographic Data Analysis

This chapter is based on presentation and analysis of data of the results. It also

includes discussion of findings. The analysis is in line with the research objectives and

hypothesis generated for the study. The study focused on students of Early Childhood Care

School and Adult and non-formal education students from school of Education of Alayande

College of Education, Oyo, Federal College of Education (Special), Oyo and Oyo State

College of Education, Lanlate, Oyo offering Basic General Mathematics course. The total

number of Year Two students of school of Education and Early Childhood Care from the

three Colleges of Education is two hundred and thirty-five (235). One hundred and nine (109)

from Federal College of Education (Special), Oyo, sixty (60) from Oyo State College of

Education, Lanlate and sixty six (66) from Emmanuel Alayande College of Education, Oyo.

The moderating variables include gender at two levels (Male and Female); and class size at

two levels (Small and Large).The data were analyzed with different descriptive and

inferential statistical method using the Statistical Package for Social Science (SPSS) IBM

Version 26.0 in order to analyse data collected and test the hypotheses formulated for the

study.

4.2 Presentation of Data

4.2.1 Research Question

1. What are the frequency distribution of students’ achievements for pre-test and

post-test in Basic Mathematics Achievement Test (BMAT)?
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The frequency distribution of students’ achievements in Basic Mathematics

Achievement Test for pre-test and post-test are presented below:

Table 4.1: Basic Mathematics Achievement Test (Pre-Test score) at Emmanuel Alayande

College of Education, Oyo

Source: Researcher Field Work 2023

The data collected from Emmanuel Alayande College of Education, Oyo, for pre-test

score of Year 2 students on Basic General Mathematics. Out of sixty-six students, four (4)

students scored 2 marks , two (2) female and two (2) male during the pre-test representing

6.06 %; six (6) scored 3 marks, three (3) female and three (3) male during the pre-test

Score (Out of 25) Male Female

Total Percentage

(%)

2 2 2 4 6.06

3 3 3 6 9.09

4 2 6 8 12.12

5 4 2 6 9.09

6 2 6 8 12.12

7 1 3 4 6.06

8 1 4 5 7.58

9 1 5 6 9.09

10 3 3 6 9.09

11 2 4 6 9.09

12 0 3 3 4.55

17 0 3 3 4.55

19 1 0 1 1.52

Total 21 44 66 100.00
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representing 9.09 %; eight (8) students scored four (4) marks, six (6) female and two (2) male

representing 12.12%; six (6) students scored 5 marks, two (2) female, four (4) representing

9.09%; eight (8) students scored 6 marks, six (6) female, two (2) male representing 12.12%;

four (4) students scored 7marks, three (3) female and one (1) male representing 6.06%; five (5)

students scored 8 marks, four (4) female and one (1) male representing 7.58%; six (6) students

scored 9 marks, five (5) female and one (1) male representing 9.09%; six(6) students score 10

marks, three (3) female and three (3) male representing 9.09%; six (6) students scored 11

marks, four (4) female and two (2) male representing 9.09%; three (3) students scored 12

marks which were female students representing 4.55%; three (3) students scored 17 marks

which also were female students representing 4.55% and finally one (1) student scored 19

marks which was a male student representing 1.52% as shown in the table above.
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Table 4.2: Basic Mathematics Achievement Test (Pre-Test score) at Federal College of
Education (Special), Oyo

Source: Researcher Field Work 2023

The data collected from Federal College of Education (Special), Oyo, for pre-test score of Year

2 students on Basic General Mathematics. Out of One hundred and nine (109) students. One (1)

student scored 0 mark which was male student representing 0.92%; three (3) students scored 1

mark, two (2) male and one (1) female representing 2.75%; One (1) student scored 2 marks,

which was a female student representing 0.92%; ten (10) students scored 3 marks, four (4)

male and six (6) female representing 9.17%; nine (9) students scored 4 marks. five (5) male

Score (Out of 25) Male Female Total Percentage

(%)

0 1 0 1 0.92

1 2 1 3 2.75

2 0 1 1 0.92

3 4 6 10 9.97

4 5 4 9 8.26

5 2 8 10 9.17

6 8 10 18 16.51

7 7 15 22 20.18

8 3 11 14 12.84

9 5 1 6 5.50

10 1 3 4 3.67

11 1 2 3 2.75

12 0 3 3 2.75

13 3 1 4 3.67

15 1 0 1 0.92

Total 43 66 109 100.00
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and four (4) female students representing 8.26%, ten (10) students scored 5 marks, two (2)

male and eight (8) female students representing 9.17%; eighteen (18) students scored 6 marks.

eight males and ten (10) females students representing 16.51%; twenty-two (22) students

scored 7 marks, seven (7) male and fifteen (15) female representing 20.18%; fourteen (14)

students scored 8 marks. three (3) male and eleven (11) female students representing 12.84%;

six (6) students scored 9 marks, five (5) male and one (1) female representing 5.50%; four (4)

students scored 10 marks, one (1) male and three (3) female student representing 2.75%; three

(3) students scored 12 marks which were female students representing 2.75%; four (4) students

scored 13 marks, three (3) male and one (1) female representing 3.67%; and finally, one (1)

student scored 15 marks which was a male student representing 0.92% as shown in the table

above.
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Table 4.3: Basic Mathematics Achievement Test (Pre-Test score) at Oyo State College
of Education, Lanlate, Oyo State

Source: Researcher’s Fieldwork 2023

The data collected from Oyo State College of Education, Lanlate for Pre-test score on

Basic Mathematics Achievement Test for Year two students of Oyo State of College of

Education, Lanlate. Out of sixty (60) students, two (2) students scored 2 marks which was male

student representing 3.33%; five (5) students scored 3 marks, two (2) male and three (3) female

representing 8.33%; nine (9) students scored 4 marks, three (3) male and six (6) female

representing 15.00%, ten (10) students scored 5 marks, four (4) male and six (6) female

representing 16.67%; seven (7) students scored 6 marks, three (3) male and four (4) female

representing 11.67%; nine (9) students scored 7 marks, four (4) male and five (5) female

representing 15.00%; four (4) student scored 8 marks one (1) male and three (3) female

representing 6.67%; five (5) students scored 9 marks, two (2) male and three (3) female

representing 8.33%; seven (7) students scored 10 marks. two (2) male five (5) female

Score (Out of 25) Male Female Total Percentage (%)

2 2 0 2 3.33

3 2 3 5 8.33

4 3 6 9 15.00

5 4 6 10 16.67

6 3 4 7 11.67

7 4 5 9 15.00

8 1 3 4 6.67

9 2 3 5 8.33

10 2 5 7 11.67

12 0 2 2 3.33

Total 23 37 60 100.00
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representing 11.67%; and finally two (2) students scored 12 marks which were female

representing 3.33% as shown in the table above.
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Table 4.4: Basic Mathematics Achievement Test (Post-Test Score) at Emmanuel
Alayande College of Education

Source: Researcher’s Fieldwork 2023

The post-test score of Year 2 students of Emmanuel Alayande College of Education,

Oyo, Oyo State on Basic General Mathematics. Out of sixty-six (66) students, three (3)

students scored 3 marks, one (1) male and two (2) female during the Post-test representing

4.55%; five (5) students scored 4 marks, two (2) male and three (3) female representing 7.58%;

nine (9) students scored 5 marks, three (3) male and six (6) female representing 13.64%; seven

(7) students scored 6 marks, one (1) male and six (6) female representing10.61%; nine (9)

Score (Out of 25) Male Female Total Percentage (%)

