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Individual and societal expectations on transfer of knowledge, skills and
values gained from the school to real life are foundations of the very existence
of schools. Whatever students learn, in educational institutions, is useful only
when they can apply the same in the everyday life. Whatever is taught in the
school, it is assumed that children will use that knowledge, skills, attitudes and
information to solve problems of life after completing their formal education.
The different disciplines of the school curriculum are arranged and sequenced to
attain this envisioning ultimately. In this aspect, each discipline has its own
significant role to play. Mathematical thinking is a fundamental part of human
thought and logic, and integral instrument to attempts at understanding the
world and ourselves. In almost every domain of life, whether it is, simple day to
day work or more complicated and long term dealings or sophisticated
technology having direct or indirect relation to the life of the common man, the

knowledge of Mathematics is quite essential.

Considering the societal perspective and significance, mathematical
competence is both an essential component of the preparation of an informed
citizenry and a requisite for the education of personnel required by industry,
technology, engineering and science. This emphasises mathematical literacy as a
crucial attribute of individuals living more effective lives as constructive,
concerned and reflective citizens. Mathematical literacy includes basic
computational skills, quantitative reasoning, spatial ability etc. Mathematical
literacy or numeracy is vital to the life opportunities and achievements of each
individual. In addition, Mathematics provides an effective way of building
mental discipline and encourages logical reasoning and mental rigor. That is
why the study of Mathematics occupies a central place in the school

programmes of all countries.
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Mathematics has a transversal nature as it is applied in various fields and
disciplines providing vital underpinning of the knowledge economy.
Mathematics is the language of Science. Mathematics concepts and procedures
are essential in technology, physical sciences, engineering, financial services,
business, and many areas of Information and Communication Technology
(ICT). It is of much importance in medicine, biology, many of social sciences
and even in music and art. Mathematics forms the basis of most scientific and
industrial research and development and many complex systems and structures
in the modern world can only be understood by applying mathematical concepts

and methodologies.

The complexity of technology often requires quite sophisticated
mathematical concepts and procedures when compared to the aforementioned
mathematical literacy. The value of mathematical education and the power of
Mathematics in the modern world arise from the cumulative nature of
mathematical knowledge. A small collection of simple facts combined with
simple theory is used to build layer upon layer of even more sophisticated
mathematical knowledge. The essence of mathematical learning is the process of
understanding each new layer of knowledge and thoroughly mastering that
knowledge in order to be able to understand the successive layers in a

hierarchical form.

Mathematics introduces children to concepts, skills and thinking
strategies that are essential in everyday life and support learning across the
curriculum. It helps children make sense of the numbers, patterns and shapes
they see in the world around them, offers ways of handling data in an
increasingly digital world and makes a crucial contribution to their development
as successful learners. Children feel delighted in using Mathematics to solve a

problem, especially when it leads them to an unexpected discovery or new



Introduction 3

physical and cognitive connections. As their confidence grows, they look for
patterns, use logical reasoning, suggest solutions and try out different

approaches to problem solving.

Mathematics offers children a powerful way of communication. They
learn to explore and explain their ideas using symbols, diagrams and spoken and
written language. They start to discover how Mathematics has developed over
time and contribute to our economy, society and culture. Studying Mathematics
stimulates curiosity, fosters creativity and equips children with the skills they
need in life beyond school. Many everyday transactions and real-life problems,
and most forms of employment, require confidence and competence in a range
of basic mathematical skills and knowledge — such as measurement,
manipulating shapes, organizing space, handling money, recording and

interpreting numerical and graphical data, and using ICT.
Need and Significance of the Study

Mathematics is a highly structured body of knowledge. So success in
Mathematics depends on systematic, cumulative learning and each new skill
needs to be built on solid foundation laid at earlier stages. So Mathematics
teaching-learning at the primary level of schooling is of so much importance.
Foundations for the learning of various branches of Mathematics are laid at
primary level of education. At this level students learn numbers and number
systems, basic operations on numbers which are the basics of Arithmetic.
Students are taught concepts related to lines, shapes, area and volume which
form the preliminaries of Geometry. They also learn about equations and
number sentences by the end of upper primary level which are the basic

concepts of Algebra.

Moreover, childhood is a period of rapid change and studies show that

foundations of attitudes are formed early. According to Newstead (1998), age 9
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to 11 is a critical stage for the development of attitudes and emotional reactions
towards Mathematics. Although attitudes may deepen or change throughout
school age, negative attitudes and anxieties once formed are difficult to change

and may continue to adult life and it may have far reaching consequences.

The overall performance in Mathematics and Mathematics learning
outcomes depends on a wide range of factors related to the psycho-social
conditions of the learner, school experiences of the child, factors related to the
teacher and so on. Even then, the mindset of the individual learner and the
subsequent habit formation in the learner are worthwhile. These factors in a
configured manner result into the general habit in learner which is manifested in
the form of some kind of phobia or high rigor as the case may be in dealing with
Mathematics or situations related to Mathematics. The above mentioned
negative form of behavior is described as Mathematics Anxiety by some

researchers.

Mathematics Anxiety is a phenomenon that is very often considered
when examining student’s problems in Mathematics. Ashcraft (2002) suggests
that highly anxious math students will avoid situations in which they have to
perform mathematical equations. Math avoidance results in less competency,
exposure and math practice, leaving students more anxious and mathematically
unprepared to achieve. Adverse effects of Mathematics Anxiety as reported by
various researchers are inability to do Mathematics related activities, decline in
Mathematics achievement, low grades in Mathematics, avoidance of
Mathematics courses, limitations in selecting subjects for higher studies and
future careers, poor Mathematics performance in exams and the negative

feelings of guilt and shame.

Although there are many reasons for the development of Mathematics

Anxiety, like societal, educational and environmental factors, innate characteristics
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of Mathematics, usually Mathematics Anxiety stems from unpleasant
experiences related to Mathematics teaching and learning. That means
Mathematics Anxiety is a composite product of class room experiences and
teacher factors. Recent works on classroom and school effects have suggested
that teacher effects account for a large part of variation in Mathematics

achievement of students.

Therefore it is very essential that the curricular experiences be provided
in a sequentially arranged, cognitively and chronologically optimized manner.
Mathematics instruction is most effective when it is based on individual
differences of the students. Successful differentiation and individualization of
Mathematics teaching depends greatly on teacher’s knowledge of student’s
mathematical thinking. There are a few instructional strategies to foster
mathematical thinking and mathematics achievement based on this principle,
especially in the research realm of western countries. Cognitively Guided
Instruction is an approach based on this principle. It leads to student centered
learning as teachers focus on what students know and help them build future

understanding based on present knowledge.

Cognitively Guided Instruction is not a traditional primary school
Mathematics programme. It is an approach to teaching Mathematics rather
than a curriculum program. It’s a tenet of Cognitively Guided Instruction that
there is no one way to implement the approach and that teacher’s professional
judgment is central to making decisions about how to use information about
children’s thinking. It provides a basis for identifying what is difficult and
what is easy for students to comprehend in their study of Mathematics. It also
provides a way for dealing with the common errors students make while

learning. The emphasis is on what children can do, rather than on what they
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cannot do, which leads to a very different approach regarding incorrect
answers. With the Cognitively Guided Instruction approach, teachers focus on
what students know and help them build future understanding based on

present knowledge.

Review of the research on Cognitively Guided Instruction shows that it
has significant effect on student achievement. In the initial experimental study
on teachers (Carpenter, Fennema, Peterson, Chiang & Loef, 1989) found that
Cognitively Guided Instruction classes had significantly higher levels of
achievement in problem solving than control classes had. Although there was
significantly less emphasis on number skills in Cognitively Guided Instruction
classes, there was no difference between the groups in achievement on the test

of number skills.

Villasenor and Kepner (1993) found that urban students in Cognitively
Guided Instruction classes performed significantly higher than a matched
sample of students in traditional classes. Further effectiveness of Cognitively
Guided Instruction with students from typically under achieving groups can be
found in Carey, Fennema, Carpenter and Franke (1995) and Peterson, Fennema
and Carpenter, (1991). A study conducted by Promising Practices Network
concluded that Cognitively Guided Instruction Students score higher on

complex addition and subtraction problems.

Since 1997, a lot had changed in Kerala education system with introduction
of process oriented activity based approach and continuous and comprehensive
evaluation in the school curriculum. Kerala Curriculum Framework (2007)
mentioned the Mathematics fear factor among learners and suggestions were
made to overcome this particularly at upper primary level. Constructivist

approach integrated with critical pedagogy and issue based approach in text
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books were implemented and are in effect. Learning is more child-centered and
related to real life situations. But the present system of mathematical instruction,
though a system of reformations has been brought about as a result of shift in
curricular approach, is not satisfactory in terms of achievement and developing
problem solving competencies. Joyful learning of Mathematics is over
considered, mean while the conceptualization and sequencing of Mathematics
thinking is under considered. There is dearth of effective curriculum
programmes and instructional strategies which simultaneously reduce anxiety
among learners and ensure achievement in what is expected from Mathematics
learning. Hence there is need for developing an instructional strategy based on
Cognitively Guided Instruction for teaching Mathematics at upper primary level
which is effective enough to reduce Mathematics Anxiety and ensures better

Achievement in Mathematics of students.

This research effort is intended to develop such an instructional strategy
and to test its effectiveness in terms of reduction in Mathematics Anxiety and

increase in Achievement in Mathematics.

Statement of the Problem

The present study is to develop an instructional strategy based on
Cognitively Guided Instruction for teaching mathematical concepts at the upper
primary level and to study the effectiveness of the developed instructional
strategy in reducing Mathematics Anxiety and in enhancing Achievement in
Mathematics of students. So the study is entitled as EFFECTIVENESS OF
COGNITIVELY GUIDED INSTRUCTIONAL STRATEGY ON MATHEMATICS
ANXIETY AND ACHIEVEMENT IN MATHEMATICS OF UPPER PRIMARY

SCHOOL STUDENTS.



& Effectiveness of Cognitively Guided Instructional Strategy
Definition of Key Terms

Effectiveness

Effectiveness is the capability to produce empirically demonstrated
effects on the learner. According to Guralnik (1975), effectiveness means

‘producing a desired effect’.

In the present study effectiveness refers to the change brought about in
the learner at upper primary level by the treatment of Cognitively Guided
Instructional Strategy over Existing method of teaching as evidenced from the
significant difference in the mean scores of Mathematics Anxiety and
Achievement in Mathematics between students who are taught Mathematics
through Cognitively Guided Instructional Strategy and Existing method of

teaching.
Cognitively Guided Instructional Strategy

Cognitively Guided Instruction is “a program based on an integrated
program of research on (a) the development of student’s mathematical thinking;
(b) instruction that influences that development; (c) teacher’s knowledge and
believes that influence their instructional practice, and (d) the way that teacher’s
knowledge, believes, and practices are influenced by their understanding of
student’s mathematical thinking” (Carpenter, Fennema, Franke, Levi, Empson,

1999).

Cognitively Guided Instructional Strategy is operationally defined as the
three phased instructional strategy, designed and developed by the investigator,
based on Cognitively Guided Instruction to impart Mathematics concepts at

upper primary level.



Introduction 9

Mathematics Anxiety

Mathematics Anxiety is defined as “a feeling of tension, apprehension, or

fear that interferes with math performance” (Ashcraft, 2002).

In the present study, Mathematics Anxiety is defined as an intrinsic fear a
learner at upper primary level experiences in Mathematics related situations
which interferes with performance in Mathematics related academic and daily
life activities measured in terms of response to statements in a Likert type scale

prepared and standardized for upper primary school students of Kerala.
Achievement in Mathematics

According to Good (1973), achievement is accomplishment or

proficiency of performance in a given skill or body of knowledge.

In the present study, Achievement in Mathematics refers to the tangible
accomplishment or proficiency of performance in Mathematics as measured by
a test of Achievement in Mathematics prepared and standardized for upper

primary school students of Kerala.
Upper Primary School Students

Upper primary school students are students studying in standard V, VI

and VII classes of any school recognized by the Government of Kerala.

In the present study, the students of standard VI are taken as representatives

of the three standards of upper primary education.
Variables of the Study

Independent Variable

The independent variable selected for the study is Instructional strategy.
It has two levels, Cognitively Guided Instructional Strategy and Existing method

of teaching.
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Dependent Variables

The following variables are selected as dependent variables for the present

study.
=  Mathematics Anxiety
= Achievement in Mathematics

The dependent variable Achievement in Mathematics was further divided

into:
® Achievement in Mathematics (Lower order objectives)
® Achievement in Mathematics (Higher order objectives)
Control Variables
The variables controlled in the present study are as follows.
= Pre- Achievement in Mathematics
= Verbal Intelligence
= Non-verbal Intelligence
Criterion Variable

The criterion variable selected for the preliminary survey is Mathematics

Anxiety
Classificatory Variables

Gender and Grade are the two classificatory variables selected for the

preliminary survey.
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Objectives of the Study

. To identify the existing level of Mathematics Anxiety of upper primary

school students

. To compare the existing level of Mathematics Anxiety of different

subgroups of upper primary school students based on

i.  Gender (Boys/Girls)

ii.  Grade (Standard V/Standard VI/Standard VII)

. To develop an instructional strategy based on Cognitively Guided

Instruction for teaching Mathematics at upper primary level

. To find out the effectiveness of Cognitively Guided Instructional Strategy
in reducing Mathematics Anxiety of upper primary school students for

Total sample and subsamples based on Gender

. To find out the effectiveness of Cognitively Guided Instructional
Strategy in enhancing Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of upper primary school students for

Total sample and subsamples based on Gender

. To compare the effectiveness of Cognitively Guided Instructional Strategy
and Existing method of teaching in reducing Mathematics Anxiety of
upper primary school students for Total sample and subsamples based on

Gender

. To compare the effectiveness of Cognitively Guided Instructional Strategy
and Existing method of teaching in enhancing Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of upper primary

school students for Total sample and subsamples based on Gender
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Hypotheses of the study

1. There is no significant difference in the existing level of Mathematics

Anxiety of different subgroups of upper primary school students based on

1. Gender (Boys/ Girls)
il. Grade (Standard V/Standard VI/Standard VII)

2. There is no significant difference in the mean pretest score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

3. There is no significant difference in the mean pretest score of Achievement

in Mathematics (Total) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

4. There is no significant difference in the mean pretest score of Achievement
in Mathematics (Lower order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

5. There is no significant difference in the mean pretest score of Achievement
in Mathematics (Higher order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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There is significant difference between the mean pretest and posttest

scores of Mathematics Anxiety of the experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference between the mean pretest and posttest scores

of Achievement in Mathematics (Total) of the experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Lower order objectives) of the

experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Higher order objectives) of the

experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean posttest score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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11.

12.

13.

14.

15.

There is significant difference in the mean posttest score of Achievement

in Mathematics (Total) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean posttest score of Achievement
in Mathematics (Lower order objectives) between experimental and

control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean posttest score of Achievement
in Mathematics (Higher order objectives) between experimental and

control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean change score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean gain score of Achievement in

Mathematics (Total) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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There is significant difference in the mean gain score of Achievement in
Mathematics (Lower order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean gain score of Achievement in
Mathematics (Higher order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the adjusted mean score of Mathematics
Anxiety between experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the adjusted mean score of Achievement
in Mathematics (Total) between experimental and control groups by
considering Pre- Achievement in Mathematics, Verbal Intelligence and

Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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20. There 1s significant difference in the adjusted mean score of Achievement
in Mathematics (Lower order objectives) between experimental and
control groups by considering Pre- Achievement in Mathematics, Verbal
Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

21. There 1s significant difference in the adjusted mean score of Achievement
in Mathematics (Higher order objectives) between experimental and
control groups by considering Pre- Achievement in Mathematics, Verbal

Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

Methodology

A brief description of the procedure adopted to realize the objectives of

the study are presented in this section.

The study consists of a preliminary survey and experimental study. The
preliminary survey was conducted to identify the existing level of Mathematics
Anxiety of upper primary students and to study whether upper primary students
belonging to subgroups based on Gender and Grade differ significantly in terms
of Mathematics Anxiety. For this, data was collected from students studying in
standard V, VI and VII. An instructional strategy based on Cognitively Guided
Instruction was developed, implemented and tested for its effectiveness. To test
the effectiveness in terms of Mathematics Anxiety and Achievement in
Mathematics Anxiety, quasi experimental method was employed. The design

selected for the study was pretest — posttest non equivalent groups design.
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Sample Selected for the Study

The population of the study was upper primary school students of Kerala.
The preliminary survey was conducted among upper primary students of
Palakkad and Malappuram districts. The sample consisted of 400 upper primary
students drawn using stratified random sampling from seven randomly selected
schools of Palakkad and Malappuram districts. For experimental study, four
intact class divisions of standard VI were selected randomly from two difterent
schools selected conveniently from Malappuram district. In each school there
was one experimental and control class each. The total sample for the

experiment consisted of 128 upper primary school students.
Tools and Materials Used for Data Collection

The following tools and materials were employed to collect data for the

present study.

= Mathematics Anxiety Scale (Musthafa & Sunitha, 2012)

= Lesson Transcripts based on Cognitively Guided Instructional Strategy

(Musthafa & Sunitha, 2013)

= Lesson Transcripts on Existing method of teaching (Musthafa& Sunitha,

2013)
= Test of Achievement in Mathematics (Musthafa & Sunitha, 2013)
= Verbal Group Test of Intelligence (Kumar, Hameed & Prasanna, 1997)

= Standard Progressive Matrices Test (Raven, 1958)
Statistical Techniques Employed

Following are the major statistical techniques used to analyse the data

collected from preliminary survey and experimental study.
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The data collected from preliminary survey was analysed using the

following statistical techniques.

= Basic descriptive statistics
= Test of significance of difference between mean scores of two
independent groups

= ANOVA

The statistical techniques used to analyse the data collected from the

experimental study are as follows.

= Basic descriptive statistics

= Standardized skewness and kurtosis

= Correlation coefficient

= Test of significance of difference between mean scores of
¢ Two independent groups
® Two dependent groups

= Analysis of Covariance (ANCOVA)

= Bonferroni’s Test of Post hoc Comparison

= Effect size (Cohen’s d and Partial Eta Squared )
Scope and Limitations of the Study

The present study aims to develop an instructional strategy based on
Cognitively Guided Instruction approach to Mathematics instruction and to test
its effectiveness in terms of reducing Mathematics Anxiety and enhancing
Achievement in Mathematics of upper primary school students. The effectiveness
of the developed instructional strategy in enhancing Achievement in lower
order and higher order objectives of Mathematics instruction is also tested. In
addition, the study investigates the existing level of Mathematics Anxiety of

upper primary school students through a preliminary survey. The gender
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differences and grade differences in the level of Mathematics Anxiety of upper

primary school students is also studied.

Before finalizing the variable under consideration a thorough review on
the theoretical framework and observation of other researchers pertaining to
this area were done effectively. This gives a sound theoretical basis for

Mathematics Anxiety and Cognitively Guided Instruction in this study.

The instructional strategy was developed adhering to the norms and
procedures derived by the investigator through literature review and also in

consultation with experts in the field.

Upper primary school students from two different schools of Malappuam
district of Kerala constituted the sample for the experimental study. However,
the investigator hopes that the results of the study will be generalisable to upper
primary school students of Kerala. Even though the schools selected are in
close proximity, the two schools differ in terms of type of management, school
environment and family background of students. Students from both the
schools were included in experimental as well as control groups and were
taught in their own classes without disturbing the order of functioning of the

school.

As part of the study, in addition to Cognitively Guided Instructional
Strategy and lesson transcripts based on the strategy, Mathematics Anxiety
Scale for upper primary school students was developed and standardised using
appropriate item analysis techniques and component analysis. The scale was
standardised on a large representative sample of upper primary school students.

It will be useful for future researches related to Mathematics Anxiety.

Standardised tools were used for collecting relevant data and utmost care

has been taken in administration of the tools. The collected data was analysed
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using appropriate statistical techniques. Even though the students were not
assigned randomly to experimental and control groups, the initial differences if
any between the groups in terms of previous knowledge, verbal intelligence and
nonverbal intelligence were statistically controlled using analysis of

covariance. These ensure the validity of results of the study.

