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 The progress and prosperity of a country depends upon the quality of its 

citizens. The critical measure of the quality of citizens is the quality of education 

provided to them which is directly related to teacher quality. Teacher quality, in turn 

is depending on the quality of the teacher education that they receive through the 

pre-service and in-service training.  

 The National Policy on Education (NPE, 1986) has commented that The 

status of the teacher reflects the socio-cultural ethos of the society. It is said that no 

people can rise above the level of its teachers. Such exhortations are indeed an 

expression of the important role played by the teacher as transmitter, inspirer and 

promoter of eternal quest for knowledge. 

 The National Curriculum Framework (NCF, 2005) places different demands 

and expectations on the teacher, which need to be addressed both by initial and 

continuing teacher education. According to Right to Education Act (2010) Quality 

Education is Pupil's Right. To ensure quality of learner achievement, teachers with 

competence, professional sensitivity and motivation are highly needed. 

 It is common knowledge too that the academic and professional standards of 

teachers constitute a critical component of the essential learning conditions for 

achieving the educational goals. The length of academic preparation, the level and 

quality of subject matter knowledge and the acquisition of pedagogical skills help 

the teachers to meet the needs of diverse learning situations. The degree of 
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commitment to the profession and the sensitivity to contemporary issues influence 

the quality of curriculum transaction in the classrooms and thereby pupil learning.  

 During the period of pre-service and in-service teacher education, one comes 

across variety of experiences related to the core and related subjects. Learning of the 

pedagogy of languages and subjects like science and mathematics has a significant 

role in molding the teacher.  

 In the era of science and technology one cannot neglect the importance of 

mathematics, which is considered as the key to all sciences. Quality mathematics 

teaching and learning is a major concern to educators which has a long back history. 

The current debate among scholars is on what students should learn to be successful 

in mathematics. The discussion emphasizes the preparation of a student teacher who 

has mastery in both content and pedagogical knowledge in the subject.  

 Effective pre-service primary teacher education can be considered as 

inevitable in providing quality education for all. Quality mathematics education at 

primary level can be secured only through quality teacher education in mathematics 

and the preparation of elementary teachers in mathematics is a critical topic in 

teacher preparation programmes. As a core subject, mathematics is found to be a 

night mare for majority of students. Sherman and Wither (2003) in a study found 

that students are having high anxiety and phobia towards mathematics. Studies in 

the area of mathematics education have found many factors contributing to this. 

Lack of essential basic knowledge and improper internalization of the subject are 

some among the major ones that contribute to aversion towards the subject 

(Vijayakumari & Kavithamole, 2012; Corcoran & Flaherty, 2018). The poor 
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performance of students in mathematics, points to the quality of mathematics 

education and thereby to the capacity of teachers teaching mathematics at primary 

level. Whatever changes in the theoretical and pedagogical aspects are brought to 

the teacher education programme at primary level, to be successful, the student 

teachers must have thorough content knowledge in the concerned area. 

 In a study on pre-service primary mathematics teachers, Turnuklu and 

Yesildere (2007) have concluded that thorough mathematics content knowledge is a 

necessary but not sufficient condition for effective mathematics teaching. According 

to them mathematics teachers must be well educated both from “mathematics 

content knowledge” and “pedagogical content knowledge” aspects in colleges and 

universities. 

 Student teachers of the Diploma in Education (D.Ed) programme are  

academically less strong when compared to student teachers of other initial teacher 

preparation programmes who are either university graduates or who have succeeded 

in being admitted into the undergraduate programme. Moreover, Diploma in 

Education student teachers undergo a packed 2-year programme where they are 

being prepared to teach five subjects. Teaching mathematics may not be even their 

choice as all primary programmes are required to prepare generalist teachers 

regardless of their ability or attitude towards the subjects. It is argued that if the 

student teachers were able to choose fewer teaching subjects according to their 

capability and if more time to impart curriculum were given to develop their 

relevant content knowledge, they would be able to develop their content and 

pedagogical knowledge more effectively during the pre-service course.  
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 The problem of preparing teachers to teach mathematics effectively becomes 

severe when student teachers at primary level belong to different disciplines. They 

are usually found to quit the learning of mathematics by selecting other subjects for 

higher education. Now the basic qualification to the elementary teacher training 

course is a pass with 50 percentage marks in the higher secondary examination. The 

student teachers who got admission to the elementary teacher training course are 

from different disciplines and all of them who undergo their teacher training need to 

teach mathematics at primary level for the first year as per the D.Ed curriculum 

(2013-2017). In the new curriculum of Diploma in Elementary Education (D.El.Ed) 

implemented in the year 2018 it is mandatory for the student teachers to  teach 

mathematics in first year and second year during their internship. With inadequate 

understanding of the subject, they are undergoing the training programme and 

internship. More importance is given by teacher educators to the methodological 

aspects than the mastery of the student teacher in the content being taught during the 

training period. 

Need and Significance 

 The Yashpal Committee Report (1993) noted that,  

Inadequate programmes of teacher preparation lead to unsatisfactory quality 

of learning in schools. ...The content of the programme should be 

restructured to ensure its relevance to the changing needs of school 

education. The emphasis in these programmes should be on enabling the 

trainees to acquire the ability for self-learning and independent thinking. 
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       Improving quality of learning in schools need adequate teacher preparation 

programme which is capable of developing enough competencies among the student 

teachers. Frequent curriculum revisions in the field of teacher education both at 

elementary and secondary level were witnessed in Kerala education sector during 

the past decade.  In Kerala, Trained Teachers Certificate Course (TTC) was 

restructured into semester system, named as Diploma in Education (D.Ed) in the 

year 2013. The analysis of the D.Ed curriculum of mathematics points out that less 

space is provided for content enrichment in connection with the basic concepts of 

the subject. That pattern was followed in the state for a period of 5 years and was 

again reformed in the context of evolving a new curriculum named as D.El.Ed. The 

present curriculum of D.El.Ed is characterised with the following features. 

1. Topics in mathematics education are included in all the four semesters. 

2. All  prospective teachers have to teach mathematics both in LP and UP level 

as  part of internship. 

3. Student texts with details on how to transact the selected concepts in 

different subjects are available. 

 Even after the latest revision, it is specifically found that the curriculum is 

not providing sufficient weightage to the content part of the subject. The analysis of 

both curricula clearly reveals the failure of the system for giving proper recognition 

and weightage to the mastery of the content part which is quite essential for the 

prospective teachers at  the entry level. This observation becomes more relevant in 

the context where they are being selected from among various disciplines viz., 

science, commerce and humanities.   
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 During the past few years, Kerala witnessed all kinds of innovations in the 

process of teaching and learning in schools under public sector. In view of the 

accepted doctrine constructivism, „acquisition‟ acquired momentum over 'teaching'. 

The need for identifying and recognizing the innate potential of each learner became 

widely accepted. The strategic changes came true in teaching of mathematics too. 

The changes in the teaching of the subject were proposed based on the following 

assumptions and observations. 

1. In the case of teaching mathematics at primary level, ensuring number sense 

is most important. 

2. For creating and ensuring number sense, each learner has to be exposed to 

certain systematic and organised experiences. 

3. In the earlier stage of learning mathematics, the process, E-L-P-S-

(Experience, Language, Picture, Symbol) is to be followed which enhances 

the concept attainment related to mathematical process. 

4. Each learner needs to make use of 'Mathematics Kit‟ which enables him/her 

to demonstrate the process even in connection with basic operations. 

5. At later years in elementary level, process in problem solving gets 

predominance. 

6. Real concept attainment helps better problem solving in later stage of 

schooling. 

 Since the period of DPEP (District Primary Education Programme) and the 

other educational projects in the field, the teacher community underwent massive 

and intensive training on emerging trends and pedagogic possibilities that evolved 
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across the globe. Workshops were conducted for developing and using variety 

teaching-learning materials and innovative strategies in subjects like mathematics 

and science. Practicing teachers developed and used varieties of worksheets and 

improvised teaching learning materials so as to ensure effective learning of specific 

mathematical concepts. As a part of this, changes occurred in the process of 

evaluation too. 

             In spite of all these changes, student teachers were not properly benefited to 

experience and enjoy the changes occurred in the teaching of mathematics due to 

various reasons. Some of them are  

1. Limited exposure during the school days leading to weak concept attainment 

in mathematics. 

2. Even those with good conceptual knowledge and sense in the subject do not 

have the   support of strong pedagogy to share the same among the learners. 

3. The existing specialization/option procedure which withhold opportunity to 

all trainees (In D.Ed programme). 

4. Lack of good models or best practices in the teaching of mathematics. 

5. Use of electronic and digital systems at a larger scale. 

More over students with gaps in learning mathematics at school level, those 

with conceptual errors and with less conceptual clarity need an additional help 

during their teacher education programme. Though enough reference materials and 

text books are available to them, there is a lack of consolidated one on the essentials 

of mathematics at primary level. A student teacher with poor understanding in the 
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content especially with negative attitude will not be taking initiation to locate the 

content even when they are in need of it during their internship programme.  

           As a teacher educator, the investigator has the experience of addressing 

mathematics at  lower and upper primary levels. Moreover, as a part of District 

Practical Examination Board (DPEB), the investigator could also assess and 

evaluate the teaching competencies and attitude of student teachers in various 

institutes of teacher education including DIETs. The experiences made him to infer 

that performance in teaching of mathematics as a core subject is not up to the level 

or not in harmony with whatever is visioned by Kerala Curriculum Framework 

(KCF, 2007), National Curriculum Framework (NCF) and  Right to Education Act 

(RTE). Since the prospective teachers are highly ambitious and spirited, their 

potential and skill need to be addressed and tapped properly and made creative 

according to the need and demand of future. 

        It is a notable fact that the subject of mathematics is discussed in all the four 

semesters of D.El.Ed, but the distribution of the pedagogical aspects is not done 

comprehensively. No attempts are made to improve the content awareness of 

students during the programme. 

 In these circumstances, a prospective teacher with weak content knowledge 

is not sufficiently supported at the earlier stage of the course. Naturally, it leads to 

certain inhibitions in the initial stage of teaching and learning the subject affecting 

their attitudes. In such a context, there is a need for refreshing the content prior to 

the discussion related to its pedagogical aspect. Otherwise there is a possibility of 

learning gap in the understanding of the concepts leading to poor performance in 
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teaching.  This approach not only helps the students with weak content knowledge, 

but provides a better clarity to the prospective teachers to have a concrete footing on  

the content upon which the pedagogical discussions become simple and effective. 

All  the above observations lead to the need for providing a support material or 

module which is sufficient to bridge the learning gap in mathematics of  the 

prospective teachers.  

             As a faculty in charge of orienting mathematics teachers, the investigator 

felt that there is a threshold need for a supporting material to enhance the content 

knowledge of the prospective teachers. It is also felt that these attempts could derive 

qualitative changes in the transaction mode of mathematics teaching, leading to 

better learner outcome. 

 The investigator also believes that proficiency in teaching of mathematics 

among prospective teachers will definitely reflect in the field as they are the persons 

who address the coming generation and the next policy makers. In this circumstance, 

the investigator decided to develop a Self -Learning Module (SLM) for enhancing 

the performance in teaching mathematics among prospective teachers at primary 

level.   

Statement of the Problem 

 Pre- service training of primary teachers is an important task which is multi 

skill oriented and really challenging to the teacher educators. A very heterogeneous 

class room and tight scheduled academic activities necessitate some individualized 

method to fill the gap for developing pedagogical competencies among student 
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teachers. The need of such practices proliferates when it comes to the case of 

mathematics. An educational programme, whether instructional or self-learning, is 

expected to bring modifications in cognitive, affective and psychomotor domains. 

When it comes to the programme on teacher education, emphasis is to be given to 

the content knowledge, attitude and the teaching. The SLM prepared focuses on the 

development of these three aspects, collaboratively termed as performance in 

teaching mathematics. Thus, the present study is entitled as “DEVELOPMENT OF 

A MODULE TO ENHANCE THE PERFORMANCE IN TEACHING 

MATHEMATICS AMONG PROSPECTIVE TEACHERS AT PRIMARY 

LEVEL”. 

Definition of Key Terms 

 The key terms included in the statement of the problem are operationally 

defined so that what the investigator has intended by them is made clear. 

Development 

 The dictionary meaning of the term Development is the process of creating a 

new product or method (Macmillan Dictionary).       

 In the present study, Development means construction and validation of a 

self-learning module on Mathematics and its pedagogical aspects at primary level. 

 Module 

 Modules are conceptualized as self-contained and self-instructional packages 

of content or technique, presented in the form of unit frames (Sies, 2003). 
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 Module in the present study stands for a self-learning package on the basic 

mathematical concepts and its pedagogic analysis. A self-learning module as defined 

by Dhamija and Kanchan (2014) is a self-instructional, self explanatory, self-

contained, self-directed, self-motivating and self-evaluating material. 

         The present module consists of frames on Arithmetic, Algebra and Geometry. 

It has two parts, one dealing with the content of the three basic branches of 

Mathematics, focusing on the primary level; and the second one on the pedagogical 

aspects. 

Performance in teaching Mathematics 

 Performance in Teaching denotes the level at which a person succeeds in 

ensuring the learning outcomes in the learners as visualized by the specific 

curriculum by way of adapting the most suitable instructional strategies (Dave, 

1998).   

        In the present study, the term performance in teaching mathematics stands for 

three variables viz., Mathematics Content Knowledge, Attitude towards 

Mathematics and Teaching Mathematics.  It is directly related to the content mastery 

of the teachers, his/her attitude towards subject and the skill to teach. Mathematics 

Content Knowledge is measured through a test on mathematics content knowledge 

developed by the investigator based on the fundamentals of mathematics at primary 

level. Attitude towards mathematics is the score obtained by an individual in a scale 

of attitude towards mathematics developed by the investigator. Teaching 

mathematics means the skill of the teacher in the three phases of teaching, planning, 

implementing and evaluating. It is measured through observation with a schedule on 

various aspects of teaching mathematics. 
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Prospective teachers at primary level 

 The term prospective teachers at primary level means those student teachers 

who are undergoing the two year Diploma in Education course (D.Ed) under 

Department of General Education, Government of Kerala. 

Objectives of the Study 

 The major objective of the study is to develop a self-learning module (SLM) 

that is capable of enhancing the performance in teaching mathematics of prospective 

teachers at primary level. 

 The minor objectives set for the study are related to the establishment of 

need of such a module and its effectiveness to bring changes in Mathematics content 

Knowledge, Attitude towards Mathematics and Teaching Mathematics of 

prospective teachers. The following are the minor objectives set for the study. 

1. To find out the extent of  

a) Mathematics Content Knowledge  

            b) Attitude towards Mathematics  

c) Mathematics Aptitude among prospective teachers at primary level. 

 2.  To compare the pre-test mean scores between control and experimental 

groups on 

            a) Mathematics Content Knowledge 

b) Attitude towards Mathematics 

c) Mathematics Aptitude  
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3. To compare the pre-test and post-test mean scores of prospective teachers of 

both control and experimental groups on 

             a) Mathematics Content Knowledge 

             b) Attitude towards Mathematics 

4. To compare the Post- test mean scores of prospective teachers of control and 

experimental groups on 

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics. 

5.  To compare the mean gain scores of prospective teachers of control and 

experimental groups on 

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics 

6. To compare the mean score on Teaching Mathematics of prospective 

teachers of control and experimental groups 

7. To test the influence of  SLM on  

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics  

c) The scores on Teaching Mathematics of prospective teachers  

when Mathematics Aptitude is taken as a co-variate. 

8. To find out the effect size of the developed self-learning module on 

Mathematics Content Knowledge, Attitude towards Mathematics  and the 

score on Teaching Mathematics of prospective teachers at primary level. 
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Hypotheses of the Study 

 The hypotheses formulated for testing the effectiveness of SLM on 

Performance in teaching Mathematics are: 

1. There is no  significant difference in the pre-test mean scores of Mathematics 

Content Knowledge between control and experimental groups. 

2. There is no significant difference in the pre-test mean scores of Attitude 

towards Mathematics between control and experimental groups. 

3. There is no significant difference in the pre-test mean scores of Mathematics 

Aptitude between control and experimental groups. 

4. There is significant difference in the pre-test and post-test mean scores of 

Mathematics Content Knowledge of the control group. 

5. There is significant difference in the pre-test and post-test mean scores of 

Mathematics Content Knowledge of the experimental group. 

6. There is significant difference in the pre-test and post-test mean scores of 

Attitude towards Mathematics of the control group. 

7. There is significant difference in the pre-test and post-test mean scores of 

Attitude towards Mathematics of the experimental group. 

8. There is significant difference in the post-test mean scores of Mathematics 

Content Knowledge of prospective teachers between control and 

experimental groups. 

9. There is significant difference in the post-test mean scores of Attitude 

towards Mathematics of prospective teachers between control and 

experimental groups. 
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10. There is significant difference in the mean gain scores of Mathematics 

Content Knowledge of prospective teachers between control and 

experimental groups. 

11. There is significant difference in the mean gain scores of Attitude towards 

Mathematics of prospective teachers between control and experimental 

groups. 

12. There is significant difference in the mean scores on Teaching Mathematics 

of control and experimental group. 

13. There is significant mean difference in Mathematics Content Knowledge 

between control and experimental groups when Mathematics Aptitude is 

taken as a co-variate. 

14. There is significant mean difference in Attitude towards Mathematics 

between control and experimental groups when Mathematics Aptitude is 

taken as a co-variate. 

15. There is significant difference in the mean scores on Teaching Mathematics  

of prospective teachers between control and experimental groups when 

Mathematics Aptitude is taken as a co-variate. 

16. The post-test mean scores on Mathematics Content Knowledge, Attitude 

towards Mathematics and the mean score on Teaching Mathematics of 

prospective teachers of Experimental group are significantly higher than that 

of control group. 
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Methodology 

 The study is to construct and validate a Module on mathematics teaching. 

The effectiveness of the constructed module was established using Quasi-

experimental design with Pre-test- post-test non-equivalent groups. A survey was 

conducted to establish the need of a self-learning module on basics of mathematics 

for prospective teachers.  So mixed method was adopted for the conduct of the 

study. 

Instruments used for the study 

 Following instruments were used for the study  

1. Scale of attitude towards Mathematics (Saheedali & Vijayakumari, 2013) 

2. Mathematics Aptitude Test (Malini & Sumangala,1996) 

3. Test on Mathematics content knowledge at primary level (Saheedali, & 

Vijayakumari, 2013) 

4. Observation Schedule for assessing teaching of mathematics (Saheedali, 

2015)   

5. Self-learning module in Mathematics and its digital version. (Saheedali, & 

Vijayakumari, 2015) 

             A rating scale was also used to rate the quality of the developed module by 

teacher educators of different institutes of teacher education and DIETs.  

Participants 

 A survey on the Mathematics content knowledge and Attitude towards 

Mathematics was done to find out the extent of these variables among prospective 
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teachers. The participants of the survey are 100 prospective teachers from five 

institutes of teacher education from four revenue districts viz., Thrissur, Palakkad, 

Malappuram, and Kozhikode.  

 The developed module is intended to enhance performance in teaching 

Mathematics of prospective teachers at primary level in Kerala. Hence the module 

was validated by applying it to an intact group of 40 prospective teachers at primary 

level of DIET Palakkad treated as the experimental group who used the SLM 

together with the regular pre-service teacher education programme and 40 

prospective teachers from DIET Malappuram as control group who have undergone 

regular pre-service teacher education programme at primary level. 

Statistical Techniques 

 The tabulated data was analysed using Statistical Package for Social 

Sciences (SPSS) as per the objectives of the study. Preliminary statistics like mean 

and standard deviation was calculated. The inferential statistics used for testing 

hypotheses are: 

1. Test of significance of mean difference for two large independent groups. 

2. Test of significance of mean difference for large dependent groups. 

3. Analysis of Co-variance. 

4. Cohen's d for calculating the effect size. 



 

 

 

Introduction    18 18 

 

Scope, Delimitations and limitations 

 It is essential to have sufficient mathematics content knowledge for effective 

mathematics teaching. To be a successful teacher, one need a positive attitude 

towards the subject. In the present study the investigator developed a self-learning 

module on mathematics that may help the prospective teachers at primary level to 

improve their mathematics content knowledge and Pedagogical approach. 

Confidence on mathematics content knowledge may create a positive attitude 

towards the subject. 

  The study used Experimental and Control groups as intact groups of 

students of two DIETs at Palakkad and Malappuram districts of Kerala to find the 

effectiveness of the module. Standardized instruments were used to collect the data 

and the effect size of the module on mathematics content knowledge, attitude 

towards mathematics and teaching was calculated. It is expected that the prospective 

teachers will be able to understand comprehensively the basic mathematics and 

pedagogic knowledge of the concepts related to fractions. They will be capable to 

handle the class room activities of lower primary and upper primary mathematics 

easily with the assistance of the self-learning module. The module will also be 

beneficial to the in-service teachers. 

            A  survey on the initial level of MCK and attitude towards mathematics was 

conducted among prospective teachers. The results of the MCK test administered 

among prospective teachers at primary level evidently showed that they are weak in 

mathematics. The module was developed based on the essential basic mathematics 

in different branches like arithmetic, algebra and geometry. 
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Delimitations 

1. Though D.Ed Course is conducted in Kerala by Government, Aided and 

Unaided institutions, the investigator selected only DIETs for the conduct of 

the study. 

2. The module developed contains only the basics of mathematics at primary 

level. 

3. The pedagogical part of the module was focused on the weaker area of the 

content for the prospective teachers on the basis of the responses on MCK 

test. 

