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ABSTRACT

This study examined the Impact of guided discovery and graphical approaches on
mathematics achievement and attitude of senior secondary school students in Minna,
Metropolis. Relevant literature were also reviewed inline with the objectives of the study.
Quasi-experimental design precisely, pre-test, posttest, non-equivalent control group was
adopted for the study. The target population for this study consists of three thousand nine
hundred and ninety-nine (3,999) senior secondary school students II in Minna, Metropolis
(Male=1641, Female=2358) in 2020/2021 academic session from 3 public senior secondary
schools in Minna metropolis of Niger State. The sample for this study consists of 110
students and simple random sampling technique was employed in the selection of the
schools. Two instruments were adapted for the study which consists of Mathematics
Achievement Test (MAT) and Mathematics Attitude Rating Scale (MARS). Descriptive
statistics (mean and Standard Deviation) method was used to answer the research questions
and ANOVA and t-test were used to analyze the hypothesis at 0.05 level of significance.
The instruments were validated by expert and the reliability coefficient was 0.90 and 0.88
for MAT and MARS respectively. The findings of the study revealed that students
performed better in the experimental group (guided discovery method and graphical
approach) than the control group using conventional method of teaching with mean gain of
31.43 and 32.00 against 29.49. The result also showed that the students have developed
positive attitude towards mathematics after teaching using graphical approach.
Recommendations included among others that; Mathematics teachers should endeavor to use
the graphical approach teaching strategy in teaching equations both linear and quadratic and
some other Mathematics concepts that are tagged “difficult” since this method enhances
achievement and has the potentials of developing critical thinking and creative abilities in
the students and Students should be serious, hardworking, initiative and creative to enable
them carryout independent or group work, such as assignments or project given to them by
the mathematics teachers among others
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

Mathematics is a subject that affects every aspect of human life at different levels.

Mathematics is seen by the society as the foundation of all sciences, technology and modern

development, and for any nation to survive and develop, that nation has to improve its

technology which could be achieved through the effective teaching and learning of

mathematics (Agwagah & Gimba, 2013). Mathematics is a science of magnitude and number

that is very useful virtually in all subject areas. This is because all fields of studies are

dependent on it for problem solving and prediction of outcomes. Competency in mathematics

learning is vital to any individual and nation in domestic and business deals, scientific

discoveries, technological breakthrough, problem-solving and decision making in different

situations in life. Akinoso (2013) viewed mathematics as the basis for science and technology

and the tool for achieving scientific and technological development. It may be in consideration

of these and other vital usefulness of mathematics that Federal Government of Nigeria made it

a core and compulsory subject at all the levels of 6-3-3 system of education in Nigeria as

contained in the Federal Republic of Nigeria (FRN, 2013) which still remains the rallying

point for all educational objectives in Nigeria. Despite its great importance mathematics still

remains the most feared subject by learners.

Mathematics is tagged by students most especially in secondary level of education has the

most dreaded among all subjects offered in schools (Akinoso, 2013). Students therefore tend

to respond to it with less self-confidence, negative feeling and anxiety. This situation is

worsened by the compulsory nature of the subject at primary and post primary schools levels,

leading to students’ poor achievement in the subject (Nguyen et al., 2019).
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The incessant poor achievement in mathematics in Nigeria Secondary Schools levels may be

attributed to poor method of teaching, unavailability of facilities and lack of instructional

materials. Students’ lack of interest in learning mathematics. Interest has to do with

preparedness or mastery of a subject –matter background knowledge that can enable the

learner to cope with further or next higher level of learning of the subject- matter or related

learning task (Idigo, 2010). This suggests that mathematics interest test for senior secondary

level has to do with mastering the prerequisite skills in junior secondary school (JSS) level

mathematics that can enable the JSS three students cope with further learning of mathematics

at the next higher level of mathematics teaching in senior secondary school one (SSI) level.

And mathematics interest test can be developed and used as an indicator of success in any

mathematics course (Idigo, 2010; Goolsby, 2013). Many factors have been identified in

literature as reasons associated with students’ lack of interest in learning mathematics. These

include Students’ factor, teachers’ factor, mathematics anxiety, class size, government factor,

infrastructural problem, instructional strategy, among others (Akinoso, 2013; Goolsby, 2013).

Students’ factors are caused partly by mathematics phobia and fear that mathematics is a

difficult subject as perceived by the researcher during the process of teaching mathematics.

These have led to students’ inability to practice and learn to solve mathematical problems on

their own, which invariably lead to poor academic achievement in mathematics.

Poor achievement in mathematics can be attributed to many factors such as: poor method of

teaching. Unavailability of laboratory facilities and lack of instructional materials. Mastery of

mathematics concept might not be fully achieved without the use of good instructional

materials. West African Examination Council (WAEC) Chief Examiner report (2008-2017)

the pass rate at credit level recorded for 2008-2017 are 57.28%, 47.04%, 41.95%, 40.35%,

50.58%, 54.18%, 61.97%, 57.02%, 70.23%, 82.35%. Even through there has been some

improvement in the students’ performance particularly in 2016 and 2017 but it has to be
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sustained as inadequate teaching and learning materials pose a great challenge to the primary

education resulting in poor performance in mathematics (Akinoso, 2013).

Achievement according to Bolaji (2015) is the scholastic standing of a student at a given

moment. It has to do with the successful accomplishment of goal(s). The purpose of testing an

achievement is to help the teacher and the students evaluate and estimate the degree of success

attained in learning a given concept. It is also useful in testing the retention of information and

skill. It is equally appropriate in determining the efficiency of instruction. One of the issues at

stake in education today is students’ achievement measure in relation to teaching and the

overall success of learning outcome, Use of guided inquiry teaching method in teaching

simple machine by basic science teachers may make Basic science lesson objective

stimulating and interesting to the students learning attitude (Ukamaka, 2014).

Attitude is generally a positive or a negative view of a person, place, thing, or event. It

influences every aspect of a person’s life either positively or negatively. Students’ ability and

willingness to learn depends on the attitude. Attitude is an effective variable that that can

affect learning negatively if the factors driving the attitude are not properly checked (Eze,

2015). Attitude has been seen as a hypothetical construct that represents an individual’s degree

of like or dislike for something. Supporting this Oba and Aladejana (2014), using schema

theory, observed that children and adolescents use gender to classify and understand their

attitude about the world. A more effective learning will be the result and this will bring about

realization of the goal of Nigerian education as stated in the National Policy on Education

(Oche, 2012). An approach of instruct through which students interact with their environment

by exploring and manipulating object is regarded as guided discovery learning.

Guided discovery learning using the form Super item task, besides directing students to

discover concepts, rules, and procedures. It can help train the students' in terms of problem-
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solving, ability that can be used optimally and ultimately to improve student learning

outcomes. Students work on simple problems then move to more complex tasks. This process

can optimize the application of mathematical problem-solving skills and accelerate students'

understanding of a concept, which will ultimately be a positive influence on student learning

outcomes (Maikudi, 2015). Factors responsible for the poor performance according to Ale et

al. have been traced to lack of appropriate instructional materials for teaching the concept.

Such instructional materials include graph, and so many others (Nwoye, 2011).

The use of graph has provided a great deal of opportunity to teach some difficult concepts in

mathematics at primary school level in particular. According to Ohuche (2010), the use of

graph has been very successful for the teaching of some concepts in mathematics that are very

difficult. These concepts, continued include-area, fraction and proportion. This is because,

graph tend to be quicker in conveying the required information. The nature of graph makes it

very easy to use for the illustration of information. For instance, a graph page is made of

several square units along several rows and columns. These features made the use of graph

for teaching concepts like area, and population very easy and interesting. Adegoke et al. (2015)

reported that students’ positive attitude improve students’ academic performance in

mathematics in secondary schools and gender was not significant.

The issues of gender on students’ academic performance in mathematics have become the

global debate. Gender refers to the social meanings associated with being a male or a female,

including the construction of identities, expectations, behaviours and power relationships that

derive from social interactions.

Based on the above attributes, the researcher intends to assess the impact guided discovery and

graphical symbol approach on mathematics achievement and attitude of senior secondary

school student in Minna.
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1.2 Statement of the Research Problem

It is the researcher’s observation and experience over the past 20 years of teaching that

students seem to assume that mathematics has no relevance in day to days living. For this

purpose those doing well in it at lower level of education, suddenly decline on getting to

higher level of studies. A teacher came in contact with 11 year old girl while teaching in a

secondary school. The girl asked him, what he intended to further his education with? And the

teacher replied “mathematics”. On hearing this, she shouted “mathematics!” The acclamation

did not just come to her, but resulted from the aversion she has for mathematics. It is possible

that this aversion was created in her by the parents, peer groups, or poor handling of the

subject by her teacher. That might have given her the impression that mathematics is not a

subject to further with. The aversion affected the girl’s performance from her usual 2nd or 3rd

position in mathematics class, but found her-self in position 15th and above. The researcher

believed that, “Many students fail mathematics not because they cannot make it, but because

of aversion”. While this is hampering the success of the students, it will be very unfortunate

for potential mathematicians to refuse practicing mathematics. Odeyemi (2015) said that many

students failed mathematics examination as a result of negative attitude towards mathematics,

the results obtained in mathematics by students in both schools and public examinations as

pointed out by Emah (2015), is so alarming. Obanya (2012), said that the attitudes exhibited

by many people especially students and adults in the society towards mathematics need special

attention for the young developing nation desirous to practicing scientific technology and

industrial developments.

Studies have showed that high achievement in mathematics is related to low mathematics

aversion level and low achievement in mathematics is related to high mathematics aversion

level for secondary school student (Bello, 2011).
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Furthermore, Yaako and Okoro (2019) observed that students overall performance in

secondary school Mathematics placement Exam conducted annually has generally been very

poor and that students rarely or sometimes completely avoid attempting some technical

questions in geometry. This failure rate may be due to poor method of teaching by some

teachers which resulted to negative attitude by some students and lack of good instructional

materials that could stimulate the interest of students which may lead to better understanding

of the subject. Hence there is the need to develop a strategy that might enhance students’

active participation, positive attitude and high academic performance in mathematics such as

the guided-discovery and graphical symbols at senior secondary schools. This study therefore

assess the effect of guided discovery and graphical method on mathematics achievement

attitude of secondary school students.

1.3 Aim and Objectives of the Study

The aim of the study is to determine the effect of discovery and graphical approach on

students’ achievement and attitude in Mathematics among senior secondary school in Minna

metropolis.

The specific objectives of the study are to.

1. Examine the difference in the mean achievement of senior secondary school students taught

Mathematics using guided discovery, graphical approach and conventional method in

Minna metropolis

2. Determine the difference in the mean achievement of Male and Female students taught

Mathematics using guided discovery method

3. Identify the difference in the mean achievement of Male and Female students taught

Mathematics using graphical approach.
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4. Find out the difference in the attitude of secondary school students taught Mathematics

using guided discovery, graphical approach and conventional method

5. Investigate the attitude of Male and Female senior secondary school students to

Mathematics after taught with guided discovery method

6. Determine the attitude of Male and Female senior secondary school students to

Mathematics after taught with graphical approach

1.4 Research Questions

The following research questions were raised as a guide to carry out the study.

1. What is the mean achievement scores of students taught Mathematics using guide

discovery method and graphical approach and conventional method?

2. What is the mean achievement scores of Male and Female students’ taught Mathematics

using guided discovery method?

3. What is the mean achievement scores of Male and Female students taught Mathematics

using graphical approach?

4. What is the attitude of senior secondary school students toward the use of guided discovery

method, graphical approach and conventional method?

5. What is the attitude of Male and Female senior secondary school students to mathematics

after taught with the guided discovery method?

6. What is the attitude of Male and Female senior secondary school students to mathematics

after taught with the graphical approach?

1.5 Research Hypotheses

The following null hypotheses were formulated to guide the study:

HO1: There is no significant difference between the mean achievement scores of students

taught Mathematics using guided discovery method, graphical approach and conventional

method.



8

HO2: There is no significant difference between the mean achievement scores of Male and

Female students taught Mathematics using guided discovery method.

HO3: There is no significant difference between the mean achievement scores of Male and

Female students taught Mathematics using graphical approach.

HO4: There is no significant difference amongst the attitude of students taught

Mathematics using guided discovery method, graphical approach and

conventional method.

HO5: There is no significant difference amongst the attitude of male and female senior

secondary school student taught guided discovery method.

HO6: There is no significant difference between the attitude of Male and Female

senior secondary school student taught with graphical approach.

1.6 Significance of the Study

The findings of the study would be significant beneficial to mathematics teachers, students,

curriculum planners, instructional materials designers and developers, Ministry of Education,

National Examination Bodies, and the nation at large.

The result is expected to be useful to students of mathematics because it will provide

opportunities for students to practice basic mathematical skills, particularly in mathematics.

They would learn some basic concepts on their own at their own pace and time.

The study may be of benefit to mathematics teachers, most especially to mathematics teacher

who would serve as the research assistance, because the guided discovery and graphical

approach would stimulate, encourage and they would also pass their experience to other

mathematics teachers too. It is hoped that the use of discovery and graphical approach would
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enable the teachers of mathematics to cover a wide range of topics within a short period of

time without the teacher going through much stress. It would help teachers to arrange learning

tasks from simple to complex.

The study could assist the curriculum planners to include in the curriculum for secondary

schools method of teaching that would help in bringing about meaningful learning. This is to

give direction and confidence to the teacher whose job is to put the curriculum into use and to

ensure the attainment of specific objectives of learning mathematics.

The findings would help the Niger State Ministry of Education, Secondary Schools Board and

all the stakeholders particularly the National Examination Bodies, such as the West African

Examination Council (WAEC), National Examination Council (NECO), National Teachers

Institute (NTI), the National Mathematics Centre, Abuja (NMCA) and professional bodies

such as the Mathematics Association of Nigeria (MAN), the Science Teachers Association of

Nigeria (STAN) to plan policies that will involve the use of discovery learning and graphical

approach for teaching and learning of mathematics in secondary schools, so that the desired

goals and objectives of teaching the subject would be achieved.

1.7 Scope of the Study

The geographical scope is co-educational secondary schools in Minna metropolis, Niger state.

Three independent variables (guided discovery, graphical approach and the conventional

lecture method), two dependent variables (achievement and attitude) were investigated in this

study. The study was restricted to SS II mathematics students. This class of students were

chosen because the concept ‘quadratic equation’ selected as a topic is taught at this class.

Quadratic equation is selected because its relevance to the major variables of the study and

also it is a course that could be easily taught via graphical approach. This is in line with the

study of Lillias et al. (2020) that says graphs of quadratic functions have distinctive properties
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which can be used to help us identify points of interest about an equation. Whether inspecting

the graph of a quadratic function or using an equation to draw the graph. The study will last

for 10 weeks.

1.8 Operational Definition of Terms

The following terms were defined based on the way they are used in this study.

Achievement: this refers to the gain in knowledge of SS II students after being part of the

learning process of mathematics using discovery and graphical approach

Attitude: this is the change in behavior, emotion and belief of SS II students after being taught

mathematics using discovery and graphical approach.

Conventional Method: This is the old established techniques of teaching using chalk/marker

and board which is teacher center

Graphical Approach: This involves the use teaching and learning of SS II student using

graph to teach some difficult concepts in mathematics as it will increase their understanding

positively and improve their learning outcomes.

Guided Discovery Method: This involves the teaching and learning of mathematics by SS II

students using the form super item task, besides directing students to discover concepts, rules

and procedure for problem solving also to improve students learning outcomes.

Mathematics: is the study of such topics as numbers (arithmetic and number theory),

formulas and related structures (algebra), shapes and spaces in which they are contained

(geometry), and quantities and their changes (calculus and analysis).

Effect: a change which is a result or consequence of an action or other cause
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Conceptual Framework

Guided Discovery, Graphical Approach and Conventional approach Model as shown in figure

2.1.

Figure 2.1: Conceptual framework
Source: Author’s work (2021)
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Achievement
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The arrows in figure 2.1 show a natural flow among the various components of the model.

The effect of guided discovery approach will improve student academic achievement in

mathematics. The effect of graphical approach will also improve student academic

achievement in mathematics. The effect of conventional approach may also increased

student academic achievement. The flow in the model will also change the attitude of the

students positively in mathematics.

