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Abstract

The main purpose of this study was to determine the effectiveness of cooperative learning and peer-teaching strategies on students’ achievement and interest in Mathematics in Ezeagu Local Government Area of Enugu State. In addition, the study determined which of the two teaching strategies would be more efficacious in enhancing students’ achievement and interest in Mathematics. Six research questions and six hypotheses were formulated to guide the study. The research work was quasi-experimental design type, specifically the non equivalent control group design. Two hundred and eighty three Mathematics students drawn from nine co-educational public schools within the Ezeagu Education Zone of Enugu State were used for the work. Simple random sampling technique was applied in choosing the schools as well as assigning each of the teaching approaches to the

sample schools. The cooperative learning and peer –teaching groups were the experimental groups while the conventional teaching method group was treated as the control group. Validated Mathematics Achievement Test (MAT) and Mathematics Interest Inventory (MII) were administered to the students as pretest and posttest for collection of data. The MAT had reliability index of 0.98 while MII had reliability index of 0.93. The mean scores were used to answer the research questions while analysis of covariance (ANCOVA) was used to test the hypotheses at 0.05 level of significance. From the findings of the research work, teaching approach used in difficult mathematics concepts is significantly responsible for the perennial poor performance of students in secondary school mathematics and more of cooperative learning should be used as it has better effect on students interest and achievement in learning difficult mathematics concept than the peer teaching, a number of implications were discussed. Recommendations and suggestions for further studies were also made.
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CHAPTER ONE
INTRODUCTION
Background of the Study

    Mathematics as a subject offered at junior and senior secondary school in Nigeria takes a central position in science and technology. Mathematics is also a science that deals with logic of space, quantity and arrangement (Kosmas 2004). Mathematics is all around us. It is the building block for everything in daily lives, including mobile devices, architecture (ancient and modern), art, money, and engineering and even sports Ali (2011).
     The objectives of mathematics curriculum at the senior secondary School level include: to know and demonstrate understanding of the concepts from the five branches of mathematics (number, algebra, geometry, trigonometry and discrete mathematics) (Federal Ministry of Education FME, 2007). Therefore, mathematics is to develop both the individual and the entire society. It is a necessary prerequisite and integral part of such Professions as chartered accountant, data analyst, data scientist, investment analyst, research scientist to mention but a few. 
   Mathematics education is required to meet up with increase in demand for science and technology by private and government establishments. Without effective mathematics education, the nation will likely impoverish. This is because the natural resources which abound in Nigeria need to be harnessed, processed and converted to needed products for optimum use. (Aduwa, 2010).
    However, as important as mathematics is, science educators have been lamenting over the poor achievement and interest of students in the subject in the senior secondary schools for the past decades. (Ifeakor, 2001 and Mari, 2002).The then ministry of Education, Prof Ruqayyatu Rufai in 2012  stated government disapportment at the opening ceremony of the 2012 national conference on Examination in Abuja, and admitted that there was marginal improvement in the 2012 WAEC examination, with just 39 per cent having a credit in some subjects including English and Mathematics. Rufai regretted the poor performance of Candidates in public examination and it has become worrisome. And out of 16,633 that sat for WASC in 2012, only 251 of them were able to obtain five credit and above including English and Mathematics. Also Ezeliora (2003) stated the poor performance of students in WASC and NECO was very bad and if nothing is done about it a serious damage will be caused and this will affect the upcoming students. Students poor performance and interest in mathematics for quite a long time now, has resulted to inadequate number of students offering mathematics oriented courses in tertiary educational institutions in Nigeria. The persistent poor performance has also contributed to poor economy, poor industrialization, lack of job and starvation, to mention but a few. Professionals required to take care of those problems can only be effectively produced through mathematics education. 

   Many factors have been attributed to the observed poor performance and lack of interest in mathematics by students. Some of these factors include teaching method used by mathematics teachers, difficult nature of the topics/concepts, lack of equipment and instructional materials etc. (Ali, 2002, Ifeakor, 2006; Nzewi, 2010; Nnaka, 2006; Ukwungwu, 2000). 

   Many mathematics concepts in the senior secondary school curriculum are perceived to be abstract and difficult to understand by the learners. West African Examination Council Chief Examiners reports ( 2003,2006) have consistently highlighted some of the Difficult concepts/ topics the candidates performed poorly as: Constructions, set, solid geometry, trigonometric function, Probability, sequence, inequality, vectors on a plane, concept of function, Introduction of complex numbers. 

    Kosmas and Russell (2004) reported that the concept of equations is very difficult to understand. Tauten (2005) using hundred and sixty SS III mathematics students randomly selected from 28 senior secondary schools in seven states of the Nigerian Federation discovered that the students perceived thirteen out of Twenty (65%) topics in mathematics as difficult. The topics perceived to be difficult by students according to the study are: construction, probability, plane geometry. The study also revealed that student’s gender has no influence on their perception of difficult topics. However, the study did not cover many other important topics which Examining bodies like West African Examination Council, adjudged difficult to students. 
      Ali (2002) opined that the most important factor for effective learning to take place in science is an interesting instructional approach. Njoku (2009) maintained that teachers are under intense pressure to cover the curriculum and get students ready for external examinations. This makes teaching of mathematics inadequate as special approach needed for the teaching of difficult mathematics concepts are over looked. Learners therefore find the subject irrelevant to their daily experience and survival needs in their socio-cultural and economic environment. Ezeliora (2003) also attributed students’ poor performances in mathematics to poor instructional approaches involving excessive teacher-talk, copying of notes, rote-learning as encouraged by expository method of instruction.  Poor instructional approach is therefore recognized as a major contributor to poor achievement in mathematics. Nnaka (2006), Nzewi (2010), Okebukola (2002) suggested a shift and going beyond the conventional approaches of teaching Science, Technology and Mathematics, (STM) for better performance and interest in STM education in the primary and secondary schools. Shifting and going beyond the conventional teaching approaches according to Nnaka (2006), implies adopting the innovative approaches to teaching and learning STM. One of such innovative approaches to teaching and learning of mathematics is the cooperative learning strategy which is student centered. 

   Cooperative learning is the deliberate instructional use of small groups of students who work together to maximize each other’s learning. Cooperative learning is theoretically based on the work of Psychologists like Levi Vygotsky, Jean Piaget, and Jerome Bruner among others who, proposed that children actively construct knowledge in a social context (Conway, 2013). The teacher therefore should create room for cooperation amongst students for effective cross-fertilization of ideas and knowledge sharing. No child learns effectively in isolation.  The teacher, who adopts the cooperative learning strategy, organizes the students in small groups of between four to six members. Each group should be heterogeneous in ability and socio-cultural background; members work jointly through a given instructional assignment until every member successfully understands, and completes the assignment. Most at times one particular student is made the head to teach the other students and that is where peer teaching come in. The students are also rewarded in their groups. Another innovative strategy to the teaching and learning of mathematics, which has been widely acknowledged, is peer teaching. 

   Peer- teaching is an instructional strategy in which groups of children under the guidance of the teacher work together through a given instructional assignment with brilliant child, the peer teacher; providing assistance and instruction to others, the peer students. Peer- teaching is also theoretically based on the conceptions of the cognitive theorists like Vygotsky who proposed the zone of proximal development. The proposal points to the child’s ability to profit from interaction with more competent peers. (Igbo, 2004). 

   The teacher who adopts the peer teaching strategy will identify the high, middle and low achievers amongst the students. The high achievers are used as the peer teachers and middle/low achievers are assigned in their small numbers to the peer teachers for instruction and assistance. The teacher prepares the lesson plan and reviews it for the peer teachers in sequential order. The teacher also trains the peer teacher on how to inform, reward and relate to the students. 
   Both the cooperative learning and peer teaching are child-centered instructional approaches, which is an approach recommended on the National Policy on Education for teaching sciences. (Federal Republic of Nigeria,F.R.N 2004,). Researchers have found in different occasions the two approaches effective in tackling instructional problems (Anaekwe.2009; Igbo, 2004; Okebukola, 2007). Okebukola (2012) found cooperative learning effective in tackling the problem of large class in Biology. Anaekwe (2008) investigated the effects of student’s interaction patterns on cognitive achievement, retention and interest in Chemistry. The investigation found cooperative learning efficacious. Igbo (2004) found peer teaching effective in improving the learning disabled achievement in mathematics. Would the peer teaching also be effective in improving of the achievement of normal school children in mathematics? Therefore the need to explore the effect two child centered instructional approaches: cooperative learning and peer teaching on student’s achievement and interest in some perceived difficult mathematics concepts so as to probably improve students’ performance in mathematics and avert the problem of poor achievement and interest in Senior Secondary School Mathematics.  

   Interest, an aspect of affective domain is a construct that has to do with ones readiness to like or dislike something. It could be aroused in individual by activity that tends to satisfy the individuals needs (Geo science, 2007). Since more than sixty percent of mathematics concepts are difficult (Tauten, 2005), students interest in the subject can easily be at low ebb. Njoku (2003); Nwachukwu (2008); Suwaid and Dambata (2009) showed that students interest in mathematics is low. However while Njoku (2003) and Suwaid and Dambata (2009) maintained that low interest leads to poor achievement in mathematics; Nwachukwu (2008) concluded that relationship between interest and cognitive achievement of students in mathematics is insignificant. Ezeliora (2003) and Ali (1998) maintained that students’ interest in learning mathematics could be achieved by mathematics teachers through careful choice of the most appropriate teaching approach. 

   The appropriate teaching strategy if used by the mathematics teacher can overcome such events as lack of drive, timidity, self-Imposed isolation, poor previous experience etc. that hinder interest in the students. Ezeliora (2003) specifically noted that the conventional lecture method commonly used in teaching mathematics in Nigeria is boring and uninteresting. Performance and interest in mathematics could be enhanced if effective instructional approach is adopted in teaching difficult mathematical concepts. Nwogu,(2001); Nzewi,( 2010); Okeke, (2007) believed that there is disparity in performance and interest among boys and girls in mathematics. Mari, (2002); Nwachukwu, (2008) claimed relative poor and narrow participation of women in Science, Technology and Mathematics. Nzewi, (2010) discussed the nature of science and teaching strategies as factors that negatively influence female participation and performance in science and technology. Also, Njoku; (2005) and Nzewi; (2010) identified teaching method as one of the causes of sex-related differences in science performance. Boys perform better than the girls when instructional approach adopted in sciences is competitive while girls perform optimally in a cooperative academic environment (Nwachukwu, 2008).It is therefore believed that the use of cooperative learning could reduce the gender gap between male and female students achievement and interest in mathematics. As an important subject required for sustainable development and nation building, mathematics should be taught, using effective instructional approach capable of seeking for and maintaining high interest and performance among students irrespective of gender. Since the conventional teaching methods persistently used by mathematics teachers (Amaefule, 2002; Ezeliora, 2003) cannot permeate the difficult mathematics concepts which manifest in perennial poor students achievement, the researcher therefore deemed it necessary to study the effects of cooperative learning and peer teaching strategies’ on student achievement and interest in some difficult mathematics concepts.  

Statement of the Problem 

Poor student’s achievement and interest in mathematics is alarming in spite of the fact that many researchers have been carried out to ameliorate the bad situation. Many instructional approaches have been proffered by psychologists like Brunner, Paget, Gagne, for improved achievement and interest in mathematics and other sciences strongly believed that the instructional approach adopted by mathematics teachers in teaching mathematics is to a large extent responsible for the observed consistent poor achievement and interest in mathematics. The conventional teaching methods lack student’s cooperation and interaction required for effective learning of the difficult mathematics concepts. Adequate student’s cooperation and interactions are required for over learning and transfer of learning in mathematics concepts, which are mainly difficult, and abstract. Such cooperation and interaction are found in the cooperative learning and peer teaching strategies. The work therefore intended to investigate the effect of cooperative learning and peer teaching on student’s achievement and interest in some difficult concepts in mathematics. The study therefore intended to ascertain the effectiveness of cooperative learning strategy and (peer teaching strategy on students’ achievement) and interest in mathematics and the gender difference when taught mathematics using cooperative learning and teaching strategies.
Purpose of the study

The purpose of this study was to determine the effectiveness of cooperative learning and peer teaching strategies on students achievement and interest in mathematics in Ezeagu Local Government Area of Enugu State. Specifically, the purposes of the study were to determine: 

(a) Achievement level of students in some difficult mathematics concepts in Senior Secondary School when taught using cooperative learning and peer teaching. 
(b) Achievement level of male and female students in some difficult mathematics concepts in Senior Secondary School when taught using cooperative learning and peer teaching. 

(c) Whether gender would influence the achievement of students in mathematics concept when taught with cooperative learning and peer teaching. 

(d) Interest level of students in some difficult mathematics concepts in Senior Secondary School when taught using cooperative Learning and peer teaching strategy.
(e) Interest level of male and female students in some difficult mathematics concept when taught using cooperative learning and peer teaching. 

(f) The interaction effect of strategy and gender on achievement in mathematics.
(g) The interaction effect of strategy and gender on interest in mathematics. 

Significance of the Study 

     The result of this work will sensitize mathematics teachers to use effective instructional approaches for improved students understanding and achievement, when exposed to the findings of the study through workshop and seminars. It will also serve as an eye opener to teachers in other fields of learning to explore and adopt better instructional approaches in handling abstract and difficult topics and concepts in their own areas for improvement. 
 The result of the work will help to improve on students performance is mathematics and ensure better quality mathematics candidates for the Senior Secondary School Certificate Examination. Again, the work will help to produce more qualified candidates for courses in science and technology in the tertiary institutions of learning, which in turn will boost national wealth and development. The findings will also benefit the curriculum planners. Like creating lifelong critical thinker, promoting complex discussion, creating curriculum with meaning and purpose, creating an environment of deep thinkers, and empowering teachers across all content area to teach literacy. The results of the study would also contribute to the pool of research in the area of education in mathematics in particular and science education in general. 

Scope of the Study 
 The study covered all the SS 2 students in Ezeagu Local Government Area of Enugu State. The study also covers the difficult mathematics topics to teach them which is approximation and percentage error.
Research Questions 

The following research questions were raised: 

1. What are the mean achievement scores of students taught some difficult like percentage error in mathematics concepts using cooperative learning? 

2.What are the mean achievement score of students taught some difficult mathematics concepts like approximation using peer teaching?

3.What are the mean achievement score of students taught some difficult mathematics concept using conventional method?  