           Selection of D.Ed students of intact mode was really a challenge to the 

investigator due to many reasons. Variation in the time schedule of the course in 

various districts was one among them. Limited numbers of government institutions 

are there in each district. In this context, the investigator selected two districts viz., 

Palakkad and Malappuram districts of Kerala State for the conduct of the study. This 

helped the investigator to administer the module and assess the academic progress at 

its minute perspective.    

Limitations 

         Some limitations noticed by the researcher are 

1.  The regular classes of the control group were taken by the teacher educator 

in charge of that institution, not by the investigator. But, the control group is 

taught by a qualified teacher educator who appointed as per the norms of 

government and  NCTE. 

2.  Only one class of the prospective teachers was observed by the researcher for 
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which an observation schedule was adopted. The observation schedule used 

is the one which usually used by the teacher educators for assessing the 

teaching of D.Ed students.  

3.      Though the study warrants multi variate analysis of variance, as the 

preliminary conditions for MANOVA were not satisfied by the data, 

univariate analyses were executed which made the validation process more 

elaborated. 

 The survey on MCK and Attitude towards Mathematics was conducted on a 

sample of 100 student teachers of the previous batch and not of the same batch on 

which the effectiveness of the module was experimented. This was done with the 

assumption that the entry level of student teachers of D.Ed course will not be 

remarkably different in consecutive years. The pre-test scores of experimental and 

control groups were also compared to know the status. 

Organization of the report 

 The study is presented in five chapters. Chapter one contains the general 

introduction and the relevant details of the problems under the study. The chapter 

two narrates the theoretical aspects of the present study and the review of related 

studies pertaining to the topic under investigation. The Third chapter gives a 

description of the method of investigation, the sample selected, the instruments and 

techniques adopted for conducting the study, the procedure employed for collecting 

data and the statistical techniques.  The fourth chapter presents how the data were 

analysed using appropriate statistical techniques.   The fifth chapter describes the 

details of the summary of the study, Major findings, conclusions and suggestions for 

further research. Again the report is followed by references and a series of 

appendices pertaining to the study. 



 

 

Chapter 2 

 

 

 

REVIEW OF RELATED LITERATURE 

 

 

 

 

 

 

 

 



 

 

 

 

 Review of related literature allows the researcher to acquaint himself with 

the current knowledge in the field in which he is going to conduct the research. By 

reviewing the related literature the researcher can select a fruitful, not much 

explored research area. Review helps the researcher to plan about the method, the 

instruments to be used and the knowledge of findings of previous studies helps the 

researcher to discuss the new findings in a meaningful way. Thus review of related 

literature is one of the most important steps in a research. 

 This chapter deals with the review of related literature categorized into two 

sections viz, Theoretical overview of the module and the review of related studies. 

 In the section, ' Theoretical overview of the module, an attempt was made to 

explain the salient features and characteristics of a modular approach and the 

significant steps of the development of a module. An overview of teaching and 

teaching performance is also attempted. In the section 'Review of related studies', a 

review of related studies in the area of Mathematics teacher education as well as the 

development of self- instructional modules are considered. 

Theoretical Overview 

 Individualized instructional techniques are appropriate learning strategies 

that can be adapted to suit different learner characteristics. It permits the child learn 

independently at his/her own pace according to his/her interests and abilities. 

According to Nathan (2009), individualized instruction is based on two basic 
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assumptions: Learning results from the students‟ own effort and learning how to 

learn is the primary ingredient of education. The Secondary Education Commission 

(1964-66) has also emphasized the need for individualized instruction. To increase 

learner participation in the teaching-learning process, educationists, psychologists 

and philosophers give emphasis on pupil dominant approaches.  

 Modular approach is an attempt at individualization of instruction and it 

meets the needs of today‟s students more adequately than the traditional approaches 

both with respect to the quality of learning and content. It has emerged as one of the 

most promising alternatives mainly due to its emphasis on individualized learning 

and its adaptability to large numbers of students. It is also an answer to the great 

differences in „how‟ each student learns. This approach uses modules for better 

learning.  

 Russel (1974) defines module as an instructional package dealing with a 

single conceptual unit of subject-matter. Modules are designed to help the students 

accomplish certain well-defined objectives. The learners can go through the material 

at their own pace and at their own time. They may also be used to complement 

instruction. Modular instruction is self-contained, self-learning and self-explanatory 

in nature. In this technique, the learning becomes self-initiated and self-directed.  

Features of Modular approach 

 Learning points are presented in small steps of objective based learning 

activities. Active student involvement is possible in learning because the teacher is 

not directly teaching the students, but the students themselves engage in activities 
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due to the strategic directions given by the implementing teacher. Each pupil can 

learn according to their mental ability and thinking. Thus modular approach 

becomes self-pacing. It provides occasion for individual attention to all students and 

hence the learners get a rich and rewarding learning experiences through this 

approach. Conceptually it is a mastery learning strategy and it refers to the 

pedagogical concept that learning must be thorough. Hence one learning point is to 

be attained before the next one.  

 Another important feature of this approach is that a teacher can focus on 

students‟ backwardness in the subject matter and can compensate in the class itself. 

That means the feedback can be tested immediately through formative evaluation. 

The way of assessing the progress of students‟ progress is much easier in this 

approach. Teacher gets enough opportunity to interact with the students. Skinner and 

Holland (1958) suggested the principles of modular approach as small steps, active 

student involvement, immediate confirmation, reinforcement and self-pacing. 

Advantages  of Modular approach 

 The use of Modules provides an opportunity for organizing numerous 

sequences of experiences to reflect special interests of the teacher or the learner.  It 

provides a way of assessing the students‟ progress in each and every step of the 

learning. Modules reduce the routine aspects of instruction, leaving the teacher free 

to engage in personal contact with the students. The independent nature of the 

instructional units facilitates the updating of study materials without major revisions.  
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 With regard to the students, they can progress at their own pace since they 

have full control over the rate of study. Each student can master each module before 

proceeding to the next. Students can participate in the decision making about 

whether she/he has learned the subject matter adequately or not. It may be practical 

for some modules to be checked out and studied at home resulting in saving time for 

both students and teachers. In modular instruction each student has the opportunity 

to develop a sense of responsibility for her/his learning. 

Module 

 Modules are known by a wide variety of names from „learning- packs‟ to 

„mini-courses‟. According to the International Encyclopedia of Education (2010  

p.3886), a module is a unit of curricular material, complete in itself, to which further 

units may be added for the achievement of larger tasks or more long-term goals.  

Creager and Murray (1971) defined module as “a self-contained and independent 

unit of instruction with the primary focus on well-defined objectives.” A module as 

a self- contained unit, offers variety and adaptability to the instructional process. It 

can be used by individual or small groups of learners in a variety of learning 

situations. A module may be of several minutes or several hours long. According to 

Sharma (1990), “A module is a learning package which contains everything needed 

by the students for self-instruction. A module contains three basic elements of 

instruction viz. objectives, learning activities and evaluation.”  The rationale behind 

a module concept of learning has a sound basis in learning theory. Modules take into 

account individual learning styles, are flexible to meet various learner needs, and 
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place maximum responsibility on the learner. Modules also provide for active 

participation by the learner and gives opportunity to learn by doing.  

 Kokila (2006) in a book Instructional Technology and Curriculum 

Development, has explained the components of a module as Statement of purpose, 

Desirable pre requisite skills, Instructional objectives, Diagnostic pre-test, 

Implementers for the Module, Modular programme, Related experiences, Evaluative 

post-test and Assessment of the Module.   

 The essential components of a module as suggested by Sharma (2005) are 

 Rationale: Generally  a module contains the rationale, objectives and the 

materials. It will motivate the learner to go through the module effectively. 

 Objectives: The expected outcome of the module stated in behavioural/ 

performance terms are its objectives. The learner is informed about the expected 

learning outcomes of the module. 

 Entry test: It includes items/activities to test whether the learner has essential 

pre-requisites to go through the module. 

 Multi-media materials: To cater the needs of the learners, optimum utilization 

of senses and active participation of students, a variety of media are to be used. 

 Learning activities: Presentation, demonstration, simulation, discovery, 

problem solving etc. may be useful. A wide variety of learning activities increase 

student interest and cater student needs 

 Self-test: At the end of each section, a set of activities are to be given in the 

module. 
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 Post-test: To check whether the objectives are attained, items/activities are to be 

given at the end of the module. 

 According to Minnick (1989) the structure of a module is, 

 Title 

 Introduction 

 Instruction to the users 

 Objectives 

 Learning activities 

 The formative test 

 Evaluation and feedback. 

 Modules should start with an introduction to the topic. It should include the 

instructions and suggestions about how it can be used successfully. If a module is to 

be used under the supervision of an instructor, only oral directions are needed. In 

almost all cases printed instructions on how to use the module, is a part of the 

module. The instructor and the student can compare the answers and discuss the 

concept learnt from the module. At the end of the module, the learner should discuss 

the activity with the teacher individually or in small groups. It is important for the 

instructor to monitor each learner‟s progress in order to reward success or avoid 

frustrations Koul(1989).    

Development of a Module 

 A unit of a syllabus can be divided into sub units and then the sub units can 

be divided into learning points. These learning points are arranged in a sequential 
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order from simple to complex and can be presented in different stages. Learning 

activities suitable for attaining the pre-determined instructional objectives are 

prepared.  Learning situations for active student involvement are needed for the 

attainment of the objectives. While the students are engaging in these activities, 

formative evaluation should also be taken place individually. Diagnosis should be 

made using formative tests. So, in the module immediate feedback and confirmation 

activity is to be given after each learning activity. After confirmation of the learning 

point, reinforcement activity should be given. The student must gain mastery of one 

learning point before proceeding to the next. According to Sharma (2000), the 

following steps can be used for the development of a module: 

 Identify the target group. 

 Identify the learning needs of the group. 

 Decide the terminal behaviour of the group. 

 Identify the entry behaviour. 

 Assess the entry behaviour through pre-test. 

 Prepare teaching frames incorporating objectives, learning activities, 

formative evaluation and summative evaluation. 

 Try out the module. 

 Revise and finalize the module. 

Teaching Profession 

 According to Palmer (1994), teaching is the process of attending pupil‟s 

needs, experiences and feelings, and making specific interventions to help them 
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learn particular things. Considered to be more than professionals, teachers are 

regarded as the strongest pillar of the society. Teaching is a profession that is the 

mother of all other occupations. A teacher is like a potter who delicately shapes 

impressionable minds of the disciples and moulds it into vessels that define each 

individual‟s perception and ambitions. Teachers are always been respected in all 

societies.  

Quality improvement and teacher’s professional development 

 Teacher‟s Professional Development (TPD)  is  the professional growth that 

a teacher achieves through increased experiences and examination of his or her 

teaching systematically. The concept of professional development is broader than 

career development which is the growth that occurs as the teacher moves through 

professional career cycle. Sometimes staff development is considered synonymous 

to professional development though staff development is generally used in reference 

to in-service training. The United Nations Educational, Scientific and Cultural 

Organization  brings seven  components of professional development such as 

constructivism, long term process, process that takes place within a particular 

context, intimate linkage to school reform, encouragement, reflective practice and  

collaborative effort, a different look in different settings. 

 Through the course of their career, teachers have to move from pre-service to 

in-service professional development courses. Various types of in-service 

programmes such as orientation programmes, refresher courses, seminars, 

workshops etc. are organised at the central, state, regional, district and institutional 

levels. The main focus of these programmes is the professional development of 
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teachers. Teachers must not think of themselves as confined to the classroom. 

Teaching is a practice-based profession similar to medicine or law. This means that 

a teacher‟s value or contribution is likely to grow with experience and age. 

However, for this to be true it is important for teachers to invest effort in their own 

professional development. 

 Like any profession, teaching also has its fair share of challenges like low 

compensation, lack of resources or autonomy to adapt the teaching-learning 

methods, limited opportunities for career progression and excessive responsibilities. 

For example, teachers are often given additional administrative duties not related to 

education or asked to teach at multiple stages in a school. All these challenges are 

very real and need to be addressed in a positive way. However, there are ample 

examples of people who are passionate about helping learners achieve their potential 

or contributing to society through teaching that have gained immense satisfaction 

from teaching.   

Teaching Performance 

 Teaching is the task of a teacher which is performed for the development of a 

child.  Teaching performance is a set of teacher behaviour while teaching in a class.  

It is a product of interactions between teacher characteristics and teaching situation.  

It is often used as a basis from which teacher effectiveness can both logically and 

empirically be inferred.  

 There are five performance areas as suggested by Dave (1998) on the basis 

of job and need analysis in order to improve quality and efficiency of the school 

education.  The areas are  
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 Performance in the Classroom – including teaching and learning processes, 

evaluation techniques and classroom management; 

 School-level Performance – including organization of morning assembly, 

celebration of national, social and cultural events, and participation in school-

level management; 

 Performance in Out-of-School Activities – such as field visits, work centre 

visits, etc; 

 Performance Related to Parental Contact and Co-operation – such matters as 

enrolment and retention, regularity in attendance, discussing progress reports, 

improving quality of achievement, etc.  

 Performance Related to Community Contact and Cooperation – comprising 

issues like village education committee work, joint celebration of certain events 

by school and the community, eliciting community support for the development 

of school etc. 

 Obviously, these performance areas will give rise to a series of practical 

activities which not only include the present programmes of „teaching practice‟ in a 

more realistic and effective manner covering evaluation procedures and classroom 

management in different situations such as multi-grade teaching, but also include 

other important educational responsibilities in which the teacher should be given 

adequate practical training to develop relevant skills.  Thus, in the field of practical 

training, these performance areas mark a major shift from mere teaching practice to 
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an overall educational practice expected of the teachers in meeting the school, out of 

school and community needs and aspirations.  

 In order to equip the teachers well in these performance areas and to enable 

them to become thoroughly competent to carry-out these professional tasks with 

efficiency and insight, competency areas are designed not simply to provide 

adequate theoretical and conceptual understanding but to empower the teachers to 

perform their responsibilities with professional insight and confidence. Teacher 

competencies include relevant conceptual content, contextual, transactional and 

evaluation aspects.  All competency areas thus identified converge on one or more 

of the performance areas and interrelates theory and practice in a focused manner. 

Teaching Competency 

 Competence is personal traits or a set of habits that leads to more effective 

and superior job performance. Teacher competence includes a thorough knowledge 

of the content. A teacher's competency mainly includes the strategies, understanding 

of student psychology and the process of learning. Synder and Drumon (1988) 

defined competency as a complex set of relationship between one's performances. In 

the context of teaching, competency means the right way of conveying units of 

knowledge, application and skills of students (Shukla, 2010).  

 Here, the right way includes knowledge of content as well as processes, and 

methods of convening in an interesting way. Rama (1979) defines teacher 

competency as the ability of a teacher manifested through a set of overt teacher 

classroom behaviours which is a resultant of the interaction between the input and 
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the product variables of teaching within a social setting. Teaching competency 

means an effective performance of all the observable teacher behaviours that bring 

about desired pupil outcomes. Based on the micro-criteria approach to study 

(Gage,1963), teaching is perceived as a set of attitude, content knowledge and 

teaching skills where in a teaching skill is a set of teaching behaviours that facilitate 

or bring about a specific instructional objective. In other words, teaching 

competence involves effective use of these various teaching components. 

Teaching Skills 

 Teaching skill has been identified by Gage (1963) as specific instructional 

activities and procedures that a teacher may use in his classroom. These are related 

to various stages of teaching or in the continuous flow of the teacher performance. 

The teaching  becomes  effective when the core components viz., writing 

instructional objectives, organising the content, creating set for introducing the 

content, introducing the lesson, preparation of suitable learning activities and 

learning materials, response management, explaining, illustrating with example, 

stimulus variation, promoting pupil participation, giving assignments and evaluating 

pupil's progress in learning etc are possessed by the teacher. 

Conclusion 

 Modular approach individualizes instruction and is applicable in a wide 

range of teaching learning processes. A module is a systematic presentation of the 

content with clear indication of the purpose, instruction, activities, evaluation and 

feedback. It helps the learner to learn at his own pace and convenience. Performance 
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in teaching is a net result of content knowledge, attitude and teaching skills of the 

teacher. To ensure the quality in teaching and to become a successful teacher, one 

should have a positive attitude towards the subject, thorough content knowledge and 

the desirable teaching skills. A modular based instructional material will help the 

teachers to get clarity in the concepts, pedagogical support leading to a positive 

attitude towards the subject. 

Review of Related Studies 

 Under this section, studies in the area of Mathematics teacher education and 

use of instructional modules in teacher education are presented. Studies in 

Mathematics teacher education are classified into those related to content 

knowledge, Attitude towards Mathematics and Teaching. 

Mathematics Content Knowledge 

 Ekawati, Lin and Yang (2018) conducted a case study on two mathematics 

teachers teaching the concept of ratio and proportion. Video observation of the 

classes of these teachers revealed that teacher with good Mathematics Content 

Knowledge (MCK) and Mathematics Pedagogical Content Knowledge (MPCK) 

performed well when compared to the performance of teachers with low MCK and 

MPCK. They concluded that MCK and MPCK are very essential for mathematics 

learning. 

 Ovez and Akar (2018) in their study analysed  the content knowledge on 

graphs of pre-service elementary mathematics teachers from an anthropological 

perspective on 112 pre-service elementary mathematics teachers. Concentric mixed 
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pattern research method has adopted in the study. The data was collected through 

Graphic Content Knowledge Scale and interview method in order to examine the 

content knowledge of primary school mathematics teacher candidates related to 

graphics anthropologically. As a result, it has been observed that the individual 

recognitions of pre-service teachers related to column, circle and line graphs 

conform to the institutional recognitions, however in institutional recognitions the 

techniques specified for column graphs are being used for histogram. Hence they 

have difficulties in comprehending the differences between histogram and column 

graph. It has also been identified that they lack on a theoretical knowledge on graph. 

 Guberman (2016)  evaluated subject mathematics knowledge  of Pre-Service 

teachers in order to design the appropriate course.  Teaching arithmetic involves 

knowledge about the essence of the concept of “number” and the development there 

of, calculation methods and strategies. properties of operations on different sets of 

numbers, as well as the properties of the numbers themselves. The study 

investigated, how to educate Pre service Mathematics teachers in order to 

supplement their mathematical knowledge with the required components, the 

development of arithmetic thinking among pre-service teachers intending to teach 

mathematics at elementary school, was done by matching the Van Hiele theory of 

the development of geometric thinking to arithmetic. The finding of the  study 

indicates that, this approach of the learners' level of thinking development might 

lead to meaningful learning in arithmetic course for PMTs. 

 Livi and Herbert (2016) conducted a study about the  primary pre-service 

teachers' mathematical content knowledge during practice teaching. It is recognised 
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that a teachers‟ mathematical content knowledge (MCK) is crucial for teaching but 

less is known about when different categories of  MCK which develop during 

teacher education. This study reported on two categories of primary pre-service 

teachers, whose MCK was investigated during their practice experiences in first, 

second and fourth years of a four-year Bachelor of Education program. The results 

of the study revealed that the developed categories of their MCK during practice  

were assisted them in providing breadth and depth of teaching experiences, 

sustained engagement for learning MCK and their quality of learning experience. 

 Tom and Robyn (2016) investigated the pre-service teachers‟ mathematics 

content knowledge (MCK) and beliefs in connection with mathematics education 

practices. An Exploratory  Factor Analysis, conducted on a beliefs and attitudes 

questionnaire, produced three common attitude factors associated with (1) inquiry-

based teaching; (2) how mathematics knowledge is acquired; and (3) the application 

of mathematics. These factors were used in subsequent multivariate analyses to find 

out whether teachers‟ mathematics competency is influenced in their personal 

mathematics approaches of viewpoints and perspectives. No significant difference 

was identified between those students who had studied advanced and standard 

mathematics concepts at school level on these three beliefs and attitude of measures, 

despite of  their MCK. 

 Tutak and Adams (2016) examined the  pre service elementary school 

teachers‟ geometry learning as investigated by both qualitative and quantitative 

methods. For the qualitative investigation, narrative analysis and thematic analysis 

methods were used. The findings of narrative analysis indicated two main kinds of 
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components: as a learner and as a beginning teacher. The thematic analysis yield to 

three themes: history of learning geometry, perceptions about geometry, and 

effective geometry instructional practices. The findings of the study informed the 

quantitative investigation on geometry content knowledge for the case of 

quadrilaterals. During the second phase of the study, 102 participants who enrolled 

in the course and completed the pre and post test of teachers‟ geometry content 

knowledge. Treatment group participants (n=54) received series of activities 

(geometry activities and student work analysis) weightage on quadrilaterals, and 

control group participants (n=48) received traditional instruction. Results revealed 

that a significant change in treatment group participants‟ geometry content 

knowledge and a significant main effect of knowledge but no significant interaction 

between geometry content knowledge and grouping. Even though treatment group 

participants‟ geometry content knowledge growth was significant, the difference 

between treatment group and control group participants‟ growth in geometry content 

knowledge was not significant.  

 Mapolelo and Akinsola (2015)  conducted a research on teachers‟ 

mathematics knowledge. The paper has been concluded in five main areas: (a) the 

role of subject matter knowledge in teaching and learning, (b) teachers‟ beliefs about 

mathematics teaching and learning, (c) beliefs and beliefs-in-practice: 

inconsistencies, (d) teacher education and its impact on instructional practices, and 

(e) future research on teachers‟ mathematics knowledge. The study indicated that 

teachers are critical factors in the learning of mathematics and the extents of their 

content and pedagogical knowledge do determine students‟ achievement. Also, the 
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paper acceded to the view that, a teacher‟s memories from the school years is a 

central influencing factor that affects mathematics related beliefs, hence there is a 

need to enhance pre-service teachers‟ positive attitude towards mathematics during 

training. They suggested that further areas of research should look at: different 

theoretically and empirically distinction in content knowledge for teaching and 

investigate their relationship, separately and in combination, to student achievement; 

whether teachers‟ mathematics knowledge affects their lesson planning strategies 

and whether the provision of „mathematical knowledge for teaching‟ from teacher 

training institutions can improve pre-service teachers‟ beliefs about mathematics and 

mathematics teaching. The study concluded that, mathematics teacher education 

programme should provide an awareness of conception in mathematics to the pre 

service teachers which may influence their teaching. 