2.1.1 Concept of mathematics

Mathematics has been recognized as one of the subjects which is vital in people’s life, be it in

science, technology, business or in other walks of life. Mathematics play a fundamental role in

scientific and technology progress of any nation and as such Mathematics is taught at all levels

education (Ajai & Imoko, 2015). The authors further opined that greater demand for economic,

scientific and technological knowledge in Nigerian development programme has brought

about securing an excellent Mathematical knowledge at all levels of education. The main

objective of teaching mathematics at secondary school level in Nigeria is to produce persons

who will be numerate, orderly, logical, accurate and precise in thought. It is emphasized that

certain content in the syllabus be covered, and specific concepts and skills be mastered by

secondary school students. Four basic goals for teaching mathematics have been identified as:

utilitarian, personal development, economic growth, and cultural values (Xia et al., 2013; Yara

& Otieno, 2010). Additionally, mathematics is used in all measurement activities, transport

and communication manipulations, in management of organizations by preparing daily

routines, timetables, and leave schedules. It is a requirement in many careers and trainings

(Aguele & Agwagah, 2014). Furthermore, Baber (2011) observed that, mathematics is the gate

and key of science. Neglecting mathematics wreaks injury to knowledge due to the relative

difficulty of quantifying and manipulating nature and its myriad of manifested phenomena. It
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is an international language expressed clearly and with precision. It uses an internationally

accepted symbol system that has condensed meaning and is understood by all (Gasca, 2011).

Thus, it facilitates trade transaction across borders as units of quantification are understood

universally. Mathematics is utilized in all cultural settings like patterning and timing of

entertainment, construction of buildings, making of furniture, interior design, and decoration

(Buschang et al., 2011).

However, academic achievement in mathematics has continued to show a downward spiral

over the years. Various researchers have identified factors that are believed to cause poor

performance (Miheso, 2012). This includes: teachers not using student- centered approaches,

lack of experiments and practical modeling activities, and lack of professional exposures that

could have articulated issues related to teaching of mathematics in secondary schools. Many

teachers attributed this performance to negative attitudes by the students as well as a missing

link between primary and secondary school mathematics. Lack of application of technology

including computer use, lack of parental support, and lack of motivation by both teachers and

students were also noted. Eshiwani (2011) pointed out that poor performance in Kenya is due

to poor teaching methods, and an acute shortage of textbooks. The fact that as many as six

students would share one text book in some schools makes it impossible for them to complete

both their class work and homework.

As such, the follow up teaching is not built on the students’ homework experiences. This will

invariably delay the pace at which the syllabus will be covered, leading to poor performance.

Tswani (2015) found out that learners and teachers commitment and motivation, learners

career prospects, learners perceptions of peers as well as teachers’ perceptions of learners all

affect persistence for achievement in mathematics. Overall, application of sound teaching and
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learning principles fosters an environment where pupils are motivated to achieve their full

potential.

The issue of the technical language use in teaching mathematics has been cited as contributing

to poor performance in the subject (Nor et al., 2011). Wasike (2013) observes that poor

performance is due to the difficult language used in the mathematics classroom. He says there

are words which have a different meaning when used in common day English language

compared to when they are used in mathematics. Shikuku (2009) established that these factors

do not directly contribute to poor performance in mathematics. Instead, late or non-coverage

of the mathematics syllabus contributes a lot to poor performance.

2.1.2 Concept of mathematics teaching

Teaching mathematics can only be described as truly effective when it positively impacts

student learning. We know that teaching practices can make a major difference to student

outcomes, as well as what makes a difference in the classroom. Mbakwem and Mkpa (2013)

referred to mathematics as a discipline that encourages curiosity, promote critical reasoning

and active participation of learner. These objectives require instructional strategies that are

activity base.

Audu (2015) in his presidential address said, in the era of technology quest and high

attainment in modernization, no nation can allow his teaming population to shy away from

mathematically related sciences. Audu (2011), took information technology as a useful

delivery vehicle, to the right person, at the right manner and in the right place. Audu (2010)

pointed out that information technological development is hinged on strong mathematics

foundation. It is therefore not contend-able, that mathematics and mathematics sciences are

indispensable. According to Badmus (2012) said that the effective and attitudinal variables

that have been found to predict mathematics related behavior includes confidence in learning

mathematics. As Badmus (2015) explained the need to pass to the students the willingness to
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apply scientific habits to a wide range of social content which includes multidimensional

perspective about sciences and its relationship to other field of studies.

Eniayeju (2015) emphasize on the nation’s expectation of science’s contribution to life and

further suggests the need to link between science literacy and national economy. Etuk (2015)

believed that the level of scientific cultural belief of students was scientifically high in spite

the scientific knowledge they acquire at their level of education. For this reason, Ali (2010)

suggests that the focus of scientific literacy should be on utilization of scientific knowledge for

the benefit of the individuals learning to be a change of human disposal or capability that can

be retained which is not ascribable to the process of growth, but can be described as the

development of new knowledge, skills or attributes as individual undergoing learning interact

with information and the environment such as the learning strategies or methods, the media

and the physical facilities (Odili, 2015). Udoh (2012) said that self-estimated mathematics

ability is found to be highly correlated with mathematics aversion and mathematics

performance. That mathematics confidence and mathematics aversion have been found to be

highly interdependent.

Badmus (2012) opined that the most important predictors of mathematics achievement when

preparation (i.e. persistence in mathematics courses and election of future course of

mathematics) are controlled by attitudes towards mathematics. Oganwu (2011) said that the

meaning of individual learning is coupled with their life experience and contexts that are

constructed by the learner not by teacher. The issue at hand is how to change the attitude of

students and to attract their interest towards the practicing of mathematics.

Adetula and Ale (2015), suggests that, the extent students may be interested in mathematics

class session, may depend on the Lesson’s objective. That lesson is designed to provide
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routine drill or mere memorization of mathematical facts may be less interesting than lesson

whose goals are to stimulate thought or intellectual curiosity.

Harbor-peter (2011), conducted several studies, on students‟ attitude and interest towards

mathematical science subjects, and concluded that, students manifested negative attitude

towards mathematics and positive attitude towards what they called modern science teaching.

Obioma (2012), explained that students do not find the study of physics boring like that of

mathematics. Odili (2015), opinioned that, students‟ attitudes and interest are directly

influenced by the personal quality of their teachers and the nature of classroom climate created.

Harbor-peters (2011) observed students‟ attitude to mathematical sciences and said, that

students developed negative attitudes to mathematical sciences, which they attributed to the

students‟ misconception of sciences. Adetula and Ale (2015), explained that, negative attitude

inhabited students‟ understanding of the content of mathematics. Obodo (2015) said that

students with positive attitude are more likely to study mathematics because they enjoys or

like it. Because, he gets satisfied with acquiring mathematics ideas, he finds mathematics

activities very rewarding. That student may likely work diligently and effectively on a task

that they are genuinely interested in. Bature (2013) suggests the need to give students the right

opportunity. That if aversion must be eradicated, positive attitude must be built in student been

the learner.

What then is attitude and what is interest? Badmus (2015), took attitude to be the way one

perceives, the opinion one holds as well as the belief one has about people, things, activities,

institutions, policies, administrations and general phenomena. Bature (2013), view attitude as

mental and natural state of readiness organized through experiences, exerting a directive or

dynamic influence on individual’s response to all objects or situations with which it is

associated. Adetula and Ale (2015), view interest as the feeling of intentness, concern or
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curiosity about an object. He said that interest leads individual to make variety of choices with

respect to their activities in which he or she engages on.

Harbor-Peters (2011), see attitude and interests to be closely related, that they are just like

abstract and concept. But the wider term is attitude, which subsumes interests.

Lawal et al. (2011), regarded Interests as attitudes that cause one to seek more activities in a

particular area. He said that there are positive attitudes on a selected aspect of activities. On

the other hand, there are negative attitudes that force one to refuse an activities offered by a

selected aspect of an environment. A child through experience, imitation of admired adult or

member of the group may have learnt to like or dislike mathematics. Gushen (2011), Agued,

Attitudes are more than any form of learning. They are transformed through the processes of

initiations and may have their origin early in life. Ganiyu (2015) said, that, some attitude

spring from modeling behavior and identification within the peers in latter childhood and

adolescence, others may spring up through parent’s likeness as the case may be.

Watermeyer (2012), opined that attitudes has both perceptual and effective components. They

determined not only what the child sees but how he sees it. A child can acquire certain

attitude toward a subject through the influence of their parents, peer group or class teachers,

which may lead them to respond to those mode of behavior that are characterized in a

particular way of expressing dislike or defense. Badmus (2015) said that attitudes can resist

changes once established. It is important to create a desirable attitude in learning mathematics

at early stage of learning.

Druger (2012), Said, “Just as we can arrange for our children to acquire a particular

information for particular skills, so we can arrange for them to acquire particular attitudes and

interests. What is needed is for the teacher to understand the skills”.
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2.1.2.1 Strategies for teaching mathematics

Research has shown that teachers should help learners to develop positive attitude towards the

Mathematics. This aids in the increase of interest in learning it (Obodo, 2012). The teacher

should make the subject interesting and exciting enough through the methods that will be used.

There are quite a number of strategies which can be used in the teaching of Mathematics.

Student involvement is crucial in doing away with the problem of poor academic performance

in Mathematics. Students need to spent a great deal of time as well as effort in the learning of

Mathematics so as to be motivated to want to continue wanting to learn the subject. They

should not be treated as passengers but as active participants. According to Ajogbeje and

Alonge (2012) teacher competency is also crucial. Teachers should demonstrate competency

in the pedagogic content knowledge of all the chapters in the book. Also of importance is the

constant and frequent feedback and remediation by the teachers. The provision of feedback

and remediation on the learners necessarily improve performance in Mathematics.

Remediation aids in correcting deficiencies in learners with the intention of making them be

on the same level with other learners. Teachers who use interactive methods achieve active

participation for their learners. Discovery methods, group work and project work have proved

to be effective methods in teaching and learning of Mathematics.

2.1.3 Mathematics phobia in secondary school students

The Fear of Mathematics

Mathematics is considered as the one of the most prominent subjects in school level education

due to its importance in day to day function of the people. It has long been recognized as an

essential requirement for everyday life and for most occupations. Mathematics is often

considered as a difficult subject by many students in schools education (Capuno et al., 2019).

Feeling mathematics as difficult for students affects not only their liking of mathematics but

also their perseverance, interest, boredom and self-efficacy beliefs related to mathematics
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(Gafoor & Kurukkan, 2015). Fear of mathematics is not only the case of the particular places

or the persons. It is a global issue. The fear about mathematics is causing the students negative

attitude towards mathematics and hindrance the learner from focusing on the problem which

they are tackling. The fear of mathematics also tends to the learner get nervous especially

during the time of the test or examination, fear clouds their minds and the students could not

perform as well. Some of the reasons attributed to the fear of mathematics may develop earlier

to the learner and may have several possible causes like: hereditary, social and environmental.

Fear of mathematics may create due to the influence of the parents, teachers, classmates and

seniors. In the same way, negative perception towards mathematics also may cause the fear of

mathematics.

Meaning and Types of Phobia

A type of anxiety disorder or a mental illness that makes someone very worried and affects

their life is known as phobia. It involves an extreme fear of something or irrational fear of a

specific situation, activity and object or that leads to compelling desire to avoid it (American

Psychiatric Association, 2013). The term 'phobia' is abstracted from the Greek word "phobos"

meaning fear, panic fear, or terror. In the simple terms, the meaning of phobia is "fear".

Usually a person has phobias to a number of objects or situations. Phobias can be divided into

three categories as: specific phobias, social phobia, and agoraphobia (Hamm, 2009). Specific

phobias include the fear of certain animals, natural environment situations, blood or injury, and

specific situations. Social phobia appears when the situation is fearful for the person who is

worried for being judged by the other persons. In the same way, agoraphobia is a generalized

fear of leaving home or a small familiar 'safe' area, and of possible panic attacks that might

follow. Sometimes the phobias are produced by the negative experience with the object or

situation.

https://dictionary.cambridge.org/dictionary/english/type
https://dictionary.cambridge.org/dictionary/english/anxiety
https://dictionary.cambridge.org/dictionary/english/disorder
https://dictionary.cambridge.org/dictionary/english/mental
https://dictionary.cambridge.org/dictionary/english/illness
https://dictionary.cambridge.org/dictionary/english/worried
https://dictionary.cambridge.org/dictionary/english/affect
https://dictionary.cambridge.org/dictionary/english/affect
https://dictionary.cambridge.org/dictionary/english/their
https://dictionary.cambridge.org/dictionary/english/life
https://dictionary.cambridge.org/dictionary/english/involve
https://dictionary.cambridge.org/dictionary/english/extreme
https://dictionary.cambridge.org/dictionary/english/fear
https://en.wikipedia.org/wiki/Specific_phobias
https://en.wikipedia.org/wiki/Social_phobia
https://en.wikipedia.org/wiki/Agoraphobia
https://en.wikipedia.org/wiki/Panic_attack
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Mathematics Phobia

There are different types of phobia (fear) such as: fear of water (hydrophobia), fear of height

(alto phobia), and fear of performance and so on. One of them is mathematics phobia. It is a

fear of mathematics. It can be defined as a feeling of anxiety that stops one from efficiently

tackling mathematical problems. Mathematics phobia is regarded as mathematics weakness in

students that deals with psychological dimension of learning (Olaniyan & Salman, 2015).

Tillfors (2003) defined phobia as learned emotional responses and it causes frequent severe

and intense anxiety. Many people have a negative perception about mathematics that it is an

extremely hard subject which they cannot master. This negative perception weakens them from

focusing on the subject and as a result they get comparatively less performance in the tests or

exams. Consequently, fear increases day by day towards mathematics and eventually it

develops in the form of phobia.

The lack of ability in mathematics innumeracy has received increasing attention in the last few

decades. The ability to use basic mathematics is more important as the modern day's society

has become more complex. Some children may have some problems with mathematics due to

some reasons. According to Geary (2013), one cause of the problem in mathematics may be a

fundamental deficit in the representation of numerosity. It occurs at different ages in different

people for different reasons. The specific mathematics phobia which is basically comes due to

the arithmetic or fear of numbers. Such phobia is called arithmophobia or numerophobia. The

words arithmophobia and numerophobia both have Greek origins where the root word stands

for 'numbers', and 'phobos' meaning 'deep dislike or fear'. This type of phobia affects student’s

attitude towards mathematics and often creates ridiculous fear of numbers. There are several

reasons behind the mathematics phobia viz. the ignorance for the subject, discontinuity in

concept learning, lack of concentration and practice, avoiding participating in teacher learning

process, open insult by teacher, parents, and peers, low scores in the subject and the negative
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perception about mathematics. This fear is somewhat unusual in that it encompasses a wide

variety of specific phobias, including a generalized fear of all numbers and fear of specific

numbers. It is classified as an anxiety disorder.

Types of Mathematics Phobia

The mathematics phobia is classified into two types as general and specific arithmophobia or

numerophobia. General arithmophobia is the fear of all numbers that can seriously affect the

ability of the students to do mathematics. This limits both educational and professional

opportunities. Specific arithmophobia is the fear of some specific numbers that some people

may be affected by this phobia. This type of phobia is usually rooted by superstition or

religious phobias. The specific phobia is less serious than general arithmophobia. The best

example of specific phobia is a fear of the 13 number, it is known as triskaidekaphobia. This

fear has been linked to early Christians, and the number 13 appears in a lot of Biblical

traditions. The number 13 is considered as the unlucky number in that religion. Even today,

many hotels in the western society omit the 13th floor and room number with the fear of the

number 13. In the same way, the number 666 is another number that's widely feared in western

cultures. It is said to be the "number of the beast" as translated into English versions of the

Book of Revelation verse 18. The number 4 is considered as an unlucky number in Asia

countries like China, Vietnam, and Japan because it is something of a homophone for the word

"death" in the local languages. Just like in the west, hotels are prone to omitting the number 4

out of their floors and room numbers, and corporations have even followed suit, the serial

numbers of Canon cameras don't include the number 4, and Samsung phones no longer use

model codes with 4 either.

Many people of all over the world fear with numbers. Some might fear from one number and

other fears from another number considering their culture, religion, place of birth and region.

https://www.verywellmind.com/religion-and-phobias-2671697
https://www.verywellmind.com/religion-and-phobias-2671697
https://www.verywellmind.com/triskaidekaphobia-2671880
https://www.verywellmind.com/hexakosioihexekontahexaphobia-2671858
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Country like Nepal, India, Bhutan and Myanmar, people who follows Hindu religion, they

consider the numbers 0, 1, 8, 10, 12, 19 and 28 as unlucky numbers, bad luck or evil spirits etc.