4. What are the mean achievement scores of male and female students taught some difficult mathematics concepts using cooperative learning, peer teaching and conventional teaching method? 

5. What is the interaction effect of teaching strategy and gender on students mean achievement scores in some difficult Mathematics concepts? 

6. What are the mean interest scores of students taught some difficult mathematics concepts using cooperative learning, peer teaching and conventional (lecture) teaching method? 

7. What are the mean interest scores of male and female students taught some difficult mathematics concepts using cooperative learning, peer teaching and conventional teaching method? 

8. What is the interaction effect of teaching strategy and gender on students’ mean interest scores in some difficult mathematics concepts? 

Hypotheses 

The study will be guided by the following hypotheses to be tested at 0.05 level of significance. 

1. There is no significant difference in the mean achievement scores of students taught some difficult mathematics concepts using cooperative learning and peer teaching. 

2. There is no significant difference in the mean achievement scores of male and female students taught some difficult mathematics concepts using cooperative learning.

3. There is no significance difference in the mean achievement score of male and female students taught some difficult mathematics concept using peer teaching. 

4. The interaction effect of teaching strategies and gender on student’s achievement in some difficult mathematics concepts as measured by their mean achievement scores is not significant.

5. There is no significant difference in the mean interest scores of students taught some difficult mathematics concepts using cooperative learning and peer teaching. 

6. There is no significant difference in the mean interest scores of male and female students taught some difficult mathematics concepts using cooperative learning and peer teaching. 

7. The interaction effect of teaching strategies and gender on student’s interest in some difficult mathematics concepts as measured by their mean interest scores is not significant.
CHAPTER TWO

REVIEW OF RELATED LITERATURE 
   The literature of this study is reviewed along the following sub-headings: 

(a) Conceptual Framework: The mathematics curriculum; Problems of mathematics Education in the Senior Secondary School; Students Achievement in Senior Secondary School mathematics, Students Interest in Senior Secondary School mathematics; Instructional Approaches in mathematics; The cooperative learning; The peer teaching; Gender influence on Teaching and Learning mathematics. 

(b) Theoretical Framework 

The Cooperative Learning; The peer teaching; Gender theory. 

(c) Empirical studies. 

(d)Summary of the Literature Review 

Conceptual Framework 

The Mathematics Curriculum 

The curriculum aimed at satisfying the mathematics requirement of the national policy on education originally prepared by the Comparative Education Study and Adaptation Centre (CESAC) in December, 2014 and reversed by the Federal Ministry of Education (FME) (2007) has the objectives of mathematics in the Senior Secondary School as follows to: 

i. Facilitate a transition in the use of scientific concepts and techniques acquired in integrated science with mathematics 

ii. Provide students with basic knowledge in mathematical concepts and principles through efficient selection of content and sequencing
iii. Show mathematics in its inter- relationship with other subjects. 
iv. Show mathematics and its link with industry, everyday life, benefits and hazards.
v. Provide a course which is complete for pupils not proceeding to            higher education while it is at the same time a reasonably adequate foundation for a post secondary mathematics course. 

    In addition to the above objectives, the West Africa Examination Council WAEC syllabus in its objectives for mathematics include to: enable students appreciate the scientific method which involves calculation, accurate analysis, recording, deduction and interpretation of data; enable students to develop the skills. (WAEC, 2000-2004). 

    To realize the above stated objectives, the senior secondary School mathematics curriculum content is organized around the major concepts of analysis, periodicity and structure while the fundamental principles of mathematics covered in the curriculum include; periodicity, analysis, quantitative aspects of calculations. 

   The mathematics curriculum is divided into three sections, corresponding to the three years with senior secondary school level. The curriculum content for senior secondary year one (SS1) consists of seven units. There are set, concept of function, basic elementary function like (power function, exponential function, and logarithmic function), Preliminary solid geometry, probability, statistics, sequence. The curriculum content for senior secondary year two (SS2) Consists of five units. common logic terminology, conic section, equation derivatives and number remaining one unit system. The curriculum stipulations of the concepts of SS2 mathematics on which this study will be based are given in Appendix I. 

The content for SS3 consists of four units: Matrix and transformation, sequence and difference, inequalities, number theory. The curriculum is thus carefully structured to meet up with the objectives of mathematics education. The curriculum recommends that guided-discovery approach be used in teaching. It also recommends the following assessment instruments: multiple choice items, structured short answer questions, essay questions and rating scales (where necessary). The mathematics curriculum is laudable enough (Anaekwe,2005),but the perennial poor achievement and interest (Ifeakor,2006; Njoku.2003,2009) suggest poor implementation of the curriculum, and other associated problems. 
Problems of Mathematics Education in the Senior Secondary School                        Iji, Adejo and Adikwu (2009) opined that a lot of facilities, programs and laudable policies have been made to encourage and promote mathematics education in Nigeria taking cognizance of its pivotal place in both human and national development. However, mathematics education in Nigerian secondary school system is plagued by many problems. Ali (2002); Guru, Utono, Warra, Babayemi (2009) identified the main problems to include: 

i. Gross under funding 

ii. Lack of instructional materials and equipment 

iii. Lack of adequate laboratories 

iv. Lack of trained teachers 

v. Poor staff and students motivations, 

vi. Lack of adequate programs to meet the students needs, interests and abilities 

vii. Lack of clear understanding of mathematics education objectives 

viii. Abuse and mismanagement of resources for mathematics teaching.                         Aniebenomo (2006) lamented the abysmal failure rate in 2001 Senior Secondary certificate Examination SSCE in core subjects including mathematics. The writer attributed this to, among other factors, shortage of teachers, for which there was short of 17, 581 teachers in mathematics. 

    Mathematics education in Nigeria secondary school at present leaves a lot to be desired. Implementation of the curriculum is grossly undermined by a host of factors. Perhaps the most bedeviling factors against the implementation of the mathematics curriculum are the nature of mathematics and the teaching method (Nzewi, 2010). Most mathematics concepts are abstract and difficult to understand by students (Tajuden, 2005; Kozma and Russell, 2004). These concepts have proved the expository method of teaching ineffective (Ezeliora, 2003). It would therefore be necessary to explore the efficacy of other methods and strategies, such as the Cooperative learning and peer teaching which are student-centered, on the student’s achievement in some difficult mathematics concepts.
 Students’ Achievement in Senior Secondary School Mathematics 

   Academic achievement is the level of attainment of the predetermined learning objectives by the learner. This is mainly shown by the results of either internal examinations in the school or external examinations like Senior School Certificate Examination (SSCE). 

   Poor academic achievement in senior secondary school mathematics is alarming and disturbing. Reports of researchers and WAEC chief examiners show a continuous dwindling and poor performances of candidates for over three decades in senior secondary school mathematics. The general comment by the WAEC chief examiners report, Nov/Dec 2003 stated that performance of candidates in Mathematics was poorer than those of previous years and showed no marked improvement. 

   Mbanugo (2007:17) reported a continuous downward trend in students’ performance in mathematics from 1988 to 1990 Senior School Certificate Examination (SSCE) and General Certificate in Education as shown in the table on Appendix L1 

The puzzling nature of such a continuous poor performance made Mbanugo to raise such rhetoric questions as: 
Why this pattern of performance? Is it the pattern of questions that has been causing the havoc? Could it be the way teachers have been teaching the various topics in the syllabus? Are the student’s mental abilities good enough to cope with the demands of the syllabus? Is it not possible that many of us teachers are at the same level of Understanding of the contents of the syllabus as our students? 

      Ifeakor (2006) showed students’ low achievement in May/June SSCE 2009 to 2017 and attributed it to apprehension by students that mathematics is difficult to learn; lack of skill and competence for teaching mathematics and shortage of qualified teachers. The table on Appendix L2 (Ifeakor 2006:) depicts students’ enrolment and performance in SSCE 2000 to 2004 in mathematics. It shows gross performance below average within the period of analysis but for 2003. 

   According to Njoku (2009), the trend in student’s performance in mathematics has been poor from 2005 to 2008. Warra, Utono, Gunu and Babayemi opined that there is urgent need to improve on poor performance in both internal and external mathematics examinations. Even in internal examination, performance in mathematics could be as bad as 22.2% pass. Something urgent therefore needs to be done to salvage the situation of poor student’s achievement in mathematics hence the need for this research work. 
Students interest senior secondary school mathematics
   The Oxford Advanced Learners Dictionary (2000) defined interest as “feeling of wanting to know or learn more about something or somebody” “a characteristic that arouses concern or curiosity that holds ones attention”. It is a construct that has to do with ones readiness to like or dislike something. Interest is an aspect of affective domain (Geosciences, 2007). It could be aroused in an individual by an activity that tends to satisfy the individuals needs. Suwaid and Danbata (2009) maintained that interest could be demonstrated by showing curiosity, concern and patience towards all challenges accompanying the achievement of the goals, especially in the classroom. They opined that such attitudes of science as probing, questioning, experimenting, and logical reasoning can only be developed by an individual himself through providing a conducive atmosphere for developing an interest of doing so. These researchers enumerated the following as strategy of developing interest in science teacher’s trainees: localization of science, varying means of communication, updating modern teaching/training facilities, activity teaching/training, broadening the objectives of lesson and organizing special days for trainees. It is a clear and indisputable fact that learning and teaching activities, including that of sciences are irrelevant if the needs and interests of the students are not considered or met. 

   Njoku (2003) maintains that students interest is significantly correlated with their academic achievement in school subjects, and that students’ interest in mathematics is poor, hence poor academic achievement in mathematics. This is negated by Nwachukwu (2008) who maintained that relationship between interest and cognitive achievement of girls in mathematics is insignificant but however suggested that ways of triggering off interest in girls ought to be explored if their difficulties in embracing science and technology stem from interest. Some learning tasks or contents in mathematics are complex, abstract and difficult to learn. To master such tasks, for a reasonable achievement or attainment of the predetermined teaching objectives, perseverance and resilience are required on the part of the learner, which is not possible without developed interest and motivation. Interest can be instilled and maintained in the classroom through use of reinforcement; making the content relevant to the needs and aspirations of the learner and appropriate use of suitable instructional approach and materials that are child- centered. From the ongoing, students’ academic achievement and interest in mathematics are seriously at a low ebb for a very long time now. Something must be done urgently so as to salvage the situation. Conscious efforts therefore need to be made to prepare these students with a view to capturing their interest and enhancing their achievement in the subject. Since instructional approaches exert significant influence on students achievement and interest in a given subject area, it may be right to presume that the conventional teaching methods like the expository method cannot permeate through the many difficult concepts in mathematics to deliver the goods. Therefore the need to study the effects of other instructional approach such as cooperative learning on student’s interest in some difficult mathematics concepts. 

Instructional approaches in mathematics. 

    Instructional approaches are systematic procedures employed by teachers in their attempt to help learning take place. There are various Instructional approaches adopted by mathematics teachers. Ali (2001) opined that no one approach can be regarded as the best for every teaching situation. According to Dahiru (2006), mathematics teachers should be aware of certain general rules which facilitate the selection of appropriate approach of imparting knowledge or developing skills to students. Such rules for selecting approaches for teaching a mathematics lesson include consideration of the student’s age, their previous knowledge on the topic and their general ability.  The importance of instructional approach in student’s achievement and interest cannot be over emphasized. Onwuka (2009) saw instructional approach as a very vital part of any curriculum which contributes much to the attainment of goals of education. The approach adopted by the teacher according to the writer, promotes or hinders learning. It may sharpen mental activities which are the basis of social power or discourage initiative and curiosity and consequently hinders self reliance and survival. 

   Many researches such as Dahiru (2006), Ifeakor (2006), Nwachukwu (2008) and Njoku (2009) have identified instructional approach as a major factor responsible for the general apathy towards mathematics and the perennial poor achievement in the subject. In recent times, researchers have devoted their time seeking for effective instructional approaches in mathematics and other sciences. The National Policy on Education, FRN (2004) stressed that educational activities shall be centered on the learner for maximum self-development and self-fulfillment. It adds also that modern educational techniques shall be increasingly used and improved upon at all levels of educational system. By this, the National Policy on Education recognized instructional approaches that are child-centered like cooperative learning and the policy gives room for continued search for better and improved instructional approaches for realizing educational objectives. Ugwu (2004) grouped various instructional approaches in mathematics into three: 

(a) Practically-based approach (laboratory, demonstration, inquiry, investigation etc): Kosmas and Russell (2004) stated that this approach is teacher-centered. It combines telling, showing and doing for the benefits of the students. Its major advantages being (i) training the students to be good observers and (ii) ensuring economy of time and materials. It has major disadvantages of (i) reducing students to mere observers and (ii) hindering self discovery. 

(b) Theoretical-based approach (lecture, seminars etc): Ifeakor, 2001 and Mari, 2002 stated this approach involves verbal presentation of subject matter by the teacher with the students at receiving end. The approach is useful in teaching a large class and in encouraging students to be good listeners. The major limitation of the approach is little provisions for meeting the individual needs of students as instruction is directed to the audience. 

(c) Instructional approaches that are combination of activities and theory (field trips, play activities etc):Prof Ruqayyatu Rufai 2007 stated that these approaches afford students opportunity to explore, conduct and gather information they need in achieving the educational goals under the guidance and supervision of the teacher. The approaches provide direct and first -hand learning experience for the students and thereby develop interest in students. However, the approaches are time consuming and vulnerable to accidents. Amaefule (2013) reported that the lecture method is predominantly used in teaching mathematics in Nigeria. This makes students to memorize concepts, principles, equations and unable to apply mathematics in their daily lives. This results in poor academic performance in the subject. Agu (2015) enumerated instructional approaches that can be employed by the teacher to facilitate the achievement of curriculum objectives as: Observation, discussion, discovery, and problem solving.  Each of these has its own characteristics. Activity-based instructional approach which purely centers on the learner instead of the teacher is advocated for teaching mathematics and other sciences. This will discourage rote learning, captivate and sustain student’s interest and above all inculcate the science process skills in students. This has been found indispensable in the study of mathematics and enhancing the academic achievement (Anakwe, 2010). Nnaka (2006) identified two main groups of approaches used in teaching Mathematics namely: Conventional approaches, and Innovative Approaches. The conventional approaches, according to the writer include: (a) lecture, (b) demonstration,(c) field trip,(d) project,(e) laboratory,(f) discovery, (g)home work methods. The innovative approaches include: (a) application of advance organizers, (b) cooperative learning, (c) generative learning, (d) concept mapping,(e) analogies, (f) games (g) peer teaching,(h) active learning process. The Conventional approaches are usually used in Science, Technology and Mathematics STM teaching, while the innovative approaches are the new ideas/strategies of efficaciously accomplishing the goals of teaching STM. Nnaka (2006:3) advocated for a shift from the conventional approach, of teaching STM to the innovative approaches for the following reasons: 

* Human society is characterized by dynamism and changes. To this end there has been regular shift in thinking and STM practices in recent years. The methodology of instruction for STM cannot but be part of this global shift in STM pedagogy. 