3 1 2 3 4.55

4 2 3 5 7.58

5 3 6 9 13.64

6 1 6 7 10.61

7 3 6 8 13.64

8 1 6 7 10.61

9 2 2 4 6.06

10 0 2 2 3.03

11 2 2 4 6.06

12 2 1 3 4.55

13 2 2 4 6.06

14 1 2 3 4.55

15 1 1 2 3.03

17 1 1 2 3.03

19 0 1 1 1.52

21 0 1 1 1.52

Total 22 44 66 100
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students scored 7 marks, three (3) male and six (6) female during post-test representing 13.64%;

seven (7) students scored 8 marks, one (1) male and six (6) female representing 10.61% ; four

(4) students scored 9 marks , two (2) male and two (2) female during the post test representing

6.06% ; two (2) students scored 10 marks which were female students representing 3.03% ;

four (4) students scored 11 marks, two (2) male and two (2) female representing 6.06% ; three

(3) students scored 12 marks, two (2) male and one (1) female representing 4.55%; four (4)

students scored 13 marks ,two (2) male and two (2) female representing 6.06% ; three (3)

students scored 14 marks ,one (1) male and two (2) female representing 4.55%; two (2)

students scored 15 marks, one (1) male and one(1) female representing 3.03%, two (2) student

scored 17 marks, one(1) male and one (1) female representing 3.03% ; one (1) student scored

19 marks, which was a female representing 1.52% and finally one (1) student scored 21 marks,

which was a female representing 1.52% as shown in the table above.
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Table 4.5: Basic Mathematics Achievement Test (Post-Test Score) at Federal College of
Education (Special), Oyo

Score (Out of 25) Male Female Total Percentage (%)

4 4 1 5 4.59

5 3 4 7 6.42

6 2 2 4 3.67

7 2 5 7 6.42

8 5 7 12 11.01

9 3 7 10 9.17

10 2 12 14 12.84

11 3 3 6 5.50

12 5 14 19 17.43

13 2 2 4 3.67

14 3 1 4 3.67

15 3 4 7 6.42

16 4 2 6 5.50

17 2 0 2 1.83

20 0 2 2 1.83

Total 43 66 109 100.00

Source: Researcher’s Fieldwork 2023

The post test data collected from Federal College of Education (Special), Oyo, Out of

One hundred and nine (109) of the Year two students, five (5) students scored 4 marks, four

(4) male and one (1) female during the post test representing 4.59%; Seven (7) students

scored 5 mark, three (3) male and four (4) female, during the post text representing 6.42%;

Four (4) students scored 6 marks two (2) male and two (2) female representing 3.67%;

Seven (7) students scored 7 marks, two (2) male and five (5) female representing 6.42%,

twelve (12) students Scored 8 marks five (5) male and Seven (7) female representing 11.01%;
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ten (10) students scored 9 marks three (3) male and Seven (7) female representing 9.17%;

fourteen (14) students scored 10 marks, two (2) male and twelve (12) female representing

12.84%; six (6) students scored 11 marks, three (3) male and three (3) female represent

5.50%; nineteen (19) students scored 12 marks, five (5) male and fourteen (14) female

representing 17.43%; four (4) students scored 13 marks, two (2) male and two (2) female

students representing 3.67%; four (4) students scored 14 marks, three (3) male and one (1)

female representing 3.67%; Seven (7) students scored 15 marks, three (3) male and four (4)

female representing 6.42%; Six (6) students scored 16 marks, four (4) male and two (2)

female representing 5.50%; two (2) students scored 17 marks which were male representing

1.83%; and finally two (2) students scored 20 marks which were female representing 1.83%

as shown in the table above.



114

Table 4.6: Basic Mathematics Achievement Test (Post-Test Score) at Oyo State College

of Education, Lanlate, Oyo State

Score (Out of 25) Male Female Total Percentage (%)

3 1 0 1 1.67

4 2 2 4 6.67

5 3 1 4 6.67

6 1 2 3 5.00

7 2 0 2 3.33

8 5 1 6 10.00

9 2 3 5 8.33

10 5 6 11 18.33

12 0 12 12 20.00

13 2 0 2 3.33

14 0 6 6 10.00

15 0 4 4 6.67

Total 23 37 60 100

Source: Researcher’s Fieldwork 2023

The post-test score collected from Oyo State college of Education, Lanlate. Out of

Sixty (60) students, one (1) student scored 3 marks which was a male representing 1.67%;

four (4) students scored 4 marks, two (2) male and two (2) female during the post-test

representing 6.67%; four (4) students scored 5 marks three (3) male and one (1) female

representing 6.67%; three (3) students scored 6 marks, one (1) male and two (2) female

representing 5.00%; two (2) students scored 7 marks, two (2) students which were male

students representing 3.33%; six (6) students scored 8 marks, five (5) male and one (1)

female representing 10.00%; five (5) students scored 9 marks, two male and three (3) female

representing 8.33%; eleven (11) students scored 10 marks. five (5) male and Six (6) female
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representing 18.33%; twelve students (12) scored 12 marks which were female representing

20.00%; two (2) students scored 13 marks which were male students representing 3.33%; six

(6) students scored 14 marks which were female students representing 10.00%, and finally,

four (4) students scored 15 marks of which were female representing 6.67% as shown in the

table above.

The tables above show the performance of the students in Basic Mathematics

Achievement Test (BMAT) conducted in the three (3) selected Colleges of Education in Oyo

State for pre-test and post-test results. The result revealed that the female students performed

better than the male students.

4.2.2 Hypotheses

The following hypotheses was tested at a 0.05 level of significance

H01: There will be no significant main effect of:

i. Inductive teaching strategy

ii. Deductive teaching strategy

iii. Conventional teaching strategy

on students’ academic achievement in Basic General Mathematics in

Colleges of Education in Oyo State.

Hypothesis 1 is also re-written in this form: There will be no significant main effect

of treatment (Inductive teaching strategy, Deductive teaching strategy and Conventional

teaching strategy) on students’ academic achievement in Basic General Mathematics in

Colleges of Education in Oyo State.
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Table 4.7 :Analysis of covariance showing The Main Effect of Treatment (Inductive

Teaching Strategy, Deductive Teaching Strategy and Conventional Teaching

Strategy ) Tests of Between-Subjects Effects

Source Type III Sum of Squares df Mean Square F Sig.
Corrected
Model 2884.785a 3 961.595 574.187 0.000

Intercept 161.726 1 161.726 96.570 0.000
Pre-test 2757.851 1 2757.851 1646.765 0.000
Treatment 301.201 2 150.600 89.926 0.000
Error 386.858 231 1.675
Total 25548.000 235
Corrected Total 3271.643 234
a. R Squared = 0.882 (Adjusted R Squared = 0.880)

From table 4.7, it was found that there was a significant main effect of treatment on

students’ academic achievement in Basic General Mathematics in Colleges of Education

(F(2;231) = 89.93; p < 0.05). Therefore, the R2= 0.882 which implies that 88.2% of the

variance (in dependent variable) is accounted for by the treatment, the null hypothesis 1 is

rejected. To explore the magnitude of the significant may effect across treatment groups, the

estimated mean of the treatment was carried and the result is presented in Table 4.8.
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Table 4.8: Estimated Marginal Means for Treatment

Treatment Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Inductive Teaching Strategy 7.917a 0.160 7.602 8.233

Deductive Teaching Strategy 10.532a 0.124 10.288 10.776

Control Group (convectional

teaching strategy)
10.291a 0.168 9.961 10.621

a. Covariates appearing in the model are evaluated at the following values: pre-test =

6.7915.