These numbers are called oudenophobia, henophobia, octophobia, decaphobia, dodecaphobia,

enneadecaphobia and eikosioctophobia respectively. They always fear from these numbers. In

contrary to the above, especially the people from Nepal and India assume the number 7 as the

lucky number and they like to choose this number and they don't fear. In China, the number 8

and multiples of 8 are considered as the luckiest number and they believe that the number

brings wealth and good luck. Similarly, Chinese young people in slang word use 520 as the

symbol of conveying love (I love you) to their best friend. However, especially in Nepal and

India, people used 420 to convey as the bad character. Thus, due to different religious and

cultural superstition, people surrounding these places may have different understanding about

the number. The understanding may be positive or negative depending on their religious and

cultural superstations. Such irrational beliefs about number create fear to the each and every

learner.

Causes of Mathematics Phobia

Mathematics phobia can be occurred due to different causes. As concluded by Ihechukwu &

Ugwuegbulam (2016), lack of different aspects related to teaching learning like: good teacher-

student relationship, use of students-centered/innovative approach of teaching, counseling,

positive attitude towards mathematics, improved mathematics curriculum, breaking down

topics into units, application of ICTs in teaching mathematics etc. can cause mathematics

phobia. According to Foley et al. (2017), mathematics anxiety is learned not from personal

experience but from parents and teachers. As reported by Foley and colleagues, a study done in

India found out that, parents with high mathematics anxiety unintentionally convey the idea

that mathematics is difficult and anxious while helping their children's homework. In the same

way, the study done in America found out that the level of mathematics anxiety depends on
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their teacher. The children read the subtle body cues of their elders to determine whether

mathematics is something to fear or to feel good about. The students who get nervous on any

occasion in the case of mathematics are caused by mathematics phobia. Thus mathematics

phobia is mainly caused by the test and examination(due to the pressure to perform well),

people (individual, parents, teachers and peers) due to individual low proficiency, parents

concept of difficulty, teacher poor knowledge delivery and peers negative feeling toward

mathematics and nature of mathematics (due to abstract nature and not to relate all aspects in

real life). The following points may be the causes of mathematics phobia:

i. Weak teaching method and weak mathematics background

ii. Teachers' aggressive, stressful and irritating characteristics

iii. Inability to solve mathematics problems

iv. Bad relationships between a teacher and a student

v. Inability to solve too much home assignment

vi. Not to understand mathematics in class

vii. Unable to solve mathematical tasks

viii. Use of abusive words by teacher

ix. Negative attitude towards mathematics

x. Not able to solve mathematics problem in time

xi. Not to be child-friendly teaching environment

xii. Mathematics learning difficulty (dyscalculia)

xiii. Community Influence (negative perception)

xiv. Low self esteem

xv. Lack of analogies

https://www.psychologytoday.com/us/basics/fear
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Symptoms of Mathematics Phobia

Mathematics phobia is a feeling of anxiety that appears due to the fears of solving different

mathematical problems. Some people call mathematics phobia as a tension, panic, helplessness,

and mental disorganization. The feeling of phobia in long term can have a negative impact on

health of the person and also lose the desire to learn the subject further. Hence, any types of

phobia should be eliminated at the very beginning stage not to evolve into more serious

problems. In the same way, mathematics phobia has the following symptoms:

i. Try to avoid numbers

ii. Getting confused and disorganized

iii. Apparent choking sensation

iv. Anxiety, depression, and panic

v. Fear of doing anything else

vi. Sweating, trembling or getting hot flushes

vii. Problems with breathing

viii. Breathing rapidly and tightness in the chest

ix. Nausea, headache and fainting

x. Unable to express one’s thoughts clearly

xi. Immediate desire to leave classroom

xii. Get detached from reality

xiii. Shows avoidance behaviour

xiv. Getting nervous and stressed when assigned to solve mathematical problems

xv. Skips classes and irrational thinking.

2.1.4 Academic achievement

Teaching and learning process cannot be completed without finding out the extent to which
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the set objectives are achieved. The essence is to determine progress students made in learning

the concept, principles and theories presented to them in the course of teaching. The outcome

of the exercise is academic achievement, which represents the extent to which a student,

teacher or institution has achieved their educational goals. Academic achievement has become

an index of a child’s future in this highly competitive world. Academic achievement has been

one of the most important goals of the educational process. It is also a major goal, which every

individual is expected to perform in all cultures. Academic achievement could be seen as the

level of performance in a particular field of study. Egbule (2014) saw academic achievement

as high scores obtained by students in an examination. The high scores are indices, symbols or

marks which characterize the students’ achievement. It is an indication of amount or level of

knowledge an individual learner possesses in a given subject area as opined by Egbule (2014).

Crow and Crow (2011) defined academic achievement as the extent to which a learner is

profiting from instruction in a given area of learning, that is achievement is reflected by the

extent to which skill or knowledge has been imparted to him or her. However, academic

achievement is a key mechanism through which students learn about their talents, abilities and

competencies which are an important part of developing career aspirations (Lent, 2010).

Academic achievement and career aspirations in adolescence are often correlates (Abu-Hial,

2012). The outcomes of achievement in mathematics by students in external examination have

not been encouraging or impressive as recorded in the West African Examination Council

(WAEC) result from 2008 to 2011.

Academic achievement, most especially of secondary school students, has been largely

associated with many factors. In recent time, literature has shown that learning outcomes

(academic achievement) has been determined by such variables as family size, society and

motivational factors (Aremu & Oluwole, 2011), socio-economic status, students’ employment

status, student interest, teaching methods and school entry modalities (Cameson & Wilson,
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2011). In the same vein, Parker et al. (2013) noted that much of the previous studies have

focused on the impact of demographic and socio-psychological variables on academic

achievement. The nature of curriculum that has made it practically difficult for students to

transfer, generalize and construct an essential understanding of the subject (Aremu & Oluwole,

2011), the nature of mathematics which spans from arithmetic and geometry to being science

of abstract, teachers’ preparedness, lack of competent and qualified teachers, lack of interest

in mathematics among the students (Aremu & Oluwole, 2011) among others have also been

identified in the literature as reasons for poor academic achievement of students in

mathematics.

More recently another emerging dimension to the determinants of academic achievement is

students’ personal and teacher factor (Aremu & Oluwole, 2011). The students’ variables are

study habit, gender, cognitive style, cognitive ability, emotional intelligence, cognitive level,

age and attitude; while the teacher factors include: knowledge of subject matter, experience,

classroom management skill, leadership style, teaching approach adopted. However, this

present study focused on students’ cognitive ability, gender and teaching method as

determinants of academic achievement and retention in senior secondary school mathematics.

2.1.4.1 Student achievement in mathematics

Numerous problems emanate from the side of the Mathematics students that water down the

quality of performance in Mathematics. Most of these are attitudinal. The attitude of the

students constitutes problem to their grapping Mathematical knowledge. The assumption that

Mathematics is just a read-and-understand subject like liberal Arts is a major problem of a

mathematics student. Commonly, students shun practices of Mathematics not knowing that a

true understanding of Mathematical system depends largely on the amount of time devoted to

practicing it, unfortunately, they have not been able to apply them to appropriate situations.
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They are found of memorizing solutions and formulae without any attempts to understand or

query their derivation or relevance. Little wonder, they are often in a fix when they are

required to solve problem which are new to them, as this method of learning by role gives

little or no room for mental development and creativity. Despite the importance and the

contribution of Mathematics to nation building, mathematics is still been dreaded by

secondary school students (Oyeniran, 2011). Some students consider Mathematicians to be

special people. They believe Mathematics is highly structured and abstract that its study

required some intellectual talent. “How would any person in fairness expect our poor and

innocent children to be as courageous as to face something which is capable of making even

an adult to be mad?” Obodo (2015) observed that Mathematics is not as bad or difficult as it is

painted by some students, but that students sometimes prefer doing other difficult things than

attending Mathematics class because of their hatred for the subject which invariably leads to

student’s low achievement in the subject. Ibok (2012) observed that students’ performance in

Mathematics is low because Mathematics students are not acquiring the skills and

understanding they needed to participate effectively in the culture, political and scientific

environment later in future.

2.1.4.2 Sources of student under achievement

Several scholars have identified the source of students under achievement in Mathematics in

Nigeria but Hannah (2015) stated it as follows:

i. Poor method of instruction

ii. Lack of problem solving abilities

iii. Students negative attitude toward the students

iv. Limited background preparation in Mathematics and

v. Mathematics fright
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The programme of instruction should inculcate in the learners the spirit of critical

investigations, conjecturing, hypothesizing and experimentation for them to be able to prove

their skills as they come actively engaged in doing Mathematics through problem posing,

problem analysis, problem solving and accelerated classroom discourse. There is a need for

the adoption of some learners centered activity. This could enhance learners understanding

and this improves their academic performance. A poor interest towards Mathematics is

thought to plague learners at every level of schooling. The fear of answering Mathematics

questions, in classroom and/or taking Mathematics test often escalate to a level termed

Mathematics anxiety which contributes to the poor performance in Mathematics. Adebule et al.

(2016) attributed three principal factors as inhibiting to Mathematics achievement among

secondary school students. These are:

i. Home background problem which occurs during the early childhood period,

ii. Environmental background limitations which occur as the child develop through childhood

to adolescent; and

iii. Edifying background preparation in Mathematics in the primary school, a condition he termed

to be a carryover effect. Adebule et al., (2016) was categorical about attitude and commented

that there was no special gift or qualities of mind to learn Mathematics. It is stressed that the

subject is within the grass of anyone. This attitude of pupils who are incapable of performing

well in Mathematics can hence be related to their wellness to choose, to grasp or not to grasp

the subject. Laziness, nonchalant attitudes, indifference, abandonment, unwillingness,

disinterest or downright surrender are elements which can be deduced from Kline’s principle

on studying Mathematics as a subject. Therefore, the students’ attitude towards the teacher

many be important in the formation of Mathematics attitude.

2.1.4.3 Effectiveness of teaching strategy and students performance in

mathematics
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It is possible that the inability of the students to relate what they learnt in the classroom to real

life situation or solve Mathematics problems have a significant relationship with higher order

of thinking (Oyeniran, 2011). Students are not positively disposed to the study of Mathematics

and perhaps they do not have sufficient opportunity for problem solving activities. Students do

not consistently demonstrate certain desired level of critical thinking which can facilitate their

understanding of Mathematics and asserts that problem solving strategy developed by the

researcher which was used to teach Mathematics concept consists of nine major procedural

steps which include:

i. Presentation of problem by teacher

ii. Identifying the variables in the problem

iii. Student to define the problem in his language

iv. Making plan to solve the problem

v. Carrying out the plan

vi. Exploring alternative approach

vii. Observe and tabulate the result in step iv and vi

viii. Check the result by looking back to step i-vii

ix. Generalize and apply approach to similar problem as in step i-vii

Harbor-Peter (2011) believe that for teachers to meaningfully enhance learning and enhance

interest in Mathematics, they should tap heavily from devices which have direct sensory

appeal and at the same time exhibit and clarify Mathematical concepts and relations, such that

include heuristic problem solving strategy. The proper use of such strategy has complete

psychological justification. This kind of instructional technique is likely to facilitate student’s

Mathematical problem solving abilities so as to improve student’s performance in the subject.

2.1.5 Attitude of student in learning mathematics



30

Attitude refer to the affective aspects of mathematics learning such as: beliefs about

mathematics and its usefulness, interest and enjoyment in learning mathematics, appreciation

of the beauty and power of mathematics, confidence in using mathematics, perseverance in

solving a problem. Badmus (2012) argues that the measurement of attitude is a complex

matter and cannot be observed directly but can be inferred from the way individual student

reacts to a particular stimulus or situation. In education, attitude is one of the important

elements which determine students’ success.

According to Effandi and Normah (2009) students’ attitudes towards mathematics are very

much related to their attitude towards problem solving in general. They add that negative

attitudes need to be overcome, so that later in life, students will not suffer from poor problem-

solving skills. It is important to master problem solving skills as these skills are essential for

dealing competently with our everyday life. Their claim is supported by Badmus (2012) who

points out that students must have positive attitude towards problem solving if they are to

succeed. He proposes that solving problems requires patience, persistence, perseverance and

willingness to accept risks. This concurs with Harbor-Peters (2015) claims that students with

positive attitude towards mathematics will generally excel at it. Prompt the need to carefully

look into aspect and influence instructional material in the enhancement of student academic

success especially in Mathematics.

2.1.6 Methods of teaching mathematics in secondary schools

There are several methods of teaching which teacher of science subjects can use in the

classroom to presents scientific facts, information, principles, skills or concepts to students.

Some of the methods include: demonstration, discovery, discussion, project, laboratory,

individualized, field trip and expository methods to mention but few.
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Some of these methods which have their characteristic advantages and disadvantages as

narrated by Hopkins (2012), are specific for some situations and categories of students, while

others can generally be apply to all categories of students. For the purpose this study, the

relevant teaching method amongst the above listed are discovery and expository methods and

would be discussed below.

2.1.6.1 Guided discovery methods

The value of discovery has been the subject of debate and some disagreements among

educational psychologists. As explained by Mayer (2015) claimed to have established that

guided discovery was the best method (of those used) to promote the learning of certain rules.

Mayer (2015) argued that guided discovery only looked better because of what it had been

compared with, usually-rote learning. He went further to claim that there was just no evidence

that discovery of any kind was a more effective teaching method than meaningful exposition.

Clute (2011), agree that discovery is important in promoting learning with young children,

while on the order hand agreed that active learning methods are more important for younger

students than for elder ones. Yet guided discovering is quite popular with some teachers. They

believed the students are better motivated by an active approach and perhaps by a challenge,

but the teacher may justifiably step in at any time to ensure that the desired end point is

reached.

Perhaps the most eloquent defender of learning by discovery is Mayer (2015), who claimed

that; first, discovery encouraged a way of learning mathematics by doing mathematics and

encouraged development with view that mathematics is a process rather than a finished

product. Secondly, in agreement with Yapwi (2015) discovery was seen as intrinsically

rewarding for students, so that the teachers using discovery methods should have little needs

to use extrinsic form of reward. Thirdly, discovery learning, teaches students the techniques of
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discovery. Solving problems through discovery develops a style of problem solving or inquiry

that serves any task that one may encounter. Finally, discovery learning results in better

retention of what is learned because the student has organized his new information and know

where (in his own storage system) to find the information when he needs it. Now, these points

carry great weight, Practical difficulties were acknowledged namely; that one could wait

forever for students to discover, that the curriculum could not be completely open. Some

students might even fine their inability to discover extremely discouraging. It is of course up

to the teacher to make the kind of adjustment necessary to circumvent these difficulties. Such

practical difficulties did not invalidate the case for active learning. Therefore, the effort of

trying to use discovery methods will be worthwhile for what is to be achieved.

More recently, in the wake of the Idigo (2010) opined that there have been developments

aimed at ensuring that secondary school mathematics curriculum does involve an element of

more active learning, which is discovery method. The efficiency or otherwise of discovery

method is however under debate. Mayer (2015) has commented upon the issue that “One

cannot compare, say ‘discovery teaching’ with ‘non-discovery teaching’ One can only

compare some specific attempts to do discovery teaching, some specific attempt to do ‘non-

discovery’ teaching”. Supporters of discovery learning may therefore, to a large extent be

accepting a belief, summed up by Hopkins (2012) that, “I believe this discovery is the best

way of exciting our students in mathematics”. He also believes that it is only when students

are given chance to think him/her-self, that they realize their full potentials.

Without controversy, Udoh (2014), pointed out that student who should be given chance to

think for himself must have been exposed to ideas that form his prerequisite knowledge.

Without such exposure, he may have no basic knowledge from which his thinking will spring

forth. This is to say that expository approach supplement discovery approach. Hence to draw a
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sharp line of contrast between the two approaches may be more and academic exercise than

nature. A study which requiring a comparison of the two approaches requires a substantial

amount of case study by the researcher. With this in mind, this important method of teaching

mathematics will be used to teach students with mathematics, while its efficacy or otherwise

improving their mathematics achievement will be shown. Another important method used in

the study is the expository method, the potentials of which are hereby discussed latter.