 Kilic (2014) investigated the pre-service primary teachers‟ knowledge 

structures of fraction through problem posing activities. A total of 90 pre-service 

primary teachers participated in this study. A problem posing test consisting of two 

questions was used and the participants were asked to generate as many problems 

based on the following conditions: i) using both 1/2 and 3/4 fractions, and ii) using 

either 1/2 or  3 /4 fractions. Data were analyzed using both semantic and constant 

comparative analysis techniques. The results of the study showed that there was a 

substantial diversity in the problems posed by pre-service primary teachers. 

Moreover, participants preferred to pose story and symbolic equations in first task 

and story equation in second task.  Furthermore, the participants faced some issues 

related to fractions such as not realizing 1/2 + 3/4 situation is more than 1, missing 



 

 

 

Review    38 

data, choosing wrong number, using different fractions and posing non-fraction 

problem. 

  Lingam, Limgam and Raghuwaiya (2014) conducted a study that focuses on 

pre-service teachers‟ professional development during the teaching practice. The 

participants were final year students of Bachelor of Arts and Bachelor of Science 

with Graduate Certificate in Education programmes of a university of Fiji. Analysis 

of the data obtained using a survey questionnaire indicates that overall, the pre-

service teachers were satisfied with the practicum experience. This is assumed to 

demonstrate that the practicum experience contributed well towards their 

professional preparation for work expected of them in Fiji secondary schools.   The 

study concluded that for improving the preparation of teachers the identified areas 

are to be strengthened. 

 Kieboom (2013) analysed the mathematical knowledge among 24 pre-

service teachers‟ by examining their reflections on teaching about the meaning of 

fractions to a small group of students in the field of an elementary mathematics 

experience. Excerpts from journals were used to describe the aspects of 

mathematical knowledge for teaching and emphasize the content of their reflections. 

Study revealed that how mathematical knowledge for teaching assists pre-service 

teachers in analytically reflecting on various aspects of teaching and learning, thus 

making reflection more productive.  

 Topcu and Temiz (2013) explored the relationship between pre service 

teachers' teacher efficacy beliefs and their constructivist-based teaching practices. 

Data were gathered through the questionnaire (Teachers' Sense of Efficacy Scale) 



 

 

 

Review    39 

and the observation schedule (Reformed Teaching Observation Protocol) 

administered to the participants. Participants of  the study were 101  pre service 

teachers' (53.5 % from science  and 46.5 % from mathematics ) from a university in 

eastern part of Turkey. Qualitative data were also used in order to substantiate 

quantitative data. The semi-structured interviews were conducted with 20 pre- 

service teachers who voluntarily participated in these interviews. Finding of the 

study showed that pre-service teachers' constructivist-based teaching practice was 

positively correlated with their teacher efficacy beliefs.  To conclude, pre service 

teachers following constructivist approach shows high teacher efficacy in their 

teaching while pre service teachers' following traditional approach show low teacher 

efficacy in their teaching. 

 Grandgenette, Rech and Matthews (2010) conducted a research study about 

the mathematical deficiencies of pre-service elementary teachers, many teacher 

preparation programs are requiring mathematical content courses specifically 

focusing on the mathematics taught at the elementary level. The study considers the 

impact of the courses (one course focusing on Arithmetic, and the other course 

focusing on Geometry and Measurement) had on the mathematical content 

knowledge and attitude towards mathematics. The courses were implemented on the 

experimental group consisting of 19 pre-service teachers and a group consisting of 

19 pre-service teachers of another college was taken as control group. Results 

indicated that those teachers who took the specialized content courses had 

significantly higher mathematical content knowledge compared to those pre-service 
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elementary teachers who took more general mathematics courses, but not 

significantly better attitudes towards mathematics. 

 Perry (2010) investigated pre service elementary teachers' achievement goal 

orientations for learning mathematics and the relationship of those goals to their 

attitudes toward mathematics. Self-reporting instruments were administered to 

assess three achievement goals such as mastery, performance-approach and three 

constructs of attitude-confidence in learning mathematics, usefulness of 

mathematics, and mathematics as a male domain. The study found that pre service 

teachers were higher in mastery goals than in performance goals, and performance-

avoid goals were higher than performance approach goals. Mastery goals correlated 

positively to all three constructs of attitude.  The findings recommend that 

mathematics content courses for pre service elementary teachers should be taught in 

a classroom climate that supports and encourages mastery goals. 

 Tio, Chua, Cheang and Yeo (2007) conducted a study on the development of 

the diploma in education students' pedagogical content knowledge. For the study, a 

16 item instrument was developed by the investigators to measure the pedagogical 

content knowledge of the D.Ed students. The instrument was administered on the 

Diploma in Education student teachers at the National Institute of Education, 

Singapore at the beginning of their programme and was re-administered after  they 

completed their methodology course.  The study found that student teachers at the 

beginning of their programmes are generally quite weak in their mathematics 

pedagogical content knowledge, but showed a significant improvement in some 
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aspects of Mathematical pedagogical content knowledge on completion of their 

mathematics pedagogy course. 

 Corcoran (2005) conducted a study in relation with the mathematics subject 

knowledge if Irish primary pre-service teachers. The purpose of the study was to 

establish what mathematics Irish primary school student teachers bring to initial 

teacher education. The investigator developed a tool SKIMA involving 16 items on 

the aspects of Mathematics content knowledge. The study was conducted in the 

assumptions that a certain kind of mathematics subject knowledge is needed for 

teaching. Three recently published curriculum implantation studies were also 

assessed by the investigator. The findings of the study revealed that the subject 

knowledge of the pre-service teachers were very low at the initial stage of the 

course.. Also the study suggested providing a background in mathematics subject 

knowledge for the primary pre-service teachers. 

 Southwell and Penglase (2005) conducted a study among Seventy eight 

primary pre-service teachers in a survey of arithmetical content knowledge at the 

conclusion of an elective mathematical content course designed for those with a 

poor background in mathematics. Not only was the aim of this first stage of a 

research project to ascertain current knowledge but also to adjust current courses to 

better suit the students in teacher preparation courses. The results of this survey 

indicate the weaknesses in understanding in particular areas including place value, 

operations with common fractions, multiplication of decimal fractions, percentages 

and measurement.  
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 Tsang and Rowland (2005) investigated into the Subject matter knowledge 

of primary school mathematics teachers. The study was implemented on 72 Hong 

Kong primary mathematics teachers. A mathematics subject audit instrument used 

by researchers in England was adapted for an initial exploration into teachers‟ 

mathematics subject knowledge. The collected data were analyzed and compared 

with the results of a mathematics subject audit undertaken by a teacher training 

institute in England. The SMK of an „convenience‟ sample of  primary school 

mathematics teachers was found to be relatively shallow despite of the outstanding 

mathematics attainment of  students in recent international comparative studies The 

results of this study also show that the participating teachers with the minimum of 

mathematics attainment in school leaving public examinations performed 

significantly poorer than the rest of the sample. 

 Goulding (2003) investigated the Mathematical knowledge of pre-service 

primary teachers. This study reported the collaborative research into the 

mathematical subject knowledge of elementary pre-service student teachers by a 

group of researchers from four English Universities. It will discuss some of the 

specified knowledge and understanding which the government deemed to underpin 

the effective teaching of mathematics at the elementary level (for ages 5-11), the 

way in which the institutions investigated and addressed weaknesses in this 

knowledge, the self-assessments made by the trainees and the link between this 

knowledge and teaching competence. Amongst the questions raised are: What 

mathematical knowledge is important for primary ii teachers? If we address 

weaknesses in mathematical knowledge in training, what difficulties in teaching will 
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the trainees still expect to meet? Findings of the study indicates that the students 

were felt difficulty in learning of the concepts about terminology, shape and space, 

and the equations and graphs of straight lines. Also they need improvement in 

acquiring the concept of theory with proof. Study suggests that teachers may try to 

develop confidence and positive attitudes among students through creative works. 

 Kaminsky (2003) conducted a study on the reflection and the development of 

reflective practices that assist pre-service student teachers in the integration of their 

learning experiences and in the analysis of their actions in their endeavours to 

become more effective learners and teachers of mathematics. In this qualitative 

study, and through the use of journals, students reflected on their experiences in a 

number sense programme and on various aspects related to the teaching and learning 

of mathematics. The major findings include through experiences in the number 

sense programme, positive developments occurred in student teachers‟ 

understanding, learning and teaching of mathematics. Student teachers not only 

actively participated in mathematical discourse, constructed and communicated 

mathematical knowledge, but also engaged in approaches which appeared to 

promote the interrelationships among their mathematical knowledge, understanding 

and experience. A number of student teachers exhibited characteristics of reflective 

thinking in mathematics and engaged in approaches which appeared to assist in 

broadening previously held views on learning and teaching mathematics. 

Attitude towards Mathematics 

 Niepel, Burrus, Grieff, Lipnevich, Brenneman and Roberts (2018) 

investigated the students' beliefs and attitudes towards mathematics on the basis of 
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theory of  planned behaviour. They examined the predictive validity of mathematics 

beliefs and attitudes, modelled using the four key constructs of the TPB (i.e., 

intention, attitude, norms, and control) on mathematics.  Furthermore, they explored 

the longitudinal interplay among these key constructs of the TPB. Study was 

conducted on a sample of 752 students at Time 1 and 514 students at Time 2. The 

outcomes of the study provide the first longitudinal support for the validity of a 

mathematical beliefs and attitudes which strongly rooted in the Theory of planned 

behaviour. 

 Tabuk (2018) conducted a study in connection with the Attitudes towards 

Teaching Mathematics among prospective primary school teachers.  A total of 236 

prospective primary school teachers were examined in order to investigate the effect 

of gender and program differences on their attitudes towards teaching mathematics.  

The results revealed that the prospective teachers have positive attitude towards 

teaching mathematics. It was also found that gender and grade level are not 

significant factor on attitude scores.  

 Ali, Mustaque, Shah and Raheem (2017) explored the differences of attitude 

towards Mathematics in male and female students.  Sample of the study, 400 

students (200 male and 200 female) were selected through simple random method. 

The Scale of Mathematics Related Attitude (SOMRA) was used for measuring 

attitude towards Mathematics.  The analysis showed non-significant difference in 

the attitude towards Mathematics of 10
th

  grade male and female students. 

 Ajisuksumo and Sabutri (2017) conducted a study to find out the influence of 

attitudes towards mathematics and meta-cognitive awareness on mathematics 
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achievement of high school students.  The respondents of this study were 103 

students of a senior high school in Tangerang, Indonesia. Attitudes towards 

Mathematics Inventory (ATMI) was used to measure students‟ attitudes towards 

mathematics, and Meta-cognitive Awareness Inventory (MAI) was used to measure 

meta-cognitive ability, whereas mathematics achievement was measured from the 

value obtained in the school report cards of the semester when the research was 

being conducted. The results revealed that attitudes towards mathematics and 

students‟ mathematics achievement were significantly correlated. No significant 

correlations were shown between meta-cognitive skills and mathematics 

achievement, as well as between attitude towards mathematics and meta-cognitive 

skills. It was also shown that the attitude towards mathematics contributes to the 

model, but not the meta-cognitive skills. There was no significant gender difference 

found on mathematics achievement. 

 Altiner, Gokubulut, Yorulmaz and Onal (2017) investigated the relationship 

between Pre-Service class teachers' Self-Efficacy in Mathematical Literacy and their 

Attitude towards Mathematics.   The sample of the study was 274 pre-service 

teachers who were determined purposefully.  The finding indicates that the teachers‟ 

self-efficacy in mathematical literacy and their attitude towards mathematics are 

related at a medium level. There was a significant difference in self-efficacy in 

mathematical literacy and attitude towards mathematics with respect to grade level, 

but no significant difference was found in the case of gender and academic average.  

 Ardana, Sariyasa and Murni (2017) conducted a study about the assistance of 

Geogebra discovery learning model for problem solving ability and attitude towards 
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mathematics. Quasi experimental and post-test only control group design was used 

in this study. The participants in the study were 181 students.  The results of the 

study show that the utilization of GeoGebra in discovery learning can lead to better 

problem solving  and attitude  towards mathematics. The presentation of problems 

using Geogebra  can assist students in identifying and solving problems and 

attracting students' interest because Geogebra provides an immediate response 

process to students. The results of the research also revealed that the utilization of 

Geogebra in the discovery learning can be applied in learning and teaching wider 

subject matter. 

 Ayob and Yasin (2017) studied the various factors that affect the attitude 

towards mathematics, including factors related to opportunity to learn. The results 

showed that attitude towards mathematics is influenced by three key factors of 

opportunity to learn, that are content coverage, teaching practice and teaching 

quality. 

 Carrol, Hourigan and Leavy (2017) studied the entry-level mathematics 

attitude of pre-service primary teachers entering an initial teacher education (ITE) 

programme. Attitudes of 360 pre-service primary teachers were compared to 419 

pre-service teachers entering the same college of education almost one decade later. 

The latter experienced reform school mathematics curricula compared to the earlier 

group who experienced traditional curricula. Attitude was measured by 

administering Aiken‟s Revised Mathematics Attitude Scale. The results indicated 

that pre-service teachers have positive attitudes on entry to ITE. The earlier cohort 
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demonstrated greater Enjoyment of Mathematics while the latter cohort exhibited 

higher scores on the value of Mathematics scale. 

 Celik (2017) conducted a study about pre-school teachers‟ attitude towards 

mathematics and mathematical development among 6-year-old pre-school pupils. 

The sample of the study was 30 teachers working with 6 years old students and their 

120 students of  public kindergartens and independent pre- school classrooms in 

Erzurum City. Attitude towards mathematics education were measured using the 

“Pre-school Teachers‟ Attitudes towards Early Mathematics Education 

Determination Tool” and the quantity levels of development of mathematics in 

children were measured using the tool  Progress in the test of mathematics at grade 

6. Results revealed that there was a positive and significant relationship between the 

preschool teachers‟ attitudes towards mathematics and the mathematics development 

in 6-year-old preschool children.  

 Elci (2017) studied  the  students‟ attitudes towards mathematics. The study 

was conducted on high school students from Turkey through quantitative and 

qualitative methods. The data was collected through the scales named Mathematics 

Attitude Scale (MAS) and Mathematics Teachers‟ Approaches Questionnaire 

(MTAQ) and the semi–structured interviews. The MAS was used to determine the 

students‟ attitude towards mathematics and the MTAQ was used to assign 

mathematics teachers‟ activities and approaches in their lessons. The study was 

conducted on 450 students (253 female and 197 male) and the interviews were 

carried out with the 25 students chosen from the sample. The study showed that the 

students‟ attitude towards mathematics differed by gender, field, and mathematics 
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score but not by grade and the teachers‟ approaches and activities influenced the 

students‟ attitude towards mathematics in some aspects. 

 Karjanto (2017) investigated the attitude toward mathematics among the 

students enrolled in the foundation programme at Nazarbayev University. There 

were 55 males, 53 females, 73 Mathematical-Physics (MP), 22 Biology-Chemistry 

(BC) and 13 International Relations-Economics (IRE) students. The study found that 

they possessed a positive attitude toward mathematics, with mean and standard 

deviation 3.999 and 0.531 out of five, respectively. Study found that there was a 

positive correlation between previous high achievement in mathematics and 

favourable attitude towards it. 

 Purbonongsih and Vionita (2017) conducted a classroom action research for 

Improving the Attitude Towards Mathematics Learning with problem posing 

approach in Class VIII . The sample of research was all of the students of grade VIII 

which consist of 32 students. This research had been held on two periods, first 

period being about 3 times meeting, and second period about 4 times meeting. The 

instrument of this research was  the learning observation‟s guidance  using problem 

posing approach. Alternative  test had been used to measure cognitive competence, 

and questionnaire was also used to measure the students‟ behaviour in mathematics 

learning process. The result of research revealed that the students‟ behaviour has 

been improving after using problem posing approach. It was showed by the 

behaviour‟s criteria of students that had increasing result from the average in first 

period to high in second period. Furthermore, the percentage of test result was also 

improved from 68.75 percentage in first period to 78,13 percentage in second 
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period. On the other hand, the implementation of learning observation by using 

problem posing approach has also improved teachers' achievement and it showed by 

the average percentage of teacher‟s achievement in first period is 89.2 percentage 

and student‟s achievement 85.8 percentage. These results got an  increase in second 

period for both teacher and students‟ achievement which are 94.4 percentage and 

91.11 percentage. According to the results, it was found that the  students‟ behavior 

towards mathematics learning process in class VIII had been improving by using 

problem posing approach. 

 Tisiatsos, Katmada and Mavridis (2017) examined the effects of use of  an 

on-line flexible educational game on students‟ attitude towards mathematics as 

compared to the conventional method of solving mathematical problems. The study 

assessed the learning effectiveness of the game and investigated potential gender 

differences in the game‟s effectiveness on changing students‟ attitude. The 

participants of the study were 79 students who were randomly assigned to a control 

and treatment group. The game was configurable and it was used as a supplementary 

teaching method. The intervention implemented 14 weeks and the data collection 

was based on quantitative measures and interviews. The results of the study 

indicated that the game approach was effective on improving students‟ attitude 

towards mathematics and that it also resulted in better learning outcomes in the 

treatment group as compared to that of the control group. Also, it was revealed that 

the gender of the students did not influence the positive effect of the game on 

students‟ attitude. The study suggests that the incorporation of flexible games into 

the traditional teaching of mathematics could possibly bring beneficial effects in 

learning. 
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 Veliappan and Muthulakshmi (2015) investigated the efficacy of an 

interactive multi-media learning package for developing the attitude towards 

Mathematics. After establishing the homogeneity associated to the students' 

quarterly examination   marks in Mathematics and the scores of the intelligence test, 

they were divided into 21 learners in control group and 21 in experimental group. 

The selected topics from the 9
th

 standard  Mathematics text book was taught through 

conventional method to the sample selected for the control group whereas, 

experimental group was given treatment through Interactive Multimedia Learning 

Package developed by the investigator. The Inventory if Attitude towards  

mathematics  developed by the investigator was used to collect the data. Pre-test and 

post-test were implemented to both groups before and after the treatment.  The 

results revealed that, a significant difference exists in the post test scores between 

the control and experimental groups associated to the attitude towards mathematics. 

 Hurst and Cook (2014) in a study reported on a part of on-going research 

into mathematics anxiety and competence of pre-service teachers. It uses two small 

samples of pre-service teachers from different cohorts of a Bachelor of Education 

course and attempted to identify factors that may help develop positive attitude 

towards mathematics as they seek to develop their competency in mathematics. The 

study identified that targeted professional learning and social constructivist teaching 

were the key factors as well as the need to identify personal knowledge of 

mathematics as a prelude to seeking to become a competent teacher. 

 Luliana (2013) conducted a study among pre-service primary school 

teachers‟ problem solving skills and their attitude towards mathematics.  Students, 
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who like Mathematics, who like to explain their solution to others and who don‟t 

like to solve more problems of the same type, have higher problem solving skills. 

The results show the necessity of developing a positive attitude towards 

Mathematics among pre-service primary school teachers. Also, it is important to use 

teaching methods, which encourage collaboration, put the student in the situation of 

explaining his/her solution, and require creativity from students. 

 Raju and Babu (2013) examined student teachers' attitude towards their 

profession in Vizianagaram district of Andhra Pradesh. The study was conducted on 

a sample of 437 student teachers among them 239 were male and 198 females. 

Methodology wise, 143 were Mathematics, 48 Physical Sciences, 134 Biological 

Sciences and 112 were Social Studies subject. The data was collected through 

Teacher attitude scale. The collected data were analysed with mean, standard 

deviation, and t-values for testing various hypotheses framed. The study found that 

significant difference exists in attitude with respect to gender and the subjects of 

study. 

 Kuranchie, Okyere and Mensah (2013) studied the role of attitude in learning 

of Mathematics. The study was fashioned to extend the discussion to the influence 

of teacher attitude on student attitude. The samples for the study were one hundred 

students and four Mathematics teachers making a total of one hundred and four 

respondents. The students were randomly selected while the teachers were 

purposively sampled. Two sets of questionnaires were used to gather data from the 

respondents after they had been validated and their reliability established. Students‟ 

end of term examination scores were used as a measure of academic achievement. 
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The study unveiled a significant relationship between teacher attitude and student 

attitude toward Mathematics. It was also realised that teachers‟ positive attitude 

radiated confidence in students; hence it made them to develop a positive attitude 

towards the learning of Mathematics. The results of the study were also consistent 

with existing findings on the relationship between teacher attitude and students‟ 

performance in Mathematics.  

 Akkaya and Memnun (2012) examined the attitude towards mathematics of 

elementary school pre-service teachers. The study investigated the differences in 

attitude among gender, grades and teaching fields. A total of 456 pre-service 

teachers, who were studying in the Education Faculty of Abantİzzet Baysal 

University in Turkey, including 141 mathematics, 163 science and 152 elementary 

school pre-service teachers participated in the research.  In conclusion, it has been 

understood that majority of the pre-service teachers have high level of positive 

attitude towards mathematics, but some pre-service teachers‟ attitudes need to be 

developed. There is a significant difference between attitude towards mathematics of 

sophomores and senior pre-service teachers and there is no significant difference 

between female and male pre-service teachers in relation to their attitudes towards 

mathematics. 