* Another reason for the shift is to improve the performance profile of students at all levels in STM. The results of international studies in STM continue to confirm the depreciating performance of the students.
    International bodies like United Nations Educational, Scientific and Cultural Organization (UNESCO) and International Council of Associations for Science Education (ICASE), in recognition of the prominent role STM can play in global development, are seriously concerned about the way STM is taught in Africa and suggested for a rethink and a change for appropriate class room strategies. For instance, the prelude of the conference concept paper by ICASE (2009) stated thus, as regards the condition of science and technology education in Africa,
…The paper recognizes that all is not well within science and technology education and that there are concerns related to its vision, its philosophy, its purpose, its  research, its approach, its way of meeting need, its expected outcomes and most definitely in the manner in which it is taught.
   So far, it has been revealed that student’s poor achievement in mathematics is attributable mainly to the poor conventional approaches. There is a serious concern and call for a change of instructional approach from the conventional approaches in use to more effective instructional approaches. Therefore, this work tended to study the comparative effects of cooperative learning and peer teaching on student’s achievement on the difficult mathematics concepts.
Cooperative Learning

Oxford Advanced learners Dictionary (2007) edition defined cooperative as working together with others towards a shared aim.  Thus, cooperative learning is the deliberate instructional use of small groups of students by a teacher. Members of each group work together to maximize their learning of a given instructional task. Nnaka (2006) saw cooperative learning as a successful teaching strategy in which small groups of students with different levels of ability, use a variety of learning activities to improve their understanding of a topic or subject matter. The teacher who adopts the cooperative learning strategy organizes the students in small groups. Each group should be heterogeneous in abilities and socio-cultural background. They work in concert through a given instructional assignment until every member successfully understands, and completes the assignment. This is in line with (National Training Initiative) NTI (2006) view that cooperative learning is an instructional model where learners cooperate with each other to perform or complete a particular task, usually in small groups of between four to six members.
     Anaekwe (2006) however pointed out that cooperative learning differs from the usual classroom group work whereby the teacher for convenience or because of inadequate materials or large class size directs the students to work together in small groups. Grouping often formed on the bases of males, females, friends etc, not guided by any formal criteria, i.e. the instructor defines the learning objectives for the activity and assign students to groups, within the groups, students may be assigned specific roles with instructor communicating the criteria for success and the type of social skills that will be needed, and is contrary to the spirit of cooperative learning. The teacher occupies the position of a facilitator but stays in the background and allows the students to actively discuss and debate issues at stake. Children should be grouped together and encouraged to contribute individually in solving the problem at hand. Onyejekwe (2007) suggested that the cooperative method must be planned so as to yield satisfactory result. The teacher must decide whether the problem under consideration can be satisfactorily dealt with in cooperative manner or not. The teacher must be certain that the students have sufficient facts concerning the topic so as to enable them discuss and debate sensibly. The teacher should also ensure that the group work is not dominated by the gifted or bright students, but equal chances of contributing ideas should be given to every member of the group. 

    For cooperative learning to be effective, Anaekwe (2006) enumerated six teacher-characteristics and nine student-characteristics that are required as follows: 

The teacher should:

· Assign the learners to their groups; noting the critical variables: ability, gender.

· Outline tasks/skills to be learnt very clearly for instance, hands- on activities, process skills, estimation of size, volume.

· Assign roles to group members (which must be varied on every new task/ exercise)

· Ensure conducive class room environment (space and needed materials)

· Plan ahead to direct learners on materials to improvise for the next day’s work for instance, construct abacus.

· Create opportunities for general class discussion and expression of ideas.

 The learners should: 
·  Work in small groups of 4 – 6 pupils 
·  Work in mixed ability grouping in terms of performance

·  Work in mixed gender grouping (males and females in a group)
· Work as a team 
· Contribute ideas and suggestions together 
· Make decision by consensus 
· Complete assignments and class work together
· Seek for assistance primarily from group.

Be rewarded as a team not as an individual. 

·          Anekwe(2006) also identified four steps to be applied in using the cooperative learning. The steps are:
· Use previous student’s achievement to group them in manageable groups of between 4 and 6 of mixed ability rating.

· Make students understand what is expected of each members of the group and what the cooperative learning is all about.

· Ensure the availability of all instructional materials needed.

Provide introductory session to the topic/ lesson followed by outline of the task/skills to be learnt. 

   Kagan (2004) suggested five elements of cooperative learning to include: 

1. Positive interdependence: Each member of the group has a unique contribution to make to the overall success of the group and that each member’s effort is indispensable. The group members sink or swim together. 

· 2. Face to face interaction: Each member explains how to solve the problems, imparts ones knowledge and concepts, checks understanding among members and links present with past learning.

3. Individual and group accountability: Each member is responsible and accountable to the success or failure of the group. No hitchhiking and no social loafing to the task at hand. Therefore, the teacher should ensure that each group member is tested and examined by calling on each one to present groups work and assigning one member of the group the role of checker. 

4. Interpersonal and small-group skills: Social skills such as leadership, decision-making, trust-building, communication and conflict management must be acquired. 

5. Group processing: members analyze their actions and in terms of which one is helpful or not helpful and how well the group has achieved their goals. 
   Cooperative learning does not simply imply asking the students to pair up in four or six for an impending exercise. The activities are pre-planned and monitored to ensure attainment of the already determined aims/objectives. 

    Anaekwe (2006) listed some of the merits of using cooperative learning strategy in science, mathematics and technology as follows:
·  Enhances students’ achievement and interest in learning concepts;

·  It promotes group cohesion, learning interdependence, self-esteem;

·  It enables non-mainstreamed student to accept their mainstreamed classmates, thereby erasing petty jealousy among bright and dull student;

·  Cooperative efforts result in participants striving for mutual benefits so that all group members; gain from each other’s effort; recognize that all group members share a common fate; know that one’s performance is mutually caused by oneself and one steam members; 
·  Feel proud and jointly celebrate when group member is recognized for      achievement.
    However, researchers like Umeh (2009), Onyejekwe (2007) warned on cautious use of cooperative method because of the following demerits: cooperative learning may hinder the pace with which bright student masters concepts while helping the dull group members. Again, a loquacious student may dominate one who is reticent, and some students will naturally prefer to work on their own and may not enter freely into cooperative learning. It is therefore warned that cooperative learning may not be appropriate all the time as an instructional approach. Therefore, an effective mathematics teacher needs to be eclectic in the choice of instructional approach. 

    Cooperative learning therefore is an innovative instructional approach, which is capable of solving some instructional problems if carefully employed. Since difficult concepts in mathematics have shown strong resistance to the conventional instructional approaches, this study deemed it necessary to find out the effect of cooperative learning on students achievements in some difficult secondary school mathematics concepts. 
 Peer Teaching
 Peer teaching is an instructional approach in which students in their groups, under the guidance of the teacher, work together through a given instructional assignment with brilliant student as a peer-teacher, providing assistance and instruction to others. Agu (2013) opined that peer teaching is fruitful and successful because hierarchical atmosphere in the classroom is removed and a cordial, friendly and free atmosphere that facilitates learning is obtained. There is now no more fear in the students of criticism, blame or punishment from the teacher when they are not coping, as the teacher wants. Igbo (2004) saw peer teaching as a teaching process whereby one child who has proficiency in a skill teaches another child under the teacher’s supervision. It is a process of chain teaching whereby the teacher shows a child how to perform a skill and the child in turn trains a second child the same or similar skill. This means that for effectiveness of the instruction, the teacher plans the cooperative learning. Kane and Alley (2015) found peer teaching effective in providing individual instruction to learning in disabled students. It promotes the performance of the teacher and the learner. At different levels of education, brilliant pupils or students are found rendering instructional help to less brilliant ones. However, planned use of the approach to overcome instructional problems by teachers is not common. Since psychologists have supported the idea that children cannot learn in isolation rather they learn from interaction with one another, and in an attempt to seek for more effective instructional approach for teaching the difficult concepts in mathematics, it may not be out of place for this work to have investigated the effects of peer teaching on senior secondary school students achievement in some difficult mathematics concepts. Also teaching is taken here to the use of teaching and learning strategies in which students learn with and from each other without the immediate intervention of the teacher (Boud et al, 2010: 413).The literature shows evidence that peer teaching is been increasingly used across all discipline as a type of supplemental instruction or surrogate support (Colvin 2007; Falchikov 2009).This popularity of peer teaching has produced guidance on the structuring and content of tutor training. This literature provides much advice on how to implement and manage schemes for them to work well (Parsloe and Wray 2011)                                                      
Advantages of peer teaching include:

(1) The relationship of peer to peer, rather that pupil and teacher can permit more comfort in asking questions, challenging assumptions etc. 
(2) Tends to lack formality found in the classroom, helping students feel more at ease.
(3) Helps foster friendship beyond the classroom and curricula.
(4) Could earn extra credit, enhance grades for the learner.
(5) May be used on university application, enhancing the learners’ desirability by demonstrating qualities some school may value.
(6) Learners may listen to their friends better than their teacher.
Disadvantage of peer teaching include:
(1) Students may go off task as they are working with their friends.
(2) Tutors must meet a certain criteria to be appointed, meaning some individual could miss out.
(3) Social development could lack if people only work with the same person every time.
(4) Individuals’ may not learn as much because tutor is not as experienced as the teacher.
(5) Does not promote positive relationship between people and teacher if they are only working with other pupils’.
(6) People who are normally the leaders within the student group may take charge too much, meaning other do not get chance to take part in the teaching side.
And my choice for this approach is that it is the easiest way student can transfers their knowledge to one another, because you can come to a class where there are slow group of people that cannot move on with others, but with the help of this peer teaching the can follow other in their class activities.      

Gender on Teaching and Learning of Mathematics 

    Gender means the socially/culturally constructed characteristics and roles which are associated to males and females in any society (Okeke 2007). Gender is the outcome of cultural learning and socialization which continues throughout life because undue attention is paid to socialization during childhood. It is socially constructed and not biologically determined. Gender ascribes some unique characters to males and others to females. Such characterization is never genetical but social. According to Okeke(2007), males are assigned such attributes as boldness, aggressiveness, logical in reasoning, intelligence, self-confidence, dominion/assertiveness, tactfulness, economic in use of words etc whereas females are assigned the opposite attributes such as fearfulness, submissiveness, tactlessness and talkativeness etc. 

    Some studies Nworgu (2013), Nzewi (2010), Okeke (2007) were of the view that there is gender disparity with females being disadvantaged in the teaching and learning of mathematics. Nworgu (2005) maintained that the recent move towards science education reform is based on the fact that the traditional education environment neither attracts nor retains sufficient number of women in mathematics subjects; therefore, there is need to look into how mathematics is taught. Ezeife (2009) and Onwudiokiti (2013) state that gender is an important factor in students achievement. Ezeife (2010), Ayogu and Nworgu (2015) found out that males out performed females in mathematics. Adigwe (2006) and Njoku (2005) noted that boys performed better than girls in mathematics. Nworgu (2005) found out that gender sensitization instructional approach was more effective in the achievement and interest of students in mathematics than the conventional instructional approach. Igbo (2004) however found out that the influence of gender on Mathematics achievement of learning disabled children was not significant when they were exposed to cooperative learning. Nwachukwu (2008) reported that exposing female students to small group cooperative interaction learning style makes them attain high cognitive achievement in mathematics. This is in line with Nzewi (2010) who was of the opinion that females prefer cooperative academic environment for optimal performance to competitive learning environment. While comparing boys and girls performances in mathematics, Njoku (2005) stated that boys always dominated learning activities in coeducational schools, when the instructional strategy adopted was competitive. Adigwe (2008) concluded that male and female students had unequal opportunities for learning mathematics in Nigeria classrooms. The work attributed the lows number of females offering mathematics to direct result of their experiences with their science teachers. 

    Results from literature reviewed showed inconsistency on the influence of gender on student’s achievements in mathematics. This study therefore, intended to find out the effects of cooperative learning and peer teaching on secondary school students’ achievement and interest in some difficult mathematics concepts as well as the gender influence on achievement when exposed to the approaches.
Theoretical Frame Work

The Cooperative learning Theories
     The theoretical background of cooperative learning according to Conway (2012) anchors on the work of psychologists like Levi Vygotsky, Jean Piaget, and Jerome Bruner, among others, who proposed that children actively construct knowledge and this construction of knowledge, happens in a social context. Conway cited Vygotsky that all learning takes place in the zone of proximal development. This zone is the difference between what a child can do alone and what can be done with others assistance. Thus, the child does not learn in isolation therefore, the teacher should create room for cooperation amongst students for effective ideas and knowledge. Cooperative learning is based on the principle that knowledge is co-constructed through interactions with others. This is in line with Nwachukwu (2008) who opined that when learners exchange ideas with the teacher, they develop shared meanings that allow group members to communicate effectively with one another. 
Peer Teaching Theories
Peer teaching is theoretically based on the conceptions of the cognitive theorists like Vygotsky who proposed the zone of proximal development which points to the child’s ability to profit from interaction with more competent group. Peer teaching is also an application of cognitive development based on Piaget’s equilibrium theory, where the conceptual conflict characteristic of complementary relation promotes cognitive development. For instance, interaction with various social groups, such as peer, results in conflicts and conflict resolution with a corresponding cognitive growth.  The social learning theory shows that children can influence the behavior of others through the models they provide. This is in consonance with Jones and Pellegrini (2013), Daiutte and Dalton (2007) who found that the children cooperativeness promote literacy development. 

    Generally, peer teaching involves structuring of the environment so that students who are mates are grouped up to practice basic academic skills. It could be one to one peer teaching in which case the peer teacher imparts academic skill or knowledge to the recipient as pre-planned by the teacher paring. It can be one too many peer teaching where the teacher imparts academic skill or knowledge to the recipients as preplanned by the teacher. Since psychologists have supported the idea that children cannot learn in isolation rather they learn from interaction with one another, and in an attempt to seek for more effective instructional approach for teaching difficult concepts in Mathematics, this work tended to study the effects of peer teachings on senior secondary school students achievement and interest in some difficult Mathematics concepts. 