The estimated marginal mean in Table 4.8 shows that the students exposed to

deductive teaching strategy had the highest academic achievement in BMAT with mean

score of 10.53, followed by those exposed to control group with value of 10.29 while those

exposed to inductive teaching strategy had the lowest value of 7.92.

H02: There will be no significant main effect of:

i. Gender

ii. Class size

on students’ academic achievement in Basic General Mathematics in

Colleges of Education in Oyo State.

i There will be no significant effect of Gender on students’ academic achievement in Basic

General Mathematics in Colleges of Education in Oyo State.
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In line with the hypothesis 2.i in Table 4.9, which says there will be no significant

effect of gender on students’ academic achievement in Basic General Mathematics. It

showed that there is no significant effect of gender on students’ academic achievement in

basic general Mathematics (F(2;231) = 28.01; p > 0.05) that is, p-value was 0.942. The

R2=0.790 which implies that 79% of the variance is accounted for by the dependent variable

(student’s academic achievement). Therefore, the null hypothesis 2.i is not rejected. The

estimated Marginal mean for gender is shown in Table 4.10.

Table 4.9: Analysis of Covariance showing Effect of Gender on Students’ Academic
Achievement in Basic General Mathematics in Colleges of Education in Oyo State

Source
Type III Sum of

Squares df Mean Square F Sig.
Corrected Model 2583.600a 2 1291.800 435.580 0.000

Intercept 251.848 1 251.848 84.920 0.000
Pre-test 2565.249 1 2565.249 864.972 0.000
Gender .016 1 .016 28.005 0.942
Error 688.043 232 2.966
Total 25548.000 235

Corrected Total 3271.643 234

a. R Squared =0.790 (Adjusted R Squared = 0.788)
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Table 4.10: Estimated Marginal Means for Gender

Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

9.738a .116 9.510 9.967

a. Covariates appearing in the model are evaluated at the following values: pre-test =
6.7915.

The estimated marginal mean Table 4.10 shows that Gender has effects on students’

academic achievement in Basic General Mathematics with mean score of 9.74 which is in

agreement with Test of between subject effect Table.

ii: There will be no significant effect of Class size on students’ academic achievement in

Basic General Mathematics in Colleges of Education in Oyo State.
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Table 4.11: Analysis of Covariance showing the Effect of Class Size on Students’
Academic Achievement in Basic General Mathematics in Colleges of Education in Oyo
State

Source

Type III Sum of

Squares df Mean Square F Sig.

Corrected

Model
2710.521a 2 1355.260 560.342 0.000

Intercept 249.087 1 249.087 102.987 0.000

Pre-test 2627.258 1 2627.258 1086.259 0.000

Class-size 126.937 1 126.937 52.483 0.000

Error 561.122 232 2.419

Total 25548.000 235

Corrected Total
3271.643 234

a. R Squared = 0.828 (Adjusted R Squared = 0.827)

Table 4.11 shows the analysis of hypothesis 2.ii, which says there will be no

significant effect of class size on students’ academic achievement in Basic General

Mathematics in Colleges of Education in Oyo State. It revealed that there is significant effect

of class size on students’ academic achievement in Basic General Mathematics (F(1;232) =

52.48; p < 0.05). Therefore, the null hypothesis 2.ii is rejected.
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Table 4.12: Estimated Marginal Means of Class-Size

Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

9.790a 0.102 9.589 9.990

a. Covariates appearing in the model are evaluated at the following values: pre-test =
6.7915.
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H03: There will be no significant interaction effects of treatment (Inductive teaching strategy,

Deductive teaching strategy) and gender on students’ academic achievement in Basic General

Mathematics in Colleges of Education in Oyo State.

Table 4.13: Analysis of Covariance showing Interaction Effects of Treatment
(Inductive teaching strategy, Deductive teaching strategy and Conventional teaching
strategy) and Gender on Students’ Academic Achievement in Basic General
Mathematics in Colleges of Education in Oyo State

Type III Sum of

Squares df Mean Square F Sig.

Corrected Model 2997.857a 6 499.643 416.087 0.000

Intercept 163.587 1 163.587 136.230 0.000

Pre-test 2721.806 1 2721.806 2266.635 0.000

Treatment 209.960 2 104.980 87.424 0.000

Gender 1.294 1 1.294 1.077 0.300

treatment *

gender
112.675 2 56.337 46.916 0.000

Error 273.785 228 1.201

Total 25548.000 235

Corrected Total 3271.643 234

a. R Squared = 0.916 (Adjusted R Squared = 0.914)

Table 4.13 shows the analysis of hypothesis 3 that there will be no significant

interaction effects of Treatment (Inductive teaching strategy and Deductive teaching strategy)

and gender on students’ academic achievement in Basic General Mathematics. There is
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significant interaction effect of treatment and gender on students’ academic achievement in

Basic General Mathematics (F(1;228) = 46.92; p< 0.05). Therefore, the null hypothesis 3 is

rejected

Table 4.14: The Estimated Marginal Means

Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

9.589a 0.077 9.437 9.740

a. Covariates appearing in the model are evaluated at the following values: pre-test =

6.7915.

The interaction effects of treatments and gender on students’ academic achievement in Basic

General Mathematics when exposed to inductive teaching strategy and deductive teaching

strategy is significant.
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H04: There will be no significant interaction effect of Treatment ((Inductive teaching strategy

and Deductive teaching strategy) and Class Size on students’ academic achievement in

Basic General Mathematics in Colleges of Education in Oyo State.

Table 4.13: Analysis of Covariance showing Interaction Effects of Treatment
(Inductive teaching strategy, Deductive teaching strategy and Conventional teaching
strategy) and Class-Size on Students’ Academic Achievement in Basic General
Mathematics in Colleges of Education in Oyo State

Source

Type III Sum of

Squares df Mean Square F Sig.

Corrected Model 2884.785a 3 961.595 574.187 0.000

Intercept 179.547 1 179.547 107.211 0.000

Pre-test 2757.851 1 2757.851 1646.765 0.000

Treatment 174.264 1 174.264 104.057 0.000

Class-size 0.000 0 . . .

treatment * class-size 0.000 0 . . .

Error 386.858 231 1.675

Total 25548.000 235

Corrected Total 3271.643 234

a. R Squared = 0.882 (Adjusted R Squared = 0.880)

Based on the information given by the ANCOVA table 4.15 which shows the Analysis

of hypothesis 4 that there will be no significant interaction effects of Treatment (Inductive

teaching strategy, and Deductive Teaching Strategy) and class size on students’ academic

achievement in Basic General Mathematics. There is no significant interaction effect of
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treatment and class size on students’ academic achievement in Basic General Mathematics

because of inconclusive result represented as dot(“.”). Therefore, the null hypothesis is not

rejected.

Table 4.16: The Estimated Marginal Means

Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

9.580a,b 0.087 9.408 9.752

a. Covariates appearing in the model are evaluated at the following values: pre-test = 6.7915.

b. Based on modified population marginal mean.

H05: There will be no significant interaction effect of gender and class size on students’
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academic achievement in Basic General Mathematics in Colleges of Education in Oyo

State

Table 4.17: Analysis of Covariance showing Interaction Effect of Gender and Class-size

on Students’ Academic Achievement in Basic General Mathematics

Source Type III Sum of Squares df Mean Square F Sig.