 Shah and Farook (2008) conducted a study regarding students‟ success in 

mathematics depends upon attitude towards mathematics.  This study was based on 

a survey of high school students about their attitude towards mathematics. 685 

students was selected for the sample of the study with 379 male and 306 female 

from 10th grade standard conveniently selected from 10 schools belongs to both 
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private and public sector area. To examine the attitude of male and female students 

towards mathematics at secondary school level ,a questionnaire was used to collect 

the required data. Study concluded that there is no significant difference between 

male and female students in attitude towards mathematics and success in 

mathematics creates positive attitude towards mathematics. 

Teaching performance 

 Floherty and Corcoran (2018) studied about the predictive factors of teaching 

performance among 400 pre-service teacher trainees. Pre-service teachers‟ prior 

teaching performance, personality characteristics and previous academic 

achievement were assessed as predictive factors of teacher performance. Results 

indicate that there was no significant relationship was identified between personality 

traits and the  teaching performance . Also the study revealed that  previous teaching 

performance in addition to academic achievement scores emerged as significant 

predictors of teaching performance. 

 Tammi, Koski and Santhi (2018) conducted a study about teaching, whether 

it is a  practical or research-based. This study analyses teacher training in Finland 

from the teacher candidate's perspective.  Cluster analysis divided the respondents 

into five groups, and each cluster had a short textual description. Qualitative data 

were included in the summary. Study identified that teacher students are not always 

able to connect the theoretical parts of their studies with practice. It indicates  that 

Finnish teacher education has to resolve  the demanding relationship between theory 

and practice. 
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 Kalogeria & Psycharis (2017) explored the process of becoming a teacher 

educator in the pedagogical use of digital access in mathematics teaching. The study 

took place in the context of an in-service program during the trainees‟ engagement 

in their practicum fieldwork activities including the process observation, reflection, 

design, implementation and reflection. The features of this context that facilitated 

the trainees‟ transition from the level of student teachers to the level of teacher 

educator as well as the nature of the teacher trainees‟ documentation work for 

teachers. 

 Abas (2016) signified the field-based observation as a central part of pre-

service teacher education and crucial for implementing effective practicum of pre-

service teachers. He studied the perspectives of graduating pre-service teachers 

regarding their difficulties related to administrative support, co-operating teachers, 

student supervisors, students, peers, assigned tasks and learning environment during 

their 17-hour field observation in selected private and public secondary schools. An 

explanatory sequential mixed-methods research design was adopted utilizing survey 

questionnaire, Focus Group Interviews, and Key Informant Interview. Quantitative 

data were obtained from 136 respondents selected through stratified random 

sampling using proportionate allocation while qualitative data were gathered from 

10 pre-service teachers, 10 co-operating teachers, six student supervisors and two 

school principals who were chosen purposively. Results of descriptive statistical 

analysis served as basis for the design of qualitative interview and focus group 

schedules which helped the researcher to “explain, or elaborate on the quantitative 

results”. Findings of the study showed that pre-service teachers had over-all 
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moderate difficulties during the field observation particularly on students, assigned 

tasks and learning environment.  

           Piromsombat, Wongwanich and Suknaisith (2014) conducted a study to 

develop teacher performance in educational measurements and evaluations through 

self-monitoring strategies. Participants consists of  10 administrators and teachers. 

Qualitative data was collected from informal interview schedule and a focus group. 

The research was conducted in five steps for improving self-monitoring. The results 

of this study revealed that the self-monitoring strategies reveal that teachers learnt 

best from the concrete example in the report on test planning and preparation for the 

Basic Education National test.  

           Hamid, Hassan and Ismail (2012) explored a teacher effectiveness model. 

This model measured the teacher‟s cognitive ability (skills of assessment and 

evaluation, IT skills, and co-curricular knowledge) and the teacher‟s personality or 

interpersonal skills. The respondents were 2000 experienced teachers working in 

Malaysia from different types of schools. Using structural equation model (SEM), 

this study attempted to ascertain the validity of the structural model in which the 

teacher‟s cognitive abilities and personalities predict teacher‟s performances. The 

results found that a model is suitable to  both cognitive abilities and personality 

predicting classroom management. Good personality alone is insufficient in terms of 

enhancing the teachers‟ commitment, behavior and responsibilities 

 Maputol (2010) conducted a study to assesses the results of the hiring tests 

given by the Ateneo de Davao High School to its teacher aspirants with their 

teaching performance while hired. Data were collected according to: probationary 
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teachers; teachers with education degree; teachers with non-education degree; male 

probationary teachers and; female probationary teachers. The findings reveal  that 

teacher-candidates who are education graduates can perform better than non-

education graduates. The next studies may examine the correlates of results of 

interviews and teaching demonstration on the candidates teaching performance 

when hired. 

 Kogce, Yildiz, Bak and Aydin (2005) studied the mathematics teacher 

educators‟ beliefs about teacher role in teaching mathematics. Case study was 

conducted as research method. An interview form developed by the researcher, 

composed of open-ended and scenario type questions was used as the data collecting 

tool. Interviews taking average 60 minutes were carried out with five academicians 

from Karadeniz Technical University (KTU)  during 2006-2007 academic year. 

Study found that the participants‟ beliefs about teacher role fairly comply with the 

philosophical viewpoints of the new mathematics curriculum in Turkey. 

 Hill (2000) conducted a case study investigating the impact of a primary 

mathematics method programme on pre-service primary teachers‟ capacity, and 

willingness to learn and teach mathematics for relational understanding. The 

programme, a collaborative endeavour between primary schools and university 

tutors, enables student teachers to practice in an on-going, integrated and consistent 

manner what they are learning in theory, and to reflect on their experiences. The 

findings from the questionnaire and interview data indicate that the weekly cycle of 

theory, practice and reflection in which student teachers engage enhances their 
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capacity, and provides an incentive for them to learn and teach mathematics for 

relational understanding. 

Self-learning Module 

          Halomoan, Dewi and Andriyani (2018) conducted a study to find out the 

quality of lectures on mathematics learning strategy in Mathematics Department. 

They  developed a learning module of mathematics learning strategy based on 

Higher Order Thinking Skill (HOTS) that can be used to improve mathematical 

communication and self efficacy of mathematics education students. The prototype 

module was experimented among 10 students as try out in the first phase and 

administered on 31 Semester V students of mathematics education. The results of 

the study indicated the module as good and effective among the large group and 

have a good legibility value among the small group for their self efficacy. 

 Shamina (2018) developed and validated a classroom management 

competency enhancement programme for prospective teachers at secondary level. 

The investigator developed a classroom management competency enhanced 

programme (CMCEP) and found that the effect of this package was significant to 

improve the classroom management skills in managing instruction, maintaining 

discipline and establishing inter personal relationship in the classroom activities.  

 Venkitesh, Savitha, Nagarajan and Devi (2018) studied the effectiveness of a 

self-learning module in phonetic transcription of Tamil language for students of 

speech-language pathology.  A self-learning module with information on phonetic 

transcription and sounds of Tamil was developed. Exercises for practicing 
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transcription at the word and phrase levels were included in the module.  Fifty 

undergraduate students of Audiology and Speech-Language Pathology (ASLP), with 

limited exposure to phonetic transcription, completed the self-learning module 

individually. The efficacy of the self-learning module was evaluated through a 

questionnaire, and a phonetic transcription task aimed at assessing the knowledge 

and skill of transcription. The participants completed the questionnaire and 

transcription task prior to and after completion of the self-learning module. The 

findings indicated that post-learning scores on the questionnaire and phonetic 

transcription task were significantly higher than pre-learning scores suggesting 

improvement in knowledge and skill of transcription upon completion of the self-

learning module. They also found that the self-learning module is an acceptable and 

effective method for learning phonetic transcription by undergraduate students of 

ASLP. 

 Hurst (2016) investigated the systematic and effective training of teachers by 

the use of inquiry techniques among sixty teacher educators. Flexible competency-

based learning modules were designed to change the elementary teacher trainees' 

knowledge-skills in and attitude through inquiry teaching. The effectiveness of the 

modules was compared in three classroom settings: individualized, group, and 

control. The results were 1. There was a significant increase in the achievement of 

students in both treatment groups ; 2. Significant gains in the treatment on attitude 

towards inquiry teaching, 3. A significant decrease in treatment  preference for a 

directive teaching style, and 4. No significant differences between students' 

knowledge, attitudes, and preferences in the two treatment groups. 
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 Jhonson and  Celik (2015) explored pre-service teachers' perceptions of 

movement education, the benefits they perceive from participating in a 12-week 

movement education module in a course on play, and the module's effects on their 

confidence and competence with regard to incorporating movement into a 

curriculum. Findings reveal that the pre-service teachers achieved a deeper 

understanding of movement education and appreciated the module as a worthwhile 

professional growth experience. Specifically, they viewed the module as enabling 

them to build a new understanding of movement, to express themselves physically, 

to develop movement skills, to engage in social interactions, and to teach a variety 

of subjects using movement education principles. The study demonstrated that the 

module of this nature constitutes a useful educational tool for fostering the 

professional development of pre service teachers with regard to their beliefs, 

attitudes, and skills pertaining to movement education. 

          Jayanthi (2014) conducted a  study that intend to find out the effectiveness of 

Teaching Competency based Self-instructional Module of Giftedness. The 

prospective teachers (35) who possess low level of knowledge on giftedness was 

given with the Teaching competency based self-instructional module on giftedness 

and investigator served as a facilitator. After a period of self-study their knowledge 

and teaching competency at pre and post stage was assessed. The study evidenced 

the need to provide training on giftedness to handle children with diverse needs 

 Albayrak and Unal (2011) in a  quantitative study investigated  the effect of 

methods of teaching mathematics course on the elementary pre-service mathematics 

teachers‟ mathematics teaching efficacy beliefs in Turkey. Mathematics Teaching 
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Efficacy Belief Instrument was administered to 172 junior elementary mathematics 

education students as pre-test and post-test prior to and after the methods of teaching 

mathematics course. The course was carried out through demonstrations, direct 

instructions and classroom discussions during 14 weeks. Paired sample t-tests were 

used to analyze the data and indicated that the methods of teaching mathematics 

course significantly increased the pre-service teachers‟ mathematics teaching 

efficacy beliefs. 

 Yusof (2010) conducted a study in connection with the development and 

design of a new alternative approach to teaching, which is referred to as a hybrid 

teaching approach. This teaching approach was developed to meet the challenges 

and academic needs of students learning technical subjects at polytechnic level in 

Malaysia. It was intended to help students improve their learning and deepen their 

understanding in learning the subjects matters.  The HybCoMet Instructional 

Module was designed as  an alternative to the current teaching approaches which are 

hereinafter referred as traditional approaches. The strategy is intended to help 

students to learn in a meaningful way, by facilitating the assimilation of their 

knowledge  prior to transfer it into real world situation. The purpose of the teaching 

module of HybCoMet Strategy was to encourage teachers to move away from the 

current teaching approach by which students are facts and information.   The 

strategy could be beneficial for teachers preparing a lesson and was more effective 

at pointing teachers toward individual learning objectives. The designed 

instructional module was helpful to contribute as a new pedagogical approach to the 

representation of hybrid system for technical education needs at the polytechnics 

level and supply as a comprehensive academic references.  
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 Nath (1998) developed a self-instructional module for the secondary school 

biology teachers for their in-service training. The sample selected was 178 biology 

teachers and  he identified that such an instructional package is very useful to cater 

the knowledge and to create positive attitude towards the subject. 

Conclusion 

 The investigator reviewed studies with special focus on the selected area of 

the study viz., Mathematics Content Knowledge, Attitude towards Mathematics, 

teaching Performance and Self- Learning Module. An analysis of the studies in the 

area of teacher education made the investigator to arrive at a conclusion that it is 

relevant to study the mathematics content knowledge and pedagogical knowledge of 

prospective teachers. Generally the studies in the area of MCK reveal that pre-

service teacher candidates are having insufficient content knowledge in 

mathematics. 

 The studies related to Attitude towards Mathematics are no way different 

from that of the MCK. Most of the studies highlighted the observation that positive 

attitude of the teacher directly influences the attitude of students. The knowledge 

and awareness with regard to the basics of the subject is a determinant factor in 

deciding and influencing the attitude towards mathematics. Some of the studies 

reached into a conclusion that improvised and innovative strategies play an 

accelerating role to develop a positive attitude towards mathematics. Certain studies 

focused on the very process of assessing and ascertaining the attitude of prospective 

teachers as well as secondary school students towards mathematics. 
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 The number of studies with special focus on teaching performance is 

relatively low. The studies identified in this area paid special attention to the 

predictive factors, previous learning experience, scope of collaborative learning, 

reflective classroom practices, role of theory as well as practice and methodology 

and strategies of teaching in the creation of performance in teaching. 

 The investigator as a part of the review could come across with certain 

studies in which the investigators attempted to develop certain self-learning module 

in order to enhance and support the teaching performance. Irrespective of the size of 

the group, it was found that the self-learning module could evolve significant and 

positive changes among the students.  

In this context, the investigator hope that the development of a self-learning 

module is quite relevant and it is highly required to boost up the confidence level 

and performance level among the target group in the context of teaching of 

mathematics. Moreover, the investigator wished to take an attempt to examine the 

effectiveness of the module in fostering performance in teaching mathematics 

among prospective teachers at primary level. 
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 An account of the methodology of the present study is given in this chapter. 

Methodology is the vital part of any research, as it guides the way to proceed. The 

selection and application of suitable methods, procedures and techniques comes 

under the purview of methodology. The present study is meant for developing a 

Self-Learning Module (SLM) in Mathematics for the prospective teachers to 

enhance performance in teaching mathematics. Methodology followed in the study 

is described under the major headings viz., 

Design of the study 

Variables 

Objectives 

Participants of the study 

Instruments used for the study 

Data collection procedure 

Statistical techniques used 

Design of the Study 

            Present study focuses on the construction of a Self Learning Module (SLM) 

and its validation. As an initial step a survey was done to know the extent of 

Mathematics Content Knowledge and the nature of Attitude towards Mathematics 

among D.Ed students. The constructed module was given to teacher educators of 

various teacher training institutes and their ratings and comments on various aspects 

of the module were consolidated. 
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 For finding out the effectiveness of the constructed SLM in improving the 

performance in teaching mathematics, Quasi-experimental design was used. The 

design can be represented as  

           Experimental                 O1       x          O2 

           -------------------------------------------------------- 

  Control                          O3                   O4 

 

Figure 1: Diagrammatic representation of the experimental design (Cohen, Manion, 

& Morrison, 2007) 

 

   The dashed line separating the parallel rows in the diagram indicates that 

the experimental and control groups have not been equated by randomization. Thus 

the design selected for the study is the pre test-post test non-equivalent group design. 

 In the present study, two intact groups of students of DIET, Palakkad and 

DIET, Malappuram districts of Kerala State were assigned as the experimental and 

control groups respectively. Pre-tests on basic Mathematics, Attitude towards 

Mathematics and Mathematics Aptitude were administered among both 

experimental and control groups. Then the experimental group was provided with 

the SLM, which is the treatment, whereas control group was not exposed to the 

treatment. 

 On completion of the SLM by the prospective teachers in the experimental 

group, post-tests on basic mathematics and Attitude towards mathematics were 

administered for both groups. During their internship programme, teaching 

performance of both experimental and control groups was assessed by the 
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investigator through observation. The treatments given to the experimental and 

control groups are presented as Figure 2 and Figure 3.      

                        

 

                                                          

        

 

 

 

 

 

 

 

 

 

 

Figure 2: Flowchart on experimentation  (Experimental Group) 
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Figure 3: Flowchart on Experimentation (Control Group) 

Variables 

         Variables can be defined as the conditions or characteristics in which the 

experimenter manipulates, controls, or observes.  In this study, there are two types 

of variables, viz., dependent and independent variables.  Independent variables can 

be defined as   the conditions or characteristics in which the experimenter 

manipulates or controls in   her or his attempt to ascertain their relationship to the 

observed phenomena. The dependent variables are –“the conditions or 
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characteristics that appear, disappear or change as the experimenter introduces, 

removes or changes independent variables” (Best & Kahn, 1996). 

 In an experiment, the treatment variables are the independent variables that 

the researcher manipulates in order to determine their effect on the dependent 

variables. A treatment variable has at least two levels, or categories. In the present 

study the treatment variable is the type of training for D.Ed students with two levels 

as implementation of the developed SLM on Mathematics together with the usual 

D.Ed programme for the experimental group and the usual D.Ed programme without 

the SLM for the control group. Teaching performance is a combination of cognitive, 

affective and skill parts and content knowledge, attitudes and teaching skills are the 

components of teaching performance (Gage, 1963). Thus the dependent variables in 

the present study are mathematics content knowledge, attitude towards mathematics 

and teaching mathematics which altogether is termed as performance in teaching 

mathematics. 

 In an experiment, there will be some variables that co-vary with dependent 

variable, but not related to the independent variable. These variables are the co-

variates which can be controlled statistically. In the present study, the investigator 

has taken mathematics aptitude as the co-variate. 

            Mathematics aptitude is the basic ability to learn mathematics and it will 

surely determine the outcome variable, performance in teaching mathematics which 

includes mathematics content knowledge, attitude towards mathematics and 

teaching mathematics. It is not practicable to control mathematics aptitude 

physically, but its influence can be controlled statistically by using ANCOVA. 
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Objectives of the Study 

 The major objective of the study is to develop a self-learning module (SLM) 

that is capable of enhancing the performance in teaching mathematics of prospective 

teachers at primary level. 

 The minor objectives set for the study are related to the establishment of 

need of such a module and its effectiveness to bring changes in Mathematics content 

Knowledge, Attitude towards Mathematics and Teaching Mathematics of 

prospective teachers. The following are the minor objectives set for the study. 

1. To find out the extent of  

a) Mathematics Content Knowledge  

            b) Attitude towards Mathematics  

c) Mathematics Aptitude among prospective teachers at primary level. 

2.    To compare the pre-test mean scores between control and experimental 

groups on      

 a) Mathematics Content Knowledge 

 b) Attitude towards Mathematics 

 c) Mathematics Aptitude  

3.  To compare the pre-test and post-test mean scores of prospective teachers of  

both control and experimental groups on 

        a) Mathematics Content Knowledge 

        b) Attitude towards Mathematics 
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4. To compare the Post- test mean scores of prospective teachers of control and 

experimental groups on 

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics . 

5.  To compare the mean gain scores of prospective teachers of control and 

experimental groups on 

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics 

6.  To compare the mean score on Teaching Mathematics of prospective teachers 

of control  and experimental groups 

7. To test the influence of  SLM on  

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics  

c) The scores on Teaching Mathematics of prospective teachers when 

Mathematics Aptitude is taken as a co-variate.. 

8. To find out the effect size of the developed self-learning module on 

Mathematics Content Knowledge, Attitude towards Mathematics  and the 

score on Teaching Mathematics of prospective teachers at primary level 

 

Participants 

 In order to know the level of MCK and Attitude towards mathematics as well 

as to find out the weakest content area, a survey was conducted on a sample of 100 

D.Ed students selected using stratified sampling technique from four districts of 

Kerala state, viz., Thrissur, Palakkad, Malappuram and Kozhikode, the strata being 
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considered as the locale and type of management.  The sample was selected from the 

central part of Kerala state, because a wide sample cannot be covered within the 

time limit as the data is to be collected in the first week after admission to the D.Ed. 

course. The details of the sample are given as Appendix A.  

 The developed module is intended to enhance performance in teaching 

Mathematics of prospective teachers at primary level in Kerala. Hence the module 

was validated by applying it to an intact group of 40 prospective teachers at primary 

level of DIET Palakkad treated as the experimental group who used the SLM 

together with the regular pre-service teacher education programme and 40 

prospective teachers from DIET Malappuram as control group who have undergone 

regular pre-service teacher education programme at primary level. Details of the 

participants included in the experiment are given as Figure 4.    

                                                

 

 

    

 

 

 

 

Figure 4: Details of Participants of the study 

 

In order to get rated on different aspects of the developed module, a rating 

scale was administered on a sample of 16 teacher educators of 9 institutes, one DIET 

and 8 Teacher Education Institutions. 

Participants (80) 

Control group(40) Experimental group (40) 

Male (5) Female(35) Female (40) Male (0) 
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Thus the participants of the study include 100 prospective teachers for 

survey, 80 for experiment (among which 40 belong to control group and 40 to 

experimental group) and 16 teacher educators. 

Instruments used for the study 

 Following instruments were used for the study: 

1. Scale of attitude towards Mathematics. (Saheedali &Vijayakumari, 2013) 

2. Test of Mathematics Aptitude (Malini &Sumangala, 1996) 

3. Test on Mathematics content Knowledge at primary level (Saheedali 

&Vijayakumari, 2013) 

4. Observation Schedule for assessing teaching performance of prospective 

teachers   

5. Self-learning module in Mathematics. 

6. Rating scale to rate different aspects of  the module 

 Each instrument is described below. 