Gender Schema Theory 

Gender Schema Theory was formally introduced by Bem in (2009) as a cognitive theory to explain how individuals become gendered in society, and how gender linked characteristics are maintained and transmitted to other members of a culture. The theory maintained that gender – associated information is predominantly transmuted through society by way of schemata, or networks of information that allow for some information to be more easily assimilated than others. Bem argued that there were individual differences in the degree to which people hold these gender schemata. These differences are manifested via the degree to which individuals are sex typed. Other theories like functionalists, it talked about a framework for building theory that sees society as a complex system whose parts work together to promote solidarity and stability. Conflict theorists, suggested by Karl (2001), claims society are in a state of perpetual conflict because of competition for limited resources. It holds that social order id maintained by domination and power, rather than consensus and conformity. Feminists and integrationists take different views on gender stereotyping though all agree that the society treat women and men unequally. It is also a person who urges two or more groups to come together. A person who wants to put an end to separation of students into African American and Caucasian schools and who wants all of the students to go to school together.
Empirical Studies
    Dahiru (2006) made a comparative study of the effectiveness of lecture versus demonstration instructional approaches in selected topics in Mathematics. The study used 30 students as a sample out of 150 students of senior secondary one. A design of pre-test, post-test-experimental control group was used. The methods of analysis used are Mathematics Achievement Test (MAT) and Mathematics Interest Inventory (MII). A 50 item-instrument with reliability index of 0.76 was used.
    The study revealed that the demonstration approach enhanced the academic achievement of students in senior secondary school Mathematics. It then suggested that teachers should employ the possibility of using demonstration approach in teaching Mathematics. And with the help of this demonstration approach cooperative learning and peer teaching will make the student to understand the topic very well.              

      Nwachukwu (2008) correlated the cognitive achievement and interest of girls in mathematics disciplines using cooperative learning approach. Quasi -experimental design was used for the study. Forty female students in senior secondary two were used for the study. Instruments of 30-item Mathematics achievement test and a 40-item interest scale were used. The reliability coefficients for the instruments were 0.83 and 0.86 respectively. And the methods of analysis used are Mathematics Interest Inventory (MII) and Mathematics Achievement Test (MAT).
    The findings showed that: (a) there is negligible relationship between the interest and achievement in cognitive score for the sample studied; (b) there is no significant relationship between interest and cognitive achievement of female secondary school students exposed to cooperative learning of Mathematics concepts. The implication of the result of the study is that students can have impressive cognitive scores without being interested in Mathematics and vice versa. Again, by exposure to cooperative learning a female student who is not interested can be made to achieve cognitively.
    Ukwungwu (2000) compared the effectiveness of three instructional approaches namely: lecture, demonstration and inquiry approaches on student’s achievement in secondary school Mathematics. The study used purposive sampling, the method of analysis used were MII and MAT and 40-item instrument with reliability index of 0.69. The result of the study was that the three approaches were equally good in Mathematics achievement. Again with the use of this inquiry and demonstration method cooperate learning and peer teaching will be interesting. Because students will like to research more on the topic that they are treating at that point in time.
     Ezeh (2005) investigated the effect of study questions as advance organizers on retention, the effects of cognitive ability level and its interactions with advance organizers. 356 Mathematics students were used. A non- equivalent control group design involving two groups was adopted. Data analysis was done using purposive sampling. The result revealed that the difference between the students mean retention test score for both groups was not significant at 0.05 level of significance. 

      Anaekwe (2011) investigated the effects of students interaction patterns (SIP) on cognitive achievement, retention and interest in Mathematics. The study used 373 SS1 students from, Ezeagu Local Government Area of Enugu State. Quasi experimental design was used. A 40 – item Mathematics Achievement and Retention Tests (MART) with an equivalent form reliability coefficient of 0.88 and internal consistency reliability coefficient of 0.94 was used. A 4X2 ANCOVA was done. The result revealed that SIP had significant effects on achievement. However, cooperative learning strategy was found most efficacious than the other strategies (competitive and individualistic). Again the study revealed that gender had no significant effect at 0.05 level of significance on student’s cognitive achievement, retention and interest in Mathematics. 

    Onyejekwe (2012) studied the differential effects of cooperative learning, project and the traditional teaching methods on student’s achievement and interest in Mathematics. The study used the quasi-experimental design. 168 mathematics students of SS1 from three coeducational public schools in Ezeagu Educational Zone of Enugu State were used. A 40 – item post treatment mathematics achievement test was the instrument used. It had internal consistency index of 0.59. The study among others, found project method more enhancing in learners’ achievement in mathematics than cooperative method. 

     Igbo (2004) studied the effects of peer teaching on the Mathematics achievement of learning disabled children. The study used 196 primary six pupils. Quasi-experimental design was used. Pre test using the validated MAT and MII, also post test were administered using MAT and MII. The instrument used was a 50-item Mathematics achievement test with reliability index of 0.78. The study found peer teaching effective in improving the learning disabled achievement in Mathematics. The study also found out that gender has no significant influence in mathematics achievement of the learning disabled children.

 Summary of the review of literature 

From the records, realization of mathematics objectives at the senior secondary school level is bedeviled by a lot of factors which include: 

a. Lack of instructional materials and equipments; 
b. Lack of trained teachers; 

c. Poor staff and students motivation; 

d. Complex nature of mathematics concepts; 

e. Ineffective instructional approaches used by mathematics teachers. 

The literature has shown alarming poor students academic achievement and interest for over three decades in senior secondary school mathematics. It has been found that the importance of using effective instructional approach to avert the ugly situation of poor student’s achievement and interest in mathematics cannot be over emphasized. The child-centered instructional approaches have been recommended for teaching mathematics as they are more effective. There is a call for a shift from the traditional/conventional instructional approaches which are teacher-centered to the child-centered instructional approaches. However, mathematics teachers have persistently adhered to the use of traditional/conventional instructional approaches which are teacher-centered and passive on the part of the learner. Even amongst the effective child-centered instructional approaches, the teacher should be eclectic in choosing the appropriate instructional approach. 

       Little or no empirical studies to the best knowledge of the researcher have been carried out to verify the varying effects of the two child-centered instructional approaches: the cooperative learning and peer teaching on student’s achievement and interest in difficult mathematics concepts.
        Little or no empirical studies have been carried out to verify the effects of the two instructional approaches on student’s achievement and interest relative to their gender. It is these lapses and in recognition of the invaluable contribution of mathematics to the over-all development of man and its society that justified this attempt to study the effects of cooperative. 

learning and peer teaching on senior secondary school students’ achievement and interest in some difficult mathematics concepts.
                           CHAPTER THREE 

                           RESEARCH METHOD
   In this chapter, the procedures to be used by the researcher to conduct the study are discussed. Therefore the chapter is organized into the following sub-headings: Design of the Study, Area of the Study, Population of the Study, Sample and Sampling Technique, Experimental Procedure, Training of Teachers for the Experiment, Instrument for Data Collection, Validation of the Instruments, Reliability of Instruments, Method of Data Collection, and Methods of Data Analysis. 

Design of the Study 

    The design of this research study is quasi-experimental design, specifically, the non equivalent control group design. This design is appropriate because the use of intact classes and the rigid school timetable would not allow the researcher to fully randomize the subjects. However the research subjects can be randomly assigned to experimental and control groups based on their intact classes. It is non- equivalent control group design involving three intact groups of two experimental and one control group groups. This design is in consonance with Umeh (2009:391). Who observes that quasi-experimental design permits deliberate control and manipulation of the learning conditions to some extent? The three intact groups used were: 

Group I: Cooperative learning. This group was made up of three different schools with the total number of 90 students. 

Group II: Peer-teaching: This group had a total number of 100 students from three different schools.
Group III: Conventional method: This group had a total number of 93 students from three different schools. Whereas groups I and II were the experimental groups, group III was a control group. The design is as shown in the following table. 

The Research Design 

	Group
	Pretest 
	Treatment 
	Post test

	E
	01
	X
	02

	C
	01
	-x
	02


Key
E = stands for experimental group                              
C =stands for control group
01 = pretest

02 = post test

X = treatment administered to experimental group

-x = treatment administered to control group

Area of Study 

The study was carried out in Ezeagu Local Government Area of Enugu State, Nigeria. This zone has 30 secondary schools. It has the highest concentration of secondary schools (boys, girls and mixed schools) in the state; it is also comprised of urban and rural areas. Most of the roads leading to schools in this zone are accessible for easy consultations and communications during the experimental study. 

Population of the Study 

The population of this study was the Senior Secondary 2 (SS2) students of  mathematics of the thirty public secondary schools in Ezeagu Local Government Area of Enugu State. The population of SS2 students in 2017/2018 academic sessions in the zone who offer mathematics was 1203. The choice of senior secondary 2 as population for the study was because the selected concepts (approximation and percentage error) falls in SS2 scheme of work. 

Sample and Sampling Techniques 
  The sample of this study comprises of two (2) senior secondary school and four intact classes. This implies that two intact classes were selected from each of the two (2) randomly drawn schools in the zone. The same also include Ezeagu education zone which was drawn from the five (5) existing education zones in the state   
  Coeducational schools in Ezeagu Education Zone were used in this study. This was to ensure that subjects, male and female students are equally involved in the experiment since gender was an important variable of the study. There were twelve coeducational schools in the zone. Schools for the study (see Appendix M) were drawn using purposive and simple random sampling techniques. Purposive sampling can be defined as a non-probability sample that is selected based on characteristics of population and the objective of the study. Random sampling involving balloting was used for assigning sampled schools to experimental and control conditions. There were nine sample schools. To assign treatment conditions to the s ample schools; the schools were first numbered 1 to 9.
       The three instructional approaches were written on nine identical square papers, rumpled and mixed together. In this way, three schools were assigned to each of the co-operative learning strategy, Peer-teaching strategy (experimental groups) and conventional method (control group). Incidentally, the sample schools had only one stream of SS 2 offering Mathematics. 
Experimental procedure 

    On the first day of the experiment, pretests were administered on the three groups using the Mathematics achievement test (MAT) and Mathematics Interest Inventory (MII). The actual experiment was conducted by the regular Mathematics teacher in each of the sample schools using the lesson plans developed by the researcher for each group. Since the study involves national settings, the conduct of the study will take place during normal school periods, using the normal school time task. The first hang to do is to administer a pretest. This will cement of the days lessons. 

      Before the actual experiment started in each sample school, the students’ were administered the Mathematics Achievement Test (MAT) and Mathematics Interest Inventory (MII), which formed the pre-test. The teacher explained to the students the features and practice of peer- teaching and cooperative learning. The students learnt in their groups. In the control group, the teacher only used the conventional (lecture) method of teaching. The experiment will last for eight weeks.
Experimental Control 

    To control some extraneous variables, the following steps were taken: 

i. Initial group differences:

    Since randomization of subjects was not possible due to school administrative constraints, three different schools were randomly assigned to the various groups. The groups were: 
Group 1: cooperative learning; 
 Group 2: peer-teaching; 

 Group 3: conventional/control. 

Again initial group difference was taken care of statistically by using the pre test scores as covariates to the post scores in an analysis of covariance (ANCOVA). 

ii. Experimenter bias: 

    To eliminate the hawthorn effect caused by possible students faking when a new teacher is introduced, the regular Mathematics teachers in those schools carried out the actual instructional presentation in the sample schools. 

iii. Teacher variable: 

     To ensure conformity to experimental procedure, experimental conditions and the effective implementation of the study, the researcher prepared lesson plans were used for the experimental groups and the control group. The researcher discussed extensively the lesson plans and experimental conditions with the teachers in a training session. 

Again, the researcher organized micro-teaching for the teachers to ensure realization of equivalent effectiveness and performance. The researcher did not allow the teachers to have access to the instrument beforehand.
iv. Effect of pretest/post test: 

     To minimize the influence of pretest over the post test, an interval of five weeks was allowed. This interval was considered adequate in controlling the effect of pretest sensitization and minimizes the influence of maturation of the subjects. 

v. Subject interaction 

     To eliminate the possibility of interaction between students in the various groups arising from the use of the same school for all the experimental groups, the researcher used three different schools per group as discussed earlier. 

The lesson plan 
    The lesson plans to be used were validated by two experts in science education (Mathematics) from Thinkers Corner, College of Education Enugu. The experts examined the extent to which the lesson plans conform to the theoretical basis of the various teaching strategies. Two experienced Mathematics secondary school teachers also validated the lesson plans with emphasis on: content coverage; clarity of lesson objectives, adequacy of instructional materials; adequacy of student’s activities; the appropriateness of the evaluation items. The comments of the experts and Mathematics teachers were used to fine tune the lesson plans. The lesson plans for the three groups and the expert’s comments are on Appendix F-H. The lesson plans used also were trial-tested in two schools; namely Community Secondary School Aguobu Iwollo and Community Secondary School Oha Imezi. One period was used for cooperative learning strategy at the Community Secondary School Aguobu Iwollo and one period for peer-teaching strategy at community Secondary School, Oha Imezi. This trial-test helped to find out the strengths and weaknesses of the lesson plans as regards the organization and characteristics of the two teaching strategies. This also served as an eye opener during the training of the teachers for effective implementation of the lesson plans.

Training of teachers 
  The teachers were trained to: 

i. Be familiar with the contents, performance objectives, activities of students and teachers in learning the units of instruction namely: Mathematics equilibrium. 

ii. Be in agreement with the researcher as regards the lesson plans prepared by the researcher. 

iii. Be familiarized with the operational concepts of the study such as the meaning, feature and organization of cooperative learning and peer-teaching. 

iv. The teacher in the sample school for peer teaching in turn gave proper instructions to the peer-teachers for the peer teaching strategy, using the following steps as adopted from Igbo (2004) work:

i. Review of rules and regulations of the strategy.

ii. Familiarization plan for the peer-teacher for sequential order.
The training of teachers lasted for three weeks.

Instruments for data collection 

    The Mathematics Achievement Test (MAT) and Mathematics Interest Inventory (MII) developed by the researcher were used for data collection. The lesson plans used were eight in number for each of the three groups, namely cooperative learning group, peer teaching group and the control/ conventional group. The lesson plans prepared covered the two difficult Mathematics concepts selected for the study (approximation and percentage error). 