Corrected

Model
2711.688a 4 677.922 278.455 0.000

Intercept 249.698 1 249.698 102.563 0.000

Pre-test 2582.962 1 2582.962 1060.945 0.000

Gender 0.049 1 0.049 0.020 0.888

Class size 125.069 1 125.069 51.372 0.000

gender * class

size
1.095 1 1.095 0.450 0.503

Error 559.955 230 2.435

Total 25548.000 235

Corrected Total 3271.643 234

a. R Squared = 0.829 (Adjusted R Squared = 0.826)

Table 4.17 shows that the analysis of hypothesis 5 that there will be no significant interaction

effects of gender and class size on students’ academic achievement in Basic General

Mathematics. It revealed that there is no significant interaction effect of gender and class size

on students’ academic achievement in Basic General Mathematics (F (1; 230) =0.45; p > 0.05).
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Therefore, the null hypothesis is not rejected.

Table 4.18: Estimated Marginal Means

Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

9.783a 0.105 9.575 9.991

a. Covariates appearing in the model are evaluated at the following values: pre-test =

6.7915.

The interaction effect of gender and class-size on students’ academic achievement in

Basic General Mathematics is not significant at (�� = 9.78), (F (1; 230)=0.45; p> 0.05).

H06: There will be no significant interaction effect of Treatment (Inductive and deductive

Teaching Strategies), Gender and Class Size on Students’ Academic Achievement in Basic

General Mathematics in Colleges of Education in Oyo State.

Table 4.19: Analysis of Covariance showing interaction effect of Treatment (Inductive
and Deductive Teaching Strategy), Gender and Class Size on Students’ Academic
Achievement in Basic General Mathematics in Colleges of Education in Oyo State
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Source

Type III Sum of

Squares df Mean Square F Sig.

Corrected

Model

2997.857a 6 499.643 416.087 0.000

Intercept 181.451 1 181.451 151.107 0.000

Pre-test 2721.806 1 2721.806 2266.635 0.000

treatment 95.630 1 95.630 79.638 0.000

gender 0.941 1 0.941 0.784 0.377

Class-

size

0.000 0 . . .

treatment

* gender

* class-

size

0.000 0 . . .

Error 273.785 228 1.201

Total 25548.000 235

Corrected

Total

3271.643 234

a. R Squared = 0.916 (Adjusted R Squared = 0.914)

Table 4.19 Revealed that there is no significant interaction effect of treatment (Inductive and

Deductive Teaching Strategies), Gender and Class Size on Students‘ Academic

Achievement in Basic General Mathematics in Colleges of Education In Oyo States because

of inconclusive result represented as (”.”). Therefore, the null hypothesis is not rejected.
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4.3 Discussion of Findings

With respect to research hypothesis 1 which stated that there will be no significant main

effects of Inductive teaching strategy, Deductive teaching strategy and Conventional teaching

strategy on students’ academic achievement in Basic General Mathematics in Colleges of

Education in Oyo State, result revealed that after introducing the treatment the experimental

group 2 exposed to Deductive teaching strategy (Federal College of Education (Special), Oyo)

had highest academic achievement in Basic Mathematics Achievement Test with mean score

10.53 followed by the control group (conventional teaching strategy) mean score was 10.29

and while the other experimental group 1 that was exposed Inductive teaching strategy

(Emmanuel Alayande College of Education, Oyo) had the lowest mean score of 7.92.

The analysis revealed that Deductive teaching strategy has a significant effect on

students' academic achievement in Basic General Mathematics in Colleges of Education in

Oyo State as indicated by the statistical analysis of ((F(2;231) = 89.93; p < 0.05). The

statistical significance of the findings (p < 0.05) suggests that the utilization of the Deductive

teaching strategy in teaching Algebra in Mathematics instruction is associated with improved

academic achievement among students. Deductive teaching strategy is mainly used in

teaching of Algebra, but certain topics in algebra may lend themselves more naturally to a

deductive approach due to their reliance on established principles and logical relationships1.

There are some algebra topics that are often better suited for deductive teaching strategy:

Proofs of Algebraic Identities, Theorems and Properties of Exponents, Complex Numbers

and Operations, Properties of Functions, Logical Implications in Algebra and Matrix

Operations are often more effectively taught using a deductive teaching approach because it



130

helps students understand the underlying principles and relationships that govern algebraic

concepts2,3. Starting with the foundational principles and leading students through the logical

steps of deduction, a deeper understanding of the subject matter can be developed.

This findings are in line with several previous studies that have demonstrated the efficacy

of deductive teaching strategy in various educational contexts (Geometry, Arithmetic,

Algebra, Trigonometry)4. This study showed that when deductive method is effectively

implemented, it can leads to improved students’ performance and engagement in

Mathematics5. Deductive teaching and inductive teaching are both valuable methods

whereby they both have positive effects on the academic achievement of students in BMAT6.

It is important to strike a balance between presenting general principles and incorporating

real-world context and active learning. Every teaching strategy has its place, and a thoughtful

combination of deductive and inductive approaches can create a well-rounded learning

experience for students.

The analysis revealed that gender has no significant effect on academic achievement

of the student in Basic General Mathematics in Colleges of Education, Oyo State. The p

Value was greater than significance level of 0.05 (F (2.23) = 28.01; p > 0.05). The result of this

study corroborates with the findings which revealed insignificant influence of gender on

students’ academic achievement with physical and mental issues7. However, the result of this

study is not in line with another study which fund that gender has a significant main effect on

academic performance8. Class Size has significant main effect on students’ academic

achievement. The p- value was less than the significance level (F (1,232) = 54.48; p < 0.05).

The class-size is one of the factors that affect the academic achievement of students due to
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teacher inability to attend to all cases in the class. The findings are in line with several

previous studies that reported that substantial class-sizes serve as formable tool to achieving

optimal classroom integration, thereby underscoring the notice that smaller classes are more

likely to heightened academic achievement faster10. This indicates that Class size has definite

impact on academic achievements of students10.

There was a noteworthy interaction effect between treatment (Inductive teaching

strategy and Deductive teaching strategy) and gender concerning students' academic

achievement in Basic General Mathematics. This interaction effect was found to be

statistically significant (F(1;228) = 46.92; p< 0.05), as evidenced by the F-statistic of 46.92 with

a p-value less than 0.05. This significant interaction effect implies that the influence of

teaching strategies, specifically inductive and deductive approaches, on students' academic

achievement in Basic General Mathematics is not consistent across different gender groups.

The effect of these teaching strategies varies based on whether the students are male or

female. This finding sheds light on the subtle relationship between the teaching strategies

and gender-specific learning outcomes. These findings are in line with previous studies that

reported that there is significant interaction effect of treatment and gender on students’

achievement11. The result of this study however, is not in line with the findings that there was

no notable interaction observed between deductive and inductive teaching methods and

gender in relation to the average retention scores of students in the field of Basic Science and

Technology12. These inconsistencies in findings may be due to variations in study design,

sample characteristics, or the specific mathematics content being taught. It underscores the
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complexity of the relationship between teaching strategies, gender, and academic

achievement and warrants further investigation to elucidate the underlying factors.

The interaction effect of treatment (inductive and deductive teaching strategies) and

class-size on students’ academic achievement in Basic General Mathematics in Colleges of

Education in Oyo state was found non-significant, as indicated by the result “dot” (.) in the

analysis output is. This suggested that there is no significant interaction between two

variables in influencing the outcome. The implications of this non-significant interaction in

the context can result to other potential factors that could be influencing the outcome of

interest. This supports the findings of treatment has no connection to student performance

and the class size does not appear to be a crucial factor13.