Scale of Attitude towards Mathematics 

 To measure attitude towards mathematics of the prospective teachers, the 

investigator along with the supervising teacher developed a scale on Attitude 

towards mathematics.  This tool is a five-point Likert-type attitude scale, having 

positive and negative statements. After reviewing the studies related to attitude 

towards mathematics, the investigator identified eight dimensions of Attitude 

towards Mathematics which are given below. 
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1. Value of learning Mathematics 

2. Practicality of Mathematics in life 

3. Anxiety and motivation in Mathematics 

4. Attitude towards teachers of Mathematics 

5. Use of Mathematics to learn other subjects. 

6. Attitude towards Mathematicians 

7. Universalisation of Mathematics 

8. Aesthetics of Mathematics 

Value of learning mathematics 

 Mathematics is regarded as the mother of all sciences. If students are to 

function effectively in this era of rapid technological advancement and 

globalization, they must be mathematically literate. Those who understand and can 

do mathematics have significantly enhanced opportunities and options that will open 

doors to productivity. 

 The Kothari Commission (1964-66) emphasized the significance of 

mathematics in the school curriculum by stating  

One of the outstanding characteristics of scientific culture is quantification. 

The advent of automation and cybernetics, in this century, marks the 

beginning of the scientific industrial revolution and makes it all the more 

imperative to devote special attention to the study of mathematics. Proper 

foundation to the knowledge of the subject should be laid in the school. 
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 In the words of Young (1971)  

Mathematics is the only subject that encourages and develops logical 

thinking. It enables the student to discriminate between essential and non-

essentials. It helps them to sift facts, to draw conclusions tersely and without 

ambiguity and that is the subject by which they may learn what is meant by 

rigid reasoning.  

Therefore, Knowledge of mathematics is very essential for training rational, 

trust worthy and useful citizens in a democratic society. 

So, the investigator has included the above area in the scale. 

Example:  KWn-X-imkvv{Xw ]Tn- -̈hÀ¡vtPmen t\Sm³ Ffp-¸-amWv 

 (Mathematics learning helps in earning a job). 

Practicality of mathematics in life 

 Mathematics is a subject which plays a vital role in every ones life. It has 

many practical applications and is needed at every stage of life. People can get along 

even without their mother tongue but not without mathematical calculations. A 

person belonging to any class of society whether wealthy or poor, has to use the 

knowledge of mathematics in one form or the other. Hence attitude on this aspect 

was also included in the scale. 

Example: \nXy-Po-hn-X-¯nÂ {]tbm-P-\-s¸-Sp-sa-¶p-Å-Xv sIm-­m-Wv Rm³ 

IW¡v ]Tn-¡p-¶-Xv. (I learn Mathematics because of its Practical value). 
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Anxiety and motivation in mathematics 

 Mathematics anxiety and motivation are two important student related 

factors that affect learning of mathematics. Mathematics anxiety is a negative 

feeling to mathematics learning process.   It is a feeling of tension, apprehension, or 

fear that interfere mathematics performance. Motivation in Mathematics is positive 

factor that makes the learner work hard to achieve the goals.  

Example: IW¡v]Tn-¡m³ F\n¡v Xmev]-cy-amWv 

 (I am interested in learning Mathematics). 

Attitude towards teacher of Mathematics 

 Attitude towards Mathematics teachers is a part of Attitude towards 

Mathematics and hence is included as a component in the scale.  

Example: KWn-X-imkv{X A²ym-]-IÀ t{ijvT-cmWv  

 (Mathematics teachers are great persons). 

Use of Mathematics to learn other subjects 

 After understanding the basic concept of mathematics, students need to 

correlate the important concepts of mathematics with other subjects, so as to 

understand other subjects easily and establish relationship. Mathematical knowledge 

plays a crucial role in understanding the contents of other subjects. Thus, this area is 

included in the scale. 
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Example: aäphnj-b-§Ä ]Tn-¡p-hm³ KWnXw klm-bn-¡p¶p 

 (Mathematics helps to learn other subjects). 

Attitude towards Mathematicians 

 Attitude towards mathematicians is positively correlated with the attitude 

towards the subject. So, this component is included in the scale. 

Example: KWn-X-im-kv{X-Ú-cpsS Poh-N-cn{Xw KWnXw ]Tn-¡p-hm³ Ip«n-I-

fnÂv A`n-t{]-c-W-bp-­m-¡p¶p. 

 (Biography of Mathematicians brings motivation to learn mathematics 

among pupils) 

 Initially 63 statements based on the above dimensions were written by the 

investigator. These items were undergone scrutiny by the supervising teacher and 

other experts in the field. The items of the scale were edited as per the correction 

suggested by the experts resulting in a draft scale of 40 items among which 12 are 

negatively stated and 28 are positively stated. Then conducted a try-out among 12 

prospective teachers and modified the items according to their opinion and difficulty 

to understand the item. The draft scale is given as Appendix B. 

Pilot testing 

 The draft scale was administered on a sample of 200 prospective teachers 

from four institutes of teacher education. The sample was selected using stratified 

sampling technique in which type of management and locality of the institutes was 

considered. While administering the tool, proper instruction was given about the 
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procedure of responding to the items and after completion of responding by the 

prospective teachers, response sheets were collected back and scored according to 

the scoring procedure. 

Item analysis 

 The response sheets were arranged in the order of magnitude and upper 27 

percentage and lower 27 percentage were separated as high and low group 

respectively. Mean and standard deviation for each item was calculated and critical 

ratio for each item was estimated for testing the significance of mean difference 

between the two groups for each item. 

          Items with t-value greater than 1.96 were selected for the final scale. Table 1 

contains details of the item analysis for the scale of Attitude towards Mathematics. 
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Table 1  

Mean, S.D and t- value of items of Scale of Attitude towards Mathematics  

Item Group N Mean SD t- value Item Group N Mean SD t- value 

1 
Low 54 4.59 .507 

3.67* 21 
Low 53 4.02 1.065 

2.543* 
High 54 4.91 .392 High 54 4.48 .795 

2 
Low 54 4.46 .539 

0.19 22 
Low 54 4.33 .801 

3.134* 
High 54 4.44 .502 High 54 4.74 .521 

3 
Low 54 4.50 .505 

1.22 23 
Low 54 4.09 .957 

3.455* 
High 54 4.63 .592 High 54 4.63 .623 

4 

 

Low 54 4.29 .843 
2.204* 24 

Low 54 4.35 .955 
2.038* 

High 54 4.59 .538 High 54 4.67 .614 

5 
Low 54 4.33 .932 

2.44* 25 
Low 54 4.39 .878 

1.149 
High 54 4.69 .507 High 54 4.56 .604 

6 
Low 54 4.22 1.058 

1.09 26 
Low 54 4.28 .920 

2.364* 
High 54 4.41 .659 High 54 4.63 .592 

7 
Low 54 4.30 .838 

2.40* 27 
Low 54 4.19 .870 

2.364* 
High 54 4.65 .677 High 54 4.56 .604 

8 
Low 54 4.39 .787 

0.38 28 
Low 54 4.17 1.077 

2.569* 
High 54 4.44 .718 High 54 4.65 .705 

9 
Low 54 4.17 .863 

4.59* 29 
Low 54 4.26 .873 

2.533* 
High 54 4.78 .462 High 54 4.61 .529 

10 
Low 54 4.21 .930 

2.24* 30 
Low 54 4.41 .790 

2.809* 
High 54 4.56 .665 High 54 4.76 .473 

11 
Low 54 3.94 1.054 

5.048* 31 
Low 54 4.31 .865 

2.073* 
High 54 4.74 .483 High 54 4.61 .596 

12 
Low 54 3.96 1.243 

3.251* 32 
Low 54 4.35 .935 

2.671* 
High 54 4.57 .602 High 54 4.74 .521 

13 
Low 54 4.06 .940 

4.400* 33 
Low 54 4.28 .811 

2.93* 
High 54 4.70 .537 High 54 4.56 .746 

14 
Low 54 4.28 .920 

2.990* 34 
Low 54 4.39 .763 

2.170* 
High 54 4.70 .500 High 54 4.68 .619 

15 
Low 54 3.89 1.160 

3.811* 35 
Low 54 4.61 .627 

.325 
High 54 4.57 .633 High 54 4.65 .555 

16 
Low 54 3.96 1.149 

4.398* 36 
Low 54 4.43 .716 

.957 
High 54 4.70 .461 High 54 4.56 .691 

17 
Low 54 3.87 1.150 

4.139* 37 
Low 54 4.48 .771 

2.368* 
High 54 4.59 .567 High 54 4.78 .502 

18 
Low 54 4.19 .992 

2.705* 38 
Low 54 4.55 .588 

3.07* 
High 54 4.61 .596 High 54 4.86 .451 

19 
Low 54 4.07 1.079 

2.935* 39 
Low 54 4.69 .469 

2.075* 
High 54 4.56 .538 High 54 4.85 .359 

20 
Low 54 4.19 .992 

2.308* 40 
Low 54 4.83 .376 

.830 
High 54 4.52 .746 High 54 4.89 .317 

* denotes items selected for the final scale. 
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 Rejecting items with critical ratio less than 1.96 resulted in a final scale of 32 

items. There are 9 items which are negatively worded and 23 items positively 

worded. The final scale is appended as Appendix C. 

Scoring Procedure 

 Each statement in the scale has five possible responses viz., Strongly Agree, 

Agree, Undecided, Disagree and Strongly Disagree. The responses to each item has 

to be scored  as 5, 4, 3, 2, and 1 respectively for responses  Strongly Agree, Agree, 

Undecided, Disagree and Strongly Disagree for a positively stated item. The scoring 

is in the reverse order for a negative statement. The total score for an individual 

stands for his score on Attitude towards Mathematics. Thus, the maximum score on 

the scale is 160 and minimum is 32. 

Reliability  

 Reliability coefficient of the scale was ensured by calculating Cronbach 

alpha coefficient. Cronbach alpha coefficient obtained is 0.78. The test-retest 

method was also used for finding the reliability of the scale. The developed scale 

was administered on a sample of 30 students for the first time and the same scale 

was administered after three weeks to the same students. The correlation coefficient 

was calculated for the two sets of scores. The obtained value is .887.  Thus the 

instrument can be considered as a reliable one. 

Validity 

 The scale has face validity as these items seem to measure attitude towards 

mathematics. The criterion related validity was also ensured empirically by 
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correlating the scores on the developed scale on Attitude towards Mathematics with 

the scores on the scale of Attitude towards Mathematics developed by Sumangala 

and Sunny (1987). For this, both the scales were administered on a sample of 30 

D.Ed students. After scoring the responses, correlation between the two sets of 

scores was calculated. The Correlation coefficient obtained is 0.84. Hence the scale 

is valid to measure Attitude towards Mathematics. 

Test of Mathematics Aptitude (Sumangala & Malini, 1996) 

 This test is used to measure Mathematics Aptitude of Prospective teachers. 

The test includes five sub tests on Numerical Aptitude, Numerical Reasoning, 

Ability to use symbols, Spatial ability and Abstract Reasoning. The details are given 

as Table 2. 

Table 2 

Components of test of Mathematics Aptitude 

Sl.No Name of Sub Test Number of questions Allotted time(Minutes) 

1 Numerical Aptitude 25 25 

2 Numerical Reasoning 12 10 

3 Ability to use symbols 5 5 

4 Spatial Ability 9 8 

5 Abstract Reasoning 16 10 

 Total 67 58 

 

 Each subtest   of the test of Mathematics Aptitude is described below. 
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Test 1: Numerical Ability 

          The test of Numerical Ability is intended to measure the quickness and 

accuracy in simple arithmetic calculations. This part contains 25 items and takes 25 

minutes to complete. 

Example: (0.25+5) x5-0.05 =........................... 

A. 0.15                      B. 0.25                    C.0.2                             D.0.05 

Test 2: Numerical (Mathematical) Reasoning      

 Test of Numerical (Mathematical) reasoning is intended to test the reasoning 

power of students in doing mathematical verbal problems. It includes clear 

understanding of the problems, processing the data mentally and then reaching at the 

solution. This part contains 12 items and allotted 10 minutes to complete. 

Example: If X(X-Y)=0, then which of the following is the correct conclusion? 

          A.X=0             B.X=0  or Y=0             C.X=Y              D.X=0 and Y=0 

Test 3. Test of Ability to use symbols 

 Test of ability to use symbols is intended to test the ability of students in 

comprehending mathematical symbols with ease and accuracy. This part contains 5 

items and takes 5 minutes to complete. 

Example: If * denotes the division, + denotes multiplication, then  

(18 * 6)+(24*2)+12=? 
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Test 4: Spatial Ability 

 The test of spatial ability measures the pupils ability to visualize geometric 

patterns in space and then arriving at the solutions. This part contains 9 items and is 

to be completed within 8 minutes. 

Example: How many triangles are there in the following picture? 

 

 

 

                                     A.10       B.8          C.12       D.9 

Test 5. Test of Abstract Reasoning  

 Test of Abstract Reasoning involves three types  of test items, viz., analogy, 

series, and classification. Students have to use  their reasoning rather than rote 

memory or associations. This sub-test contains 16 items and is to be answered 

within 10 minutes. 

Example: 
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Scoring procedures 

 As all the items are of objective type, the scoring scheme is to give 1 score to 

the correct answer and 0 score for the incorrect answer. The maximum score 

obtainable for the test is 67 and the time allotted is 58 minutes. 

Reliability 

 The test-retest reliability coefficient of the total test is 0.72 (N=40). Alpha 

Coefficient of reliability is 0.68 (N=100). Hence the test can be considered as a 

reliable one. 

Validity 

 The criterion-related validity coefficient (against school score in 

Mathematics) is 0.65 which is established on a sample of 40 standard nine students. 

Hence the test is valid to measure Mathematics Aptitude of students. 

 A copy of the test is given as Appendix D. 

Test on Mathematics Content Knowledge at primary level 

 The mathematics content knowledge of prospective teachers was measured 

through a test on basics of mathematics constructed in the format of an achievement 

test. The stages of development of the test are described below. 

Planning 

 A test of 100 items on the basics of Arithmetic, Algebra and Geometry (upto 

7
th

 standard) for one hour duration was planned for the purpose. Objective type 

questions are expected to be included in the test. 
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Designing 

 The content to be included was finalized by analyzing the mathematical 

portions of Kerala syllabus from standard 3 to standard 7. Then weightage to 

objectives, content, form of questions and difficulty level were fixed. The details are 

given in table 3 to Table 6. 

Table 3 

Weightage to objectives 

Sl No Objectives Score Percentage 

1 Knowledge 27 27 

2 Understanding 52 52 

3 Application 21 21 

 Total 100 100 

 

Table 4 

Weightage to Content 

Sl.No Content Score Percentage 

1 Algebra 6 6 

2 Arithmetic 66 66 

3 Geometry 28 28 

 Total 100 100 
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Table 5 

Weightage to form of questions 

Sl no 
Type of Objective  

Questions 

Number of 

questions 
Score Percentage 

1 Multiple choice 94 94 94 

2 Completion 06 06 06 

 Total 100 100 100 

 

Table 6 

Weightage to Difficulty level 

Sl No Difficulty Level Score Percentage 

1 Easy 11 11 

2 Average 67 67 

3 Difficult 22 22 

 Total 100 100 

 

Blue Print 

 A blue print was made based on the basis of design of the test which is given 

in the Table 7. 
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Table 7 

Blueprint of the  test on Mathematics Content Knowledge at primary level 

Objectives Knowledge Understanding Application Grand Total 

Content MC C MC C MC C MC C 

Algebra 1(2)  1(3)  1(1)  1(6)  

Arithmetic 1(16)  1(38)  1(12)  1(66)  

Geometry 1(5) 1(4) 1(9) 1(2) 1(8)  1(22) 1(6) 

Total 1(23) 1(4) 1(50) 1(2) 1(21)  1(94) 1(6) 

Grant Total 27 52 21 100 

 (Note: MC: Multiple Choice ,  C: completion type, The Number outside the 

parenthesis indicates the score and the number inside it  indicates the number of 

questions. 

 

Writing the Items 

 The areas included are arithmetic, geometry and algebra. The topics included 

under Arithmetic are numbers, fractions, percentage, decimal numbers and ratio & 

proportion, geometry and algebra. As per the requirements in the blueprint, items 

were written.   These items were undergone scrutiny by experts in Mathematics 

education and corrections were made as per their suggestions. These items were 

arranged in the order of difficulty. Multiple choice and completion type questions 

were included.  

Try out 

 The draft test was administered on a sample of 110 prospective teachers 

selected through stratified sampling technique. After responding (duration of 1 hour) 

the response sheets were collected back and scored. For this, a correct answer was 
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given 1 score and a wrong one zero. Total score for each response sheet was 

calculated. 

Item Analysis 

 For the purpose of ensuring the quality of items, item analysis was done by 

calculating difficulty index and discrimination power. For this, the response sheets 

were arranged in the ascending order and the top 27 Percentage (30) and lower 27 

percentage (30) were separated. Difficulty index and discriminating power of each 

item was calculated using the formulae, 

N2

LU
Di


  

N

LU
Dp


  

Where U is the number of correct responses in the upper group, L is the number of 

correct responses in the lower group and N=30. 

 An item with low difficulty index is a difficult item and an item with high 

difficulty index is an easy one. Items with high discriminating power are better 

items. As per the design, 11 items are easy and 22 items are difficult. Items with 

difficulty index less than or equal to .45 was considered as difficult items and that 

above .6 as easy items. It was found that all the 100 items have discrimination power 

greater than .4. The details of item analysis are given in table 8. 
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Table 8 

 Difficulty index and Discrimination power of the items in the draft test 

Item No. U L DI DP 

1* 28 9 0.62 0.63 

2* 26 5 0.52 0.7 

3* 29 5 0.57 0.8 

4* 25 10 0.58 0.5 

5* 26 9 0.58 0.57 

6* 27 4 0.52 0.77 

7* 18 1 0.32 0.57 

8* 26 4 0.5 0.73 

9* 27 4 0.53 0.8 

10* 15 12 0.58 0.57 

11* 28 6 0.57 0.73 

12* 22 12 0.37 0.73 

13* 28 10 0.63 0.6 

14* 25 10 0.45 0.83 

15* 28 2 0.5 0.87 

16* 16 5 0.41 0.54 

17* 26 4 0.5 0.73 

18* 22 10 0.37 0.73 

19* 26 9 0.58 0.57 

20* 4 1 0.41 0.57 

21* 19 7 0.53 0.8 

22* 9 1 0.41 0.44 

23* 14 1 0.38 0.63 

24* 20 11 0.495 0.65 

25* 10 5 0.52 0.60 

Item No. U L DI DP 

26* 5 1 0.50 0.48 

27* 29 10 0.65 0.63 

28* 30 7 0.62 0.77 

29* 28 11 0.60 0.57 

30* 29 9 0.63 0.67 

31* 28 4 0.60 0.56 

32* 30 6 0.6 0.8 

33* 30 1 0.52 0.97 

34* 11 1 0.54 0.48 

35* 28 4 0.53 0.8 

36* 12 2 0.54 0.71 

37* 27 5 0.45 0.83 

38* 17 5 0.52 0.53 

39* 19 7 0.43 0.4 

40* 21 2 0.51 0.53 

41* 18 1 0.46 0.52 

42* 20 1 0.44 0.5 

43* 14 3 0.52 0.60 

44* 25 12 0.50 0.48 

45* 19 7 0.43 0.4 

46* 21 2 0.38 0.63 

47* 23 5 0.52 0.97 

48* 28 2 0.5 0.87 

49* 29 10 0.65 0.63 

50* 26 4 0.5 0.73 

Item No. U L DI DP 

51* 15 12 0.58 0.57 

52* 28 6 0.57 0.73 

53* 28 2 0.5 0.87 

54* 26 4 0.5 0.73 

55* 26 5 0.52 0.7 

56* 28 2 0.5 0.87 

57* 26 4 0.5 0.73 

58* 20 7 0.52 0.60 

59* 28 2 0.5 0.87 

60* 14 6 0.62 0.48 

61* 29 10 0.62 0.48 

62* 10 1 0.68 0.44 

63* 19 7 0.43 0.4 

64* 15 12 0.58 0.57 

65* 28 6 0.57 0.73 

66* 15 5 0.45 0.83 

67* 29 5 0.57 0.8 

68* 25 10 0.58 0.5 

69* 15 12 0.58 0.57 

70* 26 4 0.5 0.73 

71* 28 6 0.57 0.73 

72* 14 7 0.52 0.60 

73* 21 1 0.62 0.48 

74* 12 10 0.50 0.48 

75* 15 12 0.58 0.57 

Item No. U L DI DP 

76* 18 12 0.52 0.97 

77* 28 2 0.5 0.87 

78* 26 4 0.5 0.73 

79* 17 2 0.52 0.60 

80* 15 6 0.50 0.48 

81* 15 2 0.45 0.51 

82* 19 7 0.46 0.47 

83* 20 10 0.44 0.50 

84* 22 0 0.37 0.73 

85* 28 6 0.57 0.73 

86* 25 5 0.58 0.57 

87* 22 7 0.57 0.73 

88* 19 7 0.43 0.4 

89* 15 12 0.58 0.57 

90* 28 6 0.57 0.73 

91* 21 7 0.58 0.57 

92* 14 4 0.52 0.97 

93* 28 6 0.57 0.73 

94* 28 2 0.5 0.87 

95* 22 3 0.47 0.5 

96* 15 12 0.57 0.73 

97* 24 12 0.45 0.48 

98* 22 5 0.51 0.47 

99* 19 7 0.43 0.4 

100* 19 7 0.43 0.4 

     * denotes items selected for final test 
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Final Test 

 All the items in the draft test were found to be having sufficient item 

qualities. Thus the final test includes 100 items among which 94 are multiple choice 

questions and 6 are completion type. Question wise analysis was done to have an 

evaluation of the test developed and is given as table 9. 