     The MAT was a 42- item, 4- option multiple choice objective test covering the two concepts: Approximation and Percentage Error (see appendix A) 

Trial testing of the instruments 

The researcher did pre-trial of the MAT on thirty students of SS2 from Boys Secondary School, Oha in Ezeagu Educational Zone of Enugu State which was outside the intended area of study. Data collected were used for item analysis. 

Item Analysis: 

     The items of the MAT and MII were analyzed based on the total scores from the trial test. Responses of students in the upper one- third and the lower one-third continuum on the basis of total test scores were compared. Consideration for including an item in the final version of the MAT was based on the test item satisfying the psychometric quality of having an item discrimination capacity of between + 0.3 and + 1.00. 

      The item difficulty was not considered since the concepts from which the items were raised have already been adjudged difficult. Based on the above, 39 items were found adequate, while 3 items were faulty as seen in Appendix B. One of the faulted items was modified and then found suitable. The other two were discarded in accordance with Anene and Ndubuisi (2003: 116). Then the forty items that constitute the final version of the MAT were selected as seen in Appendix C1. The items measured learning objectives only in the cognitive domain. 

Validation of the instruments 

The Mathematics Achievement Test (MAT) and the Mathematics Interest Inventory (MII) used were face- validated by three experts, from Institute of Ecumenical Education Thinkers Corner and Federal College of Education Aguobu Iwollo. Two of them were in science education (Mathematics) and one from measurement and evaluation. The content validity of the MAT was ensured by the use of the test blue print. (see Appendix B2)The test blue print was constructed by considering the period to cover each concept and level of objectives of each concept in accordance with Anene and Ndubuisi (2003). Number of questions for each item is given by percentage of each concept multiplied by percentage of objective level and then multiplied by total number of questions (40). The content of each concept was derived from Senior Secondary Education Curriculum Mathematics for SS1-3 (F M E, 2007). The MII made up of 30 items covering students interest in Mathematics was of liker four-point scale as found in Appendix C2. Valuators’ comments on MAT and MII are on Appendices J and K respectively.
       In addition, the item analysis and selection of only items that satisfy psychometric qualities served to enhance the content validity of the MAT. The face-validated instrument is on Appendix A. The item analysis is on Appendix B. 
Reliability of the instruments 

The MAT used was pilot- tested on thirty-one SS2 students of Community Secondary School, Aguobu in Ezeagu Education Zone. Scores generated from their responses were used to establish the internal consistency of the test items using Kudder- Richardson formula 20 (K-R, 20) method. Thus an internal consistency estimate of 0.98 was calculated for MAT. The computation for the reliability index is on Appendix D. 

      The MII used was also trial-tested in the above named school .The responses were used to calculate the internal consistency of the test items using Cronbachs Alpha Reliability Coefficient. This gave an internal consistency estimate of 0.93 for the MII, which is a high reliability index. Computation for the reliability index for the MII is on Appendix E. 
Method of data collection 

 Pretests using the validated MAT and MII were first administered on the subjects by the researcher herself and the result carefully recorded before the treatment session, which lasted for five weeks. A day after the treatment, post-tests were administered on the subjects by the researcher using the same MAT and MII as in pretest.
Methods of data analysis 

The research questions were answered using mean scores and standard deviations of scores. The hypotheses were tested with Analysis of Covariance (ANCOVA), at 0.05 alpha level of significance.
                      CHAPTER FOUR
                          RESULTS
In this chapter, the data collected for the study are analyzed, presented and interpreted.
Research Question 1
What are the mean achievement scores of students taught some difficult Mathematics concepts using cooperative learning, peer teaching and conventional teaching method?
Table 1: Mean achievement scores and standard deviations of Students in pre-tests and post-tests due to treatments.

	Treatment Group
	
Pre test
	

	Post
Test
	
	
	No of 

students

	
	Mean
	Standard deviation
	mean
	Standard deviation
	Main gain score
	

	Peer-teaching
	23.00
	11.33
	55.62
	14.99
	32.62
	100

	Cooperative learning
	30.44
	10.80
	62.28
	17.05
	31.84
	90

	Conventional 

(lecture)teaching
	22.98
	4.70
	44.94
	9.23
	21.96
	93


Table 1 shows that students taught using cooperative learning had the highest mean achievement score of 30.44 in the pretest, with standard deviation of 10.80. Students taught using peer-teaching had mean achievement score of 23.00 in the pretest, with standard deviation of 10.80. While those, taught using the conventional teaching method had the least mean score of 22.98 in the pretest, with standard deviation of 4.70.
    In the post test, students taught using cooperative learning had the highest mean score of 62.28 followed by students taught using peer teaching with mean score of 55.62. Students taught using conventional teaching method had the least mean score of 44.94.The students’ mean gain for the peer - teaching group was 32.62. For the cooperative learning it was 31.84; while for the lecture method groups were, it was 21.96. Therefore the peer-teaching approach had the highest mean gain.

    Research Question 2
   What are the mean achievement scores of male and female students taught some difficult Mathematics concepts using cooperative learning, peer-teaching and conventional teaching method.
Table2: Mean achievement scores and standard deviations of scores of male and female students in pretests and post-tests due to treatments.

	
	
	Pre test
	
	Post test
	
	
	No of respondent

	Treatment Group 
	Sex of respondent
	Mean
	Standard Deviation
	Mean 
	Standard Deviation
	Mean  gain score
	

	Peer teaching
	Male Female
	24.36 
21.33
	11.83 10.57
	56.51        54.53 
	13.81 16.40
	32.15 33.20
	55          45

	Cooperative learning
	Male Female
	29.25        32.16
	10.89 10.58
	61.69        63.11
	16.44 18.08
	32.45 30.95
	53          37

	Conventional (lecture)teaching
	Male Female
	24.39        21.41
	3.93      5.01
	47.69        41.86
	7.59      9.98
	23.30 20.45
	49          44


Table 2 shows that, for the peer teaching group the male students had a mean score of 24.36 with a standard deviation of 11.83 in the pre test, while the female students had a mean of 21.33 with standard deviation of 10.57.In the post test, the male students had a mean score of 56.51 with a standard deviation of 31.81, while the female student had a mean score of 54.53 with a standard deviation of 16.40. The mean gain for the males was 32.15, while that of the females was 33.20.
 For the cooperative learning group, the male students had a mean score of 29.25 with a standard deviation of 10.89; while the females had a mean score of 32.16 with a standard deviation of 10 58 in the pre test. In the post test, the males had a mean score of 61.70 with a standard deviation of 16.44, while the females had a mean score of 63.11 with a standard deviation of 18.08. The mean gain for the males was 32.45, while that of the females was 30.95. 
For the conventional teaching group, the male had a mean score of 24.39 with a standard deviation of 3.93 in the pre test, while the females had a mean score of 21.41 with a standard deviation of 5.01. In the post test, the males had a mean score of 47.69 with a standard deviation of 7.60, while the females had a mean score of 41.86 with a standard deviation of 9.98. The mean gain for the males was 23.30, while that of the females was 20.45.
Research Question 3

   What are the interaction effects of teaching strategies and gender on students’ mean achievement score in some difficult Mathematics concepts?

   Data on Table 2 shows that there is no interaction between instructional approach and gender for the treatment groups and control group. At all levels of gender, the treatment scores are higher than those of control group. Whereas females, performed better in peer-teaching strategy with the higher gain in achievement mean score of 33.20, the cooperative learning strategy is better for male students with higher gain in achievement mean score of 32.45. This is illustrated in the graph below.

Graph of Interaction Effects of Teaching Strategies and gender on Students’ Mean Achievement Score.



Research Question 4

   What are the mean interest scores of students taught some difficult Mathematics concepts using cooperative learning, peer teaching and conventional teaching method?

Table 3: Mean interest scores and standard deviations of students scores in pretests and post -tests due to treatments.
	
	Pre interest
	
	Post interest
	
	
	

	Treatment Group
	Mean 
	Standard deviation 
	Mean 
	Standard deviation
	Gain mean score
	No of response

	Peer teaching
	37.80
	9.27
	64.14
	10.73
	26.34
	100

	Cooperative learning
	38.61
	9.97
	71.44
	11.05
	32.83
	90

	Conventional (lecture) teaching
	42.36
	12.86
	49.84
	11.31
	7.48
	93


Table 3 shows that students taught using conventional teaching method had the highest mean interest score of 42.3656 in the pretest. Students taught using cooperative learning had a mean interest score of 38.6111 while those taught using peer teaching had the least mean interest score of 37.80 in the pretest. There was the highest deviation of scores from the mean interest score in the conventional method group followed by the cooperative learning group and the least deviation was in the peer-teaching group.

    In the post- test, students taught using cooperative learning had the highest mean interest score of 71.44 while students taught using peer-teaching had a mean interest score of 64.14. Students taught using conventional teaching method had the least mean interest score of 49.8387.

The student’s gain mean scores were 32.83, 26.34 and 7.48 for the cooperative learning group, peer – teaching group and lecture method group respectively. The high mean interest score, for the cooperative learning and peer – teaching is suggestive of the fact that the two strategies were effective in developing students’ interest in learning difficult Mathematics concepts. It also seems that the cooperative learning is more effective than the peer-teaching in developing students’ interest in learning difficult Mathematics concepts. This is because in the post-test, the mean gain interest score for the cooperative learning was higher than that of the peer-teaching as seen in table 3.

Research Question 5
What are the mean interest scores of male and females students taught some difficult Mathematics concepts using cooperative learning, peer-teaching and conventional method.
    Table 4: Mean interest scores and standard deviations of scores of male and female students in pretests and post-tests due to treatments.
	
	
	Pre interest
	
	Post interest
	
	
	

	Treatment group
	Sex of respondents
	Mean 
	Standard deviation
	Mean 
	Standard deviation
	Gain mean score
	No of respondents

	Peer teaching
	Male female
	38.91 36.44
	9.16      9.33
	65.25 63.42
	10.78 10.70
	26.35 26.98
	55       45           

	Cooperative learning
	Male female
	38.21 39.19
	9.56 10.64
	71.83 70.89
	11.49 10.49
	33.62 31.70
	53        37

	Conventional (lecture) teaching
	Male female
	43.88 40.68
	12.08 13.62
	52.08 47.34
	9.31 12.84
	8.20 6.66
	49       44


Table 4 shows that for the pre interest, the highest mean score was recorded by male students taught using conventional (lecture) teaching method with mean score of 43.88 while the male students taught using peer-teaching had a mean score of 38.91. Those taught using cooperative learning had the least mean score of 38.21. The highest deviation of scores was from the females in the lecture method group followed males in the same group. The least was in the peer teaching group by males. In the post interest, male students taught using cooperative learning had the highest mean score of 71.83 followed by those taught using peer teaching with a mean score of 65.25. Male students taught using conventional (lecture) teaching had the least mean score of 52.08. There was highest deviation of scores from the mean interest score in the cooperative learning group followed by the peer teaching group and the least deviation in the lecture method group.

The mean gain scores of the male students were 33.62, 26.35 and 8.20 for the cooperative learning, peer teaching and lecture method respectively. Thus after treatment, males gained highest mean score in cooperative learning group followed by those in peer-teaching group and the least in conventional method group. It seems that the cooperative learning is the most effective followed by peer-teaching and the least, the lecture method in developing males’ interest in learning difficult Mathematics concepts as shown by the post-test mean interest scores in Table 4.

     In the pre interest, female students taught using conventional (lecture) teaching had the highest mean score of 40.68 followed by those taught using cooperative learning with a mean score of 39.19. The female students taught using peer-teaching had the least mean score of 36.44.There was highest deviation of scores from the mean interest score in the lecture method group followed by cooperative learning and the least deviation in the peer-teaching.

    In the post interest, female students taught using cooperative learning had the highest mean score of 70.89 while those taught using peer teaching had a mean score of 63.42. Female students taught using conventional (lecture) teaching method had the least mean score of 47.34. There was highest deviation of scores from the mean interest score in the lecture method group followed by the peer-teaching group and the least deviation in the cooperative learning group.

     The mean gain scores of the female students are 31.70, 26.98 and 6.66 for the cooperative learning group, peer teaching group and lecture method group respectively. Therefore, after treatment, female students gained highest mean score in cooperative learning group followed by the peer teaching group and the least in the lecture method group.

   Table 4 is suggestive of the fact that the cooperative learning is the most effective followed by peer-teaching and the least, the lecture method in developing females’ interest in learning difficult Mathematics concepts. This is shown in the post test mean interest scores.

Research Question 6

What are the interaction effects of teaching strategies and gender on students’ mean interest score in some difficult Mathematics concepts?
    Data on table 4 shows that there is no interaction between instructional approaches and gender for the treatment groups and control group. At all levels of gender, the treatment scores are higher than those of control group.

Graph of Interaction Effects of Teaching Strategies and gender on Students’ Mean Interest Score.






Research Hypothesis 1 

There is no significant difference in the mean achievement scores of students taught some difficult mathematics concepts using cooperative learning, peer- teaching and conventional teaching method.
Table 5: Analysis of covariance of students’ post Achievement due mean score to 
	Source
	Type III sum of squares
	Df
	Mean square
	F
	Sig

	Corrected model Intercept         Pre achievement Treatment       Gender            Gender 
Error             Total              Corrected total          
	19155.051a 63480.618 4170.798  9631.422  201.926   
295.346   50838.475 902148.000 69993.527
	6          1           1           2          1     2        276       283       282
	3192.509 63480.618 4170.798 4815.711 201.926  147.673   184.197
	17.332    344.634   22.643    26.144    1.094     .802
	.000      .000      .000      .000      .296       .450


Treatment and Gender.
a. R Squared = .274 (Adjusted R Squared = .258)
Table 5 shows that the difference in mean achievement scores between the groups taught using the different teaching strategies in the covariates is significant since the worked F ratio of 26.144 is significant at P< 0.000. The difference in the mean achievement scores between the treatment groups is therefore significant at P< 0.05. Therefore it can be concluded that the research hypothesis 1 is rejected. The difference in the mean achievement scores of students taught some difficulty Mathematics concepts using cooperative learning, peer-teaching and conventional teaching method is significant and not by chance.