There is no significant interaction effect of gender and class size on students’

academic achievement in Basic General Mathematics in Colleges of Education in Oyo State

(F (1; 230)= p > 0.05). This result implies that gender and class size, when considered alongside

any covariates, do not appear to have a substantial combined effect on Students’ academic

achievement. This aligns with the study’s conclusion, affirming that gender and Class Size

do not significantly have an effect on Students Academic Achievement14. The result of this

study however, is not in line with the findings of significant interaction of Gender and Class

Size on Students’ academic performance.

There is no significant interaction effect of treatment (Inductive, Deductive and

Convectional Teaching Strategies’), Gender and Class Size on Students’ Academic

Achievement in Basic General Mathematics in Colleges of Education in Oyo State. It
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suggests that there is no significant relationship among the three variables (Treatment, gender

and class Size) being studied. The treatment, gender and class size have no interaction effect

on students academic achievement in Basic General Mathematics. This supports the findings

of no Interaction effects of Treatment, Gender and Class Size on Students’ academic

Achievement15.
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Chapter Five

Conclusion

This chapter deals with the Summary of Findings, Conclusion, Recommendations

based on the finding of the study, Contribution to Knowledge and Suggestion for further

research.

5.1 Summary of Findings

The findings showed the minimum and maximum score for the students of Emmanuel

Alayande College of Education, Oyo (Experimental group I), Federal College of Education

(Special), Oyo (Experimental group II) and Oyo State College of Education, Lanlate (Control

Group), Oyo State. For student of Emmanuel Alayande College of Education, Oyo and Oyo

State College of Education, Lanlate, Oyo State, minimum score in the pre-test of the Basic

Mathematics Achievement Test was 2 out of 25, while the minimum score in pre-test of

Basic Mathematics Achievement for students of Federal College of Education (Special), Oyo

was also 0 mark. The maximum score for pre – test for Emmanuel Alayande College of

Education, Oyo was 19 marks; Federal College of Education (Special), Oyo was 15 marks

and Oyo State College of Education, Lanlate, Oyo State was 12 marks.

There is a significant main effect of treatment (inductive teaching strategy, Deductive

teaching strategy and conventional teaching strategy) on students’ Academic Achievement in

Basic General Mathematics in Colleges of Education in Oyo State. The P-value was less than

significance level which is 0.000. (F(2;231) = 89.93; p < 0.05).

Gender does not have a significant main effect on the academic achievement of

students in Basic General Mathematics in Colleges of Education, Oyo State (F(2;231) = 28.01;
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p > 0.05). However, it was found that class size does have a significant main effect on

students' academic achievement (F(1;232) = 52.48; p < 0.05).

The interaction effects of treatment and gender is significant. This indicates that the

choice of teaching strategy has significant impact on academic achievement based on gender

(F(1;228) = 46.92; p < 0.05).

There is non-significant interaction effect between treatment (inductive and deductive

teaching strategies) and class size on students' academic achievement in Basic General

Mathematics in Colleges of Education in Oyo State.

There is no significant interaction effect between gender and class size on students'

academic achievement in Basic General Mathematics in Colleges of Education in Oyo State.

This means that the combination of gender and class size does not significantly impact on

students' academic performance in this context (F (1; 230)= ; p > 0.05).

There is non-significant interaction effects of treatment (inductive and deductive

teaching strategies), gender and class size on students' academic achievement in Basic

General Mathematics in Colleges of Education in Oyo State.
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5.2 Conclusion

The research reached the following conclusion about the study based on the collected

data, analyzed data, discussion, interactive review and finding.

This study was carried out as one of such efforts to improved students’ performance

in Basic General Mathematics in Colleges of Education, thus improving students’ academic

achievement in Mathematics. To achieve this, the study determined the Effect of Inductive

and Deductive Teaching Strategies on Students’ Academic Achievement in Basic General

Mathematics in Colleges of Education in Oyo State. The two teaching strategies were found

to be effective. However, the deductive teaching strategy was found more effective in

students’ academic achievement for treating Algebra concept.

5.3 Recommendations

Based on the findings discussion and conclusion drawn from this research, the following

recommendations were made:

i. Teachers should employ the use of Deductive and Conventional Teaching Strategies

in teaching Basic General Mathematics especially at the Colleges of Education in

Oyo State.

ii. School Management and teachers should device a means of grouping students to

sizable and Manageable groups for effective teaching and learning of Basic General

Mathematics at the Colleges of Education in Oyo State.

iii. Male and Female gender should be encouraged and assisted for better achievement in

Basic General Mathematics at the Colleges of Education in Oyo State.
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iv. Teachers and School Administrators should work together to address the challenges

posed by class size and ensure that resources are allocated effectively to support

students learning, this might include the use of teaching assistants or other support

staff to manage larger classes.

v. Teachers should be mindful of the significant interaction effect between teaching

strategies (Inductive and Deductive) and gender on academic achievement. This

suggests that teachers may need to tailor their teaching methods to suit the diverse

learning needs of male and female students. It’s important to foster an inclusive

learning environment that accommodates various learning styles.

vi. Teachers and school administrators should work together to address the challenges

posed by class size and ensure that resources are allocated effectively to support

student learning. This might include the use of teaching assistants or other support

staff to manage larger classes.

vii. Regular assessment and monitoring of students’ academic performance can help

identify areas where specific groups (e.g., male or female students) may need

additional support. This can guide targeted interventions to improve overall

achievement.
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5.4 Contribution to Knowledge

1. Conceptual Contribution

Conceptually, this study has enhanced the conceptual definitions of the

following terms, such as the "effect of teaching strategy," "students' academic

achievement," and "Basic General Mathematics."

2. Theoretical Contribution

In contrast to previous studies that have supported the link between

independent variables (Inductive teaching strategy and Deductive teaching strategy)

and the dependent variable (Students' academic achievement in Basic General

Mathematics), this study makes a theoretical contribution by discovering additional

theories.

3. Experimental Contribution

This research significantly contributes to the growing body of evidence

supporting the effectiveness of Deductive teaching in Mathematics Education.

4. Implications for Education and Policy Makers

Education and policy makers are encouraged to consider the integration of

Deductive reasoning into Mathematics instruction as a means to foster improved

learning outcomes.
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5.5 Suggested Areas for Further Research

It is essential to acknowledge the limitations of this study. The research was

conducted in Colleges of Education in Oyo State, and the findings may not be directly

generalized to other regions or educational settings. Additionally, other unexamined factors,

such as student motivation, teacher expertise, and classroom dynamics, could have

influenced the results.

Future researchers in this field should aim to address some of these limitations:

1. Multicenter Study: Conducting a broader, multicenter study could provide a more

comprehensive understanding of the effects of the deductive teaching strategy across

diverse educational environments, such as universities and polytechnics. This

approach would allow for further research in varied contexts.

2. Long-term Effects: Exploring the long-term effects of the Deductive teaching strategy

on students' mathematical proficiency and retention could also be a valuable avenue

for further investigation. This would provide insights into the lasting impact of this

teaching approach on students' learning outcomes.

3. This Study could also be conducted in other states in Nigeria with at least three

Colleges of Education.

4. More investigations need to be carried out on the two teaching strategies using other

moderating variables like attitude and school location.

5. This study can be replicated in other science subjects such as chemistry, physics and

biology.