2.1.6.2 Learning mathematics by graphical approach

Classification of teaching method, we may define expository teaching as the situation in which

the teacher considered that photographs, pictures and illustrations differ from the

commercially available graphic symbol sets to enhance learning (Umoren, 2012). In contrast

to her role in inductive discovery learning, the teacher presents the student with the entire

content of what is to be learned in final form. According to Udokang (2012) the students are

not required to make any independent discoveries. The usual verbal instruction of the lecture

hall exemplifies the expository teaching. It is sometime called Deductive teaching because the

teacher often begins with a definition of the concepts or principles, illustrate them, and unfolds

their implications. Although expository teaching is a widespread and tradition teaching

practice in our schools and colleges, it has attracted very little research said (Ebong & Agabi,

2015).

The students presumably can only memorize the lecture by constant review and repetition.

Indeed it is possible to present a body of materials so poorly that unless the students commit to

rote memory, they have little or no way of remembering it. However, expository teaching can

present a rich body of highly related facts, concepts and principles which the students can

learn and transfer. To these advantages Udo (2010) adds that expository teaching is more

popular in our schools today because it is more efficient and takes less time than discovery
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learning. When combined with practice, it is very successful in teaching concepts and

principles.

Graphical teaching offers students the opportunity to obtain and organize views of the

discipline he is studying because the teacher can organize the field more efficiently for

learning than the novice student can. Gallenstein (2014) said that in discovery learning, the

concern to teach the techniques of discovery overrides the concern for learning the unifying

principle of a discipline. Udo (2010) and other adherents of discovery methods contend that

discovery method is the best method for transmitting subject matter, problem solving is the

Secondary goal of education, there can be training in the techniques of the discovery;

expository teaching is authoritarian; and the discovery methods are unique generators of

motivation and self-confidence. However, Irvin (2011) countered that the Secondary purpose

of teaching is to present in some systematic way an organized body of knowledge. The

organization should be explicit form to the students. He does not believe that you teach

creative thinking and critical thinking outside the context of a specific discipline. Adopting a

precise, logical, analytical and critical approach, which fosters appreciation of the scientific

method in that discipline, he contends, can only teach such thinking.

Both discovery and expository methods are good methods of teaching mathematics as shown

above. But, looking at the relationship of these two methods with mathematics aversion and

how they affect mathematics achievement will sharpen our focus on the study.

2.1.6.3 Graphical representation in mathematics learning

Mega mathematics (2014), said that when mathematics talk about graphs they are mostly

likely to be thinking of collection of dots and lines that you see in the illustration of this

section. Sometimes, graphs are called networks, and a glance at pictures of them will show

you why. Mega mathematics further added that graph could be seen as one of the
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mathematical objects, which make mathematics learning more transparent. Graphical-symbol

will make ratio learning transparent.

Graph game show that a number is also a mathematical object that is probably the most

familiar to everyone. Some other mathematical objects are knots maps and infinite state

machine, linear graph and picture representation will make ratio learning more transparent.

The idea of graphical-symbol approach will help pupils to make ratio relationship more

transparent.

National Council of Teachers of Mathematics of American (NCTM) Cooney (2012) gave a

recommendation which includes in their goals that pupils in grades 3 – 6 should be able to

represent data using tables and graphs such as lines and pots bars graphs and line graphs, pie

chat stem graphs (standard), graphical-symbol approach will serve positively in ratio learning

and the idea of linear graph should be introduced to make a very important point about this

goal of (NTCM).

Effiong (2012), suggested that teachers should not “get overly anxious about the tedious

details of graph construction”. According to Effiong, teachers should take one or two

approaches to graph construction. Pupils should either be encouraged to do their best when

creating their own graphs or that student should use technology and computer to generate

exact graphs. Some types of graphs that should be taught include bar, stem and leaf plots and

continuous data graphs. Effiong has been encouraging the use of graph in Secondary school

mathematics learning. As he had been mentioned the other types of graphs used in Secondary

school.
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2.1.6.4 Approach to mathematics teaching and learning

Eniayeju (2015) said that after some years at least 10 years of experience, teacher will find it

difficult in helping their students to discover mathematical ideas for themselves without

involving them in activity-method.

The approaches in mathematics teaching and learning enable the pupils acquire mathematics

skills. Some of the approaches are:

Area Title Approach: It is the type of approach whereby Tiles are used in teaching of area to

the pupils. The tiles represent the square units. Eniayeju (2015), ‘Encourage the Area Tile

Models’ Approach in teaching of area in Secondary school. It will bring area learning home

and realistic to children because tiles are what they can see in homes and schools. It makes a

mathematics learning begins from known to unknown-from real to abstract. Which graphical-

symbol method will also do in ratio learning?

Discovery Approach: It is the type of approach whereby a pupil is guided to build

mathematics ideas, to think more to discover things by themselves. Alesandrini (2012) said

that discovery approach as a pupils-dominated and activity-oriented method of teaching and

learning of mathematics. With graphical-symbol approach, discovery will be more encouraged

because the pupils will be allowed the view the graphical-representation and discover the

given ratio relationship vividly.

Laboratory Approach: This is the type of approach whereby the pupils are led to find the

importance of the mathematics tools and instructional material, which they have in learning

mathematics. Usman (2012) emphasized that the pupils are made to carry out some

measurements often using simple equipment such as rulers and compass, collect data by

experimentation or discovery, making drawing and models, make computational devices, and

perform experiments with materials. The graphical-symbol approach will also encourage this
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approach more because some of the materials such as graph sheets, ruler, and pencils are to be

used in plotting of the graphic in ratio relationship.

Target-task Approach: In this approach the pupils will first of all give some hander topic to

solve which they may or may not be able to solve. After that an easier problem will be solved

with help of the teacher’s guidance.

With graphical-symbol approach, some difficult ratio problems which have been given to the

pupils to solve can now be solved graphically and easier with a simpler understanding.

Small-group Approach: This approach is the type of approach whereby a mathematics

teacher group pupils in smaller groups during mathematics learning. For graphical symbol

approach, small group approach will be more effective because the teacher will group the

pupils and give them some ratio problems to plot graphically.

2.1.7 Models and modeling in secondary school mathematics learning

Harbor-Peters (2011), conceptualized models for mathematics teaching and learning as

enriched devices which may be concrete or semi-concrete or abstract for use by teachers to

make mathematics concepts clearer to learners. Harbor further stated that a model must

possess a one-to-one correspondence relationship to the mathematical concept being illustrated,

using the model. It must be simple and easy to use so that one does not use the teaching time

for explaining the models. With that, graphical illustration would also serve as model in

mathematical learning. In general, good models for teaching mathematical concepts are

capable of providing concrete and realistic experiences, which will help a learner to discover

facts or patterns. It creates curiosity and motivates the learners to explore mathematics in a

relaxed mood.
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With regard to Harbor Peters view on models as instructional materials in mathematics

learning, Secondary school pupils would be motivated to develop interest in ratio learning

when it is properly taught with graph sheet as a model.

Suydam and Hggins (2012), viewed models as, “two or three-dimensional representatives of

objects which students learn about in the class”. The use of models provides a mental of

relating past experiences to a new situation. They employed and provide concrete and realistic

experiences from which learners can discover facts. The minds of the students will readily

accept ideas that are illustrated by concrete example. The means that model give meaning to

different concepts and relations in mathematic by associating them directly with physical

objects. It was further explained that concept of the model is restricted to mean only those

concrete devices used by mathematics teachers and students to demonstrate mathematical

concepts. Models therefore, should represent the natural objects, they are meant to represent.

Which graphical approach can do in ratio learning?

According to Umoren (2012) mathematics models can be considered as a simplification or

abstraction of a (complex) real world problem or situation into mathematical problem. It was

further explained that mathematics problem can be solved using whatever known techniques

to obtain a mathematical solution. This solution is then interpreted and translated into real

term.

Gagne (2014) viewed a model as a visual or picture, which highlight the main idea of a

variable in a process or system. Gagne further stated that the use of model as learning aids

have two Secondary benefits. Firstly, models provide accurate and useful representations of

knowledge that is needed when solving problems in some particular domain. Secondly, a

model makes their process of understanding a domain of knowledge easier because it is visual

expression of topic. It was found out that pupils who study with models may recall as much as
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57% or more on questions concerning conceptual information than pupils who receive

instruction without advantage of seeing and discussing models.

With the view of Gagne, graphical-symbol communication will be a useful model in ratio

learning, which will help Secondary school pupils to understand ratio-relationship visually,

Alesandrini (2012) came with his own idea similar in conclusion, when he studied different

pictorial-verbal strategies in learning from his research on the effectiveness of pictorial-verbal

representation. From his own study, the learner draw their own conclusion that the act of

building the model and running the simulation gives them a deeper understanding of the

sensitivity of the cycle outside disturbances and reinforces the concepts underlying the model.

Richard (2016), view model as being a representation. Richard further said that motivation

might be found by providing tools for designing interactive stimulation. Simple interaction

with model provides a far more interesting exercise than observation. With his definition,

Graphical-symbol model will serve as a tool in ratio learning and bring interaction stimulation

on the pupils and create more interesting exercise than through observation and passivity.

Norman (2015) said that one can have internal model. He viewed models as representation of

reality that people use in the environment, with others, and with the artifacts of technology,

people form internal mental models of themselves, and explanatory power for understanding

the interaction. In ratio learning, mental model will be transformed into graphical-symbol

representation, which will interpret the mental ratio model into visual ratio representation and

interpretation.

Johnson-Laird (2015), viewed mental model as (“a basic structure of cognition”). It is now

plausible to suppose that mental model play a central role in representing objects, states of

affairs, sequences of events, the way the world is, and the social and psychological action of
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daily life according to Holland (2012) who suggested that mental models are basis for all

reasoning processes. With these views, graphical-symbol approach in ratio learning will

create a visual framework, which will bring visual illustration to relate mental model to visual

model.

Ryder (2014) view model as myths and metaphor that helps us to make sense of our world.

Whether it is derived from which or from serious research, model is a means of

comprehending an otherwise in comprehensible problem. According to Ryder an instructional

design model gives structure and meaning to an identity problem enabling the designer to

negotiate her design with a resemblance of conscious understanding. Model helps us to

visualize the problem, to break it down into discrete management units. Hence in ratio

relationship, graphical-symbol model will reduce cognitive stress and increase visual idea,

which will make ratio learning more realistic and for easy understanding. Ryder further stated

that pupils who are engaged in the model building process must pull together science content,

mathematics skills and logical problem solving. Skill manipulating materials, are also

regarded (as concrete models) in mathematics learning.

Lesh (2014), suggested that concrete models can be effectively used as an intermediation

between the real world and the mathematical world. He contended that such used world tend

to promote problem-solving ability by providing a vehicle through which children can model

real-world situations. The use of concrete model in this manner is thought to be more abstract

than the actual situation yet less abstract than formal symbol. With Lesh’s idea, graphical-

symbol approach will model ratio relationship visually and graphically and make it to depart

from traditional ratio learning.

Borne (2010) viewed concrete models as those objects that can be touched and moved by

pupils to introduce and reinforce a mathematical concept. Hartshrn (2011) suggested that
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manipulative materials are particularly useful in helping pupils move from concrete to abstract

level. Teachers, however, must choose activities and concrete models carefully to support the

introduction of abstract symbols.

Borne (2010) divided the transition iconic level (the level between concrete and abstract)

abstract levels in the following way:-

The semi concerted level is a representation of a real situation; pictures of the real items are

used rather than the items themselves. The semi abstract level involves a symbolic

representation of concrete item but the pictures do not look like the objects for which they

stand. Howden (2015) placed specific concrete models as those manipulative ranks from the

concrete to the abstract. In place value, for example (going from concrete to abstract), they

include pebbles, bundled straws, based ten blocks, chip trading and the abacus. Howden

cautions that building the bridge between the concrete and abstract level requires careful

attention. Graphical-symbol approach will transform ratio learning from visual to abstract

level.

Suydam and Higgins (2012) said, “Mathematics achievement increased when manipulative

materials were used”. Graphical-symbol approach will increase achievement in ratio. Penner

and Rich (2011) said that, when students have space and geometry, measure, and data at their

disposal, as well as the more traditional forms of numbers sense, the transition to mathematical

modeling of natural phenomena becomes feasible and powerful, even in the physical models

of elbows can lead in turn, to graphical and functional descriptions of the relationships

between the position of a load and the point of attachment of the tendon. Thus elbows can be

modeled as third class levers, an idea we explored with third grade pupils.

Umoren (2012) said that “mathematical modeling has recently become a prominent term

among mathematicians and the users of mathematics, particularly in science and technology”.
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Graphical-symbol will help the young users of mathematics to process ratio relationship

graphically. Allen (2013), view mathematics modeling as the total process involved in the

steps we go through when we use mathematic to deal with any real situation that we have

Graphical-symbol communication will be used to process ratio relationships visually.

Lassa (2014) view mathematic modeling as a unifying theme for all application of

mathematics, but key steps in any activity in technology and indeed in most forms of the

modeling process. Lassa further said that mathematic modeling is one particularly powerful

way of representing reality. It is usually better in technology to have some mathematical

model to be accurate. He said that the teaching of mathematics modeling is one new approach

to the teaching of mathematics because of the need to make mathematics more relevant to

everybody life. Graphical-symbols approach will serve as a new approach in ratio learning in

Secondary school level.

Umoren (2012) viewed mathematical modeling as a process of representing real world

problems in mathematical term in an attempt to find solutions to the problems. Graphical-

symbol communication will serve as modeling in ratio learning; it will be a process of real

world problem in ratio relation and help the solution to graphical problem.

Mathematics Modeling Our World is founded on the principles that mathematics is a

necessary tool for understanding the physical and social worlds in which we live.

Mathematics Modeling Our World is a grade 9 – 12 curriculum, which included the Secondary

six mathematics curriculum, in which pupils not only learn mathematics, they also learn to use

mathematics, in solving their problems. MMOW support that pupils are taught to use a variety

of resources to solve problems, and they learn to choose resources that meet the need of a

particular solution.
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With the view of Mathematic Modeling Our World, graphical-symbol communication will

serve a variety resource to solve ratio problem that will meet the need of ratio solution.

English and Halford (2012) said that, modeling involves the establishment of links among

representations of a mathematical concept and its relationship to other concepts. More

importantly a model needs to externalize the links to the learner in ways that would help him

or her to visualize them. Graphical symbol model will externalize the ratio relationship to the

ways that would help them to visualize the relationship. Furthermore, English and Halford

explained that modeling involves the deputation of the relations that are embedded in a

scheme both graphical or concretely. The modeling process could also contribute to

expansion of Networks of schemes that are associated with mathematical concepts resulting in

deeper understanding. Modeling activities must also have an inbuilt flexibility to help

children externalize constituents of a model. These activities need to be grounded within the

experiences of children, including observation of concerts in real life contexts. Explanation

would also reveal conjecture about other situations and solved problems.

2.2 Theoretical Framework

Deep structural changes are needed in the ways that societies manage their economic, social

and environmental affairs. Hard choices are needed to move from talk to action to bring about

changes among the developing nations. Udo (2010) viewed discovery learning as method of

inquiry-based instruction; that, it is better for the learners to discover facts and relationships

for themselves. The theory is utilized in the creation of instructional environments. As it is

with other field of leaning, discovery relies on the general theory of learning for the
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development of its instructional environment. Since technology has recognized how we live,

how we communicate, and how we teach, Fox (2015).

Theoretically, this research work on the effect of guided discovery method on mathematics

achievement on low and high averted secondary school students in FCT is based on the theory

of guided discovery in learning. This theory is attributed to Bruner (2009) he viewed

knowledge to be internalized by the learner through the process of accommodation and

assimilation. That a child comes from a home and mingled with peer group that may not be

interested in mathematics. When opportunity is given to them to construct things on their own,

it may withdraw their averted mind. Fox (2015) believed that students construct their own

reality or at least interpret it base on their perceptions and experience, so an individual’s

knowledge is a function of one’s prior experiences, mental structures and beliefs that are used

to interpret objective and events.

2.2.1 Constructivism and learning

Fox (2015), state that knowledge is constructed from experience and learning is a personal

interpretation of the world. It is an active process in that meaning is developed on the bases of

experience and conceptual growth comes from negotiation of meaning, the sharing of multiple

perspectives and the changing of our internal representations comes through collaborative

learning. Learning should be situated in realistic setting, testing should be integrated with the

task and not in a separate activity. Learner constructs their own knowledge. Students are

encouraged to be creative in searching for the actual result. Nwosu (2015) stated that with the

constructivist model of instruction, students redefine, recognize, elaborate and change their

initial concepts through interaction within themselves and their environment.