Table 6: Post Hoc Tests

                             Multiple comparisons

Dependent variable: post achievement Schaffer.
	(1)Treatment group   ( j)treatment group
	Mean difference  (i-j)
	Std. Error
	Sig  

	Peer teaching         cooperative learning   

                 conventional(lecture) teaching                       
	-6.66*          10.68*
	2.05     2.03
	.006       .000

	Cooperative learning                      peer teaching                                                             conventional(lecture)                          teaching
	6.66*           17.34*
	2.05     2.09
	.006       .000

	Conventional teaching(lecture)   peer teaching cooperative learning
	-10.68*        17.34*
	2.03     2.09
	.000      .000


Table 6 shows the post hoc test to determine the direction of difference among the mean achievement scores of the cooperative learning, peer-teaching and the conventional (lecture) method groups. Cooperative learning group scored significantly higher than the peer-teaching group at P<0.006. The peer-teaching group scored significantly higher than the lecture method group at P<0.000. Also cooperative method group scored significantly higher than the lecture method at P<0.000. Therefore the research hypothesis is rejected. The three teaching strategies were significantly different in their effects on students’ achievement in difficult Mathematics concepts. Cooperative learning was more effective than peer-teaching while peer-teaching was more effective than conventional method.

Research Hypothesis 2:

     There is no significant difference in the mean achievement scores of male and female students taught some difficult Mathematics concepts using cooperative learning, peer-teaching and conventional teaching method.

  Table 5 shows that the difference in the mean achievement scores of male and female student’s taught using different instructional approaches is not significant since the F ratio of 1.09 is significant at P>0.29. The difference in the mean achievement scores between the different gender is not significant at p> 0.05. This implies that the difference in the mean achievement scores among males and females in each group is merely due to chance. The research hypothesis 2 is therefore not rejected.

Research Hypothesis 3:

The interaction effects of teaching strategies and gender on students’ achievement in some difficult Mathematics concepts, as measured by their mean achievement scores, is not significant. 
From Table 5, it can also be observed that treatment by gender interaction is not significant at P<0.05. The interaction is significant at P<0.450. Therefore it can be concluded that research hypothesis 3 is not rejected. The interaction of gender and treatment is not significant. This implies that the observed differences in the achievement mean scores of males and females among the treatment teaching strategies are merely due to chance.

Research Hypothesis 4:

   There is no significant difference in the mean interest scores of students taught some difficult Mathematics concepts using cooperative learning, peer-teaching and conventional teaching method.

Table 7: Analysis of Covariance of Students’ Post

Interest mean score due to Treatment and Gender. 
	Source 
	Type III sum of squares
	Df
	Mean square
	F
	Sig

	Corrected model    Intercept            Pre interest          Treatments           Gender                 Treatment *Gender Error               Total               Corrected Total
	31689.249a  32561.162   8698.364     26163.967   198.212      78.043       24719.649   1139554.000 56408.898   
	6           1            1            2             1           2            276           283        282
	5281.541      32561.162     8698.364      13081.988     198.212        39.022         89.564
	58.970       363.552     97.119    146.063    2.213       .436
	.000      .000     .000      .000     .138       .647


Table 7 shows that the difference in mean interest scores of students between the groups taught using the different teaching strategies is significant since the F ratio of 146.063 is significant at P<0.000. The difference in the mean interest scores between the treatment groups is therefore significant at P<0.05. Therefore it can be concluded that the research hypothesis 4 is rejected. The observed difference in the mean interest sores of students taught some difficult Mathematics concepts using cooperative learning, peer teaching and conventional method is significant and not merely by chance.

Table 8:                   Post HOC Tests.

                          Multiple comparisons

Dependent Variable: Post Interest Schaffer
	(1)Treatment Group   (J)treatment group
	Mean difference (I-J)
	Std error
	Sig 

	Peer Teaching        cooperative learning     conventional (lecture) teaching
	-7.01444*      14.59129*
	1.60206         1.58841
	.000        .000

	Cooperative learning   Peer teaching  conventional (lecture) teaching
	7.01444*       21.60573*
	1.60206        1.63037
	.000       .000

	Conventional (lecture) peer teaching cooperative learning
	-14.59129*     -21.60573*
	1.58841        1.63037
	.000       .000


Table 8 shows the post hoc test to determine the direction of difference among the mean interest scores of the cooperative learning, peer-teaching and conventional method groups. Cooperative learning group scored significantly higher than the peer teaching group at P<0.00. The peer-teaching group scored significantly higher than the lecture method group P<0.000. Also cooperative learning group scored significantly higher than the lecture method group at P<0.00. Therefore the research hypothesis 4 is rejected. The three teaching strategies were significantly different in their effects on students’ interest in difficult Mathematics concepts. Cooperative learning was more effective than peer-teaching while peer-teaching was more effective than lecture method.
Research Hypothesis 5:
There is no significant difference in the mean interest scores of male and female students taught some difficult Mathematics concepts using cooperative learning, peer-teaching and conventional teaching method.

   Table 7 shows that the difference in the mean interest scores of male and female students taught using different instructional approaches is not significant since the f ratio of 2.213 is significant at P < 0.138. The difference in the interest mean scores between the gender is not significant at P< 0.05. This implies that the observed difference among the male and female students in each group is merely due to chance. The research hypothesis is therefore not rejected.

Research Hypothesis 6:

The interaction effects of teaching strategies and gender on students’ interest in some difficult Mathematics concepts as measured by their mean interest scores is not significant.

    From Table 7, it can be observed that treatment by gender interaction is not significant at P<0.05. The interaction is significant at P< 0.647. Therefore it can be concluded that research hypothesis 4 is not rejected. The interaction of gender and treatment is not significant. This implies that the observed differences in the interest mean scores of males and females among the teaching strategies are merely due to chance.
CHAPTER FIVE
DISCUSSION OF RESULTS, CONCLUSION, RECOMMENDATION AND SUMMARY
    In this chapter, the results presented in chapter four are discussed. The Discussion is organized into the following subheadings: Students’ Achievement in Some Difficult Mathematics Concepts due to Strategy; Students’ Interest in Some Difficult Mathematics Concepts due to Strategy; Students’ Achievement in Some Difficult Mathematics Concepts Relative to gender and Strategy; Students’ Interest in Some Difficult Mathematics Concepts Relative to gender and Strategy; Conclusion; Implications of the Research Findings; Recommendations, Limitations of the Study, Suggestions for Further Studies and Summary.

Students’ Achievement in Some Difficult Mathematics Concepts

due to Strategy.

   Table 6 indicates that peer-teaching yielded a significant difference on students’ achievement in some difficult Mathematics concepts than conventional (lecture) teaching method. The Table also indicates that cooperative learning yielded a significant difference on students’ achievement in some difficult Mathematics Concepts than conventional (lecture) teaching. The implication is that either of the cooperative learning or peer teaching (both being child centered) strategies could be applied to achieve goals of Mathematics education in some difficult Mathematics Concepts. This is in line with Nnaka (2006) who called for a shift from the conventional methods of teaching to innovative strategies in teaching science, Technology and Mathematics for effectiveness. The two strategies are learner-centered and more active than the conventional (lecture) teaching method. Students can learn the difficult Mathematics concepts when they are actively involved (Conway, 2001). The result is also in line with the National Policy on Education (F.R.N, 2004) which stressed that the teaching of

Mathematics should be centered on the learner for maximum self development and self fulfillment. The practical nature of most difficult Mathematics concepts demands active participation of the learner which the conventional (lecture) teaching method does not usually provide. The conventional (lecture) teaching encourages rote learning (Amaefule, 2014) which is not suitable for learning the abstract difficult Mathematics concepts. Therefore the abstract nature of the most difficult concepts could be minimized in the process of learning those concepts by using more pragmatic and effective teaching strategies such as the cooperative learning and peer teaching.

   On the other hand, the Table 6 indicates that cooperative learning yielded a significant difference on students’ achievement in some difficult Mathematics concepts than peer-teaching. This also buttresses the effectiveness of learner’s active participation in learning some difficult Mathematics concepts. Whereas the cooperative Learning involved the cooperation and full participation of each member of the group in learning the difficult Mathematics concept, the peer teaching involved a brilliant member of the group teaching others. Therefore, there is partial active participation of learners in the peer-teaching strategy. This is suggestive of the fact that the cooperative learning should be made use of in teaching difficult Mathematics concepts more frequently than the peer-teaching for better results in realizing Mathematics education goals.

In the final analysis, the results on Table 6 confirm the fact that instructional approaches play major role in realizing the educational goals of Mathematics education in senior secondary schools. Each of cooperative learning and peer-teaching is effective in enhancing achievement in difficult Mathematics concepts with cooperative learning relatively more efficacious.

Students’ Interest in Some Difficult Mathematics Concepts due to

Strategy.

   Table 8 shows vividly that peer-teaching comparatively enhanced students’ interest in learning some difficult Mathematics concepts than the conventional (lecture) teaching method. The table also is indicative of the fact that the cooperative learning was comparatively more effective in enhancing students’ interest in learning some difficult Mathematics concepts, than both the peer teaching and the lecture method.

   The active nature of cooperative Learning and peer- teaching impressed the students. They took interest in the discussion, analysis and problem solving in difficult Mathematics concepts. This participation increased their interest in Mathematics despite the difficult nature of the concepts.

Taking interest in mathematics is a positive first step towards better performance in achievement tests. This idea agrees with Njoku (2003) who posited that capturing students’ interest in is a necessary precondition for improved students’ achievement in Mathematics. This study has proved that the Learner Centeredness of Cooperative Learning and Peer- teaching can greatly improve the students’ interest in learning the difficult Mathematics concepts which in turn will enhance students’ achievement in Mathematics.

   The conventional teaching method has been described as uninteresting to the students and ineffective due to its teacher centeredness and relative lack of activity on the part of the students. Teachers’ extensive dependence upon conventional approach in teaching the difficult mathematics concepts does not enhance students’ interest in learning the concepts as shown in Table 8. This is in consonance with Ezeliora (2003) who maintains that student’s poor performance and lack of interest in Mathematics could be traced to the Mathematics teachers’ excessive use of the expository method of instruction.

   On the other hand, Table 8 further indicates that cooperative learning is significantly more interest enhancing in students in learning the difficult Mathematics concepts than the peer-teaching. This confirms that the more child-centered a teaching approach, the more efficacious it is in realizing the educational objectives. The cooperative learning involved fairly equal contributions by students in the task of learning the difficult Mathematics concepts while in peer teaching the peer students depended on the peer –teacher’s contribution. Therefore the cooperative learning is more efficacious in enhancing students’ interest and performance.
    Cooperative learning should be frequently applied in teaching the difficult Mathematics concepts to enhance students’ interest. This is necessary as the goals of Mathematics education in the Senior Secondary School cannot be realized if the interest of the students is not assured through appropriate instructional approach.

Students’ Achievement in Some Difficult Mathematics Concepts

Relative to gender and Strategy.

Table 5 shows that gender as a variable had no significant effect on students’ achievement in the difficult Mathematics concepts. The table also shows that the interaction effects of the teaching strategies and gender was not significant on students’ achievement. The implication is that each of the three instructional approaches had equal or similar effects on both male and female students. This is in line with Igbo (2004) who maintained that instructional approaches neither favour nor disfavour a particular gender in achievement. A well applied teaching strategy would produce the same effects on the students’ achievement in the difficult Mathematics concepts irrespective of gender. That cooperative learning and peer-teaching made no significant difference in achievement of male or female students could be a function of the fact that students, irrespective of their gender reacted favorably to activity strategies in teaching. Therefore, either the cooperative learning or peer- teaching, if effectively applied, would enhance students’ achievement in difficult Mathematics concepts irrespective of their gender. On the other hand, the less efficacious conventional (lecture) teaching method would mar students’ achievement in difficult Mathematics concepts irrespective of their gender.

Students’ interest in some difficult mathematics concepts relative

to gender and strategy.

   Table 7 indicates that gender as a variable had no significant effect on students’ interest. The table also indicates that the interaction effects of the teaching strategies and gender was not significant on students’ interest. Each of the strategies therefore had equal or similar effects on students’ interest in learning difficult Mathematics concepts irrespective of gender.

  That both male and female student enjoyed equally the cooperative learning and peer teaching, could be because the two strategies were new and unfamiliar to both gender. Therefore the novelty of the strategies excited them equally. On the other hand, students in SS 2 which was the class used for this work had already chosen Mathematics as one of the subjects they will register in the external examination. Irrespective of the gender, students had already developed a given level of interest in the subject.
   From the existing data, therefore, any of the two efficacious strategies: the cooperative learning or peer-teaching, if well applied would enhance and maintain students’ interest in learning difficult Mathematics concepts irrespective of the students ‘gender. On the other hand, the less efficacious conventional (lecture) teaching would hinder the interest of students in learning difficult Mathematics concepts irrespective of their gender.

Conclusion

   Both cooperative learning and peer teaching had been proved efficacious in enhancing students’ achievement in some difficult

Mathematics concepts but the cooperative learning yielded a better result. This means that in an effort to achieve set objectives of Mathematics education in Senior Secondary Schools, the difficult Mathematics concepts should be taught using more of the cooperative learning than peer-teaching. The conventional (lecture) teaching method had been proved to be ineffective in enhancing students’ achievement in some difficult Mathematics concepts. Therefore the set objectives of Mathematics education will be difficult to achieve using the conventional (lecture) teaching method.

   Again gender is not an important factor in determining the instructional approach to be adopted in teaching difficult Mathematics concepts. Each of the teaching strategies had similar or equal effects on students’ achievement irrespective of their gender.
    With regard to interest, both cooperative learning and peer teaching had been proved in this work to be efficacious in enhancing and maintaining the students’ interest in learning difficult Mathematics concepts. However, the cooperative learning yielded a better significant result. Therefore to capture and sustain students’ interest in difficult Mathematics concepts, more of cooperative learning should be applied. On the other hand, the conventional (lecture) teaching method was found to be ineffective in enhancing and maintaining students’ interest in difficult Mathematics concepts. Therefore the interest of the students will remain at low ebb if the difficult Mathematics concepts are taught using the conventional (lecture) teaching method.

   Gender is not an important factor in determining the instructional approach to be adopted in teaching difficult Mathematics concepts. This is confirmed by the available data that both cooperative learning and peer-teaching have similar or equal effects on students’ interest irrespective of their gender.

   Now, it has been proved that the instructional approach adopted in teaching difficult Mathematics concepts plays an important role in students’ achievement and interest. The use of cooperative learning and peer-teaching should be recommended in the Mathematics curriculum since both are efficacious and unisex in their effects. Teachers should therefore use either of the cooperative learning or peer-teaching in teaching Mathematics concepts as this will help to address the perennial poor performance of students in Senior Secondary School Mathematics. However, cooperative learning should be more frequently used as it captures and sustains the interest of students in learning difficult Mathematics concepts more than the peer teaching.
Implications of the Research Findings

The findings of this research work hold a number of significant implications for the Mathematics classroom teacher and other stake holders in both Mathematics education and teacher education at large.