The researcher adopted sequential and systematic procedures for
experimentation by eliminating the effect of extraneous variables to the
maximum extent possible. The effect of the developed instructional strategy
was compared with that of the existing method of teaching in terms of reducing
Mathematics Anxiety and enhancing Achievement in Mathematics using
adequate and appropriate statistical procedures. Hence the investigator hopes
that the result evolved out of this research attempt is highly valid and

generalisable.

Malappuram revenue district was the actual field of experiment and the
investigator delimited the sample to the schools of Malappuram district.
However, for the preliminary survey the investigator planned to include schools
from four districts. Due to time constraints the sample for the preliminary
survey was selected from only two districts of the state. This forms a limitation

of the study.

The sample selected for the experiment consisted of Malayalam medium
students only. The developed Cognitively Guided Instructional Strategy calls
for sharing of different solution strategies by students and discussions of the
strategies. So mother tongue was selected as the medium of instruction.
However, the teachers can accommodate students with different abilities and
limited language skills in the class room with carefully chosen learning
experiences as reported by various researchers related to Cognitively Guided

Instruction.
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Among various affective and cognitive variables related to Mathematics
teaching and learning only Mathematics Anxiety and Achievement in
Mathematics were selected for the present study as felt most relevant by the
investigator. The study focused on ways and means of reducing Mathematics

Anxiety and enhancing Achievement in Mathematics.

The investigator could have attempted a longer intervention using
Cognitively Guided Instruction as reported effective in various studies, but
owing to practical reasons only two units of standard VI mathematics content

were selected for intervention.

In spite of the limitations mentioned above, the investigator hopes that
the present study will yield valuable contributions to the theory and practice of

education, especially to the mathematics education at primary level.
Organization of the Report

The report of the study is organized in six chapters. The details

incorporated in each chapter are as follows.

Chapter I  presents a brief introduction of the problem, need and significance
of the study, statement of the problem, definition of key terms used
in the title, variables of the study, objectives set for the study and
the hypotheses formulated, a brief description of methodology,

scope and limitations of the study.

Chapter II presents the theoretical overview of the variables in the present

study.

Chapter III presents the different studies reviewed and observations of other
researchers related to the variables: Mathematics Anxiety and
Cognitively Guided Instruction. Trends of research related to the

variables are also presented.
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Chapter IV includes the methodology of the study in detail. It comprises
detailed description of design, sample, methods and materials of
data collection, data collection procedure and statistical techniques

used for analysis of collected data.

Chapter V  deals with the statistical analysis of the data, interpretations and

discussions of results.

Chapter VI contains summary of the study, major findings, tenability of
hypotheses and conclusion derived. It also presents a detailed
description of educational implications of the study and suggestions

for further research.
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THEORETICAL OVERVIEW

A thorough analysis of the theoretical background of the various
concepts and variables related to the study helps to get a meaningful and deeper

insight for designing the study.

This chapter has been devoted for presenting theoretical overview of
Mathematics Anxiety, Cognitively Guided Instruction and Instructional strategy

and these are presented under the following headings.

= Theoretical Overview of Mathematics Anxiety
=  Theoretical Overview of Cognitively Guided Instruction

= Theoretical Overview of Instructional Strategy
Theoretical Overview of Mathematics Anxiety
Mathematics Anxiety- Conceptual framework

Mathematics anxiety is an intense emotional feeling of anxiety that
people have about their ability to understand and do mathematics. People who
suffer from mathematics anxiety feel that they are incapable of doing activities
and classes that involve mathematics. Some math anxious people even have a
fear of mathematics; it’s called ‘math phobia’. “Mathematics anxiety is an
emotional rather than intellectual problem. As it interferes with a person’s

mathematics learning ability, it becomes an intellectual problem”.

Researchers’ interest in mathematics anxiety started in the early 1950s
with the observations of mathematics teachers. In 1957, Dreger and Aiken
introduced mathematics anxiety as a new term to describe students’ attitudinal

difficulties with Mathematics (Baloglu and Zelhart, 2007).

Different researchers had defined mathematics anxiety in a variety of

ways. Some of the definitions are as follows:
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According to Dreger and Aiken (1957) mathematics anxiety “is the

presence of a syndrome of emotional reactions to arithmetic and mathematics”.

Richardson and Suinn (1972) defined mathematics anxiety as “feelings
of tension and anxiety that interfere with the manipulation of numbers and the

solving of mathematical problems”.

Tobias and Weissbrod (1980) describe math anxiety as “the panic,
helplessness, paralysis, and mental disorganization that arises among some

people when they are required to solve a mathematical problem”.

Suinn, Taylor and Edwards (1988) defined mathematics anxiety as
“feelings of tension and anxiety that interfere with the manipulation of numbers
and the solving of mathematical problems in a wide variety of ordinary life and

academic situations”.

According to Ashcraft (2002) mathematics anxiety is “a feeling of

tension, apprehension, or fear that interferes with Math performance”.

Brady and Bowd (2005) defined mathematics anxiety as a combination
of “debilitating test stress, low self confidence, fear of failure, and negative

attitudes toward mathematics learning”.

Mathematics anxiety has psychological as well as physical symptoms.
Some of the psychological symptoms of mathematics anxiety are panic or fear,
worry and apprehension, desire to flee the situation or avoid it altogether, a
feeling of helplessness or inability to cope, mental disorganization, incoherent
thinking, inability to recall material studied etc. Some of the physical symptoms
of mathematics anxiety are queasy stomach, clammy hands and feet, increased

or irregular heartbeat, muscle tension, feeling faint, shortness of breath etc.



“Theoretical Overview 25

Where Does Mathematics Anxiety Come From?

There are many reasons for development of mathematics anxiety in a

student.

1)

2)

3)

4)

5)

6)

7)

Mathematics Anxiety can be related to:

Attitudes of parents, teachers or other people in the learning environment.

Impact of some specific incident in a Student’s mathematics history,

which was frightening or embarrassing.

Teaching techniques which emphasize-time limits, the right answer,
speed in getting the answer, competition among students, working in

isolation, memorization rather than understanding.

Student attitudes like distrust of intuition or ability, negative self-talk,
giving up before beginning, depression and feelings of failure,

expectations of divine intervention.

Nature of mathematics itself, which requires students to think clearly,

cleanly and often abstractly.
Mishandling of any of the mathematics disabilities like

a) Difficulty with basic mathematics facts and memory.
b) Weakness in doing calculations.
c) Inability to apply mathematics concepts.

d) Struggles with visual and spatial relationship.

A mathematics disability like dyscalculia or weak learning styles.

Although there are many reasons for mathematics anxiety, usually

mathematics anxiety stems from unpleasant experiences in mathematics.

According to Greenwood (1984), “evidence suggests that mathematics anxiety

results more from the way the subject is presented than from the subject itself”.

Unfortunately, mathematics anxiety is often due to poor teaching and poor

experiences in Mathematics.
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Three practices that are a regular part of the mathematics class room and
cause great anxiety in many students are imposed authority, public exposure and

time deadlines.
Theories related to mathematics anxiety
Traditional Arousal theory

The traditional arousal theorists state that there exists an optimal level of
arousal around the middle of the arousal dimension. This idea is graphically
represented as an inverted U-curve depicting a curvilinear relationship between
anxiety and performance. Thus this arousal theory indicates that some anxiety is

beneficial to performance, but after a certain point it undermines performance

(Ma, 1999).
Strong __ Optimal arousal
/..._ & Optimal performance
E Impaired performance
E / because of strong anxiety
E /
2 /\
Increasing attention \
Weak and interest N

Low High
Arousal

Figure 1. Inverted U curve

Several researchers have noted the nonlinear relationship between
anxiety and mathematics achievement. Munz and Smouse’s (1968) inverted U
curvilinear hypothesis “implies that there is a degree of arousal which is optimal
for performing a given task.” According to this model, moderately anxious
individuals perform better than “nonaffecteds” or ‘“high affecteds”. (Bessant,

1995)
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Two factor theory of test anxiety

Liebert and Morris (1967) were the first to propose a two factor model of
test anxiety that distinguished between an affective ‘emotionality’ and a

cognitive ‘worry’ dimension of test anxiety.

Affective test anxiety: refers to the emotionality component of anxiety
displayed through feelings of nervousness, tension, dread, fear and unpleasant

physiological reactions to testing situations.

Cognitive anxiety: refers to the worry component of anxiety, which is
often displayed through negative expectations, preoccupation with and

deprecatory thoughts about an anxiety causing situation.

This two factor model that taps both affective and cognitive dimensions
has also been found to be relevant to math anxiety. However, the pattern of
associations between the dimensions of math anxiety and mathematics
performance appears to differ from that for test anxiety and performance i.e.,
where as the cognitive worry factor of general test anxiety is reported to
correlate negatively with test performance, for measures of math anxiety it is the
affective factor that correlates negatively with math performance (Ho et al.,

2000).

Wigfield and Meece (1988) claims that the negative affective reactions
component of math anxiety may be debilitating, while the cognitive component
may actually have some positive motivational consequences for the amount of
efforts students put into mathematics and thus for mathematics performance.
Depending on the individual and the task a moderate amount of anxiety may
then actually facilitate performance. Beyond a certain point, however anxiety
becomes debilitating in terms of performance; particularly in the case of higher

mental activities and conceptual processes. Thus although mathematics anxiety
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may in some cases have positive effects, it is perhaps more important for
educationalists to focus on its possible negative consequences for performance

(Newstead, 1998).
Linear Relationship between Mathematics Anxiety and Performance

Most researchers however start with the linear notion that anxiety
seriously impairs performance. Specifically, a higher level of anxiety is
associated with a lower level of achievement. This negative relationship has
been displayed across several age populations. Mathematics anxiety is
negatively correlated with Mathematics performance among adults in general
and college students in particular. This negative relationship also appears at the
elementary and secondary school levels. Hembree (1990) reported an average
negative correlation for school students and concluded that mathematics anxiety
seriously constraints performance in mathematical tasks and that reduction in

anxiety is consistently associated with improvement in achievement (Ma, 1999).

Studies show that the theoretical explanation of the negative relationship
has roots in the theory of test anxiety. Many researchers view mathematics
anxiety as a subject specific manifestation of test anxiety. Theoretical models of

test anxiety are presumed to support math anxiety as well (Ho et al., 2000).

Two theoretical models of test anxiety have been influential in the

research on mathematics anxiety.
Interference model

Based on the work of Liebert and Morris (1967); Mandler & Sarason
(1952) and Wine (1971) researchers have described mathematics anxiety as a
disturbance of the recall of prior mathematics knowledge and experience.

Consequently, a high level of anxiety causes a low level of achievement (Ma,

1999).
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Deficit model

Tobias (1985) regarded mathematics anxiety as the remembrance of poor
mathematics performance in the past and believed that poor performance causes
high anxiety. According to this model, a student’s low level of math
achievement is attributed to poor study habits and test taking skills instead of to
mathematics anxiety (Ma, 1999). Within this model math anxiety does not cause
poor performance, the reverse is true; an awareness of poor past performance

causes mathematics anxiety.
Consequences of Mathematics Anxiety

Some of the consequences that result from being mathematics anxious as

opposed to mathematic-confident include

A) The fear to perform tasks that are mathematically related to real life
incidents.

B) Avoidance of mathematics classes

C) Belief that it is alright to fail or dislike mathematics

D) Feelings of physical illness, faintness, fear or panic.

E) An inability to perform in a test or test-like situations,

F) The utilization of tutoring sessions that provide little success
(Vinson, Haynes, Sloan and Gresham, 1997)

Many researchers have reported the consequences of being math anxious
including the inability to do mathematics, the decline in mathematics achievement,
the avoidance of mathematics courses, the limitation in selecting college courses
and future careers, and the negative feelings of guilt and shame (Ma, 1999). The
consequences also include avoidance of mathematics (Hembree, 1990), distress
(Tobias, 1978; Buxton, 1981) and interference with conceptual thinking and

memory processes (Skemp, 1986).
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According to Tobias (1985), millions of adults are blocked from
professional and personal opportunities because they fear or perform poorly in
mathematics. For many, these negative experiences remain throughout their
adult lives. “Mathematics anxiety paralyses a child’s capacity to learn mathematics
even though the intellectual capability is there”. Overcoming mathematics

anxiety is necessary for being successful in mathematics and in life.
Relationship between Mathematics Anxiety and Mathematics Achievement

The relationship between mathematics anxiety and mathematics
achievement can change dramatically for students with different social and
academic background characteristics. The social and academic characteristics of
students appear to be the key to unfolding this achievement-anxiety dynamic.
When student characteristics are diverse and unique, so are the relationships.
Mathematics anxiety can facilitate or debilitate or can be unassociated with

mathematics performance (Ma, 1999).

While it is agreed that anxiety can have a motivational role and therefore
a positive effect on performance(Wigfield & Meece,1988), it is also agreed that
the higher mental processes such as problem solving and divergent thinking
which are required for mathematics will be negatively influenced by mathematics

anxiety (Newstead,1998).
Teacher Influences in Mathematics Anxiety

A negative attitude towards mathematics is a growing barrier for many
children to mathematics (Ashcraft, 2002; Popham, 2008; Rameau and Louime,
2007). The child’s educational context at home and at school can affect this
attitude (Scarpello, 2007). The children begin to construct the foundations for
future mathematical concepts during the first few months of life (Geist, 2001).

Before a child can add or even count, they must construct ideas about
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mathematics that cannot be directly taught. Many of these ideas are constructed
through interaction with the surrounding environment and the adults in the
environment. Ideas that will support formal mathematics latter in life such as
order and sequence, seriation, comparisons, classification, addition and other
more advanced mathematical skills have their genesis before the age of 5. As
children enter formal schooling, the constructive process sometimes takes a turn
for the worse (Geist, 2010). Studies have shown that at this time in children’s
learning of mathematics, text books take over the process of teaching and the
focus shifts from construction of concepts using children’s own mathematical
thinking to teacher imposed methods of getting the correct answer. Teachers
begin to focus on repetition and speed or ‘timed tests’ as important tool for
improving mathematical prowess and skill which can undermine the child’s
natural thinking process and lead to a negative attitude toward mathematics.
Children begin to associate mathematics with boring work that does not relate to
their everyday life. Instead of helping children develop fluency at computation
and become more efficient at problem solving, the policies have produced
students who rely more on rote memorization and have increased the level of

anxiety in young children.

Mathematics anxiety is a learned emotional response that usually comes
from negative experiences in working with teachers, tutors, classmates, parents
or siblings (Harding & Terrell, 2006). Goulding, Rowland and Barber (2002)
suggest that there are linkages between a teacher’s lack of subject knowledge
and ability to effectively plan teaching material. These findings suggest that
teachers who do not have a sufficient background in mathematics may struggle
with the development of comprehensive lesson plans for their students.
Moreover, Jackson and Leffingwell (1999) found that teacher is a prime

determinant of mathematics anxiety and it is usually evident early on in the
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primary grades. Many teachers who have mathematics anxiety themselves
inadvertently pass it on to their student. They have found that teachers’ behaviours
like negative speech, insufficient feedback, ignoring students or disappointing
them may cause mathematics anxiety in a period starting from kindergarten to
college. It was found by Johnson, Smith and Carinci (2010) that a number of
studies had theorized that elementary school children do not develop
mathematics anxiety independently but learn math anxious behaviours from
teachers. According to Furner and Berman (2003), teachers who have negative
feelings toward mathematics do not feel confident in teaching the subject, use
poor instructional techniques, or are insensitive to students’ needs, can foster a

dislike for mathematics and feelings of mathematics anxiety in their students.

Mathematics is often taught as if all the students are not just similar, but
identical in terms of ability, preferred learning styles, and pace of working
(Boaler, 1997). Every child learns differently. They also respond differently to
different instructional approaches (Leedy, Lal.onde and Runk, 2003). Methods
that emphasize the primacy of correct answers over concept development,
competition and speed over understanding and rote repetition over critical
thinking will exacerbate the problem. Research has shown that these methods

inherently create anxiety among children.

So overcoming mathematics anxiety involves re-examining the methods
of teaching mathematics in the classrooms. There are strategies that can reduce

mathematics anxiety of students.
Strategies for Reducing or Overcoming Mathematics Anxiety of Students

Teachers have a major role in helping their children to reduce or
overcome mathematics anxiety. They have to ensure students understand the

mathematics being presented to them. According to Furner and Berman (2003),
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teachers benefit children most when they encourage them to share their thinking
process and justify their answers out loud or in writing as they perform
mathematics operations. With less emphasis on right or wrong and more
emphasis on process teachers can help to alleviate students’ anxiety about
mathematics. National Council of Teachers of Mathematics (NCTM)

suggestions for teachers seeking to prevent mathematics anxiety include:

e Accommodating for different learning styles

e C(reating a variety of testing environments

e Designing positive experiences in mathematics classes

e Refraining from tying self esteem to success in math

e Emphasizing that everyone makes mistakes in mathematics

e Making math relevant

e [etting students have some input into their own evaluations

e Allowing for different social approaches to learn mathematics

e Emphasizing the importance of original, quality thinking rather than rote

manipulation of formulae

Cruikshank and Sheffield, 1992 (as cited in Johnson, Smith and Carinci,
2010) suggested that in order to establish a positive classroom climate for
teaching mathematics teachers should: show that they like mathematics; make
mathematics enjoyable; show the use of mathematics in careers and everyday
life; adapt instruction according to students’ interests; establish short term
attainable goals; provide successful activities; and use meaningful methods so

that mathematics makes sense.

So it is important that teachers make efforts towards selecting teaching
methods that cater to the needs of individual child and creating a student

friendly atmosphere in the classroom.
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Some of the strategies that help in alleviating mathematics anxiety are
Visual Learning

Visual learning is a proven teaching method in which ideas, concepts,
data and other information are associated with images and represented
graphically. Visual learning when combined with technology, enable students
clarify thoughts, organize and analyze information, think critically and integrate
new knowledge by visually seeing how items can be grouped and organized.
Working visually inspires students to tap into their own creativity, to clarify
their thoughts, reinforce understanding, integrate new knowledge and identify
misconceptions. With visual learning, students use manipulatives, diagram and
plots to display large amounts of information in ways that are easy to understand

and help reveal relationship and patterns.
Techniques Used in Visual Learning

Some of the techniques used in visual learning to enhance thinking and

learning skills are;

Webs: Webs are visual maps that show how different categories of
information relate to one another. They provide structure for ideas and give
students a flexible framework for organizing and prioritizing information.
Typically, major topics or central concepts are at the centre of the web. Links
from the centre connect supporting details or ideas with core concept or topic.
Webbing is an effective technique to use in small group settings. As students
work cooperatively, they can build collaborative webs incorporating the

thoughts and contributions of each group member.

Idea Maps: Idea map connects key words, symbols, colours and
graphics to form non-linear networks of potential ideas and thoughts. Idea maps

help in writing assignments, in projects or presentations. This visual learning
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technique stimulates students to generate ideas, follow them through and
develop their thoughts visually. Idea maps help students brainstorm, solve

problems and plan their work.

Concept Maps: Two or more concepts are linked by words that describe
their relationship, i.e., graphic illustrations of the relationships between
information. Concept maps encourage understanding by helping students organize
and enhance their knowledge on any topic. They help students learn new
information by integrating each new idea into their existing body of knowledge.
Concept maps are ideal for measuring the growth of student learning. As
students create concept maps, they reiterate ideas using their own words.
Misdirected links or wrong connections alert educators to what students do not
understand, providing an accurate, objective way to evaluate areas in which

students do not yet grasp concepts fully.

Plots, Graphs and Charts: Plots, Graphs and Charts are great ways for
the student to visualize the data. As students explore the way data moves through
various plot types, they discover meaning from the visual representation. Some of
the various plots are Venn diagrams, Pie graph, and Vertical Bar Graph. Venn
Diagrams are a powerful way to describe and compare attributes by separating
objects into groups based on their characteristics. Venn plots show relationships
between mathematical sets or can be used to identify the commonalities and
differences between things, ideas or physical attributes. Pie graphs are used to
graphically represent the distribution of the entire set of data. Patterns can be
easily identified, as well as the values that have the largest or smallest
representations. Pie graphs can be used to illustrate percentages of a whole or to
numerically represent a category of facts. Vertical bar graphs are used to
represent a range of data for one variable. These are ideal for comparison

activities.
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Accepting different approaches to problem solving

Students who suffer from mathematics anxiety are very uncomfortable
with problem solving. Often this is because they are certain, there is one right
way, and they just don’t have it. Mathematics is usually taught as a right and
wrong subject and as if getting the right answer is paramount. Additionally, the
subject is often taught as if there is only a right way to solve a problem and any
other approaches would be wrong, even if students get right answer through
another approach. When learning understanding the concepts should be
paramount. But with a right or wrong approach to teaching mathematics,
students are encouraged not to try, not to experiment, not to find algorithms that

work for them, and not to take risks.