Table 9 

Question wise Analysis of test on Mathematics Content Knowledge 

Qn. No 
Type of  

questions 
Objective Content area Difficulty level 

1 MC Knowledge Arithmetic Easy 

2 MC understanding Arithmetic Average 

3 MC understanding Arithmetic Average 

4 MC Application Arithmetic Average 

5 MC understanding Arithmetic Average 

6 MC Application Arithmetic Average 

7 MC Application Arithmetic difficult 

8 MC Application Arithmetic average 

9 MC Application Algebra Average 

10 MC Understanding Arithmetic Average 

11 MC Understanding Arithmetic Average 

12 MC Understanding Arithmetic Difficult 

13 MC Understanding Geometry Easy 

14 MC Understanding Arithmetic Difficult 

15 MC Understanding Arithmetic Average 

16 MC Application Arithmetic Difficult 

17 MC Understanding Geometry Average 

18 MC Understanding Geometry Difficult 

19 MC Understanding Geometry Average 
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Qn. No 
Type of  

questions 
Objective Content area Difficulty level 

20 MC Understanding Geometry Difficult 

21 MC Understanding Arithmetic Average 

22 MC Understanding Arithmetic Difficult 

23 MC Application Geometry Difficult 

24 MC Understanding Algebra Average 

25 MC Understanding Arithmetic Average 

26 Completion Knowledge Geometry Average 

27 Completion Knowledge Geometry Easy 

28 Completion Knowledge Geometry Easy 

29 Completion Knowledge Arithmetic Average 

30 MC Knowledge Arithmetic Easy 

31 MC Understanding Arithmetic Average 

32 MC Understanding Arithmetic Average 

33 MC Understanding Arithmetic Average 

34 Completion Understanding Geometry Average 

35 Completion Understanding Geometry Average 

36 MC Understanding Algebra Average 

37 MC Application Arithmetic Difficult 

38 MC Application Arithmetic Average 

39 MC Understanding Arithmetic Difficult 

40 MC Application Arithmetic Average 

41 MC Application Arithmetic Average 

42 MC Application Geometry Difficult 

43 MC Understanding Geometry Average 

44 MC Application Geometry Average 

45 MC Application Geometry Difficult 

46 MC Application Geometry Difficult 

47 MC Understanding Arithmetic Average 

48 MC Understanding Arithmetic Average 
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Qn. No 
Type of  

questions 
Objective Content area Difficulty level 

49 MC Knowledge Arithmetic Easy 

50 MC Understanding Arithmetic Average 

51 MC Application Arithmetic Average 

52 MC Understanding Arithmetic Average 

53 MC Understanding Arithmetic Average 

54 MC Understanding Arithmetic Average 

55 MC Understanding Arithmetic Average 

56 MC Understanding Geometry Average 

57 MC Understanding Geometry Average 

58 MC Understanding Geometry Average 

59 MC Understanding Geometry Average 

60 MC Understanding Geometry Easy 

61 MC Knowledge Arithmetic Easy 

62 MC Knowledge Arithmetic Easy 

63 MC Application Arithmetic Difficult 

64 MC Knowledge Arithmetic Average 

65 MC Knowledge Arithmetic Average 

66 MC Understanding Arithmetic Difficult 

67 MC Knowledge Arithmetic Average 

68 MC Knowledge Geometry Average 

69 MC Knowledge Algebra Average 

70 MC Knowledge Arithmetic Average 

71 MC Knowledge Arithmetic Easy 

72 MC Knowledge Arithmetic Average 

73 MC Knowledge Arithmetic Easy 

74 MC Understanding Arithmetic Average 

75 MC Understanding Arithmetic Average 

76 MC Understanding Arithmetic Average 

77 MC Knowledge Arithmetic Average 
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Qn. No 
Type of  

questions 
Objective Content area Difficulty level 

78 MC Understanding Algebra Average 

79 MC Understanding Arithmetic Average 

80 MC Understanding Arithmetic Average 

81 MC Understanding Arithmetic Difficult 

82 MC Application Geometry Average 

83 MC Application Geometry Difficult 

84 MC Understanding Algebra Difficult 

85 MC Understanding Geometry Average 

86 MC Knowledge Geometry Average 

87 MC Knowledge Geometry Average 

88 MC Understanding Geometry Difficult 

89 MC Understanding Geometry Average 

90 MC Application Arithmetic Average 

91 MC Application Arithmetic Average 

92 MC Knowledge Algebra Average 

93 MC Knowledge Algebra Average 

94 MC Knowledge Algebra Average 

95 MC Knowledge Arithmetic Average 

96 MC Knowledge Arithmetic Average 

97 MC Knowledge Algebra Difficult 

98 MC Understanding Arithmetic Average 

99 MC Understanding Geometry Difficult 

100 MC Application Geometry Difficult 

 

 The Final test together with scoring key is given in Appendix E. 
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Scoring procedure 

 A score of 1 is given for correct response and zero for a wrong one. Thus the 

maximum score obtainable in the test is 100 and the minimum is zero. 

Reliability of the test 

 Reliability of the test was calculated using Split half method. For this the 

response sheets of 50 students were selected randomly and the answer sheets were 

scored and the scores obtained for the items having odd and even number was 

grouped separately. Then the coefficient of correlation of the two sets of scores was 

found using Pearson‟s product moment coefficient of correlation. The coefficient of 

correlation obtained is 0.54, which is the reliability coefficient of the half test. The 

reliability coefficient of the whole test was calculated using Spearman – Brown 

prophecy formula (Garrette, 2007) and the value obtained is 0.70, which shows that 

the test possesses high reliability. 

Validity  

  Content validity of the test was achieved by logical analysis of the content in 

the prescribed text books for standard 3 to 7 of Kerala state. Also proper design and 

blue print were prepared based on which items are prepared. Hence the test is valid 

to measure Mathematics content knowledge. 

Observation schedule for teaching Mathematics of prospective teachers 

 The teaching performance of the participants was observed and rated by the 

investigator. For this, an observation schedule was used which was prepared by the 

investigator. 
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 The schedule considered 6 areas of teaching. The details are given in  

Table 10. 

Table 10 

Observation schedule for teaching Mathematics 

Sl.No Area Items considered for assessment 

1 Planning   Well-structured Pedagogic analysis 

 suitable activities 

 Teaching manual-structure 

 Detailing of activities 

 follow-up activities 

2 Implementation of  the 

learning activities 
 Test of previous knowledge 

 Presentation of new content 

 Activities according to student level and L.O 

 Participation of students in activities 

 consolidation of activities 

3 Use of learning 

strategies and TLMs 
 Effective use of methodology 

 effective group work 

 use of BB 

 use of ICT 

 use of apt TLM 

4 Evaluation  Initiative to conduct the CE 

 suitable questions 

 considering portfolio 

 suitable strategy  

 Change in the learning process according to the 

response of students 
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Sl.No Area Items considered for assessment 

5 Learning Environment  Freedom to ask doubts 

 individual attention 

 discipline 

 Space management  

 student friendly  

6 Consolidation  Related to learning outcome 

 Questions to understand student level 

 Appropriate student responses 

 Appropriate follow-up activities 

 Time management 

 

 The rating is as 5, 4, 3, 2, 1 respectively to the performance of the 

prospective teachers as per the number of criteria present in each area. 

        Scoring was done according to the specifications given under each item. At 

each stage of classroom instruction, the observer has to provide appropriate scores 

according to the performance of the teacher. In the planning stage, the score is to be 

given by assessing the lesson plan prepared by the teacher for that particular class. 

Reliability and Validity of the observation schedule. 

 Two Mathematics teacher educators observed the same class and assessed 

the performance of 14 students using the observation schedule without consultation. 

Then the scores obtained from the two observations of the 14 students were 

correlated and the correlation coefficient obtained is .72. Hence the observation 

schedule can be considered as having sufficient reliability and validity. 
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Development of the Self learning Module.  

 To be a successful teacher, one needs to have mastery over both content and 

methodology related to the classroom transaction.  Content analysis of the text 

books up to seventh standard revealed that the major branches of mathematics dealt 

in these classes are arithmetic and geometry with a small representation of algebra. 

The test on mathematics content knowledge was developed based on these areas 

with due representation as in syllabi. The topics included in the test are Numbers, 

Fractions, Percentage, Decimal numbers, Ratio & Proportion, Geometry and 

Algebra. The percentage scores obtained by 100 D.Ed students in the initial survey 

is given as table 11. 

Table 11 

Percentage of scores obtained by D.Ed students 

Area No. of questions Percentage score 

Fraction 20 17.60 

Number sense 25 34.28 

Percentage 8 31.38 

Proportion & Ratio 6 35.67 

Decimal Numbers 7 27.71 

Algebra 6 16.50 

Geometry 28 19.57 

Total 100 25.13 

 

          The analysis of the performance level of the target group in the test on MCK 

evidently shows that their content knowledge is not rich enough in numbers, 
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Fractions, Percentage, Decimal numbers, Ratio & Proportion, Geometry and 

Algebra. It is also found that 'fractions' and „algebra‟ are the units where they feel 

difficulty at the maximum. By considering the purpose of teaching the content area 

„fractions‟ during the internship of the prospective teachers and as a small content of 

algebra is covered at the primary level than fractions, the investigator developed the 

pedagogic module with respect to the content area „fractions‟ 

           In view of the findings of the survey, the investigator decided to develop 

content enrichment module for the units in Arithmetic viz., Fractions, Percentage, 

Decimal numbers, Ratio & Proportion; Geometry and Algebra. Number sense being 

the basic for all, and familiar to the students, Special cards in digital format was 

given. This will help the prospective teachers to enrich their awareness and depth in 

terms of concepts and mathematical derivations. 

At the same time the investigator decided to develop pedagogic self-learning 

module in the area of 'fractions' due to the following reasons. 

1. The intensity of the difficulty met by the target group is very high in this area 

when compared with the other four areas in arithmetic. 

2. The prospective teachers have to deal with the portion related to 'fraction' as 

they undergo internship in schools.  

 Hence, it is decided to develop two modules viz., content on Fractions, 

Percentage, Decimal numbers, Ratio & Proportion, Geometry and Algebra (with 

digital version) and pedagogy pertaining to fraction. 
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Strategy adopted to develop the module 

 Developing a module frame was the initial step for which the investigator 

conducted detailed discussion with experts in the concerned area and also made use 

of reference materials fit for the purpose. Based on the need and requirement of the 

target group, objectives were formulated pertaining to each area. For the six area 

under consideration, viz., Fractions, Percentage, Decimal numbers, Ratio and 

Proportion, Geometry and Algebra content enrichment modules were developed. A 

pedagogic support module was also developed for ensuring better transaction in 

'fraction'. Vigilance was also kept to ensure that the module is developed with 

proper scientific footing . The steps followed in the construction of the module is 

that recommended by Sharma(2000). 

Design of the content module 

 A common module frame was developed before attempting the content 

module pertaining to all the six areas. The general structure is as follows (Sharma, 

2005). 

Introduction 

 This part points out the importance of the topic and the need and significance 

of learning the content in a life related as well as mathematical perspective. 

 Objectives 

 Here the objectives of the content module are listed at micro level. 
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Main concepts 

 Since mathematics is a life-oriented subject, all mathematical concepts need 

to be presented in its most simplified form, especially at primary or entry level. Here 

the concepts are presented in the very same spirit. To make the teaching/learning 

easier, sub-concepts are also presented in a convincing manner with proper 

examples. 

Activities and Examples 

 Activities are designed in relation with the perception level of the 

prospective teachers. Examples given in this area are for helping them for easy 

conceptualization. The investigator kept proper vigilance for incorporating ICT 

integration in areas wherever possible. Being a Self-learning module, this will help 

them for better acquisition of the content. 

Consolidation 

 This section gives importance to sum up the conceptual ideas under the unit 

in a practical and logical spirit. 

Unit-end activities 

 By the end of each module, the prospective teachers may undergo a self 

check mechanism leading to better perception and confidence over the content. This 

is a collection of such items. 
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Pedagogic Module 

 From the preliminary analysis of responses on the test on MCK, it has been 

found that, in arithmetic, 'fraction' is the  most difficult area  for the prospective 

teachers. This module has the following eight sections. (Sharma, 2005). 

1.  Introduction 

 In addition to the historical and logical parameters, this part provides special 

attention to the pedagogic aspects helping a comfortable and easy transaction of the 

content. Proper vigilance was kept for threading the content with most appropriate 

and feasible techniques. 

2. Module Frame 

 Apart from the concepts, this part discusses various teaching learning 

process sensibly linked with learning outcomes put forward by the curriculum. 

Hence the investigator attempted to ensure co-ordination of the three major 

components viz., Concepts, teaching-learning process and the expected learning 

outcomes. 

3. Methodology 

 In view of the prescribed contents and the pedagogic content knowledge 

level of the target group, the investigator visioned appropriate techniques and 

strategies for each and every concept and are specified minutely. Familiarizing the 

concept of fraction, inductive-deductive method, experimental method and heuristic 

method are used according to the context. 
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4. Previous Knowledge 

 These areas gives a brief outline of the pre-requisites on the part of the target 

groups for better transaction and are specified at micro level. 

5. Teaching-learning materials 

 Instead of using the conventional teaching-learning material, the module 

visualises and suggests using typical TLMs including ICT materials. It is felt that in 

the very context of dissemination of the use of ICT materials in the classrooms, the 

attempt is of high pedagogic significance. Various types of worksheets are also 

developed for the purpose. 

6. Learning activities 

 This is a unique collection of activities which are developed exclusively for 

transacting the concepts. Efforts are taken to ensure the quality of activities in terms 

of logical reasoning, achievement of skills and concept attainment. The module also 

helps the target group for self-learning. 

7. Consolidation 

 The concepts developed at each stage of learning are subjected for summing 

up. This ensures comprehensiveness on the part of the target group. 

8. Assessment 

 This part is crucial in the sense that it helps the prospective teachers for the 

following. 
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 Introspection 

 Self-reflection. 

 Know/Check the level at which process skills are attained. 

 Apply the acquired knowledge in practical situations.(Sharma, 2000) 

 The constructed module both content and pedagogic parts are presented as 

Appendix F  (Both Malayalam and English versions).  The digital support of the 

module is given as Appendix G.  

To validate the module, a rating scale on different aspects under content and 

structure was given to 16 teacher educators at primary level. All teacher educators 

agreed upon the dimensions of the content and structure, comprehensiveness, 

correctness, clarity, simplicity, needfulness, orderliness and digital support. Positive 

comments on the usefulness and need of the module reveals that the module is valid 

to improve the content knowledge and teaching in mathematics. 

The response sheets are given as Appendix H. 

Data Collection procedure 

 The investigator conducted a survey on MCK and attitude towards 

mathematics among prospective teachers. For this the tools were administered on a 

sample of 100 D.Ed students of five teacher education institutions of four districts. 

The investigator contacted the respective principals and sought permission for the 

collection of data. First year students were included in the study. The tools were 

administered with proper instructions and after prescribed time (test on MCK) the 

response sheets were collected back and scored as per the scoring procedure. 
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 After the module is constructed, the digital version was sent through email to 

individual teacher educators and then personally met to get data on the rating of the 

module. 

 The constructed module was experimented on a group of 40 first year 

prospective teachers of DIET, Palakkad. The control group included 40 first year 

students of DIET, Malappuram with whom the performance of the experimental 

group was compared. After finalizing the experimental and control groups, the 

investigator administered the instruments, Scale of Attitude towards Mathematics, 

Mathematics Aptitude Test and test on MCK at primary level  to both groups. 

 Then the module was introduced to the experimental group where as no 

special attention was given to the control group. Since the module is a self-learning 

one, students were allowed to take their copy to home and were able to learn the 

module at their own pace. Doubts if any were clarified and frequently enquired on 

the progress. After two months of introducing the module (content part), during 

internship programme, the pedagogic part was introduced to the experimental group. 

A digital platform of both content and pedagogic module were also provided to the 

experimental group in the form of CD named TiME (Technology in Mathematics 

Education). The CD contains two versions (Malayalam and English) of SLM.  

 Then classes of participants of both experimental and control groups were 

observed and rated by the investigator using an observation schedule. Then after 

internship programme, the instruments, Scale of Attitude towards Mathematics and 

Test on mathematics content knowledge at primary level were administered to both 

groups.  
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Scoring and consolidation of data 

 After each administration, the data sheets of each instrument was scored as 

per the respective scoring procedure and tabulated in excel format. 

Statistical techniques used 

 The tabulated data was analysed using Statistical Package for Social 

Sciences (SPSS) as per the objectives of the study. Preliminary statistics like mean 

and standard deviation was calculated. 

 The inferential statistics used for testing hypotheses are 

 Test of significance of mean difference for two large independent groups. 

 Test of significance of mean difference for large dependent groups. 

 Analysis of Co-variance 

 Cohen's d for calculating the effect size. 

Test of significance of mean difference for two large independent groups 

 Test of significance of difference between means for large independent 

groups was used as a two-tailed test to test whether the mean scores of experimental 

and control groups differ significantly .The critical ratio is calculated by the formula  

t  =  
D

21 MM




                   (Garett, 2007)                                  

 Where, M1  is the mean of the Experimental group 

             M2     is the mean of the Control group 
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and  standard error   is     
 

where  σ1=Standard deviation of the Experimental group 

           σ2=Standard deviation of the Control group 

            N1=Size of the Experimental group 

            N2=Size of the Control group 

 When the critical ratio exceeds 1.96 (.05 level) or 2.58 (.01 level) the tabled 

values for significance, difference between the experimental and control groups will 

be treated as significant. 

Test of significance of mean difference for two large dependent groups 

 Test of significance of mean difference for two large dependent groups was 

used to test the significance of difference between mean scores of pre- tests and 

post-tests of both experimental and control groups. 

 The critical ratio is calculated by the formula  

 

Where, M1  is the mean of the experimental group 

   M2 is the mean of the control group
 

 σ1=Standard deviation of the experimental group 

 σ2=Standard deviation of the control group 

   N1=Size of the experimental grou 

 N2=Size of the control group and „r‟ the Pearson‟s coefficient of correlation 

between the two sets of scores.  
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 If the obtained value is greater than the value required for significance at the 

specified level, it is taken as there is difference between the two group means.  

Analysis of Co-variance 

 ANCOVA is a powerful statistical tool for test of significance of difference 

between means. It is used to examine if there is significant difference between the 

group means in view of the inherent variability within the separate groups. 

 ANCOVA is a very effective technique of testing experimental hypotheses 

especially when the groups to be compared are initially unlike in some relevant 

variables Hence ANCOVA is used to know whether the SLM has significant effect 

on MCK, Attitude towards Mathematics and Teaching Performance in Mathematics 

when scores on Mathematics Aptitude is controlled statistically.  

Cohen's d for calculating effect size 

 To calculate the effect size of the treatment variable on the dependent 

variables Cohen‟s d was calculated using the formula  

 

when there is homogeneity of variance and Glass‟s delta using the formula  

 

When unequal standard deviations exist. A value greater than .8 shows a large 

effect. 
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 Analysis of the collected data was done on the basis of the objectives of the 

study. Details of the analysis and discussion of results are presented under major 

headings viz.,  

Extent of Mathematics Content Knowledge (MCK),  Attitude towards Mathematics 

and Mathematics Aptitude among prospective teachers.         

Comparison of pre-test mean scores on MCK, Attitude towards Mathematics and 

Mathematics Aptitude of experimental and control groups. 

Effect of the developed SLM on Teaching Mathematics, MCK and Attitude towards 

Mathematics. 

The details of analysis and discussion of results are presented below. 

Extent of Mathematics Content Knowledge, Attitude towards Mathematics and 

Mathematics Aptitude among prospective teachers at primary level 

    To know the extent of Mathematics Content Knowledge and Attitude 

towards Mathematics and Mathematics Aptitude among prospective teachers at 

primary level at the beginning of the D.Ed course, mean and standard deviation of 

the respective scores were calculated for the total sample selected for the survey. 

The mean and standard deviations on the scores on Mathematics Aptitude of the 

sample included in the experiment is also calculated. The details of the analysis are 

given in Table 12. 
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Table 12 

Mean and standard deviation of the scores on Mathematics Content Knowledge, 

Attitude towards Mathematics and Mathematics Aptitude 

Variable N Mean SD Minimum Maximum 

Mathematics content Knowledge 100 25.13 7.43 10 43 

Attitude towards Mathematics 100 84.23 12.07 57 113 

Mathematics Aptitude 80 29.78 6.91 18 47 

 

        The mean score obtained for Mathematics Content Knowledge is 25.13 with a 

standard deviation of 7.43. The maximum score obtainable for the test is 100 

indicating that the mean score is too low. That is prospective teachers at primary 

level have a low level of Mathematics Content Knowledge at the entry level of their 

training programme. Also the least score obtained is 10 and the maximum score is 

43. This indicates that the initial level of Mathematics Content Knowledge among 

prospective teachers at primary level is not at all satisfactory.  

 This finding is concomitant with that of Corcoran (2005) and Lowrie  and 

Jorgensen (2015)  in which D.Ed students of various states and countries are found 

to have low Mathematics Content Knowledge . 

           Also, the mean score obtained for Attitude towards Mathematics is 84.23 

with a standard deviation of 12.07. The maximum score and minimum score 

obtainable on the scale are 160 and 32 respectively. This indicates that the mean 

score is very low. While considering the moderate score 3 of the attitude scale, the 

total score obtainable is 96, which indicates a neutral position regarding 

Mathematics. But a mean score less than this neutral value shows a negative attitude 
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towards Mathematics among D.Ed students. The minimum score obtained is 57 and 

maximum score obtained is 113 which again indicate an unsatisfactory level of 

attitude among primary level prospective teachers towards Mathematics.     