6. It can be extended to other concepts in Mathematics not examined.
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Appendix I

Tale 1.1: Distribution Of Students’ Academic Achievement Score for Three Sessions

Between 2019-2022

Session

Colleges 2019/2020 2020/2021 2021/2022

No of

passed

No of

failed

No of

passed

No of

failed

No of

passed

No of

failed

1 Emmanuel

Alayande

College of

Education,

Oyo

1,972

92.06%

170

7.94%

1,849

90.02%

205

9.98%

1,343

88.01%

183

11.99%

2 Federal

College of

Education

(Special), Oyo

2,838

94.0%

181

6%

2,377

91.99%

207

8.01%

2,200

89%

272

11%

3 Oyo State

College of

Education,

Lanlate

610

95.02%

32

4.98%

575

92%

50

8%

435

88.96%

54

11.04%

Source: Department of General Studies Education from each School
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Appendix II

Lesson Plan For Inductive Method

Name: Folasade Oluwayemisi, Iyanda

Matric No: LCU/PG/002712

Degree in view: MSc.(Ed) Mathematics Education

Subject: Basic General Mathematics

Topic: Expansion and Factorizing of Algebraic Expression.

Sub Topic: - Expansion of Special Products

Class: N.C.E II

Date:

Duration: One Hour

Previous Knowledge: Students have been taught the expansion of Algebraic expression

Behavioural Objectives: At the end of the lessons, students should be able to:

i. Expand the special product

ii. Derive the square of a difference of two quantities

iii. Derive the square of the sum of the sum of any two quantities

iv. Derive the product of the sum and the difference of two quantities

Instructional Aid: Chart showing expansion of special products.
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Teaching Procedure:

Introduction: The teacher introduces the lesson by writing an example of special products on

the board: (a + b) ² = a² + 2ab + b²

Step 1:- The teacher will write an example of an expression on the board in the form of

addition of two terms and ask the students to find its square by the method of multiplication.

Students will multiply (x + y) by (x + y)

(x + y)(x + y) by breaking the expression into two

(x + y)(x + y), using (x + y) to multiply each in the second bracket (x + y)

(x + y)(x + y) = x(x + y) +y(x + y)

Then the bracket in right hand side can now be removed.

(x + y)(x + y) = x² + xy + yx + y²

= x² + 2xy + y²

Example II: The teacher will write another example based on the difference of two square

quantities (x – y)² = x² - 2xy + y²

(x – y)² = (x – y) (x –y)
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= x(x – y) –y (x – y)

Remove the bracket, we get

x² - xy – yx + y²

= x² - 2xy + y²

Example III: The teacher gives another example on the product of the sum and the difference

of two quantities

(x + y)(x –y) = x² - y²

(x + y)(x – y) = x(x – y) +y(x –y)

x² - xy + yx - y²

x² - y²

Then give them a number of similar cases to solve

i) (p+q)² ii) (x + 2)²

iii) (x-4)² iii) (3a – 2b)²

vi) (m+3)(m – 3) vi) (n – 7)(n + 7)

And then ask them to find the square in each case by the same method. Students will find the

square in case.

Step II: - The teacher will ask the student to tell the square of each expression separately and

will put it on board, in the following form

i. (p + q)² = p² + q² + 2pq

ii. (x + 2)² = x² + 4 -4x

iii. (x – 4)² = x² + 16 – 8x

iv. (3a -2b)² = 9a² + 4b² - 12ab
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v. (m +3)(m – 3)= m² - 9

vi. (n – 7)(n + 7)= n² - 49

Step III: - The teacher will tell the students to observe the square of them.

Assignment: - Expand the following expression.

(i) (2x – 5y)² (ii) (2x + 2)² (iii) (5y + 7x)

Conclusion:

Teachers Remark:-
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Appendix III

Lesson Plan For Deductive Teaching Strategy

Name: Folasade Oluwayemisi IYANDA

Matric No: LCU/PG/002712

Degree In View: M.(Ed) Mathematics Education

Subject: Basic General Mathematics

Topic: Expansion and Factorizing of Algebraic Expression

Sub-Topic: Expansion of Special Products

Class: NCE II

Date:

Duration: One Hour

Previous Knowledge: Students have been taught the Expansion of Algebraic expansion.

Behaviour Objective: At the end of the lesson, students should be able to apply the formula

to solve the given related problems.

Instructional Aids: Chart showing application of formula of expansion of special products.

References:

1. O S. Raimi et al (2010) BASIC GENERAL MATHEMATICS II. SIBIS Ventures Lagos

pg 6-10 ISBN 978-37433-1-7

2. M.F Macrae et al 2013 NEW GENERAL MATHEMATICS for Junior Secondary School

2 Pearson England pg 46-52.

3. M.F Macrae et al 2013 NEW GENERAL MATHEMATICS for Senior Secondary School

1 Pearson, England, pg 58-68.
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Teaching Procedure: The teacher introduced the lesson by writing an example of special

products on the board.

(a + b)² = a² + b² + 2ab

(a – b)² = a² + b² - 2ab

(a – b) (a + b) = a² - b²

Step I: The teacher will tell the students if an algebraic expression is given to find the

expansion of special product of any two quantities, the formula is given below:

(a + b)² = a² + b² + 2ab

(a – b)² = a² + b² - 2ab

(a – b) (a+ b) = a² - b²

Step II: The teacher will expect the students to apply the formula to the same related problem.

Example: Expand

i.) (x – 3)²

ii.) (p + 2q)²

iii.) (r + s) (r – s)

Solution:

* (x – 3)²

Rule: (a – b)2= a² + b² - 2ab

Now ,let apply this rule to the express (x – 3)²

(x – 3)²= x2-2(x)(3)+(3)2

Simplify each term

X2- 6X +9
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* (p + 2q)² = p² + 4q² + 4qp

* (r + s) (r – s) = r² - s²

The teacher will ask the students to the problem of this type given on the board. The student

will solve them in the line with the example.

(i) (3a – 2b)² (ii) (5h + k)² (iii) (5a – 2b) (5a + 2b)

Inference: After solving few problems with the help of given formula, the students will infer

that this formula holds true and can be used to solve another related problem.

Verification: Students may verify the validity of formula by using it to solve another problem

related with the explanation of special product and then memorized this formula for use in

future.

Assignment: Expand i. (5x – 6)²

ii. (5y – 2) (5y + 2)

iii. (f + g)²

Conclusion:

Evaluation:

Teacher’s Remark:

Appendix IV
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Lesson Plan For Conventional Teaching Strategy

Name: Folasade Oluwayemisi, Iyanda

Matric No: LCU/PG/002712

Degree In View: M.(Ed) Mathematics Education

Subject: Basic General Mathematics

Topic: Expansion and Factorizing of Algebraic Expression.

Sub Topic: Expansion of Special Products

Class: N.C.E II

Date:

Duration: One Hour

Previous Knowledge: Students have been taught the expansion of Algebraic expression

Behavioural Objectives: At the end of the topic students should be able to:

i. Expand the special product

ii. Derive the square of a difference of two quantities

iii. Derive the square of the sum of the sum of any two quantities

iv. Derive the product of the sum and the difference of two quantities

Instructional Aid: Chart showing expansion of special products.

References:

1. O S. Raimi et al (2010) BASIC GENERAL MATHEMATICS II. SIBIS Ventures Lagos

pg 6-10 ISBN 978-37433-1-7

2. M.F Macrae et al 2013 NEW GENERAL MATHEMATICS for Junior Secondary School

2 Pearson England pg 46-52.
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3. M.F Macrae et al 2013 NEW GENERAL MATHEMATICS for Senior Secondary School

1 Pearson, England, pg 58-68.

Teaching Procedure:

Introduction: The teacher introduces the lesson by writing an example of special products on

the board (a + b)2 = a2+ 2ab + b2

Step I:- The teacher will write an example of an expression on the board in form of additional

of two terms and find its square by the method of multiplication

(x + y)2 = x2 + y2 + 2xy

The teacher will assume that the students have known the procedure.