2.2.2 Ausbel theory of meaningful learning
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Ausbel theory of meaningful learning was propounded by David Ausbel in 1968. According to

the theory, meaningful learning refers to the concept that learned knowledge is fully

understood by an individual and that the individual knows how the specific facts relate to other

stored fact in the brain. Ausbel’s theory consists of three phases. They are; presentation of

advance organizer; presentation of learning task or material; and strengthening the cognitive

organization. Meaningful learning requires knowledge to be constructed by the learner not

transmitted from the teacher to the student. It occurs when learners actively interpret their

experiences using internal, cognitive operations and have prior knowledge to which they can

relate new ideas.

Students are apt to engage in meaningful learning when they are encouraged to do so and

guided in determining what things are most important to learn. To experience meaningful

learning, students need to do much more than access or seek information. They need to

examine, perceive, interpret and experience information. When meaningful learning occurs the

facts are stored in a relational manner. The brain stores them together because they are related

to each other and when one fact is recalled, the other facts are also recalled that moment or

shortly after. This is called spread of activation. This makes problem solving for students

easier. The three phases suggested in the theory to ensure meaningful learning were being

employed in this study. The first phase was presentation of advance organizer. This is

synonymous to the first, second, and third steps of AIM, which is preparation of students for

participation, climate setting, and mutual diagnosing of needs respectively. Also, the second

phase suggested in the theory was presentation of learning task or material. This is related to

fourth and fifth steps of AIM, which are mutual formulation of objectives, and mutual planning

of learning activities respectively. Lastly, the third phase is strengthening the cognitive

organization. This is related to the learning activities undergone by the students taught with

AIM, some of such activities are inquiry project, independent study, group study, and so on.
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2.3 Review of Related Empirical Studies

Udo (2011) investigated the relative effectiveness of problem-solving, guided discovery, and

expository methods of instruction on students’ performance in redox reaction, considering

their mathematics ability. It was a quasi-experimental research using non randomized-pre-

test–post-test control group design with expository method as control. Two research questions

and two hypotheses were formulated for answering and testing, respectively. A sample of 120

SS2 chemistry students drawn from 3-co-educational public secondary schools in Uyo Local

Government Area of Akwa Ibom State was used for the study. Criterion sampling technique

was used in selecting the sample. Two researcher- developed tests – Chemistry Achievement

Test (CAT) and Mathematical Ability Test (MAT), with reliability indices of 0.76 and 0.68,

respectively, determined using test-retest method were used in collecting relevant data. After

investigations, the results showed that those taught using problem-solving method performed

significantly better than those taught with guided-discovery and expository methods;

expository approach was the least facilitative. Students’ performance was observed not to be

dependent on their mathematics ability. Consequently, it has been recommended that

Chemistry teachers should always adopt problem-solving teaching approach in teaching redox

reaction and other quantitative concepts in chemistry in view of its high facilitative effect on

the students’ performance.

Lowrie (2011) did a study in presentation and mathematics learning. Quasi experimental was

used for the study. The research was carried out to identify the effect of representation of

mathematics concept by using models. The study identified three categories of problem

solving approaches to include visualizes, verbalizes, and both user and we as the role of

imagery in problem solving. The study found out that 42% of the participants solving the

mathematical participants solved the mathematical problems using the visual technique.
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Okorie (2012) carried out a study on extent of use of visual aids in the teaching of

mathematics in Okigwe and Owerri Educational Zone in Imo State. The research was a

descriptive survey research. The research was carried out in all the secondary schools in the

two above-mentioned educational zones. 55 mathematics teachers were chosen in the schools

and were used. 850 students were randomly selected from the secondary schools. The main

instrument used for the data collection was questionnaire, seven research questions were tested,

and five hypotheses were made. Two sets of questionnaire were administered to the two

groups of respondents by the researchers themselves. Pearson’s moment correlation technique

was used to compare the response. A correlation co-efficient of 0.81 was obtained from pilot

study. This was considered high enough. Chi-square was employed in data analysis.

From the findings, it was concluded that visional aids are of immense important in teaching

and learning of mathematics. They spaced the lessons and spread interest hence reducing

boredom that is often necessitated due to the abstract nature of mathematics. Instructional

material helps to reduce verbalism and give a concrete touch to the teaching of mathematics.

It is often said that seeing believes. With instructional materials students are convincingly

taught mathematical facts without necessarily imposing facts on them and hence forcing them

to cram these facts. Learning thus becomes natural and active participation of every member

of the class is ensured. A combined effect of hearing seeing and doing will be enabling and

ensuring retention. This study is similar to the present study considering the subject matter

which is achievement in Mathematics, like wise in terms methodology which is experimental

research design but differ in instructional approaches and as well as study population.

Emmanuel (2013) in worked on the “Impact of the audio-visual aids in the teaching of

mathematics”. The research was deceptive survey. It was carried out in the secondary schools

in Otukpo in Benue state. 6 schools were used out of 10 schools in the area. Interview was
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used to collect data from mathematics teachers and students from the six schools. One

hypothesis were tested, which stated, schools which employ more audio-visual aids in

mathematics get better results in mathematics than those which employ fewer”. Tables of

percentages were used respectively for the presentation and analysis of the data obtained

during the study. From findings, it implies that mean calculated was approximately 0.9. This

implies that there is a strong positive linear relationship between dependent variable (x) and

the independent variable (y) tested. This means that x increases, and also y increases. This

means that when more audio visual aids are employed, in teaching and learning of

mathematics, more students will pass therefore the hypothesis which employs more

instructional materials in mathematics teaching, gets better results holds. This study is similar

to the present study considering the subject matter which is achievement in Mathematics, like

wise in terms methodology which is experimental research design. But differ in instructional

approaches and as well as study population.

Ayla (2015) carried out a study on mathematics modeling approaching to the task in teaching

algebra among students. The research was carried out with quasi-experimental design to

investigate the effectiveness of using geometric models in teaching algebraic expansions and

factorization to junior secondary. A total number of sixty – (60) students were selected

randomly and grouped into mathematics modeling approach (MMA) group and traditional

method (TM) group for the study. TM was used as control over MMA, which the researcher

set out to test. Each group containing 30 students with equal males and females. The study was

carried out in a mix school. The instrument used for the data collection was t-test. The test

was organized in form of pre-test and post-test. The data were analyzed by use of (ANCOVA).

Four research questions were tested and analyzed. Their scores were organized under MMA

and TM and analyzed. The analysis of the pre-test revealed that there was equivalence in the

mathematical abilities of the experimental and control groups at the beginning of the
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experimental. It was also found that there were significant differences between their

performances. The mean performance of students taught using MMA and that of those taught

using TM, the mean performance of boys taught using MMA and girls taught using MMA and

the mean performers of girls taught using MMA and that of those taught using TM.

From the analysis the mean score of the students in the experimental group was 23.43 while

that of those in the control group was 15.93. And since the mean score of those in

experimental group was 15 – 93 and the mean score of those in experimental group was higher,

the claim was that the Mathematics Modeling Approach (MMA) was better methods of

teaching algebraic expansion and factorization than traditional or control method (TM or CM).

This study is similar to the present study considering the subject matter which is achievement

in Mathematics, like wise in terms methodology which is experimental research design. But

differ in instructional approaches and as well as study population.

Thomas and Lasisi (2015) investigated effects of guided discovery and problem solving

instructional strategies on achievement of secondary school students in Volumetric Analysis in

Minna Metropolis, Niger State. A 3x 1 Factorial design was adopted for the study. The

population consisted of senior secondary school two (SSSII) students with sample size of 238

students selected from six secondary schools in Minna Metropolis. The research instrument

employed was a 24-item Chemistry Achievement Test (CAT) developed from Volumetric

Analysis and was validated by six experts in the subject area. The CAT was pilot tested on

intact class of Chemistry students and reliability of 0.88 was obtained using Kuder Richardson

(K-R21). Students were pretested before the treatment began, and the reshuffled or disguised

version of the CAT was administered after the treatment in the posttest. The data obtained

from both pretest and posttest were analyzed statistically using descriptive statistics (mean,
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standard deviation) and inferential statistics (Analysis of covariance, ANCOVA) using

Statistical Package for Social Sciences (SPSS) version 20.0.

The results showed that students in the experimental groups (guided discovery and problem

solving) generally have higher mean achievement scores in Chemistry than their counterparts

taught Chemistry with conventional teaching method (control group), and this indicates that

guided discovery and problem solving strategies have enhanced achievements in Chemistry more

than traditional method of teaching. ANCOVA test also revealed that there was a significant

difference among the students taught Chemistry using the three instructional strategies, and

Scheffe post hoc test indicated that students in the guided discovery group achieved better The

hierarchical order of achievement of Chemistry students vis-à-vis the instructional strategies

considered in this work is established as: Guided Discovery Problem Solving Conventional

TeachingMethod.

It is concluded that guided discovery and problem solving strategies are more effective in

enhancing students’ achievements in Chemistry than the convention teaching method. Thus, it

is recommended that teachers should expose Chemistry students to guided discovery and

problem solving instructional strategies that promote and encourage social interaction, active

learning and ultimately enhance achievement. The stakeholders in education sectors should

also encourage and enforce the use of guided discovery and problem solving instructional

strategies in teaching and learning of Chemistry in particular and sciences in general in our

secondary school. This study is similar to the present study considering the subject matter

which is achievement in Mathematics, like wise in terms methodology which is experimental

research design as well as instructional approaches. But differ in study population.

Hidayati et al. (2018) conducted a study on the comparative of mathematics learning using

guided discovery method and expository method to mathematics learning outcomes. This
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study aims to determine the difference in mathematics learning achievement between students

in the learning using guided discovery method with students in the learning using expository

method in students of class XI in Madrasah Mu'allimaat Muhammadiyah Yogyakarta Year

2017/2018. Quasi experimental method with a posttest only control group design research

design was used for this study. In this study there were two classes compared to giving

different treatments. The population in this research is all students of class XI in Madrasah

Mu'allimaat Muhammadiyah Yogyakarta academic year 2017/2018. The sample in this

research will be taken by cluster random sampling technique and obtained class XI D and XI E

as sample. Technique Data analysis using Test prerequisite analysis which includes Test

normality and Test homogeneity then done by t-test. The result of the research shows that

there are differences of students' mathematics learning outcomes between students using

guided discovery method with students using expository method in students of class XI

Madrasah Mu`allimaat Muhammadiyah Yogyakarta academic year 2017/2018. This is shown

by t-test of two parties obtained the result t_count = 39,7926> t_table = 1.9949 at a significant

level of 0.05 and degrees of freedom (dk) = 69. Next do a one-party t test with t_count = 39 ,

7926> t table = 1,6672 at significant level of 0.05 and degrees of freedom (dk) = 69 which

means Guided discovery method is more effective than expository method toward

mathematics learning achievement of grade XI Madrasah Mu`allimaat Muhammadiyah

Yogyakarta Academic Year 2017/2018.

Slamet et al. (2020) investigate the effect of contextual group guided discovery (CGGD)

learning approach on students' mathematical understanding and reasoning. This study was

conducted through a quasi-experimental method with a control group pre and post-test design.

The participants of this study were two groups of 4thgrade students in Kuningan, Indonesia.

Each group was comprised of 22 students (N=44). While the experimental group was
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conducting mathematics learning with the CGGD learning approach, the control group was

conducting mathematics learning with problem based learning (PBL). The data were collected

through a test of students' mathematical understanding (TSMU) and a test of students'

mathematical reasoning (TSMR) developed by researchers. The results showed that there were

significant differences in the gain score of students' mathematical understanding (SMU) (U =

134.00, Z= -2.539, P = 0.011 < 0.05) and students' mathematical reasoning (SMR) (U =

139.500, Z= -2.412, P = 0.016 < 0.05) between the experimental and the control group. The

gain score and post-test score of SMU and SMR on the experimental group that implemented

the CGGD learning approach were significantly higher than the control group. Therefore, we

conclude that the CGGD learning approach was proven influential to empower SMU and

SMR.

2.4 Summary of Literature Review

The literature reviewed reveals that guided discovery method have pointed to the fact that

attitude played a crucial role in learning mathematics hence determines the student’s success

in the subject. Research also supported the fact that a positive attitude towards the subject is an

important educational outcome that should be constantly nurtured regardless of the

achievement level of the learners who should be guided in order to bring out their best abilities

and potentials. However, there has not been a consistent finding as to the relationships

between attitudes and achievement and on a proper recommendation on how to positively

change the attitudes for the benefit of the learners. Literature confirms that it should start from

determining the root cause of attitudes and using that information to bring out the expected

change which in most cases has remained elusive or not practicable in the school contexts.

Bearing in mind various variables that play a role in determining the learner’s attitude, the

literature stresses the need for more understanding on the effect of these variables in the
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learning of the subject which has always received very little attention from the stakeholders.

This study sought to create more awareness and understanding on the common beliefs among

the students which affects the learning of the subject and suggest more recommendations for

improvement in performance through attitude change. The low performance and little

engagement in an academic work by the learners may imply that the attitude change has not

succeeded or different variables are given priority since attitude is implicit, but should

continue as an area of concern among all the stakeholders in education. This calls for a more

concerted effort in order to change some of the student’s beliefs regarding the nature of

learning and the factors that affect it. It also necessitates the development of strategies in

education contexts to improve student attitudes and engagement as well as improving on the

teacher’s supports system.

The review of literature also dealt with some theoretical and empirical studies. In the

theoretical background, theory of constructivist and Ausbel’s theory of meaningful learning,

were reviewed. All these were discussed with regard to their relationship with the present

study. The empirical studies gathered information on studies related to the present study.

However none of these studies have investigated into the effect of guided discovery and

graphical approaches on mathematics achievement and attitude of senior secondary school

students in Minna, Metropolis, Nigeria, hence, the rationale for the study.
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CHAPTER THREE

3.0 RESEARCHMETHODOLOGY

3.1 Research Design

The research design that was adopted for this research was quasi-experimental design

precisely (pre-test, post-test, non-equivalent) and descriptive survey design. This design

involves three independent variables (Guided discovery, Graphical approach and

Lecture method), two levels of dependent variables (achievement, attitude and gender).

The design involves two experimental groups, group 1 were taught with guided

discovery strategy, group 2 were taught with graphical approach and the control group

were taught with conventional method. The research design layout is as shown in Figure

3.1:

Group Pretest Treatment Post-test Attitude

Exp. Gp 1 O1 X1 O2 O3

Exp. Gp 2 O1 X2 O2 O3

Control Gp O1 X0 O2 O3

Figure 3.1: Research Design Illustration

Source: Sambo (2015)

Key:

O1 Represents the pretest of experimental and control groups

O2 Represents the posttest of experimental and control groups

O3Represents the post-posttest of experimental and control groups

X1 Represents treatment for experimental group I on Guided discovery method

X2 Represents treatment for experimental group II on Graphical approach

X3 represents the control group exposed to lecture method
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3.2 Population of the Study

The target population for the study comprises of all senior secondary two (SS2) students

registered in government senior secondary schools located in Minna Education Zone.

There are 115 secondary schools in the zone with the population of 3999 students (1641

Male and 2358 Female)

Source: Niger State Ministry of Education (2020).

3.3 Sample and Sampling Techniques

The sample of the study were 110 students from three randomly selected schools in

Minna metropolis. Simple random technique was used in the selection of the three

secondary schools from which were randomly assigned in the two experimental groups

and one control group. Intact classes of the schools were used which were SS IIA of the

three schools. The experimental group 1 comprised 30 students (13 males and 17

females). The experimental group 2 comprised 35 students (16 males and 19 females).

The control group comprised 45 students (22 males and 23 females). This give the total

sample of 110 students in the study.

3.4 Instrument for Data Collection

Two instruments were used for data collection namely; Mathematics Achievement Test

(MAT) and Mathematics Attitude Rating Scales (MARS)

3.4.1 Mathematics achievement test (MAT)

The mathematics achievement test consisted of set of 30 multiple choice items designed

to reveal the level of students understanding of the selected concepts in mathematics.