So mathematics anxiety can be reduced by helping the students solve
problems. Teachers can show them different approaches. It can be very helpful
to encourage students to talk his way through a problem, even if it’s very round
about. Teachers should try not to rush, or guide. Let students feel that there is no
one way to get to the answer. And that the most direct way isn’t the only way or
even the best way. Understanding the best way comes from having taken the
long way around for most of us. Teachers can replace anxiety with greater

comfort, simply by replacing the attitude and experience of problem solving.
Teaching taking into consideration different learning styles of students

The theory of Multiple Intelligence addresses the different learning
styles. Lessons are to be presented for visual/spatial, logical/mathematical,
musical, body/kinesthetic, interpersonal and intrapersonal and verbal/linguistic
learners. Everyone is capable of learning but may learn in different ways.
Therefore, lessons must be presented in a variety of ways. For example,

different ways to teach a new concept can be through play acting, co-operative
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groups, visual aids, hands on activities and technology. As a result once young
children take mathematics as fun, they will enjoy it and mathematics could

remain with them throughout the rest of their lives.
Relating mathematics concepts to everyday life

Students today need practical mathematics. Therefore mathematics needs
to be relevant to their everyday lives. Students enjoy experimenting. To learn
mathematics, students must be engaged in exploring, conjecturing and thinking
rather than, engaged only in rote learning of rules and procedures. Studies have
shown students learn best when they are active rather than passive learners
(Spikell, 1993). Students should be given examples that are relevant outside the
classroom. According to Brady and Bowd (2005) it is important for students to
make connections to real world applications in order to foster understanding and
engagement in mathematics. Helping students see how mathematics is used in

their lives can reduce anxiety.
Creating a non threatening learning environment

Creating a comfortable, calm, non-threatening learning environment in
the mathematics classroom helps. To develop a positive class room culture
conductive to enabling all students to learn important mathematics: select an
activity that students could relate to; use many strategies to include all learners
and to promote equity; provide support to students whenever they need it
(Roddick and spitzer, 2010). Teachers should demonstrate caring for students’
feelings and learning. Encourage students to ask questions and be willing to
answer any and all that arise. Active learners ask critical questions and some
teachers may find these questions annoying or difficult to answer and respond
with hostility and contempt. Better teachers respond eagerly to these questions

and use them to help the students to deepen their understanding by examining
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alternative methods. Then students can choose for themselves which method
they prefer. This process can result in meaningful class discussions. Handling
incorrect responses positively is important for encouraging student involvement
and to enhance confidence. Teachers should never make a student feel ‘stupid’
deliberately or unintentionally. They should not prejudge a student’s ability or
make assumptions about a student’s motivation, without exploring the
background of the student. Teachers have to make efforts to become

comfortable with each individual student and to show compassion.
Teaching for understanding

Teachers should teach for understanding, not just replication of the
procedure demonstrated. Encourage students to maximize their ability to learn
and not to give up. Teachers should worry more about student understanding
than the quota of material to be covered for the day. Every student should not
be expected to learn the first time itself when something is taught. Students need
time to internalize what is being taught. Understanding mathematics is critical.
So teachers can emphasize the importance of original thinking rather than rote

learning of formulae and procedures.
Avoiding negative experiences in mathematics classroom

Students’ prior negative experiences in mathematics class when learning
mathematics are often transferred and cause a lack of understanding of
mathematics. Mathematics must be looked up in a positive light to reduce
anxiety. Avoid forcing anxious students into intimidating circumstances, such as
working problems on the board or being singled out to answer a question in
class. Provide students alternative ways of participating in class until their
confidence level improves. It is important to note that unlike general anxiety

mathematics anxiety can be traced back to some specific previous educational
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experiences. So it is necessary to avoid negative experiences related to

mathematics teaching and learning.
Theoretical Overview of Cognitively Guided Instruction
Cognitively Guided Instruction

Cognitively Guided Instruction (CGI) is an alternative way to teach and
learn mathematics from an early age where students start with concrete
demonstration of what story problems are demanding and eventually work
towards abstract representation by inventing their own algorithms to solve story
problems. It was developed by Thomas Carpenter, Elizabeth Fennema, Penelope
Peterson, Megan Loef Franke and Linda Levi. Instead of memorizing number
facts, students construct their knowledge in any way possible because all
methods of findings solutions are accepted and critiqued until the desired final
answers are correct. Essentially “Children are not shown how to solve problems,
instead each child solves them in any way that he or she can, and then shows
how the problem was solved with peers and teachers” (Secada, Fennema &

Adajian, 1995).

Cognitively Guided Instruction is a style of teaching based on years of
research showing that people learn beginning mathematical concepts linearly.
1.e., there are clear stages that are passed through in a particular order. It leads to
student centered learning and stimulates discussion about multiple approaches to
solve the same problem (Ruppert, 2010). Cognitively Guided Instruction focuses
on the learning process and teaching great problem solving skills, instead of

trying to memorize facts.
Definition of cognitively guided instruction

Cognitively Guided Instruction is “a program based on an integrated

program of research on



40 Effectiveness of Cognitively Guided Instructional Strategy

a) The development of students’ mathematical thinking.
b) Instruction that influences that development.

c) Teacher’s knowledge and believes that influence their instructional

practices, and

d) The way that teacher’s knowledge, believes and practices are
influenced by their understanding of students’ mathematical thinking”

(Carpenter, Fennemma, Franke, Levi, Empson, 1999)
Features of cognitively guided instruction classroom

It’s not easy to describe a typical Cognitively Guided Instruction class
room because each one is unique and can appear to be quite different from other
Cognitively Guided Instruction classrooms. In some classes whole group
instruction is used. In others children spend most of their time working in
learning centers. In some classes, children create many of the problems to be
solved. In spite of the apparent diversity, there are similarities that can be seen
across most Cognitively Guided Instruction classrooms. The similarities or

features are:
Basing the curriculum on problem solving

In Cognitively Guided Instruction classes, all learning activities require
problems solving. Children learn concepts and computation skills as they solve a
variety of mathematics problems often set in story contexts. Sometimes
problems are set in other formats like writing number sentences that equal a
certain number, finding several ways to add 2 or 3 digit numbers, or discussing a
mathematical concept like odd or even numbers. The critical consideration is
that each child is actively involved in deciding how best to resolve a

mathematical situation.
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Unlike the traditional instruction in which the content to be learned is
clearly sequenced (addition before subtraction, etc.) and where children learn
skills before they use them to solve problems, the curriculum in Cognitively
Guided Instruction classes is integrated. For e.g.: children do not learn number
facts as isolated bits of instruction. Rather they learn them as they repeatedly
solve problems, so that they begin to see relationships between various facts. In
summary, children in Cognitively Guided Instruction classes learn mathematics
with understanding through problem solving. Both word problems and symbolic
problems are vehicles through which children learn mathematical concepts and
skills. Although teachers choose problems so that they will enhance children’s
development, in most cases, teachers do not provide explicit instruction on
problem solving strategies, which becomes more efficient and abstract over
time. Skills and number facts are learned in the process of problem solving and
are thus learned with understanding rather than learned as isolated pieces of

information.
Communicating about problem solving

Closely integrated with problem solving is communicating about one’s
thinking. This communication usually takes the form of talking, writing or
drawing pictures about how problems have been solved, and it serves a variety
of purposes. It encourages children to think about or reflect on what they had
done. It encourages understanding, because in order to be able to report they
have to understand what they had done. It also enables the teacher to assess a
child’s thinking while at the same time allowing other children to hear a variety
of strategies. In Cognitively Guided Instruction classes, children operate at
many different levels because children have the latitude to use a strategy that
makes sense to them at the time. There is no prevalent strategy that all children

use at a particular point in time. The variety of strategies in use at any given
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time gives children the opportunity to learn more advanced strategies by
listening to and interacting with other students who are using them. Children
sharing strategies enable other children because they are listening carefully. If
they are ready for it- and they have to be cognitively ready for that strategy — it

might work for them.
Creating a climate for communication

Initially reporting how a problem has been solved is not easy, but it
becomes easier as children have many experiences on reporting their strategies.
Children are continually asked to report their thinking, and their peers are
expected to listen to and value each other’s thinking. Gradually, children come
to recognize that their thinking is important, and they come to value the process

of doing mathematics.

Closely related to the idea of valuing each child’s thinking is the growing
realization that there is no one best or “right” way to solve any problem. Any
strategy that works and can be explained is important and correct. When a
teacher expects and values a diversity of solution strategies, children realize that
multiple strategies are not only acceptable but desirable. Thus no one’s solution
strategy is any better than anyone else’s, and each child’s thinking becomes

important to everyone.
Teaching for understanding

Because understanding is synonymous with seeing relationships,
emphasizing relationships help to develop understanding. No one can give
knowledge to anyone else. Each individual must develop understanding by
constructing relationships. This does not mean that a teacher can never tell
children anything; sometimes the best way to construct a relationship is to have

someone else point it out. However, even when children are told something, in
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order to understand they must be able to comprehend the relationship. Learning
number facts is made much easier by understanding that these facts are related
in specific ways and that there are principles governing these relationships. The
basic principle that children should be encouraged to observe as early as
possible is that number facts are related and these relationships can be used to
simplify the process of solving problems. Thus teachers ask those questions

designed to focus students’ attention on these relationships.

Not only there are relationships between number facts, there are
relationships between solution strategies such as direct modeling, counting and
using grouping by ten to solve problems. When children experience many
solution strategies, they come to see how strategies are related. Children mature
in their use of strategies when they see the relationships between less mature and
more mature strategies. And teachers play a vital role in helping children to see

these relationships.
The Role of the Teacher

A Cognitively Guided Instruction teachers’ role is active. They have to
upgrade their understanding of how each child thinks, select activities that will
engage all the children in problem solving and enable their mathematical
knowledge to grow, and create a learning environment where all children are
able to communicate about their thinking and feel good about them in relation to

mathematics.

Understanding students’ mathematical thinking

The frame work of children’s thinking provides a basis for understanding
critical components of almost all children’s thinking. Although it appears
complex at first, its coherence becomes more and more visible as a Cognitively
Guided Instruction classroom develops. Rather than having to remember

unrelated details, each child’s thinking can be understood in relation to the
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framework. The framework provides a basis for understanding why a child is
able to solve certain problems and not able to solve others. The path of
development of ideas becomes visible, so it is possible to predict how children’s

thinking will grow.
Planning for instruction

In Cognitively Guided Instruction classes, decisions about what to teach
and when to teach it are based on what children understand. Instruction is based
on what children understand and can learn. Teachers plan instruction keeping

this idea in mind.
Using knowledge of children’s thinking

Using knowledge of children’s thinking is not easy. Cognitively Guided
Instruction teachers continuously grow in their abilities to use their children’s
knowledge to select problems, to question children in a way that both eliciting
their thinking and helps them in problem solving and to understand their
children’s thinking. All this information helps the teachers to structure the
mathematical learning events so that the children develop their mathematical
knowledge. In a very general term, Cognitively Guided Instruction teachers
understand the way children think, understand what makes problems easier or
more difficult to solve, and then make decisions that enable children to engage
in successful problem solving with problems that are neither too easy nor too

difficult.
Encouraging children’s mathematical development

Cognitively Guided Instruction teachers provide problem solving
experiences that enable each child’s knowledge to grow. Ideas that are important
for children to learn are not ignored, nor taught incidentally. Problem Solving

experiences are chosen in which the ideas to be learned can be explored.
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Through sensitive questioning, children can be encouraged to focus on and

discuss the selected ideas; thus their mathematical knowledge grows and develops.

Children choose strategies to solve problems for a variety of reasons, and
they can be encouraged to move to more mature solution strategies. Consciously
selecting problems to be solved, asking children to solve problems in more than
one way, being sure that children hear solution strategies that are different from
the ones they used, and discussing how various solution strategies are alike or
different are just a few ways that children can be encouraged to develop their

problem solving skills.

Although teacher’s primary responsibility is not to demonstrate a
prescribed sequence of procedures, teachers do play a critical role in their

students’ learning. A few of such strategies are listed below.

1. Listening to children to figure out what they understand

2. Selecting and adapting problems so that the problems connect to and
extend the knowledge that the children have already acquired

3. Supporting children’s learning by introducing appropriate symbols and
ways of organizing and representing children’s ideas

4. Providing a forum and active listening support for children to discuss

alternative ways of thinking about problems and the concepts they embody

While not offering prescriptions about how and what to teach, CGI

provide a great deal of support to help teachers to:

a) Understand their students’ thinking
b) Select and sequence appropriate problems
c) Introduce notation to represent students’ strategies, and

d) Engage students in productive discussion
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Learning to listen to students

Listening is a teaching practice that can profoundly influence what
students learn and how they see themselves as mathematical thinkers. The
teacher’s listening teaches students to pay attention to and value their own ideas

and the ideas of others.

This image of teaching is different from the one that many teachers of
mathematics hold. All teachers ask questions and listen to students’ answers, but
the listening is aimed at assessing whether students got what the teacher had
explained rather than uncovering their understanding of the content. Listening
with the intention to hear what a student has to say without imposing one’s own
way of thinking is a significant challenge. It can be hard for a teacher to listen
without correcting or providing hints to a child who is hesitating or struggling

and to know what questions to ask next when a child uses an unfamiliar strategy.

Developing the ability to listen to children’s thinking and use it to guide
instruction takes time. There are several interrelated skills that make up this
ability, which cannot be learned all at once or in a short professional development

session.
Some of the most important teaching skills include:

e Posing problems for children to solve using their own strategies

e Choosing or writing problems that elicit a variety of valid strategies and
insights

e Adjusting problem difficulty so that children can use what they understand
to solve problems

e Sequencing problems and number choices in developmentally appropriate
ways

e Asking probing questions to clarify and extend children’s thinking
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e (Conducting discussions of students’ strategies so that students can make

new mathematical connections

e Identifying the important mathematics in children’s thinking

A focus on posing problems and asking students how they solved them is
a natural place to start. These two skills alone can help teachers to find out a
great deal about what students understand and at the same time lead to more

understanding for students.
Theoretical Overview of Instructional Strategy
Concept, Meaning and Definition

Teaching strategy seeks to establish the relationship between teaching
and learning in view of achieving the objectives. It is a generalized plan for a
lesson which includes structure, desired learner behaviour in terms of goals of
instruction and an outline of planned tactics necessary to implement the strategy.
A tactics of teaching is a unit of teacher behaviour which is helpful for
achieving instructional objectives. Different types of tactics can be used in the

same teaching strategy.

It is possible to develop appropriate teaching strategies for a given
instructional objective, for a given group of learners and for known conditions
under which the group has to learn. The specific and reproducible strategies can

be developed by using available gadgets, equipments and materials.

Teaching strategy is a means to achieve the instructional objective.
Different teaching strategies can be used to achieve different objectives of
cognitive, affective and psychomotor domains. All teaching strategies are
helpful in achieving cognitive objectives. But low order cognitive objectives

(knowledge, comprehension and application) can be achieved by lecture, low
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order affective objectives (receiving, responding and valuing) can be achieved
by all teaching strategies. Low and high order of psychomotor objectives can be

achieved by lesson demonstration, practical tutorials and independent study.

Selection of an appropriate teaching strategy is very much a matter of
teacher’s effectiveness. There is a great importance for the interaction between
student ability and teaching strategy. The teaching strategies are not equally
effective for each learner. In selecting teaching strategies main emphasis is
given to achieve some learning objective rather than student interest. The
learning objectives and learning conditions are the main criteria for choosing

appropriate teaching strategies.
Definition of Instructional Strategy

Stones and Morris (1977) defined instructional strategies as a
“generalized plan for a lesson which includes structure, desired learner
behaviour in terms of goals of instruction and an outline of planned tactics

necessary to implement the strategy”.
Functions of an Instructional Strategy

Dick and Carey (1996) use the term instructional strategy to describe the
process of sequencing and organizing content, specifying learning activities, and

deciding how to deliver the content and activities.
An instructional strategy can perform several functions.

- It can be used as a prescription to develop instructional materials

- Itcan be used as a set of criteria to evaluate the existing materials.

- It can be used as a set of criteria and prescription to revise existing
materials.

- Itcan be used as a frame work based on which to plan class lecture notes,

interactive group exercises, and homework assignments.
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Essentials of an Instructional Strategy

Creating an instructional strategy involves taking all the information
accumulated to this point and generating an effective plan for presenting
instruction to learners. Creating a strategy is not the same as actually developing
instructional materials. The purpose of creating the strategy before developing
the materials themselves is to outline how the instructional activities relate to the
accomplishment of the objectives (Gagne, 1988). This will provide a clear plan
for subsequent development. Dick and Carey (1996) describe four elements of

an instructional strategy.
Element 1: Content Sequence and Clustering
Content Sequence

The first step in developing an instructional strategy is deciding on a
teaching sequence and grouping of contents. Whether to develop a lesson, a
course or an entire curriculum, decisions must be made regarding the
sequencing of objectives. The best way to determine the sequence is to refer to
instructional analysis. Generally begin with the lower level subordinate skills on
the left and work way up through the hierarchy until the main goal step is
reached. It’s not a good idea to present information about a skill until the
information on all related subordinate skills have been presented. Work from

bottom to top and left to right till all of the skills are covered.
Clustering Instruction

The next important consideration is how to group instructional activities.
It is to be decided whether to present information to accomplish one objective at
a time, or cluster several related objectives. Dick and Carey (1996) recommend
taking the following factors into consideration when determining how much or

how little instruction to present at any given time.
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1. The age level of learners
2. The complexity of the material
3. The type of learning taking place.

4. Whether the activity can be varied, thereby focusing attention on the

task.

5. The amount of time required to include all the events in the instructional

strategy for each cluster of content presented.
Element 2: Learning Components

The next element in an instructional strategy is a description of the
learning components for a set of instructional materials. Here Dick and Carey
(1996) mention Gagne’s nine events of instruction, which is a set of external

teaching activities that support the internal processes of leaning.

In order for instruction to bring about effective learning, it must be made
to influence the internal processes of learning. Gagne believes that instruction is
a deliberately arranged set of external events designed to support internal
learning processes”. The kinds of processing presumed to occur during any

single act of learning are summarized by Gagne as follows.
Attention
Determines the extent and nature of reception of incoming stimulation.
Selective Perception (or pattern cognition)

Transforms this stimulation into the form of object features, for storage

in short term memory.
Rehearsal

Maintains and renews the items stored in short term memory.
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Semantic encoding
Prepares information for long term storage.
Retrieval, including search

Returns stored information to the working memory or to a response

generator.
Response organization
Selects and organizes performance.
Feedback

Provides the learner with information about performances and sets in

motion the process of reinforcement.
Executive control processes

Select and activate cognitive strategies; these modify any or all of the

previously listed internal processes.

Gagne’s events of instruction are designed to help learners get from

where they are to where the teacher wants them to be.

The nine events of instruction are:

p—

Gaining attention

Informing learner of objectives

Stimulating recall of prior learning.

Presenting the stimulus materials.

Providing learning guidance

Eliciting the performance

Providing feedback about performance correctness

Assessing the performance

v ©o =2 kWD

Enhancing retention and transfer.
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Each of these events may not be provided for every lesson. Sometimes one or
more of the events may already be obvious to the learner and may not be

needed.
Element 3: Student Groupings

The next element of an instructional strategy is how students will be
grouped during instruction. The main things to consider are whether there are
any requirements for social interaction explicit in the statement of the objective,
in the performance environment, in the specific learning components being

planned, or in personal views of the teacher.
Element 4: Selection of Media and Delivery Systems

Once decisions have been made about content sequencing and clustering,
and the learning components have been planned, it is time to turn to select a
delivery system for overall instructional system, along with media that will be

used to present the information in the instruction.