         The findings of Bolden and Barmby (2014) and Amato (2004) revealed that 

negative attitude exists among prospective teachers at the initial stage of the teacher 

training course and the findings of studies by Bose (1993), Akkaya and Memnun 

(2012) indicate the significant relation between positive attitude towards 

Mathematics and previous academic achievement among the prospective teachers. 

         From table 12, it can be seen that the mean score of  Mathematics Aptitude  

is 29.78 with a standard   deviation of  6.91. The maximum score obtainable in the 

test is 67 which indicate the obtained mean score is considerably low. That is D.Ed 

students have a low level of Mathematics Aptitude. The minimum score obtained is 

18 and maximum is 47.  Hence D.Ed students have low level of Mathematics 

Aptitude.      

Comparison of pre-test mean scores on Mathematics Content Knowledge, 

Attitude towards Mathematics and Mathematics Aptitude of experimental and 

control groups 

    To compare the pre-test mean scores on Mathematics Content Knowledge 

(MCK), Attitude towards Mathematics and Mathematics Aptitude of experimental 

and control groups, two-tailed test of significance of difference between means for 

large independent groups was used and the results are presented in table 13. 
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Table 13 

Details of test of Significance of difference in  Pre-test mean scores on MCK, 

Attitude towards Mathematics and Mathematics Aptitude of experimental and 

control groups 

Sl. 

No 
Variable Groups N Mean SD 

Critical 

Ratio 

1 MCK 
Experimental 40 14.28 5.213 

1.704 
Control 40 12.52 3.876 

2 
Attitude towards 

Mathematics 

Experimental 40 90.88 13.717 
4.341

**
 

Control 40 78.40 11.927 

3 
Mathematics 

Aptitude 

Experimental 40 29.60 7.847 
0.225 

Control 40 29.95 5.922 

   ** denotes p≤ .01 

      Table 13 shows that the critical ratio obtained for the variable Mathematics 

Content Knowledge (Pre-test Scores) is 1.704 which is less than 1.96, the value 

required for significance of Mean difference at .05 level. Hence the difference in the 

mean scores of Mathematics Content Knowledge of experimental and control groups 

at the initial  level is not significant even at .05 level of significance. Hence it can be 

considered as the two groups do not differ in their initial level of Mathematics 

Content Knowledge. 

     In the case of Attitude towards Mathematics, the critical ratio obtained is 

4.341 which is greater than 2.58, the value required for significance at .01 level. 

That is, the experimental and control groups differ significantly in their initial level 

of Attitude towards Mathematics. The mean scores of experimental and control 

groups are 90.88 and 78.40 with Standard deviation 13.717 and 11.927. Since the 
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mean scores are less than the middle score on the scale (96), it can be considered 

that both groups are not having positive attitude towards mathematics. Hence though 

the two groups differ significantly in their mean scores on initial level of Attitude 

towards Mathematics, favoring the experimental group, both groups are generally 

having negative attitude towards the subject. 

      In the case of Mathematics Aptitude, the critical ratio obtained is 0.225 

which is less than 1.96, the value required for significance of mean difference at .05 

level. Hence the difference in the mean scores of Mathematics Aptitude of 

experimental and control groups at the initial level is not significant even at .05 level 

of significance. Hence it can be considered as the two groups do not differ in their 

Mathematics Aptitude. 

 For easy comparison of the mean scores of experimental and control groups 

on MCK, Attitude towards Mathematics and Mathematics Aptitude a bar diagram is 

given as figure 5. 



 

 

 

Analysis   111 

 

Figure 5:  Pre-test mean scores on MCK, Attitude towards Mathematics and 

Mathematics Aptitude of experimental and control groups 

 

 

 The diagram shows that mean scores of the variables MCK and Mathematics 

aptitude of experimental and control groups are almost same where as experimental 

group has a higher mean score in Attitude towards mathematics. 

Effect of the developed SLM on Teaching Mathematics, MCK and Attitude 

towards Mathematics  

 Effect of the developed SLM on Teaching performance, MCK and Attitude 

towards Mathematics was tested by comparing the mean scores of these variables 

between experimental and control groups in the post test and gain scores and also 

comparing the pre and post test scores of both experimental and control groups.  



 

 

 

Analysis   112 

Comparison of pre-test and post-test mean scores of MCK and Attitude 

towards Mathematics of both Experimental and Control groups. 

 To test whether there is significant difference in the Pre-test and Post-test 

mean scores of Mathematics Content Knowledge (MCK) and Attitude towards 

Mathematics of experimental as well as the control group, test of significance of 

mean difference for large dependent groups was employed. The results are presented 

as table 14. 

Table 14 

Details of test of significance of mean difference in Pre-test and Post-test scores of   

Mathematics Content Knowledge and Attitude towards Mathematics of 

Experimental and Control groups. 

Group N Variables 

Pre-test Post-test 

„r‟ 
Critical 

Ratio Mean S.D Mean S.D 

Experimental 
 

40 

MCK 14.28 5.213 34.65 8.069 .503 18.236** 

Attitude 

towards 

Mathematics 

90.88 13.717 113.42 17.221 .794 13.611** 

 

Control 
40 

MCK 12.52 3.876 13.95 4.350 .938 5.940** 

Attitude 

towards 

Mathematics 

78.40 11.927 79.25 11.666 .991 3.339
 **

 

     ** denotes p≤ .01 

 The critical ratio obtained for the experimental group on the pr- test and 

post-test mean scores of MCK is 18.236 (Table 14) which is greater than the 

required value for significance at .01 level (2.71, df=39). Hence the mean scores of 



 

 

 

Analysis   113 

pre-test and post-test on MCK of the experimental group differ significantly. 

Though a two tailed test of significance was used, a close observation of the mean 

scores reveals that the mean score of post-test on MCK of the experimental group is 

considerably higher than that of pre-test.  

      The critical ratio calculated for the pre-test and post-test mean scores on 

Attitude towards Mathematics of the experimental group is 13.611, a higher value 

than 2.71, the value required for significance at .01 level for 39 degrees of freedom. 

This indicates that the mean score of Attitude towards Mathematics of the 

experimental group differ significantly before and after the treatment. The mean 

scores of the pre-test and post-test show that the treatment has made the 

experimental group develop a positive Attitude towards Mathematics.  

 Table 14 shows that the critical ratio obtained for the variable Mathematics 

Content Knowledge of the control group is 5.94  which is greater than 2.71, the 

value required for significance of mean difference at .01 level (df=39). That is, there 

is significant difference in the pre-test and post-test mean scores of MCK of the 

control group.  

 Also Table 14 shows that the critical value obtained for Attitude towards 

Mathematics of the Control group is 3.339 and  it is greater than the value needed 

for significance at .01 level (df=39). So, there is significant difference in the pre-test 

and post-test mean scores of Attitude towards Mathematics of the control group. But 

close observation of the mean values reveals that the control group has a negative 

attitude towards Mathematics even after their D.Ed programme.  
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 Both control and experimental groups differ significantly in their pre-test and 

post-test mean scores on MCK and Attitude towards Mathematics. The change in 

the control group is due to the D.Ed programme they have undergone, but the 

changes in the mean scores are very small compared to that of experimental group. 

That is when SLM was introduced together with the D.Ed programme, mean scores 

on MCK and Attitude towards Mathematics have increased. A negative attitude 

towards Mathematics among D.Ed students was changed to positive by 

implementation of the developed SLM.  

 The mean comparison of experimental group is presented in the form of a 

bar diagram and is given as figure 6 and that of control group  is given as figure 7. 

 

Figure 6. Comparison between pre-test and post scores of MCK and Attitude 

towards Mathematics of experimental group. 
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Figure 7. Comparison between pre-test and post scores of MCK and Attitude 

towards Mathematics of control group. 

 

 

 Figure 6 and 7 reveals that both experimental and control groups have 

greater mean scores in MCK and Attitude towards mathematics in the post test than 

in the pre-test indicating both groups have improved their MCK and Attitude 

towards mathematics. 

Comparison of post-test mean scores of Teaching Mathematics, MCK and 

Attitude towards Mathematics between experimental and control groups 

 The post-test mean scores of Teaching mathematics, MCK and Attitude 

towards Mathematics of Experimental and Control groups were compared using test 

of significance of mean difference for large independent groups, the details of which 

are given as table 15. 
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Table 15 

Details of test of Significance of Mean difference of Post-test scores on Teaching 

Mathematics, MCK and  Attitude towards Mathematics of  experimental and control 

groups 

Variable Groups N Mean SD 
Critical 

Ratio 

Teaching  Mathematics 
Experimental 40 59.82 6.961 

13.303** 
Control 40 40.08 6.302 

MCK 
Experimental 40 34.65 8.069 

14.282** 
Control 40 13.95 4.35 

Attitude towards 

Mathematics 

Experimental 40 113.42 17.221 
10.391** 

 Control 40 79.25 11.666 

** denotes p≤ .01 

 Table 15 shows that the critical ratio obtained for  Teaching of experimental 

and control groups is 13.303, a value higher than 2.58, the value required for 

significance at .01 level.   It means that the two groups differ significantly (p≤ .01) 

in their mean scores on Teaching mathematics. A higher value of mean score of the 

experimental group shows that the treatment with SLM has improved the Teaching 

of D.Ed students. 

 Also, Table 15 shows that the critical ratio obtained for the variable 

Mathematics Content Knowledge (Post-test Scores) is 14.282 which is greater than 

2.58, the value required for significance of Mean difference at .01 level. Hence the 

difference in the post-test mean scores of Mathematics Content Knowledge of 

experimental and control groups is significant at .01 level. That is, the two groups 
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differ significantly in their post-test mean scores of   Mathematics Content 

Knowledge.    

    In the case of Attitude towards Mathematics, the critical ratio obtained is 

10.391 which is greater than 2.58, the value required for significance at .01 level. 

That is, the Experimental and Control groups differ significantly in their   post-test 

mean scores of Attitude towards Mathematics (p≤ .01).  

 The mean scores of Experimental and Control groups for the variable MCK 

are 34.65 and 13.95 respectively with Standard deviation 8.069 and 4.35. Since the 

mean score of the Experimental group is greater than that of the control group, it can 

be inferred that the experimental group has higher mean score in Mathematics 

Content Knowledge than the control group after the treatment.  

 Also the mean scores of Attitude towards Mathematics of experimental and 

control groups are 113.42 and 79.25 with standard deviation 17.221 and 11.666 

respectively. It can be interpreted that mean score of Attitude towards Mathematics 

of the experimental group is  higher than that of the control group. The mean score 

of post-test on Attitude towards Mathematics of control group is less than the neutral 

value in the scale (96) and hence the control group has a negative attitude towards 

the subject even after the D.Ed programme. The mean score of post- test on Attitude 

towards Mathematics of experimental group is 113.42 which is greater than 96 and 

hence the treatment has improved the attitude of students towards the subject. 
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 The comparison of mean scores on Teaching Mathematics, MCK and 

Attitude towards Mathematics of Experimental and control groups in the form of bar 

diagram is presented in figure 8.  

 

Figure 8. Post-test mean scores on Teaching Mathematics, MCK and Attitude 

towards Mathematics of experimental and control groups. 

 

 Figure 8 shows the difference in the mean scores of teaching mathematics, 

MCK and Attitude towards Mathematics of experimental and control group. 

Comparison of mean gain scores of MCK and Attitude towards Mathematics   

between  experimental and control groups 

 The gain scores on MCK and Attitude towards Mathematics were calculated 

by finding the difference of Post test score and Pre-test score of the variables. The 

mean gain scores of experimental and control groups were compared using test of 
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significance of mean difference for large independent samples. The details are given 

as table 16. 

Table 16 

Details of test of Significance of Mean difference of Gain scores on Mathematics 

Content Knowledge (MCK) and  Attitude towards Mathematics of  experimental and 

control groups 

Variable Groups N Mean SD 
Critical 

Ratio 

MCK 

Experimental 40 20.38 7.066 

16.583** 

Control 40 1.42 1.517 

Attitude towards 

Mathematics 

Experimental 40 22.55 10.478 

12.946** 

Control 40 .85 1.610 

  ** denotes p≤ .01 

 Table 16 shows that the critical ratio obtained for the mean gain scores on 

MCK of experimental and control groups is 16.583 which is greater than 2.58 the 

value required for significance at .01 level. Hence the mean difference in the gain 

scores on MCK between experimental and control groups is significant at .01 level. 

That is experimental group and control group differ significantly in the mean gain 

scores on MCK. A higher value of mean for the experimental group compared to 

control group shows that the treatment has improved the MCK of D.Ed students.   

 The critical ratio in the case of gain scores on Attitude towards Mathematics 

is 12.946 which indicates a significant difference in the mean gain scores between 

experimental and control groups (p≤.01). A higher mean score for the experimental 
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group shows that the treatment with the developed SLM has improved the attitude of 

D.Ed students towards Mathematics. 

 The Comparison of mean gain scores of MCK and Attitude towards 

Mathematics   between  experimental and control groups in the form a bar diagram 

is given as figure 9. 

 

Figure 9. Mean gain scores of MCK and Attitude towards Mathematics   between  

experimental and control groups. 

 Figure 9 shows that the experimental group has a higher mean gain score in 

MCK and Attitude towards Mathematics compared to that of control group. 
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Analysis of Variances of Teaching Mathematics, Mathematics Content 

Knowledge and Attitude towards Mathematics by Group with Mathematics 

Aptitude as Covariate 

 In order to know the effectiveness of the SLM on Teaching Mathematics, 

MCK and Attitude towards Mathematics of prospective teachers when the influence 

of Mathematics Aptitude is controlled, one way ANCOVA was used. In order to 

make the interpretation more accurate, one-way ANOVA for each variable was done 

followed by the respective ANCOVA with Mathematics Aptitude as co-variate. The 

details of one-way ANOVA and ANCOVA for the variable Teaching Mathematics 

is given in Table 17 and Table 18. 

Table 17 

Details of ANOVA of Teaching Mathematics by groups 

Source of variance Sum of squares df Mean square F 

Corrected Model 7801.250 1 7801.250 176.963** 

Intercept 19960.200 1 19960.200 4.528** 

Group 7801.250 1 7801.250 176.963** 

Error 3438.550 78 44.084  

Corrected total 11239.800 79   

   ** denotes p≤ .01 
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Table 18 

Details of ANCOVA of Teaching Mathematics by group with Mathematics Aptitude 

as co-variate 

Source Sum of Squares df Mean square F 

Corrected Model 8105.176 2 4052.588 99.549** 

Intercept 6951.687 1 6951.687 170.764** 

Mathematics Aptitude 303.926 1 303.926 7.466** 

Group 7874.841 1 7874.841 193.440** 

Error 3134.624 77 40.709  

Corrected total 11239.800 79   

  ** denotes p≤ .01 

 The variance explained by the model in one-way ANOVA is 7801.250 

(Table 17) where as it is 8105.176 when Mathematics Aptitude is controlled by 

taking it as a co-variate (Table 18). That is, when influence of Mathematics Aptitude 

on Teaching Mathematics is controlled, the variance explained by the model has 

increased by 304. The between group variance was 7801.250 when the influence of 

Mathematics Aptitude was not controlled, and it has increased to 7874.841, when 

Mathematics Aptitude is taken as a co-variate. That is, when the influence of 

Mathematics Aptitude is controlled, the variance between groups has increased. The 

variance not explained by the model has decreased from 3438.550 to 3134.624. The 

F value obtained for the groups is greater than the value required for significance at 

.01 level with (1,79) degrees of freedom both in one-way ANOVA and one-way 

ANCOVA indicating that the experimental and control groups differ in their 

Teaching, irrespective of their Mathematics Aptitude. 
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  ANOVA and ANCOVA of MCK by group were executed with Mathematics 

Aptitude as co-variate. The details are given as Table 19 and Table 20. 

Table 19 

Details of ANOVA of MCK  by groups 

Source Sum of squares df Mean square F 

Corrected Model 8569.800 1 8569.800 203.981** 

Intercept 47239.200 1 47239.200 1124
**

 

Group 8569.800 1 8569.800 203.981** 

Error 3277.000 78 42.013  

Corrected total 11846.800 79   

      ** denotes p≤ .01 

Table 20 

Details of ANCOVA of MCK  by group with Mathematics Aptitude as co-variate 

Source of variance Sum of Squares df Mean square F 

Corrected Model 8673.859 2 4336.930 105.247** 

Intercept 1512.108 1 1512.108 36.695** 

Mathematics Aptitude 104.59 1 104.59 2.525 

Group 8612.420 1 8612.420 209.004** 

Error 3172.941 77 41.207  

Corrected total 11846.800 79   

** denotes p≤ .01 
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 The variance on MCK explained by the model in one-way ANOVA is 

8569.800 (Table 19)where as it is 8673.859 when Mathematics Aptitude is 

controlled by taking it as a co-variate (Table 20). 

 That is, when influence of Mathematics Aptitude on MCK is controlled, the 

variance explained by the model has increased by 104. The between group variance 

was 8569.800 when the influence of Mathematics Aptitude was not controlled and it 

has increased to 8612.420 when Mathematics Aptitude is taken as a co-variate. That 

is, when the influence of Mathematics Aptitude is controlled, the variance between 

groups has increased. The variance not explained by the model has reduced from 

3277.000 to 3172.941.  

 The F value obtained for the groups is greater than the value required for 

significance at .01 level with (1,79) degrees of freedom both in one-way ANOVA 

and one-way ANCOVA indicating that the experimental and control groups differ in 

their post-test mean score on MCK, irrespective of their Mathematics Aptitude.   

 ANOVA and ANCOVA of Attitude towards mathematics by group were 

executed with Mathematics Aptitude as co-variate. The details are given as Table 21 

and Table 22. 
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Table 21 

Details of ANOVA of Attitude towards Mathematics by groups 

Source of variane Sum of squares df Mean square F 

Corrected Model 23358.612 1 23358.612 107.98** 

Intercept 742473.113 1 742473.113 3432** 

Group 23358.612 1 23358.612 107.98** 

Error 16873.275 78 216.324  

Corrected total 40231.888 79   

 

Table 22 

Details of ANCOVA of Attitude towards Mathematics  by group with Mathematics 

Aptitude as co-variate 

Source of variance Sum of Squares df Mean square F 

Corrected Model 23704.772 2 11852.386 55.220** 

Intercept 30779.669 1 30779.669 143.403** 

Mathematics Aptitude 346.160 1 346.160 1.613 

Group 23488.559 1 23488.559 109.433** 

Error 16527.115 77 214.638  

Corrected total 40231.888 79   

 

 The variance explained by the model in one-way ANOVA is 23358.612 

(Table 20) where as it is 23704.772 when Mathematics Aptitude is controlled by 

taking it as a co-variate (Table 21). That is when influence of Mathematics Aptitude 

on Attitude towards Mathematics is controlled, the variance explained by the model 

has increased by 346. The between group variance was 23358.612 when the 
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influence of Mathematics Aptitude was not controlled, and it has increased to 

23488.559 when Mathematics Aptitude is taken as a co-variate. That is, when the 

influence of Mathematics Aptitude is controlled, the variance between groups has 

increased. The variance not explained by the model has reduced from 16873.275 to 

16527.115.  

 The F value obtained for the groups is greater than the value required for 

significance at .01 level with (1,79) degrees of freedom both in one-way ANOVA  

and one-way ANCOVA indicating that the experimental and control groups differ in 

their post-test  mean score on Attitude towards Mathematics, irrespective of their 

Mathematics Aptitude. 

Effect Size of the Developed SLM on Teaching Mathematics, MCK and 

Attitude towards Mathematics 

 The effect size was calculated for the variables Teaching Mathematics, 

Mathematics Content Knowledge and Attitude towards Mathematics. Cohen‟s d was 

calculated for Teaching Mathematics as the standard deviations for this variable of 

the experimental and control groups are homogeneous. For the other two variables 

to calculate the effect size, Glass Delta was calculated as the two groups have 

different standard deviations. The details are given as table 23. 
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Table 23 

Cohen’s d and Glass delta for Teaching Mathematics, MCK and Attitude towards 

Mathematics 

Variable Effect size 

Teaching Mathematics Cohen‟s d 2.97 

Mathematics Content Knowledge Glass Delta 4.758 

Attitude towards Mathematics Glass Delta 2.929 

 

 Table 23 shows that the Cohen‟s d obtained for Teaching performance is 

2.97 which is greater than .80, the value suggested by Cohen for large effect. The 

mean score of experimental group in Teaching Performance is 2.97 of a standard 

deviation higher than that of the control group mean. Hence the SLM developed by 

the investigator has a high effect on Teaching performance of D.Ed students.  

 The Glass delta obtained for Mathematics Content Knowledge is 4.758 

which indicated a large effect. That is the experimental post-test mean score on 

Mathematics Content Knowledge is 4.758 standard deviation greater than that of the 

control group. Hence the SLM improved the Mathematics Content Knowledge of 

D.Ed students.  

 The delta value obtained in the case of Attitude towards Mathematics is 

2.929 which again indicate a large effect. The post-test mean score on Attitude 

towards Mathematics of experimental group is 2.929 standard deviation higher than 

that of control group. Hence the SLM is effective to improve the attitude of D.Ed 

students towards Mathematics.  
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Conclusion 

 Analysis of data was done to find the extent of Mathematics Content 

Knowledge (MCK), Attitude towards Mathematics and Mathematics Aptitude 

among D.Ed students, to compare the pre-test mean scores on MCK, Attitude 

towards Mathematics and Mathematics Aptitude of experimental and control groups 

and to find the effect of the developed SLM on Teaching Mathematics, MCK and 

Attitude towards Mathematics of the  prospective teachers. 