The 30 multiple choice items consisted of five response option, one of which is the

correct answer while the remaining four serve as distracters. The test items were in

conformity with Bloom’s taxonomy of the cognitive domain, i.e. knowledge,

comprehension, application, analysis, synthesis and evaluation. The MAT was used as a
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pretest to determine the equivalence of the control and experimental groups and was

also used as posttest to compare the groups for significant difference after the treatment.

Mathematics Achievement Test (MAT) was administered on the subjects by the

research assistants and collected after twenty five minutes. While the control group was

access with the same test used for the experimental groups at equal time, after which

they were stopped. A marking scheme was used to score the responses to the MAT. A

correct response was awarded one mark while any wrong response attracts zero. The

total obtainable mark was thirty (30). The result of the test was converted 100%.

3.4.2 Mathematics attitude rating scales (MARS)

The second instrument referred to as Mathematics Attitude Rating Scales (MARS) it

was developed by Richardson and Suinn (2009) and was adopted and used by the

researcher with a view of generating responses on the attitudinal aspects of the study.

The instrument consist of twenty items five point Likert scale of Strongly Agree (SA),

Agree (A), Undecided (U), Disagree (D) and Strongly Disagree (SD). The responses

were assigned weights of 5; 4; 3; 2 and 1 respectively for favorable statements. MARS

was administered as a pretest and post-test to the control and experimental groups. This

is to observe if there is any significance change in attitude based on the treatment

administered. The response indicated the degree of attitude arouse by ticking any of the

five point categories ranging from strongly agree (SA) =5 to strongly disagree (SD) =1,

made available in the MARS instrument to determine the decision rule.

3.5 Validity of the Research Instruments

For the purpose of this study, experts in Mathematics education and measurement were

consulted to carry out the validation of the instruments. The validators chosen include

two experts in mathematics education in department of science education, Federal

University of Technology, Minna and the teachers teaching the classes of the senior
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secondary schools of the affected school in Minna, Niger State. The team also includes

two experts in Test and Measurement from Niger State College of Education, Minna.

The test items examined by the experts were: Content validation, appropriateness of the

items, clarity of the statements in the instrument, to ascertain whether the test items are

related to concepts in SSII syllabus and to give suggestions and criticisms that would

assist towards improving the quality of the test items.

3.6 Reliability of the Research Instrument

The reliability coefficient of a test refers to the consistency with which the test

repeatedly measure what it is assumed to measure, after repeated use, if aside from a

small margin of measurement error, if the results contained from a test are not different

from each other, then such a test is said to be reliable (Sambo, 2015). In order to

determine the reliability of the research instruments, a pilot study was carried out using

30 senior secondary school students. A test retest was used to determine the reliability

of the instruments. Pearson Product Moment Correlation coefficient statistics was used

to determine the reliability of Mathematics Achievement Test (MAT) and Mathematics

Attitude Rating Scale (MARS) through pilot study. The same test was administered on

two different occasions at two weeks interval as recommended by Sambo (2015) the

scores from the two administrations was correlated as an estimate of the reliability of

the of the test (Sambo, 2015). The reliability test using Kunder- Richard formula 21 and

reliability coefficient obtained for MAT is 0.90 while the reliability for consistency

MARS was computed using Cronbach Alpha Coefficient and reliability coefficient was

0.88.

3.7 Method of Data Collection

One week before the experiment, the researcher visited the selected schools in order to

obtain official permission from the school management. Cooperation of staff was
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sought. One week was used for the administration of the pretest. This was done in order

to determine the previous knowledge and the equivalent level of both the experimental

and control groups. The actual teaching started on the second week. The experimental

groups were exposed to content unit were richly supported with graph instruction

material. The experimental group I and II were exposed to guide discovery and

Graphical approach whereas the control group was taught using conventional lecture

method. The same content unit was covered for the three groups. This exercise lasted

for 5 weeks art contact period of once a week. At the end of the teaching posttest was

administered to the three groups. Students were also be given attitude scale rating scale

for their response after exposing them to the use of guided discovery method and

Graphical approach. Data collection lasted for ten weeks.

BREAKDOWN

1st week……….Administration of pretest

2nd- 6th week ……..Main teaching

7th week…….Administration of posttest

8th-9th week ……….Break

10th week…………..post-post –test questionnaire to determine attitude after teaching

3.8 Method of Data Analysis

The data collected from sampled schools was analyzed using Descriptive statistics and

inferential statistics. The descriptive (Mean and standard deviation) was used to answer

research questions. The decision mean of 3.0 was used as items with weight mean of 3.0

and above was considered agreed and any item with weight mean less than 3.00 was

considered disagreed as a decision rule for attitude rating. The inferential statistics, the
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analysis of variance (ANOVA) was used to test the null hypothesis one and three while

t-test was used to test hypothesis two, four and five at 0.05 level of significant. The data

was analyzed using statistical package for social science (SPSS) version 21.0.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSIONS

4.1 Research Question One

What are the mean achievement scores of students taught Mathematics using guided

discovery method, graphical approach and conventional method?

To answer this research questions, Mean and Standard Deviation was used as shown in

Table 4.1.

Table 4.1: Mean and Standard Deviation of pretest and post-test Achievement

scores of Experimental and Control group

Pretest Posttest

Group N X SD X SD Mean
Gain

Remark

Guided
Discovery

30 33.17 7.804 64.60 17.583 31.43 Positive
achievement

Graphical
approach

35 34.49 6.303 66.49 17.092 32.00 Positive
achievement

Control
group

45 32.93 9.955 62.42 19.971 29.49 Positive
achievement

Total 110 100.59 24.062 193.51 54.646 92.92

Table 4.1 revealed the mean achievement scores and standard deviation of students

taught guided discovery, graphical approach and conventional method. The table

showed that the mean achievement scores of the three groups at posttest differ

statistically. Graphical approach had the highest mean achievement score of 66.49 with

standard deviation 17.092 followed by guided discovery method which had mean

achievement score of 46.60 with standard deviation of 17.583 while the control group

had mean achievement score of 62.42 with standard deviation 19.971. There were mean

different scores of 32.00, 31.43 and 29.49 respectively. This show that graphical
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approach enhanced better achievement of students than the guided discovery method

and conventional method.

4.2 Research Question Two

What are the mean achievement scores of Male and Female students taught mathematics

using guided discovery method?

To answer this research question, Mean and Standard Deviation was used as shown in

Table 4.2.

Table 4.2: Mean and Standard Deviation of pretest and post-test Achievement

scores of Male and Female guided discovery method

Pretest Posttest

Group N
X

SD
X

SD
Mean
Gain

Remark

Male 13 34.21 15.398 74.71 12.298 40.50 Positive
achievement

Female 17 30.98 41.906 65.48 16.147 34.50 Positive
achievement

Total 30 65.19 57.304 140.19 28.445 75

Table 4.2 showed that the mean and standard deviation of the pretest and posttest score

of male and female students taught using guided discovery method. The result revealed

that the mean and slandered deviation of pretest and posttest scores of Male students

was 34.21 with standard deviation of 15.398 and 74.71 is the mean score of Male

students at posttest with 12.298 standard deviation respectively. The mean gain for Male

students in guided discovery method is 40.50. Similarly the mean and standard

deviation of the pretest and posttest scores of Female students was found to be 30.98

with standard deviation of 14.908 at pretest and posttest mean score of 65.48 and

standard deviation of 16.147 was obtained by Female students the mean gain of Female
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students in guided discovery is 34.50 this implies that male students had higher mean

gain than the Female students in the same group.

4.3 Research Question Three

What is the mean achievement scores of Male and Female students taught Mathematics

using graphical approach?

To answer this research question, Mean and Standard Deviation was used as shown in

Table 4.3.

Table 4.3: Mean and Standard Deviation of pretest and post-test Achievement
scores of Male and Female graphical approach.

Pretest Posttest

Group N
X

SD
X

SD
Mean
Gain

Remark

Male 16 35.05 1.25 80.26 9.22 45.21 Positive
Achievement

Female 19 34.58 1.49 78.70 8.45 44.12 Positive
Achievement

Total 35 69.63 2.74 158.96 17.67 89.33

Table 4.3 showed that the mean and standard deviation of the pretest and posttest scores

of Male and Female students taught using graphical approach. The result revealed that

the mean and standard deviation of pretest and posttest scores of Male students was

35.05 mean with standard deviation of 1.25 and 80.26 is the mean with 9.22 standard

deviation for Male students in graphical approach and the mean gain is 45.21. Similarly,

the mean and standard deviation of the pretest and posttest scores of Female students

was found to be 34.58 with standard deviation of 1.49 at pretest while posttest mean

score of 78.70 with standard deviation of 8.45 was obtained by the Female students. The

mean gain of Female students in graphical approach was 44.12. This implies that Male

students had higher main gain than the Female students in the same group.
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4.4 Research Question Four

What is the attitude of senior secondary school students toward the use of guided

discovery method, graphical method and conventional method?

To answer this research question, Mean and Standard Deviation was used as shown in

Table 4.4.

Table 4.4: Mean and Standard Deviation of attitude of responses of students
after teaching them with guided discovery, graphical approach and
conventional method

Group N Mean (X) SD Remark

Guided Discovery 30 126.97 14.221 Positive attitude

Graphical Approach 35 112.83 25.018 Positive attitude

Conventional method 45 121.07 22.766

Total 110 360.87 62.005

Table 4.4 reveals the mean attitude score and standard deviation of students in

experimental I (Guided Discovery), experimental II (Graphical Approach) and control

group (Conventional method). The table showed that the mean attitude score of the

three groups differ statistically. Guided discovery method had the highest mean attitude

score of 126.97 with standard deviation of 14.221, by followed by conventional method

which had mean attitude score of 121.07 with standard deviation of 22.766 also

graphical approaches which had mean score of 112.83 with standard deviation of 25.08.

This shows that guided discovery method have positive attitude towards mathematics in

solving quadratic equation compared to other method used in teaching quadratic

equations.

4.5 Research Question Five

What is the attitude of Male and Female senior secondary school students to

Mathematics after taught with the guided discovery method?
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To answer this research question, Mean and Standard Deviation was used as shown in

Table 4.5.

Table 4.5: Mean and Standard Deviation of Male and Female Senior Secondary
School Students Attitude to Mathematics after taught with the
Guided Discovery Method

Group Gender N Mean (X) SD Mean Gain Remarks

Guided Discovery Male 13 128.86 6.31

9.64 Positive attitude

Female 17 126.39 15.95

Table 4.5 showed that the mean and standard deviation of the pretest score of male and

female students taught using guided discovery method. The result revealed that the

mean and standard deviation of male was 128.86 with standard deviation of 6.31 while

mean and standard deviation of female was 126.39 with standard deviation of 15.95.

The mean gain was 9.64.

4.6 Research Question Six

What is the attitude of Male and Female senior secondary school students to

mathematics after taught with the graphical approach?

To answer this research question, Mean and Standard Deviation was used as shown in

Table 4.6.

Table 4.6: Mean and Standard Deviation of Attitude of Male and Female Senior
Secondary School Students Attitude to Mathematics after taught with
the Graphical Approach

Gender N X Std. Deviation Mean difference Remark

Male 16 113.50 24.75
1.15 Positive

attitude
Female 19 112.26 25.90
Total 35 225.76 50.65
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Table 4.6 shows the mean and standard deviation on how gender influences the

perception of mathematics students’ response based on graphical approach. The result

indicates that the mean and standard deviation of the two groups differ with a mean

score of 80.81with standard deviation of 8.11 for male students and mean score of 80.11

with standard deviation of 8.33 for female students. The mean difference of 0.70 is in

favour of the Male students.

4.7 Hypotheses Testing

The data collected in order to test the mull hypothesis one was analyzed using Analysis

of Variance which is reported in Table 4.7.

Table 4.7: ANOVA comparison of the Pretest mean scores of the Experimental
and Control group

Source of Variation Sums of Square df Means Square Fcal P-value Decision

Between Groups 51.781 2 25.891

Within Groups 7477.710 107 69.885 0.370 0.691 NS

Total 7529.491 109

Not significant at 0.05 level.

Table 4.7 shows the result of one-way ANOVA comparison of the mean achievement

scores of students in the two experimental groups and the control group at pretest. The

result revealed that there was no significant difference in the achievement of students in

the three groups (Fcal = 0.370; df = 109; p>0.05). This showed that the students entry

level was equivalent and that calls for the use of Analysis of Variance in testing the

hypotheses.

HO1: There is no significant difference between the mean achievement scores of

students taught Mathematics using guided discovery, graphical approach and

conventional method.
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In testing the hypothesis one; the mean achievement scores of students taught

Mathematics using guided discovery, graphical approach and conventional method were

analyzed using Analysis of Variance (ANOVA) as shown in Table 4.8

Table 4.8: ANOVA Comparison of the Posttest Mean Scores of the Group I and
II and Control Group

Source of Variation Sums of Squares df Means Square F P-value Decision

Between Groups 328.570 2 164.285

Within Groups 36446.921 107 340.625 0.482 0.619 NS

Total 36775.491 109

Not significant at 0.05 level.

Table 4.8 shows the ANOVA result of the comparison of the posttest mean scores of the

experimental group 1, experimental group 2 and control group. An examination of the

table shows Fcal=0.482, df=109 and p>0.05. On the basis of this hypothesis one was

retained. There. Therefore, there was no significant difference in the mean achievement

scores of guided discovery, graphical approach and control group. Post-hoc was carried

out to locate where the significant difference exits as presented in Table 4.9.

Table 4.9: Scheffe Post-hoc Analysis of Comparison of the Post-test of
Experimental I, II and Control Group

Treatment
(i)

Treatment
(j)

Treatment
(i-j)

p-value Lower bound Upper
bound

EXP I (GD) CG 2.178 0.871 -8.16 12.52
GA -1.1886 0.911 -12.80 9.03

EXP II (GA) GA 4.063 0.593 -5.82 13.95
GD 1.886 0.911 -9.03 12.80

Control
Group

GD -2.178 0.871 -12.52 8.16

GA -4.063 0.593 -13.95 5.82

Table 4.9 showed that post-hoc analysis of comparison of the posttest mean scores of

the experimental I, experimental II and control group. The table indicated that
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significant difference exist among the mean achievement scores of students in

experimental I, experimental II and control group.

HO2: There is no significant difference between the mean achievement scores of Male

and Female students taught Mathematics using guided discovery method.

In testing the hypothesis two; the mean achievement score of Male and Female students

taught using guided discovery method were analysed using t-test statistics as shown in

Table 4.10.

Table 4.10: Summary of t-test Comparison of the Mean Achievement Scores of
Male and Female Students taught using Guided Discovery Method

Gender N X SD Df t p-value Mean
diff

Decision

Prestest Male 13 35.00 3.958 28 0.352 0.727 1.04

Female 17 33.96 7.462 NS

Posttest Male 13 74.71 12.298 28 1.389 0.176 9.23

Female 17 65.48 16.147

Not significant at 0.05 level.

Table 4.10 revealed the mean achievement scores of Male and Female students taught

Mathematics using guided discovery method. The table indicated that there was no

significant difference between the mean achievement of students taught guided

discovery method since p>0.05 level of significance (p<0.176), an indication that the

approach benefited both male and female students in the experimental group I. thus,

hypothesis two is retained.

HO3: There is no significant difference between the mean achievement scores of Male

and Female students taught Mathematics using graphical approach.

In testing the hypothesis three, the mean achievement scores of Male and Female students

taught using graphical approach were analysed using t-test as shown in Table 4.11
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Table 4.11: Summary of t-test Comparison of the Mean Achievement Scores of
Male and Female Students taught using Graphical Approach

Gender N X SD Df T p-value Mean
diff

Decision

Prestest Male 16 36.31 6.172 33 1.610 0.117 3.36

Female 19 32.95 6.151 Sig

Posttest Male 16 68.06 17.391 33 0.495 0.624 2.90

Female 19 65.16 17.196

Significant at 0.05 level.

Table 4.11 showed the t-test comparison of the mean achievement scores of male and

female students taught mathematics using graphical approach. The Table indicated that

there was no significant difference since p>0.05 level of significance (p<0.624), an

indication that the instrument benefited both male and female students in the

experimental group II. Thus, hypothesis three was rejected.

HO4: There is no significant difference amongst the attitude of students taught

mathematics using guided discovery, graphical approach and conventional method.

In testing the hypothesis four, Analysis of Variance (ANOVA) was used as shown in

Table 4.12.