Overall delivery system includes everything necessary to allow a
particular instructional system to operate as it was intended and where it was

intended. Some examples are:

Classroom delivery

- Lecture

- Correspondence

- Video tape

- Video conference

- Computer based delivery

- Web based delivery
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Once delivery system is chosen, various media can then be chosen to
deliver the information and events of instruction. Media constitutes the physical
elements in the learning environment. With which learners interact in order to
learn something. The choice of media is done as part of the instructional

strategy.
Procedure for Development of an Instructional Strategy

Dick and Carey (1996) suggest a sequence while creating instructional

strategy.
This process has 5 steps

1. Sequence and cluster objectives

2. Plan pre-instructional assessment and follow through activities for the
unit.

3. Plan the content presentation and student participation sections for each
objectives or cluster of objectives.

4. Assign objectives to lesson and estimate time required for each.

5. Review the strategy to consolidate media selections and confirm or select

a delivery system.

The first two steps relate to the overall unit of instruction and not to the

individual objectives within the lesson.
Sequence and cluster objectives

Consider both the sequence and the size of cluster that are appropriate for
the attention span of students and the time available for each session. Indicate
the clusters and then the objectives to be taught within each cluster. For
designing a short lesson only one cluster is needed. However, a teacher may still
have small groupings of objectives that he/she want to divide up with review

and/or practice activities.
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Plan pre-instructional, assessment, and follow through activities for

the unit

During this step, the decisions about student grouping and media
selection are to be taken. This step gives indication with regards to pre
instructional activities, assessment and follow through activities in narrative

form using the following headings.
Pre-instructional activities

a) Motivation: ways of maintaining attention
b) Objectives

c) Student groupings and media selection (for pre instructional activities)
Assessment

a) Pretest
b) Practice tests
c) Post test

d) Student groupings and media selection (for assessment activities)

Follow through activities

a) Memory aid - that will be developed to facilitate retention of
information and skills

b) Transfer - special factors to be employed to facilitate performance
transfer

c) Student groups and media selection (for follow through activities)

Next two steps relate to individual objectives or clusters of objectives

within the unit of instruction.
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Plan the content presentations and student participation sections for

each objectives or cluster of objectives.
First list the objectives and then two sections.

Content presentation

a) Content: Content for each objective
b) Examples: also non examples

c¢) Student grouping and media selection — for this activity
Student Participation

a) Practice items — practice exercises
b) Feed back — for practice exercises

c) Student groupings and media selection
Assign objectives to lessons and estimate time required for each

Review sequence and clusters of objectives along with the pre-
instructional activities, assessment, content presentation, student participation,
and student groupings and media selections. Using all these information, along
with the time frame for overall instructional unit, assign objectives to individual
lessons. In a large unit of instruction the first lesson generally contains pre-
instructional activities, while the last generally contains the assessment and/or
follow through activities. There must be time for presentations, review and
participation activities. This process can be performed for extended instructional

units or for semester long planning.

Review the strategy to consolidate media selections and confirm or

select a delivery system

In this final step review the instructional strategy to consolidate media

selections and to make sure that they are compatible with delivery system. Look
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over all selections to see if there are patterns on common media prescriptions
across the objectives. Then see if these patterns fit with the chosen delivery

system.

The planning of an instructional strategy is an important part of the
instructional design process. The best lesson designs will demonstrate knowledge
about the learners, the task reflected in the objectives and the effectiveness of

teaching strategies.
Validation of an Instructional Strategy

The broad steps of validating the effectiveness of an instructional

strategy are:

1. Develop the Instructional Strategy
Develop and select instructional materials

Design and conduct formative evaluation of instruction

Sl A

Design and conduct summative evaluations of instructions.
Develop the instructional strategy

Going through five steps of development of an instructional strategy
develop the instructional strategy. The strategy will be based on current theories
of learning and results of learning research, the characteristics of the medium
that will be used to deliver the instruction, content to be taught, and the
characteristics of the learners who will receive the instruction. These features
are used to develop or select materials or to develop a strategy for interactive

classroom instruction.
Develop and select the instructional materials

In this step, the instructional strategy will be used to produce instruction.
This typically includes a learner’s manual, instructional materials, and tests.

(The terms instructional materials include all forms of instruction such as
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instructor’s guides, student modules, overhead transparencies, videotapes,
computer based multimedia formats, and web pages for distance learning). The
decision to develop original materials will depend on the type of leaning to be
taught, availability of existing relevant materials, and developmental resources

available.
Design and conduct formative evaluation of instruction

Following the completion of a draft of the instruction, a series of
evaluation is conducted to collect data that are used to identify how to improve
the instruction. The three types of formative evaluation are referred to as one-
one evaluation, small group evaluation and field evaluation. Each type of
evaluation provides the designer with a different type of information that can be
used to improve the instruction. Data from the formative evaluation are
summarized and interpreted to attempt to identify difficulties experienced by
learners in achieving the objectives and relate these difficulties to specific
deficiencies in the instruction. Data from a formative evaluation are not simply
used to revise instruction itself, but are used to re examine the validity of the
instructional analysis and the assumptions about the entry behaviours and
characteristics of learners. It is necessary to re examine statements of performance
objectives and test items in the light of collected data. The instructional strategy is
reviewed and finally all this is incorporated into revisions of the instruction to

make it a more effective instructional tool.
Design and conduct summative evaluation

Although summative evaluation is the culminating evaluation of the
effectiveness of instruction, it is generally, not a part of the design process. It is
an evaluation of the absolute and/or relative value or worth of the instruction
and occurs only after the instruction has been formatively evaluated and

sufficiently revised to meet the standards of the designer. Since the summative
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evaluation usually does not involve the designer of the instruction but instead
involves an independent evaluator, this component is not considered as an

integral part of the instructional design process.
Conclusion

The theoretical overview helped the investigator to understand the
construct Mathematical Anxiety in detail, to get acquainted with the nuances of
Cognitively Guided Instruction and to get a clear idea about the development
and validation of an instructional strategy. An analysis of the strategies for
reducing mathematics anxiety and the features of the Cognitively Guided
Instruction classroom reveal that it theoretically holds the potential to reduce the
mathematics anxiety of students. In Cognitively Guided Instruction, for better
instruction, maintaining a non threatening environment is necessary and teachers
are required to teach for understanding and create a climate for communication.
These are also essential requirements for reduction of mathematics anxiety of

students.
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REVIEW OF RELATED STUDIES

Review of related studies is an important part of research. For any
worthwhile study an adequate familiarity with studies which have already been
conducted in the selected area is necessary. Review helps the researcher to
gather up to date information regarding what has already been done in the area
of study. It helps to avoid duplication of research, to identify gaps in research in

the selected area and to derive helpful suggestions.

This chapter has been devoted for presenting survey of studies related to
mathematics anxiety and cognitively guided instruction. It also includes trend of
research in mathematics anxiety as well as cognitively guided instruction. These

are presented under the following headings.

= Studies Related to Mathematics Anxiety

= Studies Related to Cognitively Guided Instruction
Studies Related to Mathematics Anxiety

Following are the studies related to mathematics anxiety reviewed by the
investigator. These studies were helpful in various stages of the present study.
The studies were thoroughly analysed and a trend of research in mathematics

anxiety was also prepared.

Daneshamooz, Alamolhodaei and Darvishian (2012) conducted a quasi
experimental research to investigate the effect of mathematics anxiety and
working memory capacity on mathematical performance of three groups of
college students with three different learning methods, co-operative method,
e-learning method and traditional method. Significant negative correlation
between mathematics anxiety and mathematical performance and positive

correlation between mathematical performance and working memory capacity
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were found. It was also found that students in the cooperative learning groups
had significantly higher achievement scores than students in the other groups. A
significant interaction effect of working memory capacity and mathematics
anxiety on mathematical performance based on students’ learning method was
also found. The study revealed that with controlling the effect of mathematics
anxiety, working memory capacity had significantly more effect on mathematical
problem solving of students who studied their lessons in e-learning method than

other groups.

Devine, Fawcett, Szucs and Dowker (2012) studied the gender
differences in Mathematics anxiety and the relation to mathematics performance
while controlling for test anxiety on 433 British secondary school children in
school years 7, 8 and 10. No gender differences emerged for mathematics
performance but levels of mathematics anxiety and test anxiety were higher for
girls than boys. Girls and boys showed a positive correlation between
mathematics anxiety and test anxiety and a negative correlation between
mathematics anxiety and mathematics performance. Test anxiety was also found
to be negatively correlated with mathematics performance, but this relationship
was found to be stronger for girls than for boys. When test anxiety was
controlled, the negative correlation between mathematics anxiety and
performance remained for girls only. Regression analyses revealed that
mathematics anxiety was a significant predictor of performance for girls but not

for boys.

Hlalele (2012) conducted a study on 403 learners of mathematics in 18
rural high schools in the Free State Province of South Africa. It was found that
all learners sometimes, often or always experience mathematics anxiety in
academic settings. No participants indicated that they never experience

mathematics anxiety in academic settings.
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Ko and Yi (2011) developed and validated a Mathematics Anxiety Scale
for Students (MASS). The final version of the scale consisted of 65 items that
measure four domains of mathematics anxiety viz., nature of mathematics,
learning strategy, test/performance and environment. This scale was
administered to a nationally representative sample of 2,339 Korean middle
school and high school students to validate the scale. Psychometric properties
including descriptive statistics, reliability measures, factorial structure and
correlations with external criteria were examined to provide validity evidence of

the final scale.

Lyons and Beilock (2011) used functional magnetic resonance imaging
to separate neural activity during the anticipation of doing mathematics from
activity during mathematics performance itself. Subjects were 32 right handed
university students. For higher but not lower math anxious individuals, it was
found that increased activity in front-o-parietal regions when simply anticipating
doing mathematics mitigated mathematics specific performance deficits. It was
found that individual difference in how mathematics-anxious individuals recruit
cognitive control resources during mathematics performance predict the extent
of their mathematics deficits. This suggested that educational interventions
emphasizing control of negative emotional responses to mathematics stimuli
will be most effective in increasing mathematics competency rather than merely

giving additional mathematics training.

Bekdemir (2010) conducted a study to examine whether negative
mathematics classroom experiences affect mathematics anxiety in 167 pre-
service teachers in a university in Turkey. Mixed — method explanatory
approach was employed. The findings revealed that many pre- service teachers
have mathematics anxiety and that the negative mathematics classroom

experiences have a direct influence on mathematics anxiety in pre- service
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teachers. It was also found that mathematics anxiety is substantially caused by
the teacher’s behaviour and teaching approach. The percentage of students who
had negative experience was found to go up with the transition from the

elementary and junior high school to high school level.

Cavanagh and Sparrow (2010a) conducted a study to develop a construct
model of mathematics anxiety. The study examined the possible causes or
determinants of mathematics anxiety followed by clarification of the construct
using a four-function model of construct specifications which lead to operational
definition of the construct. The study proposed a eight domain situational model

of mathematics anxiety.

Cavanagh and Sparrow (2010b) in their study attempted to measure
mathematics anxiety based on situational model of mathematics anxiety. Two
forms of a questionnaire were constructed. Data were collected from 50 primary
school students of age 5 to 7. The Rasch Rating Model was used for scaling. The
empirical results were used to refine the situational model of mathematics

anxiety.

In their study Erden and Akgul (2010) examined the predictive power of
mathematics anxiety and perceived social support from teacher for mathematics
achievement of primary school students. The sample consisted of 292 students
of seventh and eighth grades. Independent samples t-test, Pearson’s Correlation
Coefficient and Multiple Regression analysis were employed. The results of the
study revealed that an increase in mathematics anxiety reduces mathematics
achievement but perceived teacher supports results in an increase in mathematics
achievement for both boys and girls. It also revealed that mathematics
anxiety and teacher support are significant predictors of students’ mathematics
achievement. In the case of boys, mathematics anxiety was more powerful

predictor of mathematics achievement while it was teacher support for girls.
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Johnson, Smith and Carinci (2010) conducted a longitudinal study of pre-
service female teachers’ mathematics anxiety and mathematics self concept.
This triangulation study examined 102 female pre-service teachers of one
University teacher training programme of United States over three periods of
time: upon entering the pre-service teacher program, following completion of
the program, and one year after completion of the program. Students who
majored in mathematics or science, or who were earning their single subject
credential in mathematics or science were excluded from the study. Separate
one-way repeated measure ANOVAs for self concept and mathematics anxiety
revealed increase in self concept and decrease in mathematics anxiety and this
positive changes were found to sustain apparently one year after graduation

from the program.

Krinzinger, Kaufmann and Willmes (2009) conducted a study on
mathematics anxiety and mathematics ability in early primary school years. The
main objective of the study was to longitudinally investigate the relationship
between calculation ability, self-reported evaluation of mathematics and
mathematics anxiety in 140 primary school children between the end of first
grade and middle of third grade. Structural equation modeling revealed a strong
influence of calculation ability and mathematics anxiety on the evaluation of
mathematics but no effect of mathematics anxiety on calculation ability or vice
versa, contradicting with frequent clinical reports of mathematics anxiety even

in very young mathematical learning disabled children.

Rubinsten and Tannock (2010) conducted a study on mathematics anxiety
of 12 children with developmental dyscalculia and 11 typically-developing peers.
Participants completed a novel priming task in which an arithmetic equation was
preceded by one of four types of priming words (positive, neutral, negative or

related to mathematics). Children were required to indicate whether the equation
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was true or false. Analyses of the data revealed that participants with
developmental dyscalculia responded faster to targets that were preceded by
both negative primes and mathematics related primes. A reversed pattern was
present in the control group. The result suggested that low mathematics
achievement due to developmental dyscalculia lead to mathematics anxiety.
Further, arithmetic affective priming might be used as an indirect measure of

mathematics anxiety.

Ayotola and Adedeji (2009) in their study examined the relationship
between gender, age, general mental ability, anxiety, mathematics self efficacy
and achievement in mathematics among senior secondary students in Oyo State,
Nigeria. Stepwise multiple regression was used on the collected data from 1,099
students and the results showed that mathematics self efficacy is the best
predictor of mathematics achievement followed by gender and mathematics
anxiety. The contributions of age and mental ability to mathematics achievement

were non-significant.

Farnsworth (2009) studied math performance as a function of mathematics
anxiety and arousal performance theory. No relationship was found between
mathematics anxiety and performance on a non-math task, but an inverse
relationship was found between mathematics anxiety and performance on the
mathematics portion of a working memory intensive math task. Mathematics
anxiety was directly related to perfectionism and fear of negative evaluation.
There was no relationship found between mathematics anxiety and processing
speed, memory span, or selective attention. There was a significant effect of
mathematics anxiety on working memory, but this effect was limited to a math
intensive task wherein the low mathematics anxious group outperformed the

moderate or high mathematics anxious groups.
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Karimi and Venkatesan (2009) in their study examined the relationship
between levels of mathematics anxiety, mathematics performance and academic
hardiness among high school students and also examined the effects of gender.
Participants were 284 students of eighth grade, selected randomly from 9 high
schools in Karnataka State. Pearson correlation analysis and two independent
sample t-tests revealed that mathematics anxiety has significant negative
correlation with mathematics performance, but no significant correlation was
detected with academic hardiness. Significant gender difference was found in

mathematics anxiety but not in mathematics performance and academic hardiness.

Yiiksel-Sahin (2008) investigated whether students’ mathematics anxiety
differed significantly according to a group of variables. Participants were 249
fourth and fifth graders of Turkey. Independent sample t-test, one-way ANOVA
and Scheffe test revealed that students’ mathematics anxiety differed
significantly according to gender, liking for mathematics class, liking for
mathematics teacher and achievement level in mathematics. It was also found
that female students had higher levels of mathematics anxiety than their male
peers. Students who liked their mathematics class and who liked their
mathematics teacher had reported significantly lower mathematics anxiety.
Results showed that students who were more successful in mathematics had
lower degree of mathematics anxiety. But students’ mathematics anxiety was
not found to differ significantly according to their grade level and their gender

stereotypes regarding success in mathematics.

Zakaria and Nordin (2008) studied the effects of mathematics anxiety on
matriculation students as related to motivation and achievement. The study
revealed that the mean achievement scores and motivation scores of low,
moderate and high anxiety groups were significantly different. A low but

significant negative correlation between mathematics anxiety and achievement
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and a strong significant negative correlation between mathematics anxiety and
motivation were found. The study also revealed a significant positive correlation

between motivation and achievement.

Anderson (2007) conducted an online survey to assess student anxiety
and attitude response to six different mathematical problems. Sample consisted
of 43 students from grades 4, 5 and 6. The six mathematics problems varied in
type between traditional leveled tasks in the form of basic mathematical
operations and rich tasks. Basic operations varied amongst three levels of
difficulty and rich tasks varied amongst three degrees of complexity of context.
A weak relationship was found between mathematics anxiety and attitude to the
six problems presented. Some differences were observed between boys and girls
for responses to rich tasks. Differences in both attitude and anxiety responses
were found due to a variation of problem difficulty for traditional basic

operations.

Ashcraft and Krause (2007) conducted a study on working memory, math
performance and mathematics anxiety. The study showed how performance on a
standardized achievement test varies as a function of mathematics anxiety, and
that mathematics anxiety compromises the functioning of working memory. The
study commented on developmental and educational factors related to
mathematics and working memory, and on factors that might contribute to the

development of mathematics anxiety.

Medeiros and Leclercq (2007) used an electroencephalograph (EEG)
machine to measure the cortical activity of 6 volunteer undergraduate students
while each memorized and recalled lists of both scientific and common
mathematics words. A paired sample t-test showed that there was no significant
difference in average cortical activity. It also showed that students who had high
cortical activity when exposed to scientific terms also had high cortical activity

when exposed to common terms.
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Nasser and Birenbaum (2005) found that the correlation of mathematics
anxiety and achievement is significant for Arab students and is not significant
for Jewish students. For the whole sample the effects of mathematics anxiety on

mathematics achievement was found to be not significant.

Sebastian (2005) conducted a study of some psychological variables
discriminating between under and over achievers in mathematics among
secondary school pupils of Kerala. A significant low negative relationship was
found between mathematics anxiety and achievement in mathematics. Results
revealed that the selected predictor psychological variables including
mathematics anxiety are capable of classifying pupils as under normal and over

achievers in mathematics.

Ma and Xu (2004) conducted a longitudinal panel analysis to determine
the causal ordering between mathematics anxiety and mathematics achievement.
Results of structural equation modeling revealed that prior low mathematics
achievement was significantly related to later high mathematics anxiety but
prior high mathematics anxiety not related to low mathematics achievement,
across the entire junior and senior high school. Mathematics achievement was
more reliably stable from year to year than mathematics anxiety. Statistically
significant gender differences were found in the causal ordering of mathematics
anxiety and mathematics achievement. Prior low mathematics achievement was
significantly related to later high mathematics anxiety for boys across the entire
junior and senior high school but for girls at critical transition points only.
Mathematics anxiety was more reliably stable from year to year among girls

than among boys.

In the study conducted by Tapia and Marsh (2004) on the effects of
mathematics anxiety and gender on attitudes toward mathematics using a sample

of 134 students enrolled in mathematics class in a state university. The results of
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multivariate factorial model revealed that gender had no effect on attitudes
towards mathematics, and gender and mathematics anxiety had no influence on
attitudes toward mathematics. An overall significant effect of mathematics
anxiety on self confidence, enjoyment and motivation with large effect size was
found. Students with no mathematics anxiety scored significantly higher in
enjoyment than students with high mathematics anxiety. Students with little or
no mathematics anxiety scored significantly higher than students with some or
high mathematics anxiety in measures of self confidence and motivation.
Students with some mathematics anxiety scored significantly higher in

motivation than those with high mathematics anxiety.

Uusimaki and Kidman (2004) in their study tested an intervention model
than can be used to challenge mathematics anxiety amongst primary pre-service
teacher education students. In the three phased intervention model, mathematics
anxious participants engage in collaborative teamwork, specifically chosen
mathematical activities, personal written reflections, and with innovative
computer mediated software programs. It was found that the intervention model
reduce mathematics anxiety, enhance the repertoires of mathematical subject

knowledge, and a sense of identity as future primary mathematics teachers.