1 Teaching approach used in difficult Mathematics concepts is significantly responsible for the perennial poor performance of students in senior secondary school Mathematics.

2. Since cooperative learning and peer teaching have been proved efficacious in enhancing students’ achievement and interest in difficult Mathematics concepts, they should be used in teaching the difficult concepts in Mathematics.

3. More of cooperative learning should be used as it has better effect on students’ interest and achievement in learning difficult Mathematics concepts than the peer-teaching.

4. The problems of seeking for the best strategy to teach different sexes is solved when cooperative learning or peer teaching is used in teaching the difficult Mathematics concepts since both strategies produce unisex effects when used.

Recommendations

   From the findings of this research work, the following recommendations are earnestly made as possible solution to the perennial poor performance of students in senior secondary school Mathematics.

1) Teacher education institutions should emphasize and incorporate cooperative learning and peer teaching into the Mathematics teacher education curriculum in tertiary institutions of learning. The essence is to make the two teaching approaches popular to would be teachers who would apply them in teaching difficult Mathematics concepts when they get to the field. The principles guiding the effective use of the two teaching approaches should be taught to the student-teachers.

2) Stakeholders in Mathematics education like ministries of education, state school management boards, post primary school services commission, education commissions, school principals and teachers should organize seminars, workshops and conferences where teachers in the field would be opportune to learn how to make the best use of cooperative learning and peer-teaching in teaching difficult Mathematics concepts.

3) Professional Associations like the Science Teachers’ Association of Nigeria (STAN), Mathematics association of Nigeria, should popularize the effective use of cooperative learning and peer-teaching in teaching difficult Mathematics concepts through seminars, work-shops, conferences and publications.

4) Curriculum planners should recommend the use of cooperative learning and peer teaching in school Mathematics curriculum for teaching the difficult concepts. The effective use of the two teaching approaches should be reflected in the curriculum materials like the text books and other instructional materials, by authors.
Limitations of the study

1. The use of different classroom teachers for the three different groups may prove a limitation to the study.

2. During the course of the research, the researcher was faced with the problem of finance in the sense of transportation.
Suggestions for further studies

Further researches could be conducted in the following areas in continuing effort to improve knowledge in relation to this field of investigation.

1. A similar research could be conducted using schools that are not the same school.

2. A similar research could be conducted in which location becomes one of the variables and comparison made between rural and urban located schools.

3. A similar research could be conducted in which other aspects of learning outcomes such as attitude and retention are considered.

4. A similar research could be conducted in other branches of science education.

5. Could a similar research could be conducted in other aspects of the Mathematics curriculum such as contents, learning experiences and evaluation procedures?
6. Could a similar research be conducted in which students’ intelligence, social and cultural backgrounds are controlled?
Summary of the Study

This research work aimed at determining the varying effects of cooperative learning and peer-teaching on students’ achievement and interest in some difficult Mathematics concepts. It also aimed at determining the effects of cooperative learning and peer-teaching on students’ achievement and interest in some difficult Mathematics concepts relative to their gender, all with a view to finding solutions to the perennial poor performance of students in senior secondary school Mathematics.

   To achieve the aims of the research work, two data collection instruments were used and a distinct lesson plan prepared and used for each of the approaches including the conventional (lecture) approach. The instruments used were the Mathematics Achievement Test (MAT) and Mathematics Interest Inventory (MII) which were used for both pretests and post-tests.

In developing the instruments, a number of considerations were made. For instance, the length of time it would take to teach content as well as the underlying objectives of the content was considered for the MAT. The MAT was a 40-option multiple choice objective test covering two difficult Mathematics concepts namely approximation and Percentage error. The MII was of likert four-point scale comprising of 30 items covering students’ interest in Mathematics. The instruments and lesson plans were validated before use.

   On the whole, six research questions and six research hypothesis were answered and tested for the research work. The research questions were answered by electronically computing the mean achievement and interest scores of students taught using each of the teaching approaches. The research hypotheses were tested using the analysis of covariance (ANCOVA) technique at 0.05 level of significance. The result of the research work indicated that on the cooperative learning and peer – teaching were efficacious in enhancing achievement on interest of the students in the difficult Mathematics concepts. However, the cooperative learning was more efficacious than the peer-teaching. Each of the teaching approaches have equal or the same effects on both male and female students as regard their achievement and interest in the difficult Mathematics concepts.

    In effect, therefore, the dependence of Mathematics teachers on the conventional (lecture) teaching method in teaching the difficult Mathematics concepts is a major factor responsibility for the perennial poor performance of students in Senior Secondary School Mathematics.

Therefore cooperative learning should be adopted in teaching difficult Mathematics concepts. A number of far reaching implications were derived from the outcome of this research work. Such implications apply to Mathematics teachers in schools and Mathematics teacher-education in higher institutions of learning and other stake holder in Mathematics education, such as Ministries of Education, Post Primary School Service Commission, Education Commissions, professional associations. From these implications, a number of possible recommendations were made. A number of possible sources of weakness to the study were also given as well as suggestions for further studies.
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APPENDIX A

PRE-VALIDATED MAT

Name of School:  ______________________________
Name of Student: ______________________________
Class:            ______________________________

Sex:              ______________________________

Instructions: Time allowed: 2hr.

Answer all questions      
(1) If P={x:1=x=6}and Q={x:2<x<9}where x R, find PnQ 

(a) {x:2=x=6} (b) {x:2=x<6} (c) {x:2<x<6} (d) {x:2<x=6}

(2) simplify -2/3 (a) -4 (b) -1/4 (c) 1/8 (d) 4

(3) A binary operation * is defined on the set R of real numbers by a*b. find the value of v2*v6.  (a) v3 (b) 3v2/4 (c) v3/2 (d)

(4) If (x-3) is a factor of 2x3+3x2-17x-30 find the remaining factors.

 (a) (2x-5)(x-2) (b) (2x-5)(x+2) (c) (2x+5)(x-2) (d) (2x+5)(x+2)

(5) Given that (v3-5v2)( v3+v2)=P+qv6 find q 

(a) 4 (b) -4 (c) -5 9d) -7

(6) Find the coefficient of x4 in the binomial expansion of (1-2x)6 (a) 320 (b) 240 (c) -240 (d) -320

(7) Find the equation of the line passing through (0,-1) and parallel to the y-axis. (a) y=-1 (b) y=0 (c) x=0 (d) x=-1

(8) Find the sum of the exponential series 96+24+6+�.

(a) 144 (b) 128 (c) 72 (d) 64

(9) Evaluate Log0.258. (a) 3/2 (b)2/3 (c) -2/3 (d) -3/2

(10) A committee of 4 is to be selected from a group of 5 men and 3 women. In how many ways can this be done if the chairman of the committee must be a man? (a) 15 (b) 40 (c) 70 (d) 175

(11) The area of a sector of a circle is 3cm2 if the sector subtends an angle of 1.5 radians at the centre calculate the radius of the circle. (a) 1cm (b)v2cm (c)2cm (d) 4cm 

(12) In a firing contest the probabilities that Joy and Oyinkansola in the target are 2/5 and 1/3 respectively. What is the probability that none of them will hit the target (a)1/5 (b) 2/5 (c) 3/5 (d) 4/5

(13) The equation of the line of best fit for variable x and y is y=19.33+0.42x, where x is the independent variable. Estimate the value of y when x=15 (a) 18.91 (b) 19.74 (c) 25.63 (d) 38.23

(14) Find the coordinates of the centre of the circle 4x2+4y2-5x+3y-2=0 (a) (-5/4,3/4) (b) (3/8,-5/8) (c) (5/8,-3/8) (d) (-5/4,-3/4)

(15) A and B are two independent events such that P(A)=2/5 and P(AnB)=1/15. find P. (B) (a) 3/5 (b) 1/3 (c) 1/6 (d) 2/15

(16) Calculate correct to one decimal place the angle between 5i+12j and 2i+3j (a)54.8� (b) 56.3� (c) 66.4� (d) 76.3� 

(17) The sum of the first three terms of an Arithmetic progression (A.P) is 18. if the first term is 4. find the product (a)130 (b) 192 (c)210 (d) 260

(18) The gradient of a line passing through the points P (4, 5) and Q(x, 9) is �. Find the value of x (a) -4 (b) 0 (c) 4 (d) 12

(19) Given that log2y1/2=log5125 find the value of y 

(a) 16 (b)  25 (c)36 (d) 64

(20) Find the area of the circle whose equation is x2+y2-4x+8y+11=0 (a)3v2 (b)2v3 (c)v3 (d) v2

(21) Find the surd form the value of tan 15� (a) (2+v3) (b) (1+v3) (c) (3-v1) (d) (2-v3)

(22) A bag contains 2 red and 4 green sweet each from the box one after the other without replacement. What is the probability that at a sweet with green wrapper is picked (a)1/5 (b)2/5 (c)8/15 (d)14/15

(23) Find the value of p which will make (x2-x+P) a perfect square (a) -1/2 (b)1/4 (c)1/2 (d) 1

(24) The equation of a circle is given by x2+y2-4x+2y-3 find the radius and the coordinates of its centre (a) 3,(-1,2) (b) 2v2,(2,-1) (c)2v2,(2,1) (d) 9,(2,-1)

(25) The Polynomial g(x) =2x3+3x2+qx-1 has the same remainder when divided by (x+2) and (x-1). Find the value of constant q (a) -11 (b) -9 (c) -3 (d) -1

(26) How many ways can 12 people be divided into three group of 2,7 and 3 in that order (a) 7,920 (b) 792 (c)187 (d)42

(27) Given that P=4i +3j find the unit vector in the direction of P 

(a) 1/3(4i+3j) (b) 1/3(3i+4j) (c)1/5(3i+4j) (d)1/5(4i+3j)

(28) Three students are working independently on a further mathematics problem. Their respective probabilities of solving the problem are 0.6, 0.7 and 0.8. what is the probability that at least one of them solves the problem (a) 0.024 (b) 0.336 (c) 0.664 (d)0.976

(29) A group of 5 boys and 4 girls is to be chosen from a class of 8 boys� and 6 girls. In how many ways can this be done? (a) 840 (b) 480 (c)408 (d) 380

(30) Calculate correct to one decimal place the standard deviation of the numbers -1,5,0,2 and 9  (a) 7.2   (b) 6.6   (c) 3.6   (d) 3.2

(31) Two statements are represented by p and q as follows: P: he is brilliant q: he is regular in class. Which of the following symbols represent the statement �he is regular in class but dull�? (a) qv~P  (b) q^~p   (c) ~q^~p   (d) ~q?~p

(32) Find the coefficients of x4 in the binomial expansion of (2+x)6 (a)120 (b)80 (c)60 (d)15

(33) Given f(x) = 4x3+2x2+5 find f1(2) (a)56 (b)75 (c)90 (d)45

Section b

1. Solve the simultaneous equation log2x-log2y=2, log2(x-2y)=3

2. Given that tan 2A =  evaluate tan 15�

3. Express in the form mv2+nv5 where m and n are rational numbers

4. Differentiate with respect to x, x3+2x from the first principles

5. The sum of 2nd and 5th terms of an arithmetic progression (A.P) is 42. if the difference between the 6th and 3rd term is 12 find the 

a. Common difference

b. First term

c. 20th term

6. The table shows the distribution of the ages of a group of people in a village 

(in Years)





frequency

15-18







40

19-22







33

23-26







25

27-30







10

31-34







8

 


35-38







4

Using an assumed mean of 24.5     calculate the mean of the distribution

7. If (x+2) and (x-1) are factors of f(x) =6x4+mx3-13x2+nx+14 find the 

Values of m and n Remainder where f(x) is divided by (x+1)

8. An object is projected vertically upward with a velocity of 80ms-1. find the Maximum height reached; Time taken to return to the point of projection. (Take g=10ms-2).

9. The 3rd and 6th terms of a geometric progression (G.P) are 2 and 54 respectively. Find a. the Common ratio

b. First term

c. The sum of the first 10 term; correct to the nearest whole number.

 (i) relationship between X and Y

(ii) Value of Y and X is 24

10.   A survey indicated that 65% of the families in an area have cars. Find correct to three decimal places the probability that among 7 families selected at random in the area exactly 5, 3 or 4 At most 2 of them have cars

11.    If 18Cr = Cr+2, find rC5 

12.    Five (5) female and seven (7) male teachers applied for 4 vacancies in a junior High Scholl. The teachers are equally qualified. Find the numbers of ways of employing the 4 teachers. If

(i) There is no restriction

(ii) at least 2 of them are females

13. Write down the first four terms of the binomial expansion of (2  - 1/2x)5 in   ascending powers of x

14.     15b. The Position vectors of point P,Q and R with respect to the origin are (4i-  5j), (i+3j) and      (-   5i+2j) respectively. If PQRM is parallelogram findthe position vector of M

APPENDIX B
TEST ITEM ANALYSIS FOR THE POST TRIAL MAT.