Table 4.12: Summary of ANOVA Comparison of the Attitude of Students taught
Guided Discovery, Graphical Approach and Conventional Method

Source of Variation Sums of Squares df Means Square F P-value Decision

Between Groups 3306.935 2 1653.467

Within Groups 49950.738 107 466.829 3.543 0.032 NS

Total 53257.673 109

Not significant at 0.05 level.

Table 4.12 shows the ANOVA result of the comparison of attitude score of guided

discovery, graphical and conventional method. An examination of the Table shows Fcal



69

= 3.543l df=109; and p<0.05. On the basis this; hypothesis four was rejected. Therefore,

there was significant difference in the attitude of students taught Mathematics using

guided discovery, graphical approach and conventional method. As such, Scheffe post-

hoc was carried out to locate where the significant difference exists as presented in

Table 4.13.

Table 4.13: Scheffe Post-hoc analysis of the Posttest attitude of students
Experimental I, II and Control group

Treatment
(i)

Treatment
(j)

Treatment
(i-j)

p-value Lower bound Upper
bound

EXP I (GD) CG 5.900 0.481 -6.20 18.00
GA 14.138* 0.026 1.36 26.92

EXP II (GA) CG -8.238 0.213 -19.81 3.34
GD -14.138* 0.026 -26.92 -1.36

Control
Group

GD -5.900 0.481 -18.00 6.20

GA 8.238* 0.213 -3.34 19.81

Table 4.13 showed that the Sheffe post-hoc analysis of attitude of students in

experiment group I, experiment group II and the control group. The Table indicated that

significant difference exist among the attitude of students in experimental group I,

experimental group II (mean difference = 14.138) with an upper bound of 26.92 was

obtained. It also showed that significant difference exists between experimental group II

and control group (mean difference = -8.238) with an upper bound of 3.34 in favour of

guided discovery method. This implies that students who used guided discovery have

positional attitude better than those who used graphical and control group.

HO5: There is no significant amongst the attitude of Male and Female senior secondary

school student taught with guided discovery.

In testing the hypothesis five, t-test was used as shown in Table 14.
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Table 4.14: Summary of t-test Comparison of the Mean Achievement Scores of the

Attitude of Male and Female Students taught with Guided Discovery Method

among Senior Secondary Schools in Minna.

Gender N Mean (X) Std. Deviation t-value df Sig.
Male 7 128.86 6.309

0.396 28 0.69
Female 23 126.39 15.945

Table 4.14 shows the t-test results on the comparison of mean achievement scores of the

attitude of male and female students taught with guided discovery method among senior

secondary school in Minna. The result indicates t= 0.396. Df= 28, p = 0.69 > 0.05. The

result shows that there was no significant difference in the achievement of male and

female students taught guided discovery method. On this basis, hypothesis five is

therefore retained.

HO6: There is no significant difference between the attitude of Male and Female senior

secondary school student taught with graphical approach.

To test the hypothesis, t-test comparison of the mean achievement scores of the attitude

of Male and Female students with graphical approach among senior secondary school in

Minna which is reported in Table 4.15.

Table 4.15: Summary of t-test comparison of the mean achievement scores of the
attitude of Male and Female students taught with graphical
approach among senior secondary school in Minna.

Gender N Mean (X) Std. Deviation t-value df Sig.
Male 16 113.50 24.752

0.144 33 0.887
Female 19 112.26 25.905

Ns= Not Significant at 0.05 level
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Table 4.15 shows the t-test results on the comparison of mean achievement scores of the

attitude of male and female students taught with graphical approach among senior

secondary school in Minna. The result indicates t= 0.144, Df= 33, p < 0.887 > 0.05. The

result showed that there was no significant difference in the achievement of male and

female students taught graphical approach. On this basis, hypothesis six is therefore

retained.

4.4 Summary of the Findings

From the data collected, computed, analyzed and interpreted in this study, the findings

are summarized as follow:

1. Finding from research question one revealed that graphical approach enhanced

better achievement of students than the guided discovery method and

conventional method.

2. Finding from research question two revealed that had higher achievement score

than their female counterparts taught using guided discovery.

3. Finding from research question three revealed that male had higher achievement

score than their female counterparts taught using graphical approach.

4. Finding from research question four revealed that students showed positive

attitude when taught using guided discovery method.

5. Finding from research question five revealed that male students showed positive

attitude towards learning mathematics concept using guided discovery.

6. Finding from research question six revealed that male students showed positive

attitude towards learning mathematics concept using graphical approach

7. There was significant difference in the achievement of students taught guided

discovery method and those taught using conventional method.
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8. There was no significant difference in the mean achievement of students taught

guided discovery method and graphical approach.

9. There was no significant difference in the achievement of male and female

students taught guided discovery method

10. There was no significant difference in the achievement of male and female

students taught using graphical approach. On this basis, hypothesis one is

therefore retained.

4.4 Discussion of Findings

Finding from research question one revealed that graphical approach enhanced better

achievement of students than the guided discovery method and conventional method.

This finding is in line with the earlier findings of Clute (2011), who found that graphical

approach is important in promoting learning with young children and discovered that

students are better motivated by an active approach. In agreement with Yapwi (2015)

discovery was seen as intrinsically rewarding for students, so that the teachers using

discovery methods should have little needs to use extrinsic form of reward. Supported

by Thomas and Lasisi (2015) whose study investigated effects of guided discovery and

problem solving instructional strategies on achievement of secondary school students in

volumetric analysis and discovered that students taught with guided discovery method

have higher mean achievement scores in chemistry than their counterparts taught

chemistry with conventional teaching method, hence guided discovery and problem

solving strategies have enhanced achievements in chemistry more than traditional

method of teaching.

Findings on graphical approach in teaching mathematics among senior secondary

schools enhance learning. Mega (2014) opined that when mathematics talk about graphs

they are mostly likely to be thinking of collection of dots and lines that you see in the
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illustration of the study. In the present study, the graphical approach shows significant

difference among other methods used in teaching quadratic equations. In line with

findings Walle (2010) suggested that teachers should not get overly anxious about the

tedious details of graph construction. Teachers should take one or two approaches to

graph construction. Richard (2016), view model as being a representation as it arouse

students intention towards learning. Furthermore, simple interaction with model

provides a far more interesting exercise than observation and conclude by saying that

graphical symbol model serves as a tool in ratio learning and bring interaction

stimulation on the pupils and create more interesting exercise than through observation

and passively. Findings that emanated on the attitude of senior secondary school

students towards the use of guided discovery and graphical approach in teaching

quadratic concept. It was revealed that much interest were placed during the teaching

and learning process as the mean achievement scores showed little differences when

compared.

Hypothesis one finds out if there was no significant difference between the mean

achievement score of student taught Mathematics with the use of guided discovery,

graphical approach and those taught with conventional method among senior secondary

school in Minna. The result revealed that there was no significant difference in the

achievement of students taught guided discovery method and those in control group

(conventional method). On this basis, hypothesis one is therefore rejected. This implies

that students found teaching quadratic equation interesting than the use conventional

method. Mayer (2015) claimed to have established that guided discovery was the best

method to promote the learning of certain rule. Thomas and Lasisi (2015) argued that

guided discovery only looked better because of what it had been compared with,
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usually-rote learning. He went further to claim that there was just no evidence that

discovery of any kind was more effective teaching method than meaningful exposition.

Hypothesis two finds out if there is significant difference in the mean achievement score

of Male and Female student taught Mathematics with use of guided discovery method

and those taught with graphical approach among senior secondary school in Minna The

result revealed that there was no significant difference in the mean achievement of

students taught guided discovery method and graphical approach. On this basis, this

hypothesis is therefore retained This implies that both guided discovery and graphical

approach signifies the reason why students should be exposed to experimental group as

there were slight difference in their mean achievement score.

Hypothesis three finds out if there is significant difference in the mean achievement

score of Male and Female student taught Mathematics with use of graphical teaching

approach and those taught with conventional method among senior secondary school in

Minna. The result revealed that there was no significant difference in the mean

achievement of students taught graphical approach and those in control group

(conventional method). On this basis, this hypothesis is therefore retained. This implies

that students exposed to experimental group do better than those taught through

conventional method of teaching. This shows that there is a connection/link between

teaching-learning, achievement and methodology in shaping the learners in science

(Iwuji, 2012). Graphical approach teaching strategy makes the learner to construct his

own knowledge to be used in later age; so teachers should pick from the science

curriculum topic that involves activities for the learners to discover solution themselves

and teachers are expected to guide them. In graphical approach teaching strategy

students has the opportunity to work with graph and mathematical set materials and
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engaged in activities, which enhanced meaningful learning and reduces abstract nature

from concepts and provide a motivating environment for learning (Iwuji, 2012).

Hypothesis four finds out there is significant difference in the in the attitude of

secondary school students taught with guided discovery method, graphical approach and

conventional method. The result showed that there was no significant difference in the

attitude of students taught guided discovery method, graphical approach and control

group. On this basis, this hypothesis is therefore retained. Obodo (2015) stated that

students attitude towards mathematics are much related to their attitudes towards

problem solving in general and that negative attitude need to be overcome so that later

in life students will not suffer from poor problem-solving skills. Adebule et al. (2016)

was categorically emphasized about attitude and commented that there was no special

gift or qualities of mind to learn mathematics. It is stressed that the subject is within the

grass of anyone. This attitude of pupils who are incapable of performing well in

mathematics can hence be related to their wellness to choose, to grasp or not to grasp

the subject.

Hypothesis five finds out if there is significant difference in the in attitude of Male and

Female senior secondary school student taught with guided discovery method. The

result showed that there was no significant difference in the achievement of male and

female students taught graphical approach. On this basis, this hypothesis is therefore

retained. This finding is in line with Iwuji (2012) whose findings of implies that the

level of achievement of the male students exposed to Activity-Based teaching

experiences is the same with their female counterparts. The result indicated that the

Activity-Based teaching strategy is gender friendly. This finding agrees with the

findings of Iwuji (2012) who said understanding and retention are products of
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meaningful learning, when teaching is effective and meaningful to the students whether

male or female. Thus, meaningful learning is the product of students’ involvement in act

of learning like in Activity-Based teaching strategy. Also found that the type of

instructional strategy used does not discriminate between male or female. Therefore, the

Activity-Based teaching strategy is gender friendly as far as this study is concerned.

Concrete and meaningful learning appears to be gender-friendly.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Based on the findings from the analysis of the data collected for this study, the

following conclusions was made: Graphical approach enhanced better achievement of

students than the guided discovery method and conventional method, students showed

positive attitude when taught using guided discovery method, Male students showed

positive attitude towards learning mathematics concept using guided discovery than

their female counterparts and male students showed positive attitude towards learning

mathematics concept using graphical approach than their female counterparts.

Therefore, a way of ensuring an improved performance of the learners during the

external examination is by making them appreciate the inter-dependent relationship that

exists between academic contents of mathematics concepts presented in the teaching

and learning situations while in school and their real life applications (graphical

approach). If we are able to achieve this transfer of what is learnt in school to the real-

world then improved achievement in external examination, irrespective of gender, can

be achieved.

5.2 Recommendations

Based on the findings of the study, the following recommendations were made:

1. The Government through the Federal and State Ministries of Education should

organize and sponsor mathematics teachers for workshops, exhibitions, quizzes,

seminars and conferences on a regular basis aimed at upgrading the knowledge

status of the teachers.
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2. Mathematics teachers should endeavor to use the graphical approach teaching

strategy in teaching equations both linear and quadratic and some other

Mathematics concepts that are tagged “difficult” since this method enhances

achievement and has the potentials of developing critical thinking and creative

abilities in the students.

3. Students should be serious, hardworking, initiative and creative to enable them

carryout independent or group work, such as assignments or project given to

them by the mathematics teachers.

5.3 Contribution to Knowledge

The present study has greatly contributed to the field of study; exposing the significance

of guided discovery instructional approach as compared with the graphical symbol and

conventional method of teaching. The significance of guided discovery instructional

approach was proven to improve positive attitude of secondary school student towards

studying Mathematics. Finally, the guided discovery instructional approach was not

gender biased.

5.4 Limitations for the Study

The following limitations were encountered during the study:

1. Students absence were major concern of the researcher and the few ones present

were so difficult to control by their teachers which could also in one way or the

other affect the outcome of the result

2. Students’ lack of familiarity with graphical and discovery approach may affect

the results. This is a limitation because plotting graph is one of the most student

centered teaching strategies where students are given a big role in their own

learning. This transfer of roles may need more time to settle into the students’

learning styles. This problem was minimized by introducing the method to the
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students to the beginning of the term. This ensured a smooth transition to

instruction.

3. The study is only restricted to only senior secondary school students in Minna

metropolis. This might make the scope of generalization fairly narrow.

4. The study only used the quadratics equations concept in senior secondary school

Curriculum.

5.5 Suggestions for Further Studies

The following suggestions were made for further studies in this area.

1. Similar studies should be conducted in senior secondary schools in other local

government to find out the effects of graphical approach with other teaching

strategies on students academics achievement in large classes and their retention.

2. The study can be replicated to include motivation and interest of students towards

the use of guided discovery method.

3. The study should be replicated in other fields of study.
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APPENDICES

Appendix A

Mathematics Achievement Test (MAT)

1. For what value of x is the fraction �2−3�+2
4�+3

undefined a) 13
6
b) 4

5
c) 7

6
d) − 3

4
e) 13

12

2. The sum of two numbers is 105 their product is 2736, find the numbers
(a) 24 and 21 (b) 48 and 57 (c) 77 and26 (d) 77 and 32 (e) 23 and 45

3. A man 37years old and his child’s age is 8 years, how many years ago was the
product of their age 96 years? (a) 5 years (b) 4 years (c) 3 years (d) 2years (e) 22
years

4. Find a number which, when added to its square make 90. (a) 4 (b) 9 (c) 6 (d) 8
(e) 3

5. what is the number such that as that when 5/6 of it is subtracted from 3 the
result is the same as when 2/3 of it is added to it. A) 17

9
B), 3

5
C) 3

11
D) 1

6
E) 7

6. Consider this example, the average cost of a number of pencils is 50k, if all the
pencils cost #20.00, find the total number of pencils. A 40 B 65 C 34 D 29 E 78
7. Find the product of 1

4
and the sum of 3

4
and 1

2
a) 13

6
b) 3

7
c) 5

16
d) 3

4
e) 3

11

8. Find the positive difference between the sum of 1.6 and 2 and the product of 7
and 0.4
A, 3.4 B. 2.5 C. 6.6 D. 0.8 E 2.6
9. Solve the equation 4(3-5n) - 7(5-4n) + 3 = 0

(a) 5/2 (b) 3/5 (c) 3/7 (d) ¾ (e) -3

10. Change the expression into word 20 – (3 + 9)

(a) Subtract the sum of 3 and 9 from 20 (b) Add the product of 3 and 9 to 20

(c) Subtract 20 from the sum of 3 and 9 (d) Add the sum of 3 and 9 to 20

(e) Find the sum of 20, 3 and 9.

11. When 48 is divided by the sum of 2 and n. if the result is 3. What is n?

a) 13. (b) 14. (c) 24 (d) 12 (e) 15

12. Labaran has x kobo, kunle has 15 less than Laraba. Together the number of kobo
they have is: (a) x-15 (b) 2x (c) 2x – 15 (d) 2x +15 (e) 15

13. In a class containing 32 students, a student can do either Government or History
or both. If 16 students do Government 18 do History and 3 do none of the subject, find
how many do both. A, 6 B, 9 C, 4 D,8 E 5
14. When 48 are divided by the sum of 5 and a certain number is 3. What is the

number?
(a) 11 (b) 14 (c) 26 (d) 15 (e) 30
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15. I thought of a number and subtract 5 from it, I then divide 72 by the result. If my
answer is 4, what number did I think of?
(a) 23 (b) 32 (c) 42 (d) 20 (e) 22

16. The sum of four consecutive number is 58, Find the numbers?
(a) 13, 14, 17, 18 b.) 26, 27, 28, 29 c.) 6, 7, 8, 9 d.) 13, 14, 15, 16 e) 3, 4, 5, 6

17. Ojo bought 12 oranges from the market. His Daddy plucked 14 more Oranges for him
from the garden, how many Oranges does Ojo now have?

A, 34 Oranges B. 45 Oranges C. 62 Oranges D. 78 Oranges E 26 Oranges.

18. Given the difference between 8 and another number is 17. Find the possible value, for
the number. A, 34 B. 25 C. 62 D. 78 E 26 .