Woodard (2004) examined the effects of mathematics anxiety on post
secondary developmental mathematics students as related to achievement,
gender and age. The study was conducted on a sample of 125 developmental
mathematics students. A significant negative relationship was found between
mathematics achievement and mathematics anxiety. The results indicated that
female mathematics students are significantly more mathematics anxious than

male students. No significant age difference was found in mathematics anxiety.

Cates and Rhymer (2003) investigated the relationship between

mathematics anxiety, fluency, and error rates in basic mathematical operations
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among college students. Sample consisted of 52 students. Results suggested that
the higher mathematics anxiety group had significantly lower fluency levels
across all mathematical operations tests. No significant differences were found
in error rates between higher and lower mathematics anxiety groups, which
suggested that mathematics anxiety is more related to higher levels of learning

than to the initial acquisition stage of learning.

Sherman and Wither (2003) conducted a longitudinal study of the
relationship between mathematics anxiety and mathematics achievement. The
technique of cross lagged panel analysis was employed. Observation of a cohort
of 66 students was made twice a year over a period of five years as they
progressed from school year 6 to year 10. The results revealed a negative
correlation between mathematics anxiety and mathematics achievement. The
data did not support the hypothesis that mathematics anxiety causes a lack of
mathematical achievement, but supported the hypothesis that either the lack of
mathematical achievement causes mathematical anxiety, or there is a third factor

which causes both.

Ho, et al. (2000) studied the cognitive and affective dimensions of
mathematics anxiety across samples of sixth grade students from China, Taiwan
and the United States consisting of 671 students. The study compared the
dimensions, levels, and relationship with mathematics achievement of
mathematics anxiety. The results of confirmatory factor analyses were found to
support the theoretical distinction between affective and cognitive dimensions of
mathematics anxiety in all three national samples. The analyses of structural
equation models provided evidence for the differential predictive validity of the
affective and cognitive dimensions of mathematics anxiety. The study showed
that the affective factor of mathematics anxiety is consistently related to

mathematics achievement in the negative direction for all three national
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samples. Gender- nation interactions were also found to be significant for both

dimensions.

Kazelskis, et al. (2000) used correlational and confirmatory factor
analytic techniques to examine the relationship between mathematics anxiety
and test anxiety. The sample consisted of 321 university students. The results of
the study did not provide strong support for a clear distinction between measures

of mathematics anxiety and test anxiety.

Ma (1999) in a Meta analysis of the relationship between mathematics
anxiety and achievement in mathematics among elementary and secondary
school students examined 26 studies. The common population correlation for the
relationship was found to be significant. A series of general linear models
indicated that the relationship was consistent across gender groups, grade level
groups, ethnic groups, instruments measuring anxiety, and years of publication.
It was also found that researchers using standardised achievement tests tended to
report a relationship of significantly smaller magnitude than researchers using
mathematics teachers’ grades and researcher made achievement tests. Published
studies tended to indicate a significantly smaller magnitude of the relationship
than unpublished studies. No significant interaction effects were found among

key variables such as gender, grade and ethnicity.

Newstead (1998) studied mathematics anxiety among 9 to 11 year old
children. Mathematics anxiety of pupils taught in a traditional manner was
compared with that of pupils taught in an alternative approach called Calculator
Aware Number (CAN) curriculum emphasizing problem solving and discussion
of pupil’s own informal strategies. Sample included 246 primary school
students. The results revealed that mathematics anxiety is multidimensional. It
was also found that students who were exposed to traditional approach reported
more mathematics anxiety than those who were exposed to the alternative

approach, particularly with regard to social, public aspects of doing mathematics.
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Bessant (1995) conducted a study on factors associated with types of
mathematics anxiety in 173 university students. The interrelatedness of various
types of mathematics anxiety with attitudes toward mathematics, learning
preferences, study motives, and strategies was studied. Factor analysis of the
Mathematics Anxiety Rating Scale identified six factors. Correlation analysis
indicated complex interaction patterns between attitudes toward mathematics
and the six factors, depending on the overall level of anxiety experienced.
Variation in orientation to learning was also found to be significantly related to

specific types of anxiety, attitudes, and instructional factors.

Gierl and Bisanz (1995) evaluated students in Grades 3 and 6 on
measures of mathematics anxiety, School Test Anxiety, and Attitudes towards
Mathematics. The sample consisted of 95 students in a public school system, 47
students from Grade 3 and 48 students from Grade 6. Results revealed two
distinct forms of mathematics anxiety: test and problem solving anxiety.
Mathematics test anxiety was found to increase with age when compared to
mathematics problem solving anxiety. This indicated that children become more
anxious about mathematics test situations as they progress through school. It
was also found that mathematics test anxiety was related, but not identical, to
school test anxiety, and students in both grades were less anxious about
mathematics tests than about academic testing generally. Older students tended
to show more positive attitudes toward mathematics than did younger students.
The relations between these attitudes and the two forms of mathematics anxiety

changed between Grades 3 and 6.

Malini (1995) conducted a study to investigate the gender differences in
certain psychological variables of the mathematical domain at secondary school
level. No significant relationship was found between gender and mathematics

anxiety. A low negative correlation was found between mathematics anxiety and
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mathematics achievement and the gender difference in the relationship was not

significant.

Sobha (1995) found that mathematics anxiety discriminate significantly

between high, average and low mathematically able pupils.

Roy and Roy (1994) studied the interaction effects of mathematics
performance, anxiety and achievement in mathematics and found that there is

significant interaction effect of both the variables on mathematics achievement.

Jameela (1993) studied the gender difference in the relationship between
mathematics anxiety and achievement in mathematics. No gender difference
was found in mathematics anxiety and the variables were found to be negatively

correlated.

Krishnakumar (1993) studied the effect of self concept and mathematics
anxiety on achievement in mathematics of secondary school pupils of Kerala.
Significant difference was found in the mean achievement scores of high,
average and low mathematics anxiety groups. A low negative correlation
between Achievement in Mathematics and Mathematics Anxiety was also

found.

Coleman (1991) investigated the prevalence and intensity of mathematics
anxiety among college students enrolled in mathematics education and English
courses. No gender difference was found in mathematics anxiety and results
indicated that factors other than mathematics anxiety should be considered to
explain differences in male and female enrolment in certain mathematics
courses. Negative correlation was found between mathematics anxiety and

mathematics achievement.

Hadfield, Martin and Wooden (1992) conducted a study on a sample of
358 middle school students and found that mathematics anxiety and mathematics

achievement are negatively related.
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Mancini (1992) examined the relationship between mathematics anxiety,
personality type, sex, age and prior mathematics course. No significant

relationships were found between any of the variables studied.

Flessati and Jamieson (1991) investigated gender differences in
mathematics anxiety and gender related response bias in mathematics anxiety
using a sample of 60 male and 90 female undergraduates aged 19 to 49 years.
Regardless of whether students were male or female, more negative
mathematics experiences were reported by students with higher mathematics
anxiety scores. It was revealed that the two findings that females are more self-
critical of mathematics anxiety in them and are more self critical of their
performance in mathematics could explain gender difference in mathematics

anxiety.

Lupkowski and Schumacker (1991) studied mathematics anxiety among
talented students. The participants were 66 students attending the Texas
Academy of Mathematics and Science in an early entrance to college program
for talented students. Results indicated that these talented students were less
math anxious than most unselected college students. But they were found to be
more math anxious than a group of college students majoring in physics. No
relationship between level of mathematics anxiety and grades or mathematics
and Scholastic Aptitude Test- Mathematics scores was found for the group of
talented students. Higher verbal scores and higher grades were found to be
associated with lower levels of mathematics anxiety for males. These

relationships were not found to be evident for females.

Miller (1991) conducted a study to find out the relationship of
mathematics anxiety to gender and mathematics achievement. Results did not
confirm that mathematics anxiety is correlated with gender and mathematics

achievement.
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Green (1990) studied test anxiety, mathematics anxiety and teacher
comments in relation to achievement in remedial mathematics and found that
test anxiety has a greater effect on mathematics achievement of students than

mathematics anxiety.

In a study by Hembree (1990), results of 151 studies were integrated by
Meta analysis to scrutinize the construct mathematics anxiety. The study
revealed that mathematics anxiety is related to poor performance on
mathematics achievement tests and is bound directly to avoidance of the subject.
It also showed that variables which exhibit differential mathematics anxiety
levels include ability, school grade level, and under graduate fields of study,
with pre-service arithmetic teachers especially prone to mathematics anxiety. It
also revealed that females display higher levels of mathematics anxiety than
males. However, mathematics anxiety was found to link more strongly with
poor performance and avoidance of mathematics in pre college males than

females.

Hunsley and Flessati (1990) studied gender effect in mathematics anxiety
and the findings revealed that mathematics anxiety is not truly a gender related

phenomenon, but rather due to poor mathematical preparation.

Lewellyn (1990) investigated gender differences in mathematics
achievement, and mathematics anxiety. Sample consisted of 241 adolescents in
grades 7, 8 and 9. Even though females outperformed males in mathematics

achievement, no gender difference was found in mathematics anxiety.

Meece, Wigtfield and Eccles (1990) as part of a two year longitudinal
research project studied 250 students of grades seven through nine. Structural
modeling procedures were used to assess the influence of past math grades,

math ability perceptions, performance expectancies, and value perceptions on
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the level of mathematics anxiety of the students. A second set of analysis
examined the relative influence of these performance, self perception and affect
variables on students’ subsequent grades and course enrollment intentions in
mathematics. The findings indicated that mathematics anxiety was most directly
related to students’ math ability perceptions, performance expectancies, and
value perceptions. Students’ performance expectancies predicted subsequent
mathematics grades, where as their value perceptions predicted course enrollment
intentions. Mathematics anxiety was not found to have significant direct effects

on either grades or intentions.

Wigfield and Meece (1988) conducted a study on mathematics anxiety in
elementary and secondary school students. Confirmatory factor analysis of the
obtained data revealed two components of mathematics anxiety, a negative
affective reactions component and a cognitive component. It was also found that
the affective component of mathematics anxiety related more strongly and
negatively to children’s ability perceptions, performance perceptions and
mathematics performance. But the worry component related more strongly and
positively to the importance that children attach to mathematics and their
reported actual effort in mathematics. Girls were found to report stronger
affective reactions to mathematics. Ninth grade students reported experiencing

the most worry about mathematics and sixth graders the least.

Mevarech and Ben-Artzi (1987) in their study examined the effects of
Computer Assisted Instruction (CAI) with fixed and adaptive feedback on
children’s mathematics anxiety and achievement. Multivariate and Univariate
analyses of covariance on data collected from 245 sixth grade students revealed
significant differences between CAI and non CAI treatments on six factors of
Mathematics Anxiety. No significant differences were found between the two

CALI treatments on any variable.
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Clute (1984) studied the relationship of anxiety, teaching method and
their interaction to mathematics achievement. Direct instruction discovery and
direct instruction expository strategies were employed on 81 students in
different sections of a survey course in college mathematics at two colleges. It
was found that students with a high level of mathematics anxiety had
significantly lower achievement than students with a low level of anxiety. It was
also found that students with high anxiety benefited more from expository
approach and students with low anxiety benefited more from discovery
approach. It was also revealed that if the desired outcome is correct answers to
high level questions, a discovery method may benefit students at all levels of

anxiety.

Sepie and Keeling (1978) divided a sample of 246 eleven and twelve
years old children, belonging to a school in New Zealand, into groups of over-
achievers, achievers and under achievers in mathematics using regression
equation based on the relationship between Otis 1.Q. and mathematics achievement
and employing the cut off procedure recommended by Thorndike. Analysis of
Variance was used to compare the performances of the three groups on
measures of general anxiety, test anxiety and mathematics anxiety. The results
revealed that under achievers in mathematics are clearly differentiated from
their achieving and over achieving peers in mathematics-specific anxiety than in

either general or test anxiety.
Mathematics Anxiety- Research Trend

Mathematics learning and factors affecting mathematics learning including
Mathematics Anxiety is a well analysed area in India as well as abroad. Many
case studies, surveys, experimental studies, longitudinal and cross sectional

studies had been conducted related to mathematics anxiety on a variety of
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samples, using a variety of methodologies and utilizing various techniques of
analysis. Quantitative, qualitative and triangulation studies were located which
had studied mathematics anxiety in relation to variables like mathematics
achievement, self concept, test anxiety, general anxiety, gender, age, mental
ability, various teaching methods etc. Some studies tried to explore the reasons
and consequences of mathematics anxiety while some others tried to clarify and
define the construct. A number of studies were related to development of

instruments for measuring mathematics anxiety.

With regard to the research on mathematics anxiety as related to teaching
methods, some methods like Direct Instruction Expository (Clute, 1984),
Computer Assisted Instruction (Mevarech & Ben-Artzi, 1987), Co-operative
method (Daneshamooz, Alamolhodaei & Darvishian, 2012) were found
beneficial for improving achievement of mathematically anxious students. An
intervention model developed by Uusimaki and Kidman (2004) was found
effective for reducing mathematics anxiety of primary pre-service teachers. The
investigator was able to locate only one teaching approach helpful in reducing
mathematics anxiety of primary students, namely Calculator Aware Number
Curriculum (Newstead, 1998). The research trend analysed in this specific area
support the research intension of the investigator to develop some form of

instructional strategy to reduce Mathematics Anxiety.
Studies Related to Cognitively Guided Instruction

Guerrero (2014) examined teacher and administrator perspectives with
regard to the adoption and implementation of Cognitively Guided Instruction at
three elementary schools. A holistic exploratory case study analysis was
conducted. Participants were elementary mathematics teachers representing

grades one to six, school principals and one district office representative.
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Classroom observations, teacher interviews, administrator interviews and a
review of documents and materials related to Cognitively Guided Instruction
were conducted. The data from these three sources were triangulated and
analysed for emerging categories and subcategories. The findings of the study
indicated few differences between the three school sites with regards to their
adoption and implementation. Teachers’ and administrators’ perceptions of the

adoption and implementation were found to be generally positive.

Moscardini (2014) carried out a study in Scotland which involved
introducing the principles of Cognitively Guided Instruction to 21 mainstream
elementary teachers. The study explored how these teachers used this
knowledge to support all learners. The study was a qualitative one designed over
three phases to support a comparison of pre- and post- intervention measures.
Data from final interviews showed that all the participating teachers considered
themselves to be more knowledgeable about children’s mathematical thinking.
A shift away from the transmission of knowledge and procedures and towards
encouraging pupils to make connections in their mathematical thinking was

found.

Hankes, Skoning, Fast and Mason (2013) conducted a three year research
study among Native American students identified as learning disabled. Methods
used were problems based, consistent with those of Cognitively Guided
Instruction and were culturally relevant. Participants were teachers in special
education and inclusive education classrooms of grades kindergarten through

12. It was found that the target students had significant learning gains.

Hendricks (2013) conducted a quasi-experimental study to measure the
impact of Cognitively Guided Instruction on Criterion Referenced Competency

Tests (CRCT) achievement scores of 104 students who had been administered
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the test from 2007 to 2010. The experimental group consisted of 53 students and
control group consisted of 51 students. Using ANCOVA, the results revealed
that a significant difference exist between mathematics scores of the
experimental group and control group. Cognitively Guided Instruction was
found to be instrumental in improving instruction and improving mathematics
understanding. It was also found that as the dynamics of classroom social

communication changes, children learn to think and act mathematically.

Spilde (2013) studied the effect of using a sequence of representations to
solve word problems on students’ scores on pre-post assessments and daily
problem solving. Mixed methods were employed to collect data. One group pre-
test post-test design was used. Nineteen students ranging in age from 6 to 8 years
participated. It was found that students’ problem solving abilities increased,
students internalized the solution strategy process and students worked more
independently on problems as their problem solving abilities increased. The
triangulated results of the study showed that students solve Cognitively Guided
Instruction style word problems correctly, with understanding at a high
complexity level, and co-operatively with developed independence. It was also
found that students increased the complexity of solutions used to solve problems

and decreased the rate of guessing in answers to word problems.

Christenson and Wager (2012) reported that to provide guidelines for
differentiated instruction in mathematics, staff from the Madison Metropolitan
school district in Wisconsin created a pedagogical framework for teaching
called “Balanced Mathematics”. The framework was based on Cognitively
Guided Instruction, algebraic thinking and NCTM standards. It has four
components. The teachers in the district were introduced to the framework
through an instructional guidebook that contains many classroom resources,

such as instructional organizers and sample activities and assessments.
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Medrano (2012) studied the effect of Cognitively Guided Instruction on
primary school students’ mathematics achievement, problem solving abilities
and teacher questioning. Participants were second, third and fourth grade
students of four elementary schools and nine teachers of these grades. Mixed
method approach was used. Predominant strategy used by students to approach
word problems was found to be direct modeling. It was found that third and
fourth grade students demonstrated better achievement outcomes than regression
prediction but not second grade students. It was also found that students did not
understand questions being asked in many of the story problems and students

had many misconceptions despite being asked many higher level questions.

Dowdy (2011) conducted a case study of 5 second grade teachers in two
schools of one Southern California school district where Cognitively Guided
Instruction was implemented in 2005 district wide for all elementary students. A
qualitative analysis of observations, interviews, rubrics and district professional
development records was done. It was found that teachers use Cognitively
Guided Instruction in varying degrees. All observed teachers demonstrated most

elements of quality Cognitively Guided Instruction.

Prusaczyk and Baker (2011) conducted a case study of a partnership of
Southern Illinois University-Carbondale (SIUC) with twelve rural schools with
high percentage of students in poverty. Participants were forty five teachers.
Each one of them was given mathematics anxiety counseling and Cognitively
Guided Instruction was used to enhance teachers’ mathematical knowledge and
ability to apply discipline-particular teaching approaches. Analysis of various
data collected during four years revealed significant reduction in the
mathematics anxiety of teachers and significant increase in Algebraic reasoning.
No significant change in number operations was found. It was also found that

students of the participant teachers have made gains in achievement.
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Helding (2010) conducted a study to develop a measurement instrument
for student knowledge within educational interventions. The construct
underlying the measurement instrument corresponded with student knowledge
in Cognitively Guided Instruction contexts. Item types and content arrangement
were according to Guttman pattern, and administered to kindergarten and first
grade students with clinical interviews. In the IRT modeling of student

responses and items, one dimension was ultimately extracted.

Moscardini (2010) conducted a study on a group of 24 children in 3
Scottish primary schools for pupils with moderate learning difficulties. This
study showed how the pupils responded to word problems following their
teachers’ introduction to the principles of Cognitively Guided Instruction. The
study found that the pupils were able to develop their understanding of
Mathematics concepts through actively engaging in word problems without
prior explicit instruction and with minimal teacher adjustments. The pupils’
conceptual understandings demonstrated by their solution strategies within
Cognitively Guided Instruction activities were not found consistent with

classroom records of assessment.

Franke, Webb, Chan, Ing, Freund and Battey (2009) examined the
classrooms of 3 teachers who had engaged in algebraic reasoning professional
development. It was found that after the initial “How did you get that?”” question a

great deal of variability existed among teachers’ questions and students’ responses.

Musanti, Celedon-Pattichis and Marshall (2009) conducted a case study
to investigate a professional development initiative in which a first-grade
bilingual teacher was engaged in learning and teaching Cognitively Guided
Instruction. The study explored the impact of classroom based professional

development on a teacher’s understanding of teaching mathematics to Latin/o
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students and issues of language and culture with which the teacher grappled
while engaged in reflecting on students’ mathematical thinking. The findings
showed that ongoing reflection, collegial conversation, and analysis of students’
work enhanced teacher’s understandings of students’ mathematical learning, and
of practices that provide students opportunities to solve contextualized
mathematics problems, to communicate their solutions, and to represent their

thinking.

Jacobs and Ambrose (2008) studied teacher-student conversations in
problem solving interviews in which a third grade teacher worked one-one with
a child. After analyzing videotaped problem solving interviews conducted by 65
teachers while 231 children solving 1018 story problems, eight categories of
teacher moves that, when timed properly, were productive in advancing

mathematical conversations were found.