 After the preliminary analysis of data, it is found that the Mathematics 

Content Knowledge (MCK), Attitude towards Mathematics and Mathematics 

Aptitude of the prospective teachers were very low at the initial level of the D.Ed 

course. After the treatment, the experimental group has enhanced their Teaching, 

Mathematics Content Knowledge (MCK) and Attitude towards Mathematics 

compared to that of control group. 

 Both experimental and control groups are found to have negative attitude 

towards Mathematics before the experiment.  After the treatment, both groups 

improved their attitude towards the subject, but when students using SLM developed 

a positive attitude towards Mathematics, the routine D.Ed. programme failed to 

attain this, though there is a slight improvement in the mean score.  The present 

D.Ed programme improves the MCK and the teaching of students, but 

implementation of an SLM on the content and pedagogy improves remarkably the 

MCK, attitude towards the subject and teaching of D.Ed students.  
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 When the influence of Mathematics Aptitude is statistically controlled, the 

variance between experimental and control groups has increased with respect to 

Teaching Mathematics, MCK and Attitude towards Mathematics.. The effect size 

was calculated using Cohen‟s d and Glass‟s delta, it was found that the SLM 

improved the teaching and Mathematics Content Knowledge of D.Ed students and it 

is effective to improve the attitude of D.Ed students towards Mathematics.  
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Study in Retrospect 

 According to the suggestions of the Joint review Mission (2016) from 

MHRD, Pre-service teacher education needs suitable learning materials to improve 

the teaching skill especially in Science and Mathematics. A very heterogeneous 

class room and tight schedule of academic activities necessitate some individualized 

method to fill the gap for developing pedagogical competencies among student 

teachers. The need of such practices proliferates when it comes to the case of 

Mathematics. Hence in the present study, a self-learning module to make the D.Ed 

students improve their performance through content knowledge, positive attitude 

towards subject and skill based performance was constructed and validated. The 

study is entitled as “Development of a Module to Enhance the Performance in 

Teaching Mathematics among Prospective Teachers at Primary Level”. 

Variables of the study 

 In the present study, the treatment variable is the type of training for D.Ed 

students with two levels as implementation of the developed SLM on Mathematics 

together with the usual D.Ed programme for the experimental group and the usual 

D.Ed programme without the SLM for the control group. 

  The dependent variables in the study are Mathematics Content  Knowledge,  

Attitude towards Mathematics and  Teaching Mathematics which is coined together 

as performance in teaching Mathematics. Mathematics Aptitude is taken as the co-

variate, the influence of which on dependent variables was controlled statistically. 
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Objectives of the study 

  The major objective of the study is to develop a self-learning module that is 

capable of enhancing the performance in teaching Mathematics of prospective 

teachers at primary level. 

 The following are the minor objectives set for the study. 

1. To find out the extent of  

a) Mathematics Content Knowledge  

            b) Attitude towards Mathematics  

 c) Mathematics Aptitude among prospective teachers at primary level. 

 2.  To compare the pre-test mean scores between control and experimental 

groups on  

 a) Mathematics Content Knowledge 

b) Attitude towards Mathematics 

c) Mathematics Aptitude  

3.  To compare the pre-test and post-test mean scores of prospective teachers of 

both control and experimental groups on 

            a) Mathematics Content Knowledge 

            b) Attitude towards Mathematics 

4.     To compare the Post- test mean scores of prospective teachers of  control and 

experimental groups on 

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics. 
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5.  To compare the mean gain scores of prospective teachers of control and 

experimental groups on 

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics 

6.  To compare the mean score on Teaching Mathematics of prospective teachers 

of control and experimental groups 

7.   To test the influence of  SLM on  

a) Mathematics Content Knowledge  

b) Attitude towards Mathematics  

c) The scores on Teaching Mathematics of prospective teachers  

when Mathematics Aptitude is taken as a co-variate. 

8.  To find out the effect size of the developed self-learning module on 

Mathematics Content Knowledge, Attitude towards Mathematics  and the 

score on Teaching Mathematics of prospective teachers at primary level. 

Methodology 

 Since the study was to construct and validate a Module on mathematics 

teaching, the investigator prepared a module with two sections one on the content 

and the other on its pedagogy. A survey was conducted to identify the level of MCK 

among D.Ed students. To validate the module investigator used a rating scale by 

which teacher educators rated the advantages of the  module(digital form). More 

over the effectiveness of the module in enhancing MCK, Attitude towards 

mathematics and Teaching performance was empirically proved by testing the 

hypotheses formulated. For this, the investigator used quasi-experimental design 
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with Pre-test- Post-test non-equivalent groups. The experimental group was 40 D. 

Ed students from DIET Palakkad and the control group was 40 D.Ed students from 

DIET, Malappuram. Their MCK was measured using a test on mathematics content 

knowledge constructed and standardized by the investigator.  Attitude towards 

mathematics was measured using a scale on attitude towards mathematics and 

teaching performance was assessed by observation using an observation schedule. 

The pre-test and post-test mean scores on MCK and Attitude towards mathematics 

were compared.  Teaching performance, MCK and Attitude towards mathematics of 

the experimental group was compared with that of the control group. Statistical 

techniques like test of significance of difference between two group means, 

ANCOVA and Cohen‟s d were used to test the hypotheses. 

Major Findings 

 Statistical analysis of the data helped the investigator to arrive at the 

following findings. 

1.  Prospective teachers at primary level have a low level of Mathematics 

Content Knowledge at the entry level of their training programme (Mean= 

25.13,, SD=7.43, Maximum score = 100) 

2.  Prospective teachers at primary level possess a negative Attitude towards 

Mathematics at the entry level (Mean = 84.23, SD =12.07, Neutral score=96) 

3.  Prospective teachers at primary level have low level of Mathematics 

Aptitude (Mean =29.78, SD= 6.91, Maximum score=67). 

4.  Experimental and control groups do not differ in their initial level of 

Mathematics Content Knowledge (t = 1.704, p>.05). 
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5.  Experimental  and control groups differ significantly in their initial level of 

Attitude towards Mathematics (t = 4.341, p≤ .01). 

6.  Both experimental and control groups have negative Attitude towards  

Mathematics at the entry level of their training programme. (M1=90.88, 

M2=78.4, σ1=13.717, σ2=11.927). 

7.  Experimental and control groups do not differ significantly in their initial 

level of  Mathematics Aptitude (t= .225,  p>.05). 

 8. The mean scores of the pre-test and post-test on MCK of the experimental 

group differ significantly (t=18.236, p≤ .01, df=39). 

 9.  The mean scores of the pre-test and post-test on Attitude towards 

Mathematics of the experimental group differ significantly (t= 13.611, p≤ 

.01,df=39). 

10. The difference in the pre-test and post-test mean scores of  MCK of the 

control group is significant (t= 5.94, p≤.01, df=39). 

11. The difference in the pre-test and post-test mean scores of Attitude towards 

Mathematics of the control group is significant (t=3.339, p≤.01, df=39). 

12. Experimental and control groups differ significantly  in their mean scores on 

Teaching Mathematics (t=13.303, p≤.01). 

13. Experimental and control groups differ significantly  in their post test mean   

scores on Mathematics Content Knowledge.(t=14.282, p≤ .01). 

14. Experimental and control groups differ significantly  in their post test mean 

scores on Attitude towards Mathematics. (t=10.391,p≤.01). 
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15. The Experimental group has higher mean score in Mathematics  Content 

Knowledge  than the control group after the treatment. (M1=34.65, 

M2=13.95, σ1=8.069,σ2=4.35). 

16. The mean score of Attitude towards Mathematics of the experimental group 

is higher than that of the control group after the treatment. ( M1=113.42, 

M2=79.25, σ1=17.221,σ2=11.666).  

17.  The control group has a negative attitude towards the subject even after the 

D.Ed programme. (Mean=79.25,Neutral score=96).  

18. The experimental group has positive attitude towards the subject after the 

treatment. (Mean=113.42,Neutral score=96). 

19.  Experimental and control groups differ significantly in the mean gain scores 

on MCK. (t=16.583,P≤.01). 

20.  Experimental and control groups differ significantly in the mean gain scores   

on Attitude towards Mathematics (t=12.946, P≤.01). 

21.  The experimental and control groups differ in their Teaching, irrespective  of  

their Mathematics Aptitude. [F=193.440,p≤.01, df=(1,79)] 

22.  The experimental and control groups differ in their post- test mean score on 

MCK, irrespective of their Mathematics Aptitude. [F=209.004,p≤.01, 

df=(1,79)]. 

23. The experimental and control groups differ in their post-test  mean score on 

Attitude towards  Mathematics, irrespective of their Mathematics Aptitude 

[F=109.443,p≤.01, df=(1,79)]. 

24.  The mean score of experimental group in Teaching is 2.97 standard deviation 

higher than that of the control group (Cohen's d=2.97). 
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 25.  The experimental mean score on Mathematics Content Knowledge (post- 

test) is 4.758 standard deviation  greater than that of the control group (Glass 

Delta=4.758). 

 26.  The post test mean score on Attitude towards Mathematics of experimental 

group is 2.929 standard deviation higher than that of control group (Glass 

Delta=2.929). 

Tenability of  Hypotheses 

 Based on the finding of the study, the tenability of the hypotheses were 

tested. 

Hypothesis 1. There is no significant difference in the pre-test mean scores on 

Mathematics Content Knowledge  of control and experimental groups. 

 The critical ratio obtained is 1.704 (table 13) which indicates the difference 

in the pre-test mean scores on Mathematics Content Knowledge of experimental and 

control groups is not significant at .05  level of significance. Hence  the first 

hypothesis is substantiated. 

Hypothesis 2. There is no significant difference in the pre-test mean scores on 

Attitude towards Mathematics between control and experimental groups. 

 The critical ratio obtained is 4.341(table 13) which indicates a significant  

difference in the pre-test mean scores on Attitude towards Mathematics of control 

and experimental groups. Hence the second hypothesis is not substantiated. 
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Hypothesis 3. There is no  significant difference in the pre-test mean scores on 

Mathematics Aptitude of control and experimental groups. 

 The critical ratio obtained is 0.225 (table 13) indicating  the difference in the 

mean scores on Mathematics Aptitude of experimental and control groups as not 

significant  at .05 level of significance . So the hypothesis is substantiated. 

Hypothesis 4. There is significant difference in the pre-test and post-test mean 

scores on Mathematics Content Knowledge of the control group. 

 The critical ratio obtained is 5.94 (table 14) which indicates a  significant 

difference in the pre -test and post- test mean scores of MCK of the Control group. 

Hence  the hypothesis is substantiated. 

Hypothesis 5. There is significant difference in the pre-test and post-test mean 

scores on Mathematics Content Knowledge of the experimental group. 

 The critical ratio obtained is 18.236 (table 14) which indicates significant 

difference in  the mean scores of the pre- test and post- test on MCK of the 

experimental group. So the hypothesis is substantiated. 

Hypothesis 6. There is significant difference in the pre-test and post-test mean 

scores on Attitude towards Mathematics of the control group. 

 The critical ratio obtained is 3.339 (table 14) which indicates a significant 

difference in the pre-test and post-test mean scores on Attitude towards Mathematics 

of the control group. Hence the hypothesis is substantiated. 
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Hypothesis 7. There is significant difference in the pre-test and post-test mean 

scores on Attitude  towards Mathematics  of the experimental group. 

 The critical ratio obtained is 13.611(table 14) which indicates significant 

difference in the pre- test and post- test mean scores on Attitude towards 

Mathematics of the experimental group. Hence the hypothesis is substantiated. 

Hypothesis 8. There is  significant difference in the mean scores on Teaching 

Mathematics of  control and experimental groups 

 The critical ratio obtained is 13.303(table 15) which indicates significant 

difference in the mean scores on Teaching of control and experimental groups. So 

the hypothesis is substantiated. 

Hypothesis 9. There is significant difference in the post-test mean scores on 

Mathematics Content Knowledge of   control and experimental groups. 

 It is found that the difference in the post test mean scores on MCK of control 

and experimental groups is significant at .01 level as the critical ratio obtained is 

14.282(table 15). Hence the hypothesis is substantiated.  

Hypothesis 10. There is significant difference in the post-test mean scores on 

Attitude towards Mathematics of   control and experimental groups. 

 It is found that the difference in the post test mean scores on Attitude 

towards Mathematics of control and experimental groups is significant at .01 level as 

the critical ratio obtained is  10.391(table 15). Hence the hypothesis is substantiated. 
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Hypothesis 11. There is significant difference in the mean gain scores on 

Mathematics Content Knowledge of  control and experimental groups. 

 The critical ratio obtained is 16.583 (table 16) which indicates significant 

difference in the mean gain scores on Mathematics Content Knowledge of control 

and experimental groups. Hence the hypothesis is substantiated. 

Hypothesis 12. There is significant difference in the mean gain scores on 

Attitude towards Mathematics of  control and experimental groups. 

 It is found that the difference in the gain scores on Attitude towards 

Mathematics is significant at .01 level as the critical ratio obtained is 12.946 ( table 

16). So the hypothesis is substantiated. 

Hypothesis 13. There is significant mean difference in Mathematics Content 

Knowledge between control and experimental groups when Mathematics 

Aptitude is taken as a co-variate. 

 The F value obtained  is 209.004 (table 20) which indicates  significant 

difference in the post test mean score on Mathematics Content Knowledge of the 

experimental and control groups when Mathematics Aptitude is taken as a co-

variate. Hence the hypothesis is substantiated. 

Hypothesis 14. There is significant mean difference in Attitude towards 

Mathematics  between control and experimental groups when Mathematics 

Aptitude is taken as a co-variate. 

 The F value obtained  is 109.433 (table 22)  indicates  significant difference 

in their post- test mean score on Attitude towards Mathematics of the experimental 
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and control groups when Mathematics Aptitude is taken as a co-variate. So the 

hypothesis is substantiated. 

Hypothesis 15.  There is significant mean difference in Teaching Mathemtics of 

prospective teachers between control and experimental groups when 

Mathematics Aptitude is taken as a co-variate 

 The F value obtained  is 193.440 (table 18) which indicates  significant 

difference in their post-test mean score on Teaching of the experimental and control 

groups when Mathematics Aptitude is taken as a co-variate. So the hypothesis is 

substantiated. 

Hypothesis 16. The post-test mean scores on Teaching Mathematics, 

Mathematics Content Knowledge and Attitude towards Mathematics  of 

Experimental group are significantly higher than that of control group. 

 The Cohen‟s d and Glass Delta values obtained in the case of Teaching, 

Mathematics Content Knowledge and Attitude towards Mathematics (d=2.97, 

∆=4.758,∆=2.929 from table 23) reveal that the developed SLM has  significant high 

effect on Teaching, Mathematics Content Knowledge and Attitude towards 

Mathematics. Hence post-test mean scores on  Teaching, Mathematics Content 

Knowledge and Attitude towards Mathematics of Experimental group are 

significantly higher than that of control group. Thus, the hypothesis is  substantiated. 
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Conclusion 

 The initial level of the experimental and  control groups in Mathematics 

Content Knowledge and Mathematics Aptitude are found to be the same where as 

that of Attitude towards Mathematics is higher for experimental group. But  both 

groups have negative attitude towards Mathematics, though mean score of 

experimental group is significantly higher than that of control group. Hence this 

difference in Attitude towards Mathematics will not affect the validity of the 

experiment. The mean scores of post- tests and gain scores on Mathematics Content 

Knowledge and Attitude towards Mathematics of experimental and control groups 

differ significantly favouring the experimental group. The mean score on Teaching 

Mathematics of  experimental and control groups differ significantly. When 

Mathematics Aptitude is controlled statistically the experimental and control groups 

are found to differ significantly in the mean post-test scores on Teaching 

Mathematics, MCK and Attitude towards Mathematics. The developed SLM is 

found to have high effect on Teaching, Mathematics Content Knowledge and 

Attitude towards Mathematics. This evidently points out the effectiveness of the 

SLM for promoting the MCK, Attitude towards Mathematics and Teaching of 

prospective teachers  in Mathematics at primary level. 

Educational Implications 

 The Mathematics Content Knowledge (MCK) of the Diploma in Education 

(D.Ed) students under study was found to be very low. At present, students of D.Ed 

course are forced to teach all the  subjects viz., Mother tongue, English, 

Environmental science, Social science, Mathematics, Art education, Physical 
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education, Health education and ICT during their internship as per the curriculum 

norms. At the same time, they are basically from different disciplines. Though these 

subjects are learnt at school level, they might have forgotten the basics of these 

subject, or there may be gaps in learning various aspects. There are even chances for 

misconceptions related to not only the basics but also about the factual and 

conceptual aspects. In this circumstance it is essential to improve the content 

knowledge related to all the subjects especially in Mathematics which will lead to 

quality improvement in teacher education. Hence the investigator recommends the 

curriculum committee to include a Core course on the basics of all the school 

subjects in the first semester of the D.Ed as well as D.El.Ed courses. 

 The study reveals that the experimental group has improved the MCK, 

Attitude towards Mathematics and Teaching Mathematics. But at the same time 

control group has improved same.  A close observation of the two groups make it 

clear that student who used SLM  together with the D.Ed. programme have 

improved their MCK, remarkably changed the negative to positive attitude towards 

subject and improved the teaching. But students who have undergone the D.Ed. 

programme, the content knowledge and teaching have improved a litte.; attitude 

changed, but still negative.  

 So teacher educators should be motivated to prepare such SLS and encourage 

students to use the same to enrich the DEd. pgoramme.  

 Before entering into the discussions on pedagogical aspects of each subject, 

teacher educators should focus on ensuring the content knowledge among the 

prospective teachers. This can be done by arranging seminars, discussions or 
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providing assignments and the like. Also teachers can prepare SLM on difficult 

areas using technological platforms like moodle, cousera, eduncle, study nation, 

Siksha, Aglasem, india-edu etc. 

 In the study, D.Ed students are found to have negative attitude towards 

mathematics, but when the SLM was implemented, they developed a positive 

attitude towards the subject. The change is really prominent when it is observed in a 

situation where the D.Ed  programme failed to do so. A mathematics teacher with 

negative attitude towards the subject will surely have negative influence on the 

performance of students during the early years of schooling. Here the attitude, and 

performance of the teacher have a crucial role in molding the students to the 

expected levels. Hence to improve the quality of school education, the attitude of 

student teachers towards the subject must be improved considerably. Special 

attempts must be taken by teacher educators to improve the same. During the teacher 

education programme more chances must be given to students for participating in 

various activities of subjects clubs, workshops, demonstration, field visits and 

presentations. Efforts are also needed to eliminate inhibitions and to make the 

learning of the subject more entertaining, fearless and rejoicing. Each activity must 

be meaningful to the learner. 

 Even though the school education in Kerala underwent qualitative revisions 

during the past three decades, the teaching and learning of Mathematics at primary 

level is not so attractive and hopeful (National Achievement Survey (NAS), 2015). 

One of the main reasons for this state of affairs may be the existence of negative 

attitude towards the subject among the students during schooling. To develop a 
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positive attitude, practicing teachers should adopt interesting and effective strategies 

for teaching the subject. Art integrated, technology based, activity oriented and 

game based attempts can be undertaken by the teachers in order to inculcate and 

ensure positive attitude towards the subject. Apart from using the conventional tools 

for evaluating the performance in Mathematics, informal techniques of assessment 

could be used. 

 A variety of experiences are to be imparted during the pre-service training 

period itself. Hence there is a need for enriching D.Ed curriculum accordingly. The 

SLM prepared was found to be effective for improving teaching mathematics, 

Attitude towards Mathematics and Mathematics Content Knowledge. Workshops 

may be organised by the authorities to prepare such learning materials for various 

subjects. Printed as well as technology based programs are to be developed for 

prospective teachers on relevant topics. 

 On-line education platforms like Moodle, Eduncle, India edu should be 

initiated by the teacher education institutions in both content and pedagogical areas 

and that too for promoting self-learning. Annual academic plan of the institutions   

should be revised by giving due importance and space for including these kinds of 

on-line programmes. 

 Self-learning modules(SLM) always promote interest, attitude and 

confidence level of the prospective teachers in the subject. In this circumstance it is 

essential to ensure spread of using such materials for enhancing the performance of 

prospective teachers in teaching other subjects too. At present, there is no prescribed 

text book for  D.Ed course. It may adversely affects the total performance of the 
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prospective teachers. In this context, the use of self-learning modules(SLM) related 

to the subject becomes more significant. 

 The findings of the study provide sense of direction to the planners of the 

department and policy makers, projects and curriculum developers in the areas of 

material development, training and evaluation process pertaining to pre-service and 

in-service teacher education. 

Suggestions for further research 

1.  Even though SLM was developed in all the six content areas, the area 

'fraction' was considered for developing self-learning module at pedagogic 

level to the prospective teachers. Since the result showed high impact among 

the target group, other areas of the content viz., Percentage, Decimal 

numbers, Ratio & Proportion, Geometry and Algebra have also to be 

considered for developing pedagogic modules which could create high level 

performance in teaching mathematics. 

2.  The sample of the present study was taken from two government institutes of 

two districts in the state of Kerala. Studies could be conducted on a sample 

covering other institutions and districts. 

3.  It is desirable to develop on-line self-learning modules along with 

conventional   ones considering the emerging trends in the field of education. 

4.  The initiative taken by the researcher in the area of mathematics created a 

positive spirit among the prospective teachers especially in their teaching 

performance. Attempts could be made developing and using SLM in other 

subjects based on need and requirement in the area concerned. 
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5.  D.Ed students are found to have low level of content knowledge in 

Mathematics in their entry level to the teacher education programe. Survey 

on the level of content knowledge in other relevant subjects are 

recommended. 

6.   A survey on the attitude of in-service teachers towards various subjects is 

also recommended as it will lead to improve the existing school education. 
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