19. A brother is 3 years older than his sister, 5 years ago; the ratio of their ages was
4:3. Their present ages are? (a) 17 years and 14 years (b) 14 years and 12 years (c) 17
years and 8 years (d) 8years and 17 years (e)17 year and 7 years
20. find one ninth of the difference between 256 and 13 (a) 72 (b) 27 (c)

40 (d) 70 (e) 23
21. If 14 men can cultivate 42 acres of land in 18 weeks, how many weeks will it

take 21 men working at the same rate to cultivate 56 acres of land?
(a)16weeks (b) 70weeks (c) 63weeks (d) 73 weeks (e) 80weeks

22. What is the largest of three consecutive even integers if their sum is 72.
(a) 26 (b) 7 (c) 70 (d) 36 (e) 72

23. One third of a number added to four-fifths of itself is equal to 17 find the number.

A, 34 B. 25 C. 62 D. 78 E 15

24. Solve the equation 1/5 – x = 1/x – 3: (a) 1 (b) -2 (c) 0 (d) 4 (e) 2
25. Find the product of the 11 and the positive difference between 4 and 10 A,

34 B. 25 C. 66 D. 78 E 26
26. Find the sum of .9 and the product of 1.7 and 3 A,4 B. 25 C. 62

D.78 E 6
27. In the family of eight, one-eight of the members are very tall, and one-quarter of

them are very short. The rest are of average in height. How many are of average heights
in that family? A, 4. 2 B, 3.9 C, 4.3 D,1.8 E 1.5
28. Solve for n when the product 5 and sum of square of n and 3, is equals to

420.
A) 4 B. 9 C. 6 D.7 E 6
29. The fraction 1

6
�� �, is added to 1

4
�� �, the result is 6

24
.

A) 3
5
B. 1

6
C. 6

7
D. 4

13
E 11

6
30. write in word 4(3-5n)

a) four multiply by the difference of three and five multiply by n
b) product of four and difference of three from five multiply by n
c) three subtract from five multiply by n, then multiply by four.
d) five multiply by n added to three, multiply by four
e) four multiply by subtraction of five and three.
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MARKING SCHEME
1. D
2. B
3. A
4. B
5. C
6. A
7. C
8. D
9. A
10. A
11. B
12. C
13. E
14. A
15. A
16. D
17. E
18. E
19. A
20. B
21. D
22. A
23. E
24. D
25. C
26. E
27. A
28. B
29. A
30. A
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Appendix B
KUDER-RICHARD FORMULA 21 RELAIBILITY COEEFICIENT FORMAT.

� − �21 = �
�−1

1 − � �−�
��2

where;

n= Number of Items in the test

m= Mean of the test Score

�2 = Variance of the set test scores

and also n = 30; m = 21.41; s2= 48.96

� − �21 = 30
30−1

1 − 31.41 30−21.41
30(48.66)

= 30
29

1−25.87 14.13
1958.4

= 1.034482759 1 − 21.41 8.59
1459.8

= 1.034482759 1 − 183.9119
1459.8

= 1.034482759 1 − 0.125984313
= 1.034482759 0.874015687
= 0.904154

= 0.904

APPENDIX C
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QUESTIONNAIRE ON ATTITUDE OF STUDENTS ON EXPERIMENTAL

METHOD OF TEACHING

Dear Respondent,
This questionnaire is designed to elicit your responses on above subject matter. The

questionnaire focus on guided discovery and graphical approaches on mathematics

achievement and attitude of senior secondary school students in Minna, Metropolis.

Your response shall be respected and treated with utmost confidentiality. Below are

items that you are kindly requested to read through and respond to accordingly.

SECTION A: BIO-DATA INFORMATION
Name of School………………………………………………………
Tick ( )

Gender: Male ( ) Female ( )
Section B: Attitude of senior secondary school students to mathematics is after
taught with the guided discovery method?

Note: SA – Strongly Agree, A – Agree, D – Disagree, SD – Strongly Disagree, U-
Undecided
S/N Item SA A U SD D
1 I like mathematics as a subject
2 I offer mathematics because it is compulsory subject
3 Mathematics concepts are interesting to me

4 The mathematics lessons are always interesting

5 Mathematics is useful to all science students

6 The syllabus for mathematics is too complex

7 The study of mathematics enable us appreciate other
aspects of science and technology

8 Mathematics is a very useful subject

9 I find mathematics subject easy to understand with
guided discovery method

10 I would like to be trained as a mathematics teacher

11
I would like to be a scientist with specialization in
mathematics

12 I don’t get tired during mathematics lesson if taught
with instructional materials

13 I don’t dose off any time we study mathematics in the
classroom
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14 I find it easy to understand complex and abstract
concepts in mathematics

15 Guided discovery method instructional packages
makes it easy for the teacher to repeat, re-explain and
summarized contents

16 Lessons arewell prepared and organized when they are
on guided discovery method instructional packages

17 Guided discovery method instructional packages
makes learning more interesting and exciting

18 Guided discovery instructional packages makes the
teachers time to be well managed

19 I like guided discovery instructional packages
instruction because they are well planned and
structured

20 It is easier to understand contents when my teacher
uses guided discovery instructional packages as a
medium of delivery

21 Students behave well in next lesson after listening to
guided discovery instructional packages of the
previous contents

22 I like guided discovery instructional packages because
it gives opportunity to listen to contents over and over

23 I learn more when guided discovery instructional
packages instructions are used to augument classroom
lesson

24 I would perform better if guided discovery
instructional packages instructions could be used to
augument classroom lessons more

25 I prefer lessons augmented with guided discovery
instructional packages instruction

26 I will encourage the use of guided discovery
instructional packages instructions for easy
understanding, comprehension and retention of
contents

27 Guided discovery instructional package instructional
package instruction are not too fast

28 I concentrate better in the class but I still enjoy guided
discovery instructional packages augmented
instructions

29 I have more confidence by listening to guided
discovery instructional packages augmented
instruction after lessons

30 Students concentrate during the teaching process while
using guided discovery
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Section C: attitude of senior secondary school student to mathematics is after
taught with the graphical approach?
Note: SA – Strongly Agree, A – Agree, D – Disagree, SD – Strongly Disagree, U-
Undecided
S/N Item SA A U SD D
1 I like mathematics as a subject

2 I offer mathematics because it is compulsory subject
3 Mathematics concepts are interesting to me

4 The mathematics lessons are always interesting

5 Mathematics is useful to all science students

6 The syllabus for mathematics is too complex

7 The study of mathematics enable us appreciate other
aspects of science and technology

8 Mathematics is a very useful subject

9 I find mathematics subject easy to understand with
graphical approach

10 I would like to be trained as a mathematics teacher

111 I would like to be a scientist with specialization in
mathematics

12 I don’t get tired during mathematics lesson if taught
with instructional materials

13 I don’t dose off any time we study mathematics in the
classroom

14 I find it easy to understand complex and abstract
concepts in mathematics

15 Graphical approach instructional packages makes it
easy for the teacher to repeat, re-explain and
summarized contrents

16 Lessons arewell prepared and organized when they are
on graphical approach instrucytional packages

17 Graphical approach instructional packages makes
learning more interesting and exciting

18 Graphical approach instructional packages makes the
teachers time to be well managed

19 I like graphical approach instructional packages
instruction because they are well planned and
structured

20 It is easier to understand contents when my teacher
uses graphical approach instructional packages as a
medium of delivery
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21 Students behave well in next lesson after listening to
graphical approach instructional packages of the
previous contents

22 I like graphical approach instructional packages
because it gives opportunity to listen to contents over
and over

23 I learn more when graphical approach instructional
packages instructions are used to augument classroom
lesson

24 I would perform better if graphical approach
instructional packages instructions could be used to
augument classroom lessons more

25 I prefer lessons augumented with graphical approach
instructional packages instruction

26 25. I will encourage the use of graphical approach
instructional packages instructions for easy
understanding, comprehension and retention of
contents

27 Graphical approach instructional package instructional
package instruction are not too fast

28 I concentrate better in the class but I still enjoy
graphical approach instructional packages augumented
instructions

29 I have more confidence by listening to graphical
approach instructional packages augumented
instruction after lessons

30 Students concentrate during the teaching process while
using graphical approach
Grand Mean

Appendix D
Reliability Coefficient for MARS

Reliability Statistics
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Cronbach's

Alpha

Cronbach's

Alpha Based on

Standardized Items N of Items

.883 .871 20

Reliability coefficient is 0.88

APPENDIX E

FIELD PICTURES
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APPENDIX H
LESSON PLAN

CONTROL GROUP
LESSON ONE
CLASS: SS II
SUBJECT: MATHEMATICS
TOPIC: QUADRATIC EQUATION

(i) SUB-TOPIC: SOLVING USING COMPLETING THE SQUARE METHOD

TIME: 8:00 – 8:40
DURATION: 40 MINUTES
AVERAGE AGE OF STUDENTS: 17YEARS
BEAHVIOURAL OBJECTIVES: By the end of the lesson student should be able to:

(ii) Outline the steps involved in using completing the square method
(iii) Use the method to solve quadratic equation

ENTRY BEHAVIOUR: The students have learnt how to solve linear equations, perfect square, factorization method of solving quadratic
equations.
INSTRUCTIONAL MATERIAL: Chalkboard/Marker.
Content Development Strategies Teaching Activities Student Activity
Introduction Questioning The teacher introduces the topic by asking the

student questions based on the previous
knowledge, what is quadratic equation

Student attempt to answer the questions

Overview on completing
the square method

Explanation and
illustration

completing the square method is technique that
helps us to solve quadratic equations.
A Quadratic Equation is an equation of the form
(or equivalent to)

The student listen and follow up with
teachers. And ensure they conform with the
stated facts.
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ax2 + bx + c = 0
where a, b and c are real numbers
Step 1 Divide all terms by a (the coefficient of
x2).
We have

x2 + �
�

� + �
�
= 0

Step 2: Move the number term (c/a) to the right
side of the equation.
We have

x2 + �
�

� = - �
�

Step 3 Complete the square on the left side of the
equation and balance this by adding the half
square of the coefficient of x to the right and left
side of the equation.

x2 + �
�

� + �
2�

2
= - �

�
+ �

2�

2

this can be written as

� + �
2�

2
=- �

�
+ �

2�

2

Step 4 Take the square root on both sides of the
equation.

� + �
2�

=± − �
�

+ �
2�

2

Step 5 Subtract the number that remains on the
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left side of the equation to find x.

� =− �
2�

± − �
�

+ �
2�

2

Apply the method Illustration Solve x2 + 4x + 1 = 0
Coefficient of x2 is 1; x is 4
Step 1 Divide all through coefficient of x2 which
is 1
We have x2 + 4x + 1 = 0.
Step 2 Move the number term to the right side of
the equation:
x2 + 4x = -1.
Step 3 Complete the square on the left side of the
equation and balance this by adding the half
square of the coefficient of x to the right and left
side of the equation.
= (4/2)2 = 22 = 4
x2 + 4x + 4 = -1 + 4
(x + 2)2 = 3
Step 4: Take the square root on both sides of the
equation:
x + 2 = ±√3 = ±1.73 (to 2 decimals)
Step 5: Subtract 2 from both sides:
x = ±1.73 – 2 = -3.73 or -0.27

The students follows the steps as illustrated
by the teacher and the application of
completing the square method.

Apply the method Illustration Solve 5x2 – 4x – 2 = 0
Coefficient of x2 is 5; x is- 4

The students follows the steps as illustrated
by the teacher and the application of
completing the square method.
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Step 1 Divide all terms by 5
We have
x2 – 0.8x – 0.4 = 0
= (0.8/2)2 = 0.42 = 0.16
x2 – 0.8x + 0.16 = 0.4 + 0.16
(x – 0.4)2 = 0.56
Step 4 Take the square root on both sides of the
equation:
x – 0.4 = ±√0.56 = ±0.748 (to 3 decimals)
Step 5 Subtract (-0.4) from both sides (in other
words, add 0.4):
x = ±0.748 + 0.4 = -0.348 or 1.148.

Evaluation Questioning The teacher gives the student s the following
class work to do

i. x2 − 6x + 12 = 0

The student attempt to answer the class work

Summary and
Conclusion

Explanation The teacher revises topic and marks the students’
class work

Assignment: Solve the 2x2 − 8x − 20 = 0
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LESSON PLAN
CONTROL GROUP

LESSON TWO
CLASS: SS II
SUBJECT: MATHEMATICS
TOPIC: QUADRATIC EQUATION

(iv) SUB-TOPIC: SOLVING USING FORMULA METHOD

TIME: 8:00 – 8:40
DURATION: 40 MINUTES
AVERAGE AGE OF STUDENTS: 17YEARS
BEAHVIOURAL OBJECTIVES: By the end of the lesson student should be able to:

(v) Outline the steps involved in using completing the square method
(vi) Use the method to solve quadratic equation

ENTRY BEHAVIOUR: The students have learnt how to solve linear equations, perfect square, factorization method of solving quadratic
equations.
INSTRUCTIONAL MATERIAL: Chalkboard/Marker.
Content
Development

Strategies Teaching Activities Student Activity

Introduction Questioning The teacher introduces the topic by asking the student questions based on the
previous knowledge, what is quadratic equation

Student attempt to
answer the questions

Overview on
completing the
square method

Explanation
and
illustration

In our last lesson, we learnt about the basic quadratic concepts
and solving using factorization method.
The quadratic formula is a way for us to easily calculate the zero's
or 'roots' of a quadratic equation, and equation whose
highest x power is 2. Restated this gives us the x-values

The student listens and
follow up with teachers.
And ensure they
conform with the stated
facts.
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that when put into the original equation outputs zero.

To derive the quadratic formula we first start with a quadratic
equation whose output is set to zero ��2 + �� + � = 0 . As we can
not make the assumption that this quadratic equation is a perfect
square we must complete the square. To do this we first get rid of
the a coefficient on x2 and move �

�
to the other side giving us ��2 +

�
�
� =− �

�
,. We can substitute d= �

�
and complete the square by

adding �
�

2
to both sides �2 + �� + �

�

2
= �

�

2
− �

�
,. from our

knowledge of completing the square we can rewrite the left side
ending with

� + �
�

2
= �

�

2
− �

�
,.. Simplifying the right side we get

� + �
�

2
= �2�−4��

4�
which further simplifies to

� + �
�

2
= �2

4
− �

�
,.. Substituting back � = �

�
and taking the square

root of both sides we get � + �
2�

= ± �2

4�2 − �
�
working with

the terms under the square root we can put them over a common
denominator and arrive at which further simplifies to b

. Substituting back � = �
�
and taking

the square

root of both sides we get x
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+ �
2�

= ± �2

4�2 − �
�
Working with the terms a

under the square root we can put them over a common denominator
and arrive at

x + �
2�

= ± �2−4��
4�2 The denominator is a square and can be

moved out x of the radical and we can subtract �
2�

= from
both sides to finally solve for

x which gives x = − �
2�

± �2−4��
2�

. Last we combine both terms on

the right side to obtain the quadratic formula x = −�± �2−4��
2�

Apply the
method

Illustration solve
(a) �2 + 3� +

2 = 0
Compare above equation with a�2 + �� + � = 0
where, a = 1, b = 3 , c= 2
then, solve for x,
By using formula method

x= −3± 32−4×1×2
2×1

� = −3± 9−8
2

� =−3± 1
2

The students follows the
steps as illustrated by the
teacher and the
application of
completing the square
method.
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� = −3±1
2

� = −3+1
2

= 1
or

� = −3−1
2

= −4
2

=− 2.
Hence, the roots of equation are 1and -2

Apply the
method

Illustration Solve (b) �2 + 4� + 3 = 0
Compare above equation with a�2 + �� + � = 0
where, a = 1, b = 4, c= 3
then, solve for x,
by using formula method

x = −�± �2−4��
2�

x = −4± 42−4×1×3
2×1

x = −4± 16−12
2

x = −4± 4
2

x = −4±2
2

� = −4+2
2

=− 1
or

� = −4−2
2

= −6
2

=− 3.
Hence, the roots of the equation are -1 and -3

The students follows the
steps as illustrated by the
teacher and the
application of
completing the square
method.

Evaluation Questioning The teacher gives the student s the following class work to do
ii. 2x2 − 8x − 20 = 0

The student attempt to
answer the class work
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Summary and
Conclusion

Explanation The teacher revises topic and marks the students’ class work

Assignment: Solve the x2 − 6x + 12 = 0
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