Lawson and Ramsey (2008) conducted a study to determine teachers’
perceptions concerning the use of Cognitively Guided Instruction in mathematics
instruction. Participants were five teachers and two administrators who had
attended professional development in Cognitively Guided Instruction. A Likert
type survey was employed to collect data and percentage analysis was done for
each survey item. The findings suggested that over all the teachers and
administrators perceived Cognitively Guided Instruction training as beneficial
and that improvements were made in student achievement. The results revealed
that teachers intended to continue use of Cognitively Guided Instruction

approach in their classrooms.

Empson, Junk, Dominguez and Turner (2006) analyzed -children’s
coordination of number of people sharing and number of things being shared in
their solutions to equal sharing problems and also to what extent this coordination

was multiplicative. In the study children’s solutions for equal sharing problems
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in which the quantities had a common factor was documented. Data consisted of
problem solving interviews with students in first, third and fourth grades (n=12).
Two major categories of strategies were found and it was found that problems
that included number combinations with common factors elicited a wider range

of whole-number knowledge and operations in children’s strategies.

Fast (2005) attempted to determine if children in Zimbabwe, a developing
country with cultures and educational experiences very different from those in the
United States, could also potentially benefit from Cognitively Guided Instruction.
Thirty five second grade Zimbabwean students’ mathematics problem solving
attempts were assessed using the 14 Cognitively Guided Instruction problem
types. It was found that their solution strategies were consistent with findings of
previous research. Most of the students were at the direct modeling stage in their
development and they had difficulty in solving more complex problems. Results
suggested that Cognitively Guided Instruction offer considerable benefits for

elementary school children in Zimbabwe.

Empson (2003) conducted an analysis of two low performing students’
experiences in a first grade classroom oriented toward teaching for understanding.
Combining constructs from interactional sociolinguistics and developmental task
analysis, the nature of these students’ participation in classroom discourse about
fractions was investigated. Pre- and post instruction interviews documenting
learning and analysis of classroom interactions suggested mechanisms of that
learning. It was proposed that three main factors account for these two students’
success: use of tasks that elicited the students’ prior understanding, creation of a
variety of participant frameworks in which students were treated as mathematically

competent, and frequency of opportunities for identity-enhancing interactions.

Waxman and Tellez (2002) in their study synthesized research from 1990

to 2002 on effective teaching for English Language Learners (ELL), focusing on
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instructional strategies and methods found to have most educational benefit to
ELLs. The final synthesis consisted of 34 articles. Seven teaching practices were
found to be effective in improving education of ELLs. It was found that
Cognitively Guided Instruction has several positive components that can

improve the education of ELLs.

Bowman, Bright and Vacc (2000) examined changes in 16 teachers’
beliefs about teaching and learning across a five year Cognitively Guided
Instruction project. Beliefs scale was administered six times during the project
and repeated measures analysis of variance and nonlinear regression analysis
were done. It was found that during the initial year of implementation of
Cognitively Guided Instruction, teachers’ beliefs declined and by the end of the
second year teachers’ beliefs were found to recover to the same level evidenced
immediately after the initial workshops. Little change was found in total scale
and subscale scores after the second implementation year. The results revealed
that long term, intensive support is needed by teachers to continue using

Cognitively Guided Instruction approach in their mathematics instruction.

Bright, Vacc and Bowman (2000) conducted a case study of a third grade
teacher across four years of implementation of Cognitively Guided Instruction.
Data included annual interviews, written reflections of the teacher on
instructional issues and observations of mathematics instruction of the teacher. It
was found that the beliefs of the teacher shifted toward a constructivist view and
remained stable throughout the project. By the end, the teacher was able to see
student-student interaction as critical to development of mathematical thinking,
view students’ struggles with mathematics ideas as desirable, help students to
reflect, make explicit decisions about when children would share solutions and

focus questions to help children to see mathematical structures.

Carpenter and Levi (2000) conducted a series of two studies in the

context of Cognitively Guided Instruction to understand how to provide support
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for children to reflect on their procedures in order to form generalizations from
them and construct notations for representing their procedures and generalizations
abstractly. In the first study, a group of eight students in a combination first and
second grade class were taught eight lessons. It was found that some first and
second grade children could deal successfully with a variety of true or false
number sentences. The following year a case study of a combination class of
grade first and second consisting of 20 students was conducted. The results were
found to be consistent with the results of first study. The two studies revealed
that students in the primary grades are able to engage in formulating,
representing, and justifying conjectures even though their justification might not
always be sufficient to validate all of the conjectures they are capable of

identifying.

Vacc, Bowman and Bright (2000) conducted case studies of two teachers
at their first year of teaching who had joined a five year Cognitively Guided
Instruction project. Changes were documented in the areas of discourse,
children’s thinking and instructional planning through analysis of transcribed
annual interviews, teachers’ written responses to a variety of instruments, and
classroom observations with post- observation interviews. Results revealed that
by the end of the project, one teacher provided students with opportunities to
solve a variety of problems but did not use what students shared to make
instructional decisions. But the other teacher was found to make instructional
decisions based on the knowledge about individual child’s mathematical
thinking. Significant difference was also found between the belief scale scores

of the teachers.

Clements, Swaminathan, Hannibal and Sarama (1999) investigated the
criteria that preschool children use to distinguish members of a class of shapes

from other figures. Individual clinical interviews of 97 children of ages 3 to 6



86 Effectiveness of Cognitively Guided Instructional Strategy

emphasizing identification and descriptions of shapes and reasons for these
identifications were conducted. It was found that young children initially form
schemes on the basis of feature analysis of visual forms. It was also found that
while these schemas are developing, children continue to rely primarily on
visual matching to distinguish shapes. Results also revealed that children are

capable of recognizing components and simple properties of familiar shapes.

Empson (1999) conducted a study to explore children’s fraction learning
in a first grade classroom in which the teacher elicited and built on children’s
informal knowledge of fractions. Sample consisted of 19 children. Pre tests and
post tests indicated that children’s understanding of fractions had advanced. The
results suggested that how children think about fractions is influenced not only
by how their own knowledge is structured, but also by how the context for

thinking about and discussing fractions is structured.

Vacc and Bright (1999) studied elementary pre-service teachers’
changing beliefs and instructional use of children’s mathematical thinking. 34
participants were introduced to Cognitively Guided Instruction as part of a
mathematics method course. Belief-scale scores indicated that significant
changes in teachers’ beliefs and perceptions about mathematics instruction
occurred across the two year long sequence of professional course work and
student teaching during their under graduate program. But it was found that their
use of knowledge of children’s mathematical thinking during instructional

planning and teaching was limited.

Battista, Clements, Arnoff, Battista and Borrow (1998) examined in
detail students’ structuring and enumeration of two-dimensional rectangular
arrays of squares. Twelve second graders were interviewed and research

indicated that many students do not recognize the row-by-column structure
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assumed in such arrays. Various levels of sophistication in students’ structuring

of the arrays were found.

Bowman, Bright and Vacc (1998) in their study examined changes in 20
elementary teachers’ beliefs about teaching and learning that occurred during
the first two years of a five year implementation of Cognitively Guided
Instruction as the basis of mathematics instruction. To assess changes in
teachers’ beliefs about teaching and learning mathematics, Cognitively Guided
Instruction beliefs scale was administered before and after each of the four
workshops. Results indicated that during the first year, teachers’ beliefs
declined, despite receiving extensive support. It took two years of
implementation for teachers’ beliefs to recover to the same level evidenced

immediately after the initial workshops.

Bright, Bowman and Vacc (1998) conducted a study to examine the
influence of teachers’ frameworks for human development, curriculum and
mathematics on their interpretations of children’s mathematical thinking. The
teachers in the study were 20 elementary teachers who were participating in a
profession development project to help them implement Cognitively Guided
Instruction. Data on teacher beliefs, interpretations of children’s solutions to
Mathematics problems and instructional decision making were collected. Five
frameworks were identified viz., developmental, taxonomic, problem solving,
curriculum, deficiency. Results suggested that teachers focus most frequently
and very consistently on the curriculum framework. It was also found that the
increasing importance of the developmental framework was due to the increased
attention paid by the teachers to the different kinds of solutions strategies used

by students.

Carpenter, Franke, Jacobs, Fennema and Empson (1998) conducted a

three years longitudinal study to investigate the development of 32 students’
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understanding of multi-digit number concepts and operations in Grades 1-3.
Students were individually interviewed five times on a variety of tasks involving
base-ten number concepts and addition and subtraction problems. The study
proved that children can invent strategies for adding and subtracting and
illustrated both what that invention affords and the role that different concepts
may play in that invention. About 90 percent of the students were found to use
invented strategies. Students who used invented strategies before they learned
standard algorithms demonstrated better knowledge of base-ten number
concepts and were more successful in extending, their knowledge to situations

than were students who initially learned standard algorithms.

Fennema, Carpenter, Jacobs, Franke and Levi (1998) investigated gender
differences in problem solving and computational strategies used by 44 boys and
38 girls as they progressed from grades 1 to 3. The children were individually
interviewed five times. In each interview, they solved tasks involving basic
number operations and their application to more complex problems. No gender
differences were found in solving number fact, addition or subtraction, or
nonroutine problems throughout the three years of the study. Each year, there
were strong and consistent gender differences in the strategies used to solve
problems, with girls tending to use more concrete strategies like modeling and
counting and boys tending to use more abstract strategies that reflected
conceptual understanding. At the end of the third grade, girls were found to use
more standard logarithms than boys. On the problems that required flexibility in

extending one’s procedures, boys were found to be more successful than girls.

Franke, Carpenter, Fennema, Ansell and Behrend (1998) investigated
changes over four years of three elementary teachers participating in
Cognitively Guided Instruction professional development. Interviews and

observations indicated that Cognitively Guided Instruction allowed teachers to
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engage in ongoing practical inquiry directed at understanding their students’

thinking.

Hankes (1998) examined whether teaching methods employed in
Cognitively Guided Instruction were compatible with the teaching methods of
Native American Pedagogy. A kindergarten teacher implemented Cognitively
Guided Instruction after participating in two 30-hour Cognitively Guided
Instruction workshops. The results of a nine item test showed that the students
demonstrated remarkable problem solving ability, indicating that Cognitively
Guided Instruction is a culturally compatible way of teaching mathematics to

Native American children.

Vacc, Bright and Bowman (1998) in their study examined changes in 19
teachers’ beliefs across the first two years of a professional development
program in Cognitively Guided Instruction. The study involved five teams of
mathematics teachers and teacher educators. Participants responded to three sets
of open ended questions. It was found that participants changed their beliefs in
three areas: teachers’ view of children, teacher and student roles, and skill
acquisition and problem solving. The changes were found to vary by category

and grade level.

Bowman, Bright and Vacc (1997) studied teachers’ beliefs and their
implementations of children’s problem solving performance across the first year
of implementation of Cognitively Guided Instruction. Sample consisted of 21
female teachers in grade 5. A transcript analysis of a dialogue between a first
grade teacher and three students, a 48 item Beliefs Scale and two general items
were completed by the teachers before each of the two workshops. Results of
analysis of pre-post responses revealed that teachers’ beliefs changed
significantly in ways that were consistent with Cognitively Guided Instruction

tenets. Evidence cited by the teachers to support their assessment of students’
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thinking also changed consistently with the implementation of Cognitively
Guided Instruction. It was found that complex relations exist between these two

kinds of changes.

Battista and Clements (1996) examined various conceptual structures that
students construct in enumerating three dimensional cube array and the mental
operations that underlie these constructions. 45 third and 78 fifth graders were
interviewed and observed before and after a teaching experiment on volume.
Results showed that students’ initial conception of a three dimensional
rectangular array of cubes was an uncoordinated set of faces. It was also found
that as students became capable of coordinating views, they see array as space
filling and strive to restructure it as such. Those who complete a global
restructuring of the array use laying strategies. Those in transition use local
piece to piece restructuring strategies. These findings suggested that many
students are unable to enumerate the cubes in a three dimensional array because
they cannot coordinate the separate views of the array and integrate them to

construct one coherent mental model.

Fennema, Carpenter, Franke, Levi, Jacobs and Empson (1996) conducted
a longitudinal study to examine changes in the beliefs and instruction of 21
primary grade teachers over a four year period in which the teachers participated
in a Cognitively Guided Instruction teacher development program. It was found
that there were fundamental changes in the beliefs and instruction of the
teachers. The gain in their students’ concepts and problem solving performance

was found to be directly related to changes in teachers’ instruction.

Melton (1996) studied the change in black students’ performance when
they worked with partners they selected. Participants were students of a fourth
grade teacher. Using Cognitively Guided Instruction principles, the teacher
observed students and adapted teaching method. Then a survey was conducted

and the results revealed that the partnership was successful.
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Knapp and Peterson (1995) conducted a study on teachers’ interpretations
of Cognitively Guided Instruction. Twenty primary teachers were interviewed
who, three of four years earlier, had participated in in-service workshop on
Cognitively Guided Instruction. Three patterns of use of Cognitively Guided
Instruction were found. These patterns were found to be related to the meanings

teachers constructed for Cognitively Guided Instruction itself.

Behrend (1994) examined the problem solving processes of five second
and third-grade students identified as learning disabled. Children’s independent
and assisted problem solving abilities were assessed based on Cognitively
Guided Instruction framework. Individual interviews and small group sessions
were conducted. It was found that, given the opportunity, these students were
capable of sharing their strategies, listening to other children’s strategies,
comparing the strategies, justifying their thinking and helping each other to
understand word problems. They were also capable of generating and generalizing
their own problem solving strategies and did not need to be taught specific

strategies.

Bright and Vacc (1994) as part of a project conducted a study to examine
the effect of inclusion of Cognitively Guided Instruction in a mathematics
methods course on the teaching performance of undergraduate pre service
teachers. The sample consisted of 68 pre-service teachers at the University of
North Carolina. The experimental group consisting of 34 students was given
instruction on Cognitively Guided Instruction in their methods course and the
control group was not. The beliefs survey revealed that pre-service teachers in
both groups changed their beliefs to a more constructivist orientation during the
program. It was found that Cognitively Guided Instruction pre-service teachers
taught for meaningful understanding of mathematics concepts by the students

but control pre-service teachers wanted students to reflect the mathematics
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understanding of the teacher. The study also suggested that it is possible to teach

pre-service teachers to use Cognitively Guided Instruction.

Lehrer and Jacobson (1994) conducted a three year longitudinal study of
the development of children’s thinking about shapes; measurement, depiction
and visualization. Based on the findings of the study conducted on first, second
and third graders an experimental Cognitively Guided Instruction curriculum for
teaching geometry was developed. After a series of workshops and a year of
instruction using this curriculum, significant change in the beliefs of teachers
about the teaching and learning of geometry was found. At the end of the year it
was found that Cognitively Guided Instruction Geometry group showed large

differences in conceptions of Geometry.

Schmitz (1994) conducted a study to increase middle-level teaching
teams understanding of cognitively guided instructional strategies or brain-based
learning theories and to promote the incorporation of these into the teaching of
cross-curriculum thematic units. Twelve staff development modules based on a
new perspective of learning were developed and implemented. Analysis of the
survey and interview data revealed that middle level educators who were
consistently involved in staff development sessions discussed the meaning of
cognitive instruction, implemented more strategies within their classroom, and
demonstrated understanding of cognitively guided instructional strategies’

relationships to curriculum integration.

Steinberg, Carpenter and Fennema (1994) conducted case study of a
fourth grade teacher and 21 students of the teacher. The teacher taught
mathematics using Cognitively Guided Instruction approach. Nine students
randomly selected and were documented regularly. Observations, interviews and
student assessments were collected. Four phases of teacher change were

identified and teacher change was found to reflect in children’s solution
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strategies. Results also suggested that it is possible to start implementing

Cognitively Guided Instruction in fourth grade also.

Fennema, Franke, Carpenter and Carey (1993) conducted a longitudinal
case study of one first grade teacher over a period of four years. The study was
to understand how knowledge of children’s thinking in mathematics was used
by the teacher to make instructional decisions. It was found that children in the
Cognitively Guided Instruction classroom learned mathematics to a level that

exceeds what is recommended by the NCTM standards.

Villasenor and Kepner (1993) compared the problem solving and
computational skills of first grade students whose teachers had participated in
staff development programme to learn to teach using a Cognitively Guided
Instruction framework to that of first grade students whose teachers had not. It
was found that students in experimental classes performed significantly better in

solving word problems and completing number facts.

Knapp and Peterson (1991) conducted a study to examine teachers’ ideas
of Cognitively Guided Instruction intervention four years later. The participants
were 20 teachers who had participated in month-long workshops on Cognitively
Guided Instruction as part of a large scale study. Ten of the teachers had
participated in the experimental group and another 10 in control group in the
larger study. Interview results revealed that their use of Cognitively Guided
Instruction to teach mathematics varied widely from occasionally or
supplementarily to mainly or solely. Three patterns of change in Cognitively
Guided Instruction use were found. These patterns of change were found related

to the meanings that teachers had constructed for Cognitively Guided Instruction.

Carpenter, Fennema, Peterson, Chiang and Loef (1989) studied teachers’
use of knowledge from research on children’s mathematical thinking and how
their students’ achievement is influenced as a result. Twenty first grade teachers,

assigned randomly to an experimental treatment, participated in a month long
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Cognitively Guided Instruction workshop in which they studied a research based
analysis of children’s development of problem solving skills in addition and
subtraction. Other 20 first grade teachers were assigned randomly to a control
group. Although differences in student achievement were modest, the
differences found consistently favoured the Cognitively Guided Instruction

treatment group.

Peterson, Carpenter and Fennema (1989) in their study examined the
relationship of teachers’ knowledge of students’ knowledge to teachers’
mathematics instruction and to students’ mathematics problem solving. Twenty
first grade teachers participated in a four week workshop in which they were
given knowledge on children’s mathematics learning. Observations, interviews
and questionnaires were employed. Correlation analyses showed significant
positive relationships between teachers’ knowledge of students’ knowledge and
mathematics problem solving achievement of students. Case analyses of
knowledge and behaviour of the most effective teacher and the least effective

teacher were found to support these conclusions.

Peterson, Fennema, Carpenter, Franke and Loef (1989) examined
relationships among first grade teachers’ pedagogical content beliefs, teachers’
pedagogical content knowledge, and students’ achievement in mathematics.
Sample consisted of 39 teachers. Results indicated significant positive
relationships among teachers’ beliefs, teachers’ knowledge, and students’
problem solving achievement. Compared to teachers with a less cognitively
based perspective, teachers with a more cognitively based perspective were
found to make extensive use of word problems in introducing and teaching
addition and subtraction. Cognitively based teachers showed greater knowledge
of word problem types, children’s problem solving strategies and their children

scored higher on word Problem Solving Achievement.
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Carpenter and Moser (1984) studied children’s solutions to simple
addition and subtraction word problems in a three year longitudinal study that
followed 88 children from grades 1 through 3. Clinical interviews were used to
identify the processes that children used. The results revealed that the children
were able to solve the problems using a variety of modeling and counting
strategies even before they received formal instruction in arithmetic. It was
found that the invented strategies were continued to be used after several years

of formal instruction. Four levels of problem solving ability were found.
Cognitively Guided Instruction- Research Trend

Review of the studies related to Cognitively Guided Instruction revealed
that it is an emerging area of research. Most of the previous studies have
investigated whether the Cognitively Guided Instruction knowledge shared in
workshops had an impact on teachers and on students. The studies have used a
variety of methodologies to study teachers including precise observations of
teaching, paper and pencil assessments, individual interviews, and in depth case
studies. Mixed methodology was also used. To assess children’s thinking,
standardized tests, self developed paper and pencil tests and individual
interviews have been used. The majority of the studies have been concerned
with the learning and attitudes, problem solving strategies etc. of primary school
students and with the thinking and instruction of their teachers. But studies have
also been conducted on different samples such as students with learning

disabilities, Native American, Black, Latin/o students and pre service teachers.

Researches on Cognitively Guided Instruction gave evidence for its
significant effect on student achievement. It was also found to be effective for
improving problem solving ability, number skills etc. Its positive effects for

special education students are also found.

The review revealed gaps in Cognitively Guided Instruction related

research. Majority of the earlier related studies were carried out by its programme
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developers themselves. Only a small number of studies had been conducted by
persons other than Cognitively Guided Instruction programme developers. Only
a few studies had evaluated Cognitively Guided Instruction in terms of students’
mathematical performance. Most of the studies were carried out in United States
of America. Investigator was able to locate only a small number of studies
related to implementation of Cognitively Guided Instruction in other countries

and was not able to locate any related study conducted in India.