	Item No
	Topic and cognitive level
	Key
	Upper right (U)
	Lower right (L)
	Discrimination index
	Remark

	1
	APC
	A
	5
	2
	0.3
	Good 

	2
	APAN
	C
	6
	2
	0.4
	Good 

	3
	APEV
	A
	5
	1
	0.4
	Good 

	4
	APK
	D
	5
	2
	0.3
	Good 

	5
	APK
	A
	4
	1
	0.3
	Good 

	6
	APC
	D
	3
	0
	0.3
	Good

	7
	APC
	C
	5
	2
	0.3
	Good

	8
	APC
	B
	3
	0
	0.3
	Good

	9
	APK
	D
	4
	1
	0.3
	Good

	10
	APS
	A
	5
	1
	0.4
	Good

	11
	APAP
	C
	3
	0
	0.3
	Good

	12
	APC
	D
	3
	0
	0.3
	Good

	13
	APEV
	B
	4
	1
	0.3
	Good

	14
	APAP
	C
	3
	0
	0.3
	Good

	15
	APC
	A
	4
	1
	0.3
	Good


	16
	APAP
	C
	3
	0
	0.3
	Good

	17
	APK
	C
	4
	4
	0.00
	Bad

	18
	APS
	C
	4
	1
	0.3
	Good

	19
	APAN
	A
	3
	0
	0.3
	Good

	20
	APK
	D
	3
	0
	0.3
	Good

	21
	APC
	C
	5
	1
	0.4
	Good

	22
	APK
	A
	5
	2
	0.3
	Good

	23
	APAP
	B
	3
	0
	0.3
	Good

	24
	APS
	A
	4
	1
	0.3
	Good

	25
	APAN
	C
	3
	2
	0.1
	Bad

	26
	APK
	D
	5
	1
	0.4
	Good

	27
	APAP
	B
	6
	2
	0.4
	Good

	28
	APAP
	A
	3
	0
	0.3
	Good

	29
	APAP
	C
	3
	0
	0.3
	Good

	30
	APK
	D
	6
	1
	0.5
	Good

	31
	PEC
	A
	2
	2
	0.0
	Bad


	32
	PEC
	D
	7
	2
	0.5
	Good

	33
	PEAN
	A
	3
	0
	0.3
	Good

	34
	PEK
	B
	6
	1
	0.5
	Good

	35
	PEC
	C
	4
	0
	0.4
	Good

	36
	PEAP
	D
	5
	1
	0.4
	Good

	37
	PES
	C
	3
	0
	0.3
	Good

	38
	PEEV
	D
	5
	0
	0.5
	Good

	39
	PEAP
	A
	3
	0
	0.3
	Good

	40
	PEAP
	B
	3
	0
	0.3
	Good

	41
	PEK
	A
	6
	2
	0.4
	Good

	42
	PEK
	C
	6
	3
	0.3
	Good


Definitions:

AP stands for Approximation

PE stands for Percentage Error

K stands for Knowledge

C stands for Comprehension

AP stands for Apprehension

AN stands for Analysis

S stands for Synthesis

EV stands for Evaluation

APPENDIX B2

         Test Blue Print for MAT

APPENDIX C1

(POST TRIAL MAT)

	Content
	 No. of people
	Knowledge

   20%
	Comprehension 25%
	Application 25%
	Analysis 25%
	Synthesis 10%
	Evaluation 5%
	 Total 

	Percentage error 71%
	20
	8
	7
	7
	3
	3
	2
	30

	Question numbers
	
	4,9,17,20,

22,26,30
	1,6,7,8,

12,15,21
	11,14,16

,2,3,27,28

,29
	2,19,2,

5
	10,18,

24
	3,13
	

	Approximation 29%
	8
	3
	3
	3
	1
	1
	1
	12

	Question number
	
	34,41,42
	31,32,35
	36,39,40
	33
	37
	38
	

	Total 
	28
	11
	10
	10
	4
	4
	3
	42


APPENDIX C2

            MATHEMATICS INTEREST INVENTORY (MII)

Interest inventory

Gender:___________________________

School:_________________________

Instruction:

This inventory is designed to help you indicate the types of Mathematics related activities which interest you and which you would like to participate in. It will also help you to indicate the various aspects of Mathematics that particularly interest you and which you prefer to others. Do not bother if you are not conversant with any of the activities or aspects mentioned in this document.

Consider each statement on activity and aspects of Mathematics and indicate how much you would like to participate and the extent of your interest in any of them by ticking against:

SA = strongly agreed

A = Agreed

SD = Strongly disagreed

D = Disagreed

	
	
	SA
	A
	D
	SD

	1
	I am willing to read mathematics books at my free time.
	
	
	
	

	2
	I prefer to spend my extra money on mathematics books.
	
	
	
	

	3
	I would readily pay for extra lesson on mathematics.
	
	
	
	

	4
	I enjoy drawing diagrams in mathematics.
	
	
	
	

	5
	I enjoy doing calculation in mathematics.
	
	
	
	

	6
	Going to mathematics laboratory for learning activities is boring
	
	
	
	

	7
	I do not accept take home assignment in mathematics
	
	
	
	

	8
	I enjoy discussing topics in mathematics with my fellow students 
	
	
	
	

	9
	I am willing to study mathematics beyond school certificate level
	
	
	
	

	10
	I will be a mathematics teacher after graduation
	
	
	
	

	11
	I enjoy studying the biography of successful mathematicians
	
	
	
	

	12
	I hate to produce resources for teaching mathematics
	
	
	
	

	13
	I feel happy in a mathematics class
	
	
	
	

	14
	I will not accept to work in any mathematics laboratory
	
	
	
	

	15
	I do not accept extra assignments from my mathematics teacher
	
	
	
	


	16
	I am not willing to contribute books for a mathematics library
	
	
	
	

	17
	I wish to have more lesson period allotted to mathematics per week
	
	
	
	

	18
	I enjoy using my knowledge of mathematics to solve problems at home
	
	
	
	

	19
	I am willing to attend seminars and workshops in mathematics
	
	
	
	

	20
	I would encourage friends and relatives to study mathematics
	
	
	
	

	21
	I enjoy participating in mathematics project exhibition
	
	
	
	

	22
	I wish to no more about techniques in mathematics
	
	
	
	

	23
	Using symbols and formula is boring
	
	
	
	


	24
	I wish to know about component of mathematics
	
	
	
	

	25
	I enjoy visiting mathematics laboratory
	
	
	
	

	26
	I would enjoy being able to produce instruments in mathematics
	
	
	
	

	27
	I will waste my time visiting resource persons, to learn more about mathematics
	
	
	
	

	28
	Knowing more about applications of mathematics to solve personal problem is not my concern
	
	
	
	

	29
	I am willing to write articles for publications in the journal
	
	
	
	

	30
	I wish to be mathematics laboratory prefect
	
	
	
	

	
	
	
	
	
	


APPENDIX D.

    MEASUREMENT OF RELIABILITY INDEX FOR MAT.

Using Kudder – Richardson

Formula 20 (K- R20)

R11=  (n)  d - ∑_pq
       n-1    d

r11 = Kudder- Richardson reliability coefficient.

n= The number of items in the test.

P = Proportion of individuals who passed each item.

q= Proportion of individual who failed each item.

∑_ = Summation of

d = variance of the total scores on the test

Calculation of the variance

	X
	F
	FX
	x-x
	(x-x)2
	F(x-x)2

	53

38

26

15

13

∑
	1

8

9

3

10

31
	53

304

234

45

130

766
	28.29

13.29

1.29

-9.71

-11.71
	800.32

176.24

1.66

94.28

137.12
	800.32

1409.92

14.94

282.84

1371.2

3879.22


=766 =24.71

  31

d= 3879.32 =129.31

      30  
	Item number
	Number passed
	Number failed
	Proportion passed (p)
	Proportion failed (q)
	Pq 

	1
	3
	28
	0.09
	0.90
	0.09

	2
	4
	27
	0.13
	0.87
	0.11

	3
	7
	24
	0.23
	0.77
	0.17

	4
	2
	29
	0.07
	0.94
	0.61

	5
	4
	27
	0.13
	0.87
	0.11

	6
	19
	12
	0.61
	0.39
	0.24

	7
	18
	13
	0.42
	0.58
	0.24

	8
	24
	7
	0.23
	0.77
	0.17

	9
	3
	28
	0.1
	0.90
	0.09

	10
	29
	2
	0.94
	0.07
	0.61

	11
	4
	27
	0.13
	0.87
	0.11

	12
	18
	13
	0.58
	0.42
	0.24

	13
	7
	24
	0.23
	0.77
	0.14

	14
	3
	28
	0.1
	0.90
	0.09

	15
	12
	19
	0.39
	0.61
	0.24

	16
	13
	18
	0.42
	0.58
	0.24

	17
	4
	7
	0.13
	0.87
	0.11

	18
	7
	24
	0.23
	0.77
	0.17

	19
	2
	29
	0.07
	0.94
	0.61

	20
	27
	4
	0.87
	0.13
	0.11

	21
	3
	28
	0.1
	0.90
	0.09

	22
	18
	13
	0.58
	0.42
	0.24

	23
	7
	24
	0.23
	0.77
	0.14

	24
	19
	12
	0.61
	0.39
	0.24

	25
	27
	4
	0.87
	0.13
	0.11

	26
	24
	7
	0.77
	0.23
	0.16

	27
	4
	27
	0.13
	0.87
	0.11

	28
	12
	19
	0.38
	0.61
	0.24

	29
	4
	27
	0.13
	0.87
	0.11

	30
	29
	2
	0.94
	0.07
	0.61

	31
	13
	18
	0.42
	0.58
	0.24

	32
	24
	7
	0.77
	0.23
	0.17

	33
	7
	24
	0.23
	0.77
	0.17

	34
	27
	4
	0.77
	0.23
	0.17

	35
	19
	12
	0.61
	0.39
	0.24

	36
	7
	24
	0.23
	0.77
	0.17

	37
	4
	27
	0.13
	0.87
	0.11

	38
	2
	29
	0.07
	0.94
	0.61

	39
	7
	24
	0.23
	0.77
	0.17

	40
	3
	28
	0.1
	0.90
	0.09


                                                                                                                                   ∑pq =6.12          

R11 = 40  ×129.31-6.12

       39      129.31       =0.98

The reliability index of 0.98 means that the instrument is highly reliable .

APPENDIX E

         MEASUREMENT OF RELIABILITY INDEX FOR CII.

Calculation of Cronbach’s Alpha Reliability Coefficient for the CII

α_ = ( n ) (dt2- ∑_di2 )

     n -1         t2

α_ = Coefficient alpha

n= Number of items =30

dt2= Variance of the Total score on the test =359.625

di2= variance of scores in one item

∑_= Summation

_∑di = 34.72

:. α_ = 30 x 359.625-34.72

       29 359.625             = 0.93

The reliability index of 0.93 means that the instrument is highly reliable.

APPENDIX F

          A lesson plan on mathematics for 4th week ending on 19th May 2018.

Name of the student teacher: Nzekwe Ujunwa. L.

Department: Science and Vocational Education

Reg No: U16/EDU/MAT/004

Program: Mathematics Education

Subject: Mathematics

Class: SS 2

Average age: 16 years and above

Duration: 1 hour 6minutes (2 periods)

Time: 8.33-9.39

Topic: Approximation

No of students: 40 students

Date: 16-5-2018

Specific Objective: By the end of the lesson 90% of the students should be able to do the following:

i) Identify numbers that are been approximated.

ii) List decimal numbers that can be approximated.

iii) Defined approximation

Entry behavior: Student have already know what a decimal number are.

i) Identify this decimal number 0.678

ii) Defined decimal

Set induction: The teacher set induces the students by bringing out 3 students and give each of them three cardboard paper to hold and identify what is written inside it.

Instructional techniques: Set induction, Questioning, Explanation and answering of questions.

Instructional Material: Drawing on cardboard paper ,e.t.c.

INSTRUCTIONAL PROCEDURE

	Steps
	Content development
	Teachers activity
	Student activity
	Instructional material
	Instructional strategy

	Step 1
	Introduction 
	The teacher ask the students question base on their previous knowledge and bring three students out

a)defined a decimal

b)identify these decimals


	The students answers the question
	Drawing on a cardboard paper
	Set induction

	Step 2
	Defined approximation
	The teacher defines the meaning of approximation to the students. Approximation is a value or quantity that is nearly but not exactly correct
	The students listens to the teachers explanations and copies the note given to them.  
	Cardboard paper
	Explanation and questioning

	Step 3
	Identify numbers that are been approximated
	The teacher list the numbers and tell the students to identify then
	The student listens and identify the numbers 
	Cardboard sheet
	Explanation 


EVALUATION

The teacher evaluate the students by asking them questions on what they have been taught on a approximation. 

i. Define approximation 

CLOSURE 
The teacher gives the students assignment based on the topic they have been taught.
i. Define approximation
APPENDIX J

VALIDATORS COMMENTS ON MAT (FACE VALIDATION)

	Item no
	First validator 
	Second validator
	Third validator
	Action taken

	5
	Recast 
	Recast 
	Recast 
	Recast 

	6
	Wrong formula
	Wrong formula
	Wrong formula
	corrected

	13
	Wrong symbol
	Wrong symbol
	Wrong symbol
	Corrected 

	14
	Restructure 
	Restructure 
	_
	Restructured 

	36
	Wrong spelling 
	Spelling error
	Spelling error
	Corrected 

	42
	Poor arrangement
	_
	_
	Options

 rearranged


APPENDIX K

VALIDATORS COMMENTS ON MII (FACE VALIDATION)

	ITEN NO
	FIRST VALIDATOR
	SECOND VALIDATOR
	THIRD VALIDATOR
	ACTION TAKEN

	
	Put items in grid
	_
	Put items in a grid 
	Items were put in a grid

	13
	_
	Inappropriate 
	Inappropriate
	Items changed

	
	Used complete system for the item
	Used complete sentence for the items 
	Used complete sentence for the item
	Complete sentence used for the item

	
	
	
	
	


APPENDIX LI

STUDENTS ACHIEVEMENT IN SSCE MATHEMATICS 2000-2006

(MBANUGO, 2007)

	Year 
	Exam 
	No of candidates
	% in grade 1-6

	2000
	SSCE
	34508
	20.7

	
	GCE
	51161
	28.8

	2001
	SSCE
	35705
	10.8

	
	GCE
	31282
	29.5

	2002
	SSCE
	80059
	4.1

	
	GCE
	81189
	25.7


APPENDIX L2
STUDENTS ACHIEVEMENT IN MAY/JUNE SSCE MATHEMATICS 2003-2012( IFEAKOR, 2006)

	Year 
	No of candidates
	% in grade 1-6

	2003
	38172
	23.7

	2004
	48764
	36.7

	2005
	48514
	33.5

	2006
	40652
	23.60

	2007
	39085
	21.40

	2008
	69411
	31.06

	2009
	62142
	31.89

	2010
	90488
	34.42

	2011
	143839
	50.98

	2012
	105133
	38.97


.





.





.





.





.





30





40





20





10





F





M





M





M





F





Peer-teaching                   Cooperative Learning          Conventional Method


	Teaching Strategy				                         (Control)








Graph of Female Achievement 


Score





Gain Mean Achievement Scores


�
�






Graph of Male Achievement Score





F





.





30





40





20





10





M





Peer-teaching                   Cooperative Learning       Conventional Method


	Teaching Strategy				                      (Control)








Graph of Female Interest Scores





Gain Mean Interest Scores


�
�






Graph of Male Interest Score





M





.





.





.





.





F





M





.





F





.





F








1