Example II:- The teacher will write another example based on the difference of two square

quantities (x – y)2 = x2 + y2 – 2xy

Class work

i. (3a – 2b)2

ii. (x + 4)2

Step II:- The teacher will give the student assignment to be submitted before the next class.

i. (2x – 5y)2

ii. (2x + 2)2

iii. (5y + 7x) (5y – 7x)

Appendix V

Lead City University, Ibadan
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Department of Science Education

Basic Mathematics Achievement Test (BMAT)

Dear Respondents,

The Basic Mathematics Achievement Test is drawn to assist the researcher in

determining the effects of Inductive and Deductive Teaching Strategies on the Students’

Achievement in Basic General Mathematics in Colleges of Education, Oyo State. Your

maximum cooperation is solicited as your respond to the following questions.

The answer provided through this test will be used mainly for academic purpose and

will be kept confidentially. Thanks very much for your understanding and cooperation.

SECTION A:

Please, fill in the blank space

1. College

2. Sex: Male { } Female{ }

SECTION B: Basic Mathematics Achievement Test

Course Title: Basic General Mathematics II

Topic: Expansion and Factorizing of Algebraic Expression.

Duration: ` 40 Minutes

Level: 200
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Instruction: Answer all the questions by ticking the right option from A to E

1. Solve for x in the equation 5(x - 7) -7x = – 3(4x – 5)

a) 1/5

b) 5/6

c) 2

d) 5

e) 4

2. If 5x – 3 = 4x – 7, what is the value of 6x

a. 26

b. 6

c. 4

d. -4

e. -24

3. If 6x + 7 = 4x – 3, what is the value of 8x – 4

a. -44

b. -5

c. -1

d. 36

e. 44

4. Solve the equation 3(2x – 7) = 2(x – 8)

a. 5
4

b. ¾
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c. ½

d. -1

e. -5
4

5. Simplify 3�
5
+ 2�

15
=3

5

a. 9
11

b. 9
7

c. 7
11

d. 9
7

e. 7
9

6. Solve 3�
9
+ 1

2
= 3

4
+ �

�

a. -3

b. -2

c. 2

d. 3

e. 4

7. Expand the expression (3a – xy) (3a + xy)

a. 9a² - x²y²

b. 9a² + x²y²

c. 9a² - xy

d. 9a² + x²y
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e. 9a² - xy²

8. If x² - 5x + c = (x – 8) (x + 3). Find the value of C

a. 24

b. 5

c. -5

d. -9

e. -24

9. What is the coefficient of x in the expansion (2x – 3) (3x + 8) ?

a. -25

b. -24

c. 6

d. 7

e. 25

10 Find the coefficient of xy in the expansion (x – 4y)(3x + 2y)

a. 14

b. 12

c. 10

d. -10

e. -12

11. Factorize (25y² - 4)

a. (5y – 2)(5y + 2)

b. (2y – 5)(5y + 2)
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c. (5y – 2)(5y - 2)

d. (5y+ 2)(5y + 2)

e. (5y -2)(2 – 5y)

12. Factorize (5d – 2e)² - 9e²

a. (5d – 2e)(3d – 3e)

b. 5(d – e)(5d – e)

c. 5(d – e)(5d + e)

d. (5d – 3e)(3d – 3e)

e. (5d – e)(3d – e)

13. Expand the expression (2x + 2)²

a. 4x² + 8x +4

b. 2x² + 4x – 4

c. 4x² - 8x + 4

d. 4x² -8x – 4

e. 2x ² + 4x +4

14. Expand the expression (p – q) 2

a. P² + q² + 2pq

b. P² + q² – 2pq

c. P² – q² – 2pq

d. P² + q² – pq

e. P² – q² + pq
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15. Expand the expression (4x – 1)²

a. 16x² – 1

b. 16x² + 1

c. 16x² - 8x

d. 16x² + 2

e. 4x² - 1

16. Factorize y² - 4

a. (y + 2 )( y + 2)

b. (y + 2 )( y -2)

c. (y -1 )( y + 2)

d. (y - 1 )( y - 4)

e. (y - 2 )( y - 2)

17. Factorize 5a² - 45

a. 5 (a + 3) (a – 3)

b. 5 (a + 3) (a + 3)

c. 5 (a- 3) (a – 3)

d. 5 (a + 3) (5a – 3)

e. 5 (a - 9) (a – 3)

18. Simplify (f + g)² + ( f – 2g)²

a. 2f – 2fg + 5g²

b. 2f + 3fg + 5g²

c. 5g – 2f + 2fg
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d. 3fg – 2f + 5g²

e. 2f² – 2fg + 5g²

19. Multiply (3 + a) by ( 5 – 2a)

a. 15 – a – 2a²

b. 2a² – a + 15

c. a – 3a + 15

d. 2a² + a + 15

e. 2a² -3a + 15

20. Find the value of 4 (3d – e) – 2f when d = 2, e = 4 and f = 3

a. 2

b. 3

c. 14

d. 5

e. 4

21. Factorize critically (4�² + 4�² − 8��) / (4�² + 16�² + 16��)

a. (� − �) / (2� + �)

b. (� + �) / (2� + �)

c. (� + �) / (2� − �)

d. (� − �) / (2� − �)

22. Factorize completely (�² + 2�� + �²) / ((� − �)(� + �))

a. (� + �)² / (�² − �²)

b. (� − �)² / (�² − �²)
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c. (� + �)² / (�² + �²)

d. (� − �)² / (�² + �²)

23. Factorize completely ( 2� + �) / (4�² + 4�� + �²)

a. 1/(2� + �)

b. −1 / (2� + �)

c. 1 / (2� − �)

d. − 1 / (2� − �)

24. Factorize (�² + 2�� + �²) / (�² + 2��² + �⁴)

a. (� + �)² / (� + �²)²

b. (� − �)² / (� + �²)²

c. (� + �)²/(� − �²)²

d. (� − �)²/(� − �²)²

25. ����� (�⁴ + 3�³) / (�² + 2�)

a. �(�² + 3) / (� + 2)

b. �(�² − 3) / (� + 2)

c. �(�² + 3)/(� − 2)

d. �(�² − 3)/(� − 2)

Answers

1. D

2. E

3. E
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4. A

5. A

6. D

7. A

8. E

9. D

10. D

11. A

12. C

13. A

14. B

15. A

16. A

17. A

18. E

19. A

20. A

21. A

22. A

23. A

24. A

25. A
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Appendix VI

Table 3.5: Table of Specification for Basic Mathematics Achievement Test (BMAT)

Source: Developed by researcher

S/N CONTENT
OBJECTIVES TOTA

L OF
ITEMS

KNOWLE
DDGE

COMPREHENSION APPLICATION

1.
Expansion of
Algebraic
Expression

3 3 2 8

2.
Expansion of
Special
Products

2 4 2 8

3.
Factorization
of Algebraic
Expression

1 2 1 4

4.
Application of
Algebraic
Expression

2 2 1 5

TOTAL 8 11 6 25
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Univariate Analysis of Variance

Between-Subjects Factors

Value Label N
treatment 1.00 Inductive

Teaching
Strategy

66

2.00 Deductive
Teaching
Strategy

109

3.00 control Group
(Lecture
method)

60

Tests of Between-Subjects Effects
Dependent Variable: post_test

Source

Type III
Sum of
Squares df

Mean
Square F Sig.