As noted earlier, most of the studies reviewed relate Cognitively Guided
Instruction to learning and attitudes of students and thinking and instruction of
teachers. Only one study was located related to mathematics anxiety. In this
particular study, it was used to enhance teachers’ mathematical knowledge and
counseling was used to reduce their mathematics anxiety. No study was found to
study the effect of Cognitively Guided Instruction on mathematics anxiety of

students.
Conclusion

A thorough analysis of studies related to Mathematics Anxiety,
Cognitively Guided Instruction was done. It helped to clarify the design of the
study and to justify the selection of the research area. From the review it can be
seen that study related to Cognitively Guided Instruction is a novel one in India
and the investigator was not able to locate studies on teaching methods reducing
mathematics anxiety of primary students also. The investigator hopes that the
present study will be a worthwhile research contribution as the investigator had
made an extensive survey of the studies related to mathematics anxiety and
Cognitively Guided Instruction, and was able to identify the gap in this area of

research.
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METHODOLOGY

The methodology adopted for the present study is detailed in this chapter.
The study mainly intended to develop an instructional strategy based on
Cognitively Guided Instruction to teach Mathematics at upper primary level and
to study the effectiveness of the instructional strategy in terms of Mathematics
Anxiety and Achievement in Mathematics of the selected students. As a first
step to have a conceptual reality of Mathematics Anxiety of upper primary
school children, a preliminary survey was carried out. After this the investigator
proceeded to design and develop the instructional strategy and the effectiveness
of the strategy was tested from the result of the experiment. A detailed
description of variables, design, sample, tools and materials used, data collection

procedure and statistical techniques is presented in this chapter.

The main part of the present study is development of an instructional
strategy based on Cognitively Guided Instruction and testing its effectiveness in
terms of Mathematics Anxiety and Achievement in Mathematics of upper
primary school students. Before going to the actual experimentation, a
preliminary survey was conducted to find out the level of Mathematics Anxiety
of upper primary school students. The procedure adopted in the study is

presented in two major sections.
Preliminary Survey

The objectives of the preliminary survey were to find out the existing
level of Mathematics Anxiety of upper primary school students and to compare
Mathematics Anxiety of different subgroups of students based on Gender and

Grade.
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The preliminary survey was conducted with the intention to select sample
for the experiment. That is, to decide based on the existing level of Mathematics
Anxiety of upper primary students which standard to select for the intervention

using Cognitively Guided Instructional Strategy.
Variables in Preliminary Survey

For this phase of the study a single criterion variable and two classificatory
variables were selected. The criterion variable selected is Mathematics Anxiety

and classificatory variables are Gender and Grade.
Design of the Preliminary Survey

In this first phase of the study, for identifying the existing level of
Mathematics Anxiety of upper primary school students and to study whether
there exist any significant difference in the existing level of Mathematics
Anxiety of students belonging to different subgroups based on Gender and
Grade, data were collected using survey method. The data were collected from
four schools of Palakkad district and three schools of Malappuram district

giving due representation to Gender and Grade.
Sample selected for the Preliminary Survey

For preliminary survey a sample of 400 upper primary school students
were selected from Palakkad and Malappuram districts using stratified random
sampling technique. The sample was selected giving due representation to
factors like Gender and Grade. The breakup of the sample selected for

preliminary survey is given in Table 1.
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Table 1
Breakup of the Sample Selected for Preliminary Survey
Classificatory Variable Subgroups Number of Students Total
Gender boys 2 400
Girls 168
Standard V 102
Grade Standard VI 178 400
Standard VII 120

Tools Used for the Preliminary Survey

Mathematics Anxiety Scale (Musthafa & Sunitha, 2012) developed and
standardised by the investigator with the help of supervising teacher was used to
collect data in the preliminary survey phase. The detailed description of the
steps involved in the development and standardisation of the tool is presented in

the experimental phase of the present study.

The statistical techniques employed are presented in the section,

Statistical Techniques employed for the study.
Experiment

The experiment was carried out to study the effectiveness of the
developed Cognitively Guided Instructional Strategy in terms of Mathematics

Anxiety and Achievement in Mathematics of upper primary school students.
Variables in the Experiment

The experimental phase of the present study was designed with

incorporating independent variable, dependent variables and control variables.
Independent variable

The independent variable selected for the experiment is Instructional
strategy and the two levels of Instructional strategy are Cognitively Guided

Instructional Strategy and Existing method of teaching.
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Cognitively Guided Instructional Strategy is the instructional strategy
developed based on Cognitively Guided Instruction to impart mathematics

concepts at upper primary level.

Existing method of teaching refers to the method of teaching adopted by
upper primary school teachers for transacting the curriculum implemented by
Government of Kerala in the upper primary schools of Kerala from the year

2009- 2010 onwards.
Dependent variables

The two main dependent variables of the study are Mathematics Anxiety
and Achievement in Mathematics. The variable Achievement in Mathematics
was subdivided into Achievement in Mathematics (Lower order objectives) and

Achievement in Mathematics (Higher order objectives).
Control variables

The control variables selected for the study are Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence. Pre- Achievement
in Mathematics refers to the previous knowledge of the students in the
Mathematics topics selected for experiment. These variables were statistically
controlled using ANCOVA. Since both the experimental and control groups

were instructed by the investigator, the teacher factor is considered constant.
Design of the Experiment

In this second phase of the study, data were collected using quasi
experimental method. For this, pretest - posttest non equivalent groups design
was adopted. Four intact classes of standard VI were selected from two different
schools. In both the selected schools, one intact class was assigned to

experimental group and another intact class was assigned to control group.
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Hence there were one experimental class and one control class in both the
schools. Pretests were administered to both experimental and control groups.
The experimental group was taught using Cognitively Guided Instructional
Strategy and control group was taught using Existing method of teaching
Mathematics at upper primary level. Then the posttests were administered to
both experimental and control groups. Then the effectiveness of Cognitively
Guided Instructional Strategy was tested by employing appropriate statistical

techniques.
Experimental design

To test the effectiveness of Cognitively Guided Instructional Strategy in
reducing Mathematics Anxiety and enhancing Achievement in Mathematics of
upper primary school students, pretest- posttest non equivalent groups design

was used. The layout of the design is as follows.

In the layout of the design O, and O; refer to pretests on Achievement in
Mathematics, Verbal Intelligence, Non-verbal Intelligence and Mathematics
Anxiety. O, and O, are posttests on Mathematics Anxiety and Achievement in
Mathematics. Xcgis 1S the experimental treatment using Cognitively Guided
Instructional Strategy and Xgyr 1s the control treatment using Existing method

of teaching Mathematics.
Sample Selected for the Experiment

The sample for the experiment was selected from two schools of
Malappuram revenue district of Kerala state. From each school two intact

classes of standard VI were selected and one class was randomly assigned to
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experimental group and one class to control group. The final sample for the
experiment consisted of 128 standard VI students, out of which 66 students
belonged to experimental group and 62 students belonged to control group. The

breakup of sample selected for the experiment is presented in Table 2.

Table 2
Breakup of the Sample Selected for Experiment

Number of Students
Group Name of School Total
Boys Girls
GMHSS, CU Campus 18 17 35
Experimental Group
AUPS, Velimukku 20 11 31
GMHSS, CU Campus 17 13 30
Control Group
AUPS, Velimukku 15 17 32
Grand Total 70 58 128

Tools and Materials Used in the Experiment

The following tools and materials were used for collecting data in the

experimental phase of present study.

Mathematics Anxiety Scale (Musthafa & Sunitha, 2012)

= Lesson Transcripts based on Cognitively Guided Instructional Strategy
(Musthafa & Sunitha, 2013)

= Lesson Transcripts on Existing method of teaching (Musthafa& Sunitha,
2013)

= Test of Achievement in Mathematics (Musthafa & Sunitha, 2013)

=  Verbal Group Test of Intelligence (Kumar, Hameed & Prasanna, 1997)

= Standard Progressive Matrices Test (Raven, 1958)

Detailed description of each tool and material is presented in the

following sections.
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Mathematics Anxiety Scale (Musthafa & Sunitha, 2012).

Mathematics Anxiety Scale was developed and standardized by the
investigator along with supervising teacher to measure Mathematics Anxiety of
upper primary school students of Kerala. This test was used in the preliminary
survey to estimate the existing level of Mathematics Anxiety of upper primary
school students and in the experiment as pretest and posttest to collect data on
Mathematics Anxiety. The procedures adopted in the development and

standardization of the scale is detailed in the following sections.
Planning and preparation of Mathematics Anxiety Scale.

The investigator thoroughly reviewed the literature related to
Mathematics Anxiety in order to clarify the construct. Various researchers have
defined Mathematics Anxiety in different ways and there are many theories
related to Mathematics Anxiety. But the investigator was not able to find a
commonly accepted construct model. However, based on theories related to
Mathematics Anxiety and the implications of the theories for teachers, two basic
assumptions were made to develop Mathematics Anxiety Scale. 1) Mathematics
Anxiety and Achievement are linearly related, 2) Mathematics Anxiety interferes
with Achievement in Mathematics. That is, a high level of Mathematics anxiety

causes a low level of achievement.

Then various tools used to measure the variable were studied to find out
whether it has a uni—dimensional structure or multi- dimensional structure and
studies related to development of tools for measuring the variable were also
reviewed. But the investigator was not able to reach a conclusion as the
dimensions reported varied from a single factor to many factors and using the

same tool different factors were identified by different researchers. For example:
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Bai, Wang, Pan and Frey (2009) reported Negative and Positive factors; Bessant
(1995) found six factors namely, General evaluation anxiety, Mathematics test
anxiety, Passive observation anxiety, Performance anxiety, Problem solving
anxiety and Every day numerical anxiety; Wigfield and Meece (1988) identified
two factors, Concerns about doing well in math and Strong negative reactions to
math. So different factors reported were listed and were examined for meaning
and its corresponding theoretical perspectives. After many discussions with
supervising teacher and experts in the field 11 possible components were

shortlisted.

The possible components finalized were Problem solving anxiety,
Application anxiety, Performance anxiety, Worries about learning Mathematics,
Negative affect towards Mathematics, Test/ Evaluation anxiety, Apprehension
of Mathematics courses and lessons, Social or public aspects of doing
Mathematics, Anxiety due to nature of Mathematics, Self efficiency for
Mathematics and Physical arousal in Mathematics situations. Based on these,

items were written to prepare the draft form of Mathematics Anxiety Scale.

The draft Mathematics Anxiety Scale consisted of 88 statements
pertaining to the 11 possible components. The distribution of statements in the

draft Mathematics Anxiety Scale is presented in Table 3.
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Distribution of Statements in Draft Mathematics Anxiety Scale

S1

No.

Possible Components

Serial Number of
Statements

1

~N N kW

o¢)

10
11

Problem solving anxiety
Application anxiety

Performance anxiety

Worries about learning Mathematics

Negative affects towards Mathematics

Test/ Evaluation anxiety

Apprehension of Mathematics courses and

lessons

Social or public aspects of doing Mathematics
Anxiety due to nature of Mathematics
Self efficiency for Mathematics

Physical arousal in Mathematics situations

1,4,7,10,13,16,19,22
2,5,8,11,14,17,20,23
3,6,9,12,15,18,21,24
25,27,29,31,33,35,37,39
26,28,30,32,34,36,38,40
41,43,45,47,49,51,53,55
42,44,46,48,50,52,54,56

57,59,61,63,65,67,69,71
58,60,62,64,66,68,70,72
73,75,77,79,81,83,85,87
74,76,78,80,82,84,86,88

The draft scale consisted of 68 favourable statements and 20

unfavourable statements. The serial numbers of unfavourable statements are

given in bold face.

given as Appendix Al and Appendix A2 respectively.

A copy of the Malayalam and English versions of the draft scale are

Item analysis

The draft scale was administered to a random sample of 400 upper primary

school students. Out of these 370 sheets were selected randomly for item analysis.

Total score of the scale is the sum of item scores. The scores were arranged in

descending order and the highest 100 and lowest 100 were selected to form upper

group and lower group respectively. Then t values were calculated for each item.

Items with t values greater than 2.58 were selected for the final test.
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The details of item analysis of draft Mathematics Anxiety Scale is

presented in Table 4.

Table 4
Details of the Item Analysis of draft Mathematics Anxiety Scale

S1 No. t value S1 No. t value
1 8.204 45 11.372
2 3.985 46 10.435
3 7.877 47 12.696
4 7.676 48 10.893
5 8.519 49 8.652
6 6.902 50 12.525
7 1.251%* 51 13.703
8 0.783* 52 12.746
9 11.815 53 11.096
10 2.280%* 54 12.366
11 3.645 55 6.379
12 12.358 56 13.069
13 10.938 57 12.309
14 3.828 58 5.680
15 10.244 59 5.994
16 11.327 60 11.407
17 5.577 61 11.589
18 6.727 62 9.845
19 10.842 63 8.032
20 8.775 64 12.305
21 6.589 65 12.574
22 2.030%* 66 8.778

4.068 67 8.319

[\
[98)
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S1 No. t value S1 No. t value
24 6.299 68 9.283
25 11.114 69 11.516
26 10.339 70 0.090*
27 3.287 71 10.287
28 7.900 72 7.164
29 12.154 73 10.123
30 13.214 74 10.978
31 8.767 75 12.384
32 13.614 76 8.698
33 6.743 77 8.904
34 6.250 78 12.190
35 14.740 79 10.600
36 6.463 80 8.165
37 9.424 81 0.696*
38 8.844 82 10.486
39 12.097 83 5.778
40 3.134 84 10.261
41 12.284 85 13.296
42 8.604 86 9.905
43 9.450 87 5.630
44 6.880 88 4.651

* indicates t values of deleted items

After item analysis only five items were deleted from the draft scale.

Finalisation of the scale.

Factor structure of the scale was studied using Principal component

analysis (N= 534), after removing the five items from draft scale. In this

analysis all the items loaded into a single factor and items with factor loading
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greater than .30 were retained in the scale. Hence another 14 items were
discarded from the draft scale (Serial no. 2, 11, 14, 17, 23, 27, 34, 36, 40, 58,
59, 83, 87, and 88).

The details of factor loading of the items are given as Appendix A3.

The final form of the scale consisted of 68 statements. 63 statements are
favourable and five statements (S1 no. 14, 26, 29, 31, 56 in final scale) are

unfavourable.
Administration and scoring procedure of Mathematics Anxiety Scale.

To record the response of the students, space is provided in the scale
itself against each statement considering the age group of students. The purpose
of the scale is detailed to the students and specific instructions regarding the
recording of responses are given. Statements are read out loudly and
clarifications are made wherever necessary so that all students are able to
respond. Uniformity is maintained in clarifications. It takes less than one hour

for the students to complete the scale.

Each statement in Mathematics Anxiety Scale has five response category
Always, Frequently, Sometimes, Rarely and Never and scores 5, 4, 3, 2 and 1
respectively are assigned for favourable items. Unfavourable statements are
reversely scored. The sum of scores of all statements gives the total score of the
scale and is treated as the Mathematics Anxiety score of the subject. The

maximum possible score is 340 and minimum score is 68.
Validity of Mathematics Anxiety Scale.

The statements in the scale appear to measure Mathematics Anxiety of
subjects as confirmed by experts, so the scale has face validity. The items of the

scale were prepared on the basis of different components of Mathematics
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Anxiety identified by various researchers. The construct validity of the scale
was further established by correlating the scale with school achievement of
students (Aggregate grade points of second terminal Mathematics examination,
converted into z scores) and also correlating with Test of Achievement in
Mathematics prepared and standardized for the present study. The validity
coefficients (N=58) thus obtained are -.64 and -.66 respectively, suggesting
negative relationship between Mathematics Anxiety and Achievement in
Mathematics. Since all the items of the scale loaded into a single factor with
factor loadings ranging from .31 to .65, the scale has factorial validity. Hence

the scale is a valid tool to measure Mathematics Anxiety.
Reliability of Mathematics Anxiety Scale.

Reliability of the scale over time was established by test- retest method.
The final scale was administered twice to a sample of 58 students within an
interval of three weeks. The two sets of scores thus obtained were correlated
and the obtained reliability coefficient is .75. The internal consistency of the
scale was established by calculating Cronbach’s alpha. The obtained
Cronbach’s alpha of the scale is .97 suggesting very high internal consistency of

the scale.

Hence Mathematics Anxiety Scale is a valid and reliable tool with good
psychometric properties to measure Mathematics Anxiety of upper primary

school students.

A copy of the Malayalam and English versions of the final Scale are

given as Appendix A4 and Appendix A5 respectively.
Design and Development of Cognitively Guided Instructional Strategy

After carefully reviewing the studies related to Mathematics Anxiety,

strategies that facilitate reduction in Mathematics Anxiety, various factors that
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contribute to learning of Mathematics with understanding and the theoretical
underpinnings of Cognitively Guided Instruction the investigator with the help
of the supervising teacher designed an instructional strategy based on
Cognitively Guided Instruction. The details of designing and development of

the strategy are presented in the following sections.
Designing of Cognitively Guided Instructional Strategy

Careful examination of the features of a Cognitively Guided Instruction
class room, role of the teacher in instruction and various studies related to
implementation of Cognitively Guided Instruction provided the insight required
to design the strategy. Three books related to Cognitively Guided Instruction
research (Carpenter, Fennema, Franke, Levi & Empson, 1999; Carpenter,

Franke & Levi, 2003; Empson & Levi, 2011) were the basic resources.

The important features of a Cognitively Guided Instruction class room

arc:

1. Students learn various Mathematics concepts and computation skills as

they solve a variety of problems related to real life situations.

2. Closely integrated with problem solving is communicating about
problem solving. It is important that students communicate about their
thinking through talking, writing or drawing pictures about how

problems have been solved.

3. As students are asked to report their thinking and their peers are
expected to listen to and value each others’ thinking, it is necessary to

create and maintain a non threatening environment in the class room.

4. Teaching is about helping students to understand concepts by helping
them to see the relationships. Students develop understanding as they

share and discuss various strategies of solving a problem.
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The role of the teacher includes:

1. Listening to children to figure out what they understand

2. Selecting and adapting problems so that the problems connect to and

extend the knowledge that the children have already acquired

3. Supporting children’s learning by introducing appropriate symbols and

ways of organizing and representing children’s ideas

4. Providing a forum and active listening support for children to discuss
alternative ways of thinking about problems and the concepts they

embody

The content of the Mathematics text books of standard V, standard VI
and standard VII were analysed thoroughly. Discussions were done with
supervising teacher and teachers at upper primary level of schooling. Systematic
organization of the knowledge acquired from these discussions, content analysis,
review related to development and validation of instructional strategy and
aforementioned principles of Cognitively Guided Instruction helped the

investigator to design Cognitively Guided Instructional Strategy.
Cognitively Guided Instructional Strategy

The Cognitively Guided Instructional Strategy developed by the
investigator is a three phased strategy. The different phases of the strategy are

detailed below.

Phase 1: Presentation of the Problem
Phase 2: Finding Solution to the Problem
Phase 3: Discussion of the Solution Strategies
Step1: Sharing of Solution Strategies
Step 2: Justification of Solution Strategies

Step 3: Analysis of Solution Strategies
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Phase 1: Presentation of the Problem

In this phase teacher presents the content area briefly or conduct a small
discussion of the concepts related to the topic. Then presents a problem to
students, which they are required to solve based on their understanding. Usually

the problems are word problems related to real life situations
Phase 2: Finding Solution to the Problem

In this phase, students solve the problem individually or in small groups
as decided by the teacher. For small group activities challenging problems are
given and for individual activities relatively less challenging problems are given.
Teacher monitors the procedures and gives necessary guidance based on
understanding of students without emphasizing a particular procedure to solve
the problem. Teacher asks questions related to the problem in order to
understand the thinking of students or to understand what they are doing or to
help students to discover their mistakes. Teacher helps the students to solve the
problem using a procedure they understand and multiple ways to solve a
problem are encouraged. Those students who solve the problem more quickly

than others are asked to try to solve the problem in one more way.
Phase 3: Discussion of Solution Strategies

In this phase the problem solving procedure adopted by students are
discussed and consolidated. Teacher ensures that whole class is involved in the

process. This phase has three steps.
Step 1: Sharing of Solution Strategies

The first step involves presentation of different solution strategies
adopted by students to solve the particular problem. If the problems were

solved in groups, one student from a group presents the strategy. If the problem
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was solved individually, teacher selects students to present solution strategies.