Corrected
Model

2884.785a 3 961.595 574.187 .000

Intercept 161.726 1 161.726 96.570 .000
pre_test 2757.851 1 2757.851 1646.765 .000
Treatment 301.201 2 150.600 89.926 .000
Error 386.858 231 1.675
Total 25548.000 235
Corrected Total 3271.643 234
a. R Squared = .882 (Adjusted R Squared = .880)
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Estimated Marginal Means

1. Grand Mean
Dependent Variable: post_test

Mean Std. Error

95% Confidence
Interval

Lower
Bound

Upper
Bound

9.580a .087 9.408 9.752
a. Covariates appearing in the model are
evaluated at the following values: pre_test
= 6.7915.

UNIANOVA post_test BY gender WITH pre_test
/METHOD=SSTYPE(3)
/INTERCEPT=INCLUDE

2. treatment
Dependent Variable: post_test

Treatment Mean Std. Error

95% Confidence
Interval

Lower
Bound

Upper
Bound

Inductive
Teaching
Strategy

7.917a .160 7.602 8.233

Deductive
Teaching
Strategy

10.532a .124 10.288 10.776

control Group
(Lecture method) 10.291a .168 9.961 10.621

a. Covariates appearing in the model are evaluated at the
following values: pre_test = 6.7915.



181

/EMMEANS=TABLES(OVERALL) WITH(pre_test=MEAN)
/CRITERIA=ALPHA(.05)
/DESIGN=pre_test gender.

Univariate Analysis of Variance

Between-Subjects Factors
Value
Label N

Gender 1.00 Male 88
2.00 Female 147

Tests of Between-Subjects Effects
Dependent Variable: post_test

Source

Type III
Sum of
Squares df

Mean
Square F Sig.

Corrected
Model

2583.600
a 2 1291.800 435.580 .000

Intercept 251.848 1 251.848 84.920 .000
pre_test 2565.249 1 2565.249 864.972 .000
Gender .016 1 .016 .005 .942
Error 688.043 232 2.966
Total 25548.00

0
235

Corrected Total 3271.643 234
a. R Squared = .790 (Adjusted R Squared = .788)
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Estimated Marginal Means

Grand Mean
Dependent Variable: post_test

Mean Std. Error

95% Confidence
Interval

Lower
Bound

Upper
Bound

9.738a .116 9.510 9.967
a. Covariates appearing in the model are
evaluated at the following values: pre_test
= 6.7915.

UNIANOVA post_test BY class_size WITH pre_test

/METHOD=SSTYPE(3)

/INTERCEPT=INCLUDE

/EMMEANS=TABLES(OVERALL) WITH(pre_test=MEAN)

/CRITERIA=ALPHA(.05)

/DESIGN=pre_test class_size.

Univariate Analysis of Variance

Between-Subjects Factors
Value
Label N

class_size 1.00 Large 109
2.00 Small 126
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Tests of Between-Subjects Effects
Dependent Variable: post_test

Source

Type III
Sum of
Squares df

Mean
Square F Sig.

Corrected
Model

2710.521
a 2 1355.260 560.342 .000

Intercept 249.087 1 249.087 102.987 .000
pre_test 2627.258 1 2627.258 1086.259 .000
class_size 126.937 1 126.937 52.483 .000
Error 561.122 232 2.419
Total 25548.00

0
235

Corrected Total 3271.643 234
a. R Squared = .828 (Adjusted R Squared = .827)

Estimated Marginal Means

Grand Mean
Dependent Variable: post_test

Mean Std. Error

95% Confidence
Interval

Lower
Bound

Upper
Bound

9.790a .102 9.589 9.990
a. Covariates appearing in the model are
evaluated at the following values: pre_test
= 6.7915.

UNIANOVA post_test BY treatment gender WITH pre_test
/METHOD=SSTYPE(3)
/INTERCEPT=INCLUDE
/EMMEANS=TABLES(OVERALL) WITH(pre_test=MEAN)
/CRITERIA=ALPHA(.05)
/DESIGN=pre_test treatment gender treatment*gender.
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Univariate Analysis of Variance

Between-Subjects Factors
Value Label N

treatment 1.00 Inductive
Teaching
Strategy

66

2.00 Deductive
Teaching
Strategy

109

3.00 control
Group
(Lecture
method)

60

Gender 1.00 Male 88
2.00 Female 147
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Tests of Between-Subjects Effects
Dependent Variable: post_test

Source

Type III
Sum of
Squares df

Mean
Square F Sig.

Corrected Model 2997.857
a 6 499.643 416.087 .000

Intercept 163.587 1 163.587 136.230 .000
pre_test 2721.806 1 2721.806 2266.635 .000
Treatment 209.960 2 104.980 87.424 .000
Gender 1.294 1 1.294 1.077 .300
treatment *
gender

112.675 2 56.337 46.916 .000

Error 273.785 228 1.201
Total 25548.00

0
235

Corrected Total 3271.643 234
a. R Squared = .916 (Adjusted R Squared = .914)

Estimated Marginal Means

Grand Mean
Dependent Variable: post_test

Mean Std. Error

95% Confidence
Interval

Lower
Bound

Upper
Bound

9.589a .077 9.437 9.740
a. Covariates appearing in the model are
evaluated at the following values: pre_test
= 6.7915.

UNIANOVA post_test BY treatment class_size WITH pre_test
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/METHOD=SSTYPE(3)

/INTERCEPT=INCLUDE

/EMMEANS=TABLES(OVERALL) WITH(pre_test=MEAN)

/CRITERIA=ALPHA(.05)

/DESIGN=pre_test treatment class_size treatment*class_size.

Univariate Analysis of Variance

Between-Subjects Factors
Value
Label N

treatment 1.00 Inductive
Teaching
Strategy

66

2.00 Deductiv
e
Teaching
Strategy

109

3.00 control
Group
(Lecture
method)

60

class_size 1.00 Large 109
2.00 Small 126
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Tests of Between-Subjects Effects
Dependent Variable: post_test

Source

Type III
Sum of
Squares df

Mean
Square F Sig.

Corrected Model 2884.785
a 3 961.595 574.187 .000

Intercept 179.547 1 179.547 107.211 .000
pre_test 2757.851 1 2757.851 1646.765 .000
treatment 174.264 1 174.264 104.057 .000
class_size .000 0 . . .
treatment *
class_size .000 0 . . .

Error 386.858 231 1.675
Total 25548.00

0 235

Corrected Total 3271.643 234
a. R Squared = .882 (Adjusted R Squared = .880)
Estimated Marginal Means

Grand Mean
Dependent Variable: post_test

Mean Std. Error

95% Confidence
Interval

Lower
Bound

Upper
Bound

9.580a,b .087 9.408 9.752
a. Covariates appearing in the model are
evaluated at the following values: pre_test
= 6.7915.
b. Based on modified population marginal
mean.
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Tests of Between-Subjects Effects
Dependent Variable

R Squared = .916 (Adjusted R Squared = .914)

Source
Type III Sum
of Squares df Mean Square F Sig.

Corrected Model 2997.857a 6 499.643 416.087 0.000
Intercept 181.451 1 181.451 151.107 0.000
pre_test 2721.806 1 2721.806 2266.635 0.000
treatment 95.630 1 95.630 79.638 0.000
gender 0.941 1 0.941 0.784 0.377
class_size 0.000 0 . . .
treatment * gender 110.711 1 110.711 92.197 0.000
treatment *
class_size

0.000 0 . . .

gender *
class_size

0.000 0 . . .

treatment * gender
* class_size

0.000 0 . . .

Error 273.785 228 1.201
Total 25548.000 235
Corrected Total 3271.643 234
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