Importance is given to sharing of a number of valid solution strategies.
Step 2: Justification of Solution Strategies

In this step teacher asks those students who have presented their
strategies probing questions regarding their solution strategies like “can you tell
me what you were thinking?”, “why did you start from this number?”” and may
continue based on the answers of the student in a non threatening way. This is
done mainly for helping other children to understand the strategy so that they
can use it if they understood it clearly. Teacher questioning helps students to
understand their mistakes or make them reflect on their own solution strategies.
Teacher also helps to clarify the strategies by writing the steps on the black

board as they describe.
Step 3: Analysis of Solution Strategies

The various valid solution strategies are compared or made clearer

through discussion as required to consolidate the lesson.
Development of Cognitively Guided Instructional Strategy

After designing the strategy various teaching learning materials were
prepared based on the Mathematics topics of standard VI selected for the

experiment.
Selection of topics for the experiment

After consulting with experts in the field and analyzing the Mathematics
text book prescribed for standard VI, two units were selected for experimentation.
The selected topics were Volume of Rectangular Prisms and Decimal Numbers.
In the unit related to Volume students are required to carry out basic mathematics

operations on large numbers and it also involves conversion of metric units. In
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the unit Decimal numbers they learn to add, subtract, multiply and divide

decimal numbers. So these topics are challenging for students.

Lesson transcripts based on Cognitively Guided Instructional Strategy

The selected units were divided into small topics based on the concepts
to prepare lesson plans. Objectives were assigned and activities were selected

for each lesson and learning materials were prepared.

The lesson frame includes descriptions of objectives assigned for each
lesson, concepts related to the topic, learning materials and previous knowledge
relevant to the lesson, activities in the three phases and follow up activities of

the lesson.

Based on the designed Cognitively Guided Instructional Strategy, 20 lesson
transcripts were prepared. Each lesson is of 40 minutes duration. Out of these
lessons, 10 lessons are on the unit Volume and the remaining 10 are on the unit
Decimal Numbers. The lesson transcripts were examined by selected teachers

and experts.

The Malayalam and English versions of lesson transcripts are given as

Appendix B1 and Appendix B2 respectively.
Lesson Transcripts on Existing Method of Teaching

The Existing method of teaching Mathematics at upper primary schools
of Kerala is based on constructivist approach and is integrated with Critical
pedagogy. Various strategies like whole class instruction, demonstration, and

group activities are used by teachers to transact the curriculum.

The investigator consulted upper primary Mathematics teachers and
based on the text book and teachers’ handbook prepared lesson plans for
Existing method of teaching. The concerned teachers of the four class divisions

of standard VI selected for the experimentation were also consulted.
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The lesson frame for Existing method of teaching includes descriptions
of issue domain related to the topic, theme, learning objectives, concepts/ ideas,
previous knowledge, resources required for the lesson, product of the lesson,
values and attitudes developed through the lesson, and activities related to
preparation, exploration and consolidation or application. It also includes follow

up activities for the lesson.

Based on the Existing method of teaching, 20 lesson plans were prepared
on the same topics selected for the experimentation. Time duration of each

lesson is 40 minutes.

Malayalam and English versions of a model lesson plan on Existing

method of teaching is given as Appendix C1 and Appendix C2 respectively.
Test of Achievement in Mathematics (Musthafa & Sunitha, 2013)

To measure Achievement in Mathematics of standard VI students
belonging to experimental and control groups, Test of Achievement in
Mathematics was developed and standardized by the investigator along with
supervising teacher. This test was used as both pretest and posttest for the
experiment to collect data on Achievement in Mathematics. This has been
prepared on the Mathematics topics of standard VI selected for the experiment
namely, Volume and Decimal Numbers. The details of the procedures adopted
in the test construction and standardization are presented in the following

sections.
Planning of Test of Achievement in Mathematics.

After analyzing the topics and consulting with supervising teacher and
experts in the field it was decided to construct a test consisting of objective type

items on the selected topics based on Revised Bloom’s Taxonomy of
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Educational Objectives (Anderson, Krathwohl & Bloom, 2001). The
Mathematics text books and teacher’s hand book for standard VI for the
academic year 2013- 2014 was thoroughly analysed and utilized several

resources available for constructing the test.

Preparation of Test of Achievement in Mathematics.

The items were prepared on the basis of Revised Bloom’s Taxonomy of
Educational Objectives (Anderson, Krathwohl & Bloom, 2001) which has two

dimensions: Knowledge dimension and Cognitive process dimension.

The Knowledge dimension consists of Factual knowledge, Conceptual
Knowledge, Procedural Knowledge and Metacognitive Knowledge. The
Knowledge dimension deal with the subject matter content that the learners may
be expected to acquire or construct. These categories range from concrete to
abstract. The Cognitive process dimension consists of six major categories.
They are Remember, Understand, Apply, Analyze, Evaluate and Create. These

categories range from lower order thinking skills to higher order thinking skills.

Items were prepared under the six categories of cognitive processes and
factual knowledge, conceptual knowledge and procedural knowledge only under
the knowledge dimension. Objective type items with four alternatives were
prepared for Remember, Understand, Apply, Analyze and Evaluate categories
and supply type items were prepared for Create category. The items were
written based on the blue print prepared. Blue print was prepared for a

maximum score of 40.
Preparation of blue print for Test of Achievement in Mathematics.

In order to be conclusive to the accepted principles of test construction,

items were prepared in such a way that they belong to predetermined objectives
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in desirable proportions. For this a design was prepared giving due weightage to

instructional objectives and content.

Weightage to instructional objectives.

In the present study, objectives are based on Revised Bloom’s taxonomy
of educational objectives. There are two dimensions in this, knowledge
dimension and cognitive process dimension. Only factual knowledge,
conceptual knowledge and procedural knowledge are considered for item
preparation as metacognitive knowledge is beyond consideration of the present
study. The knowledge dimension was not given any specific weightage but
inclusion of the above mentioned categories were ensured. The weightage given

to different categories are presented in Table 5.

Table 5

Weightage Given to Instructional Objectives

Objectives Score Percentage
Remember 6 15
Understand 9 22.5
Apply 15 37.5
Analyze 4 10
Evaluate 4 10
Create 2 5

Total 40 100

Weightage to content.

The weightage given in the test to topics selected for the study are given

in Table 6.
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Table 6

Weightage Given to Content

Content Score Percentage
Volume 18 45
Decimal Numbers 22 55
Total 40 100

Weightage to form of questions.

Objective type test items were selected to measure all categories of
cognitive processes and the selected categories of knowledge domain as
objective type items ensure validity, reliability and objectivity. Multiple choice
test items were prepared for all the categories except for the category Create.
For measuring this cognitive process supply type test items were prepared where
students are required to write the answer for the question, as it is difficult to

measure the category using multiple choice test items.
Blue print of Test of Achievement in Mathematics.

The detailed blue print of the final Test of Achievement in Mathematics
displaying the number of questions and scores corresponding to the selected

content and instructional objectives is presented in Table 7.

Table 7
Blue Print of the Test of Achievement in Mathematics (Final)

bjectives
Remember Understand Apply Analyze Evaluate Create Total
Content

Volume 2 4 7 2 2 1 18
Decimal 4 5 8 2 2 1 22
Numbers

Total 6 9 15 4 4 2 40

Note: Since all items are objective type, number in the cells correspond both to score
and number of questions
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Item writing

According to the blue print several items were prepared pertaining to the
specified objectives and concepts in the topics selected for the study. Several
resources like subject books, resource books, Mathematics text books of
NCERT containing the concepts and other available achievement tests were
consulted for writing the items. After consultation with supervising teacher and
subject experts, 66 multiple choice test items with four alternatives and four

supply type test items were included in the draft test.

The scoring key was prepared and since there are only objective type test
items in the test, a score of one was given to each correct answer and zero to

each incorrect answer.

Copies of the Malayalam and English versions of draft Test of
Achievement in Mathematics are attached as Appendix D1 and Appendix D2
respectively. One copy each of the scoring key and response sheet of draft test

is attached as Appendix D3 and Appendix D4 respectively.
Item Analysis

The draft test was administered to a random sample of 126 standard VI
students and the response sheets were scored according to the prepared scoring
key. Item analysis was carried out using the procedure suggested by Ebel
(1972). The scores of students were arranged in descending order and then
highest 34 and lowest 34 were selected to form upper group and lower group
respectively. In order to select items for the final test, discriminating power and

difficulty index were calculated for each item.

The discriminating power (Dp) was calculated using the formula, (U-L)/
N and difficulty index was calculated using the formula, (U+L)/2N. U and L refer
to number of correct responses in the upper group and lower group respectively

and N is the number of participants in any of the two groups. Here N is 34.
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Selection of items

Selection of items for the final test was done on the basis of difficulty
index and discriminating power of each item. Items having difficulty index
between .25 and .70 and discriminating power greater than .30 were selected.
But some items satisfying these criteria were not selected in order to match the
items with blue print. In such cases, items with better discriminating were

selected. Thus 40 items were selected for the final test.

Difficulty index and discriminating power of each item along with item

number in the draft test are presented in Table 8.

Table &

Details of Item Analysis of Test of Achievement in Mathematics

Item no. U L Di Dp Remarks
1 27 18 0.66 0.27 Rejected
2 29 16 0.66 0.38 Not selected
3 25 16 0.60 0.27 Rejected
4 22 7 0.43 0.44 Selected
5 13 8 0.31 0.15 Rejected
6 21 4 0.37 0.50 Selected
7 18 5 0.34 0.38 Selected
8 14 6 0.29 0.24 Rejected
9 14 3 0.25 0.32 Selected
10 18 6 0.35 0.35 Selected
11 6 4 0.15 0.06 Rejected
12 22 6 0.41 0.47 Selected
13 30 4 0.50 0.77 Selected
14 7 5 0.18 0.06 Rejected
15 24 9 0.49 0.44 Not selected
16 8 6 0.21 0.06 Rejected
17 24 3 0.40 0.62 Selected
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Item no. U L Di Dp Remarks
18 33 14 0.69 0.56 Selected
19 28 12 0.59 0.47 Selected
20 32 15 0.69 0.50 Selected
21 20 3 0.34 0.50 Selected
22 17 7 0.35 0.29 Rejected
23 33 2 0.52 0.92 Selected
24 21 11 0.47 0.29 Rejected
25 25 13 0.56 0.35 Not selected
26 25 7 0.47 0.53 Selected
27 33 16 0.72 0.50 Selected
28 28 13 0.60 0.44 Not selected
29 12 7 0.28 0.15 Rejected
30 20 8 0.41 0.35 Rejected
31 25 13 0.56 0.35 Selected
32 30 11 0.60 0.56 Selected
33 18 3 0.31 0.44 Selected
34 19 2 0.31 0.50 Selected
35 17 5 0.32 0.35 Selected
36 12 3 0.22 0.27 Rejected
37 16 0 0.24 0.47 Selected
38 25 11 0.53 0.42 Selected
39 30 9 0.57 0.62 Selected
40 13 11 0.35 0.06 Rejected
41 14 0.25 0.32 Selected
42 19 2 0.31 0.50 Selected
43 14 11 0.37 0.09 Rejected
44 10 8 0.27 0.06 Rejected
45 10 5 0.22 0.15 Rejected
46 14 4 0.27 0.29 Rejected
47 18 7 0.37 0.32 Selected
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Item no. U L Di Dp Remarks
48 17 6 0.34 0.32 Selected
49 4 3 0.10 0.03 Rejected
50 22 6 0.41 0.47 Selected
51 19 7 0.38 0.35 Selected
52 20 6 0.38 0.41 Selected
53 7 6 0.19 0.03 Rejected
54 7 2 0.13 0.15 Rejected
55 11 10 0.31 0.03 Rejected
56 25 14 0.57 0.32 Selected
57 18 7 0.37 0.32 Selected
58 20 4 0.35 0.47 Selected
59 24 5 0.43 0.56 Selected
60 3 2 0.07 0.03 Rejected
61 21 7 0.41 0.42 Selected
62 16 5 0.31 0.32 Selected
63 17 5 0.32 0.35 Selected
64 5 0 0.07 0.15 Rejected
65 9 6 0.22 0.09 Rejected
66 15 3 0.27 0.35 Selected
67 21 1 0.32 0.59 Selected
68 17 1 0.27 0.47 Selected
69 5 0 0.07 0.15 Rejected
70 9 0 0.13 0.27 Rejected

Final form of Test of Achievement in Mathematics

The final test consisted of 40 objective type items. Among these, 38
items were multiple choice items with four alternatives and two were supply
type items. The objective wise distribution of items in the final test is presented

in Table 9
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Table 9
Distribution of Items in Test of Achievement in Mathematics - Final
Objectives Content Item number
Volume 1,2
Remember )
Decimal numbers 3,4,5,6
Volume 8, 13,14, 15
Understand Decimal numbers 7,9,10, 11, 12
Volume 21, 22, 23, 24, 28, 29, 30
Apply .
Decimal numbers 16,17, 18, 19, 20, 25, 26, 27
Volume 31, 32
Analyze )
Decimal numbers 33,34
Volume 35,38
Evaluate
Decimal numbers 36,37
Volume 40
Create Decimal numbers 39

Administration and scoring procedure of Test of Achievement in

Mathematics.

The students taking the test are required to record their answers in the
response sheets provided separately, as per instructions provided in the question
booklet. Additional instructions are provided by the investigator as and where
necessary. Uniformity is maintained in instructions and administration procedures.

It takes one hour and twenty minutes for students to complete the test.

There are a total of 40 items in the test. Since the test consists of
objective type items only, each correct answer yields one score and incorrect
answer yields zero score. Sum of scores of all items gives the total score of the
test and is treated as the Achievement in Mathematics (Total) of a student. Sum
of scores of items pertaining to the lower order objectives namely, Remember,
Understand and Apply is treated as the Achievement in Mathematics (Lower

order objectives) of a student. The sum of scores of items pertaining to the
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higher order objectives namely, Analyze, Evaluate and Create is taken as the
Achievement in Mathematics (Higher order objectives) of a student. Minimum
possible score for the total test as well as the components is zero. Maximum
possible score for Achievement in Mathematics (Total), Achievement in
Mathematics (Lower order objectives) and Achievement in Mathematics

(Higher order objectives) are 40, 30 and 10 respectively.

Validity of the test.

The test was constructed with adequate coverage of the content and
proper weightage to instructional objectives and the items were prepared and
selected with the help of experts in the field. Thus the investigator could ensure
content validity. The items were based on Mathematics selected topics of
standard VI and the test appears to measure Achievement in Mathematics of
standard VI students as confirmed by experts. So the test has face validity.
Criterion related validity was established by correlating the test scores of final
test with that of school achievement in Mathematics. The aggregate grade point
secured by students (N=59) in second terminal mathematical examination was
taken as school achievement in Mathematics score. Both the scores were
converted in to z scores before correlation. The obtained validity coefficient is

.77. Hence the test is having substantial level of criterion validity.

Reliability of the test

Reliability of the test was established using test-retest method. The test
was administered to a sample of 54 students and after a period of three weeks
the same test was administered to the same sample. The reliability coefficient

thus obtained is .79.

Hence the developed Test of Achievement in Mathematics is a reliable

and valid tool to measure Achievement in Mathematics of standard VI students.
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Copies of the Malayalam and English versions of final Test of
Achievement in Mathematics are attached as Appendix D5 and Appendix D6
respectively. One copy each of the scoring key and response sheet of final test is

attached as Appendix D7 and Appendix D8 respectively.
Verbal Group Test of Intelligence (Kumar, Hameed & Prasanna, 1997)

The verbal intelligence of students belonging to experimental and control
groups was measured using Verbal Group Test of Intelligence (Kumar, Hameed
& Prasanna, 1997). The test consists of a total of 100 items subdivided into five
subtests. Each subtest consists of 20 multiple choice items. Verbal Analogy, Verbal
Classification, Numerical Reasoning, Verbal Reasoning and Comprehension are
the five components of the test. The test is suitable to measure Verbal
Intelligence of subjects belonging to the age group 10 to 15 and the duration of
the test is one hour. The test is in Malayalam. Maximum possible score is /00
and minimum score is zero. The total score obtained by a student in this test is

treated as the Verbal intelligence score of that student.

As reported by the test constructors, criterion related validity coefficients
varied from .40 to .66 and split half reliability coefficients varied from .47 to
.82. Internal structure of the test examined and reported in the form of inter

correlation matrix.

In the present study the internal consistency of the test established by
calculating Cronbach’s alpha for the whole test and subtests (N=128). The
obtained alpha for the test is .80. The obtained coefficients for the subtests are:
Verbal Analogy .71, Verbal Classification .60, Numerical Reasoning .67, Verbal
Reasoning .62 and Comprehension .69. Hence the test is reliable and valid tool

to measure Verbal Intelligence of students.

A copy of the response sheet of Verbal Group Test of Intelligence is

given as Appendix E
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Standard Progressive Matrices Test (Raven, 1958)

To measure the Non-verbal Intelligence of students, Standard Progressive
Matrices Test (Raven, 1958) was used. This is a nonverbal test consisting of five
subtests (A, B, C, D and E). In each subtest there are 12 items and in each item a
part of the given geometrical design is missing. The person taking the test has to
select the one that most logically fits the missing part from six or eight options
provided. Maximum possible score is 60 and score of a person taking the test is
the total number of items answered correctly. The total score obtained by a

student in this test is treated as Non-verbal Intelligence score.

As reported by Raven, the validity estimated varied from .50 to .80 and

the reliability coefficients of the test varied from .80 to .90.

In the present study, internal consistency of the test was established by
calculating Cronbach’s alpha and the obtained alpha (N= 128) for the total test is
.94. The calculated alpha for the subtests A, B, C, D and E are .88, .84, .82, .83
and .75 respectively. It is a reliable and valid tool, well established to measure

Non-verbal Intelligence.

A copy of the response sheet of Standard Progressive Matrices Test is

given as Appendix F
Statistical Techniques Employed in the Study

The following statistical techniques were used in the present study to

analyse the collected data.
Basic Descriptive Statistics

To examine the nature of distribution of variables for the selected sample
in preliminary survey as well as experiment, preliminary analysis was done. For
this mean, median, mode, standard deviation, skewness and kurtosis corresponding

to each variable were calculated for total sample and relevant subsamples.
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Standardised Skewness and Kurtosis

Standardised skewness and kurtosis were calculated as indices of
normality of data. These indices are obtained by dividing the values of skewness
and kurtosis by their respective standard errors. The following criteria were used
to determine the normality of data. For small samples (n<50) if the absolute
values of the indices are greater than 1.96, then the distribution of the sample is
not normal (p<.05). For medium sized samples (50<n<300) if the absolute values
of theses indices are greater than 3.29, then the distribution of the sample is not
normal (p<.05). For sample sizes greater than 300, absolute values of skewness
and kurtosis are considered without considering their standardized values. If
either the absolute skewness value is greater than 2 or the absolute value of

kurtosis is greater than 4, then the distribution is not normal (Kim, 2013).
Correlation Coefficient

To find out the reliability and validity of tools Pearson’s product moment

coefficient of correlation was used.
Tests of Significance of Difference between Means

To compare the mean Mathematics Anxiety scores of boys and girls
among the upper primary school students selected for the preliminary survey and
to compare the mean pretest scores, mean posttest scores and mean gain scores of
experimental and control groups, two tailed test of significance of difference
between means of two independent samples was used. To compare the mean
pretest and mean posttest scores of experimental group, two tailed test of

significance of difference between means of two dependent samples was used.
Analysis of Variance (ANOVA)

To test whether upper primary school students differ significantly in their
mean Mathematics Anxiety scores based on grade, one way Analysis of

Variance was used.
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Analysis of Covariance (ANCOVA)

Since the experiment was carried out using non-equated intact class
groups, to statistically control for the initial differences between experimental
and control groups, if any in terms of Pre- Achievement in Mathematics, Verbal
Intelligence and Non-verbal Intelligence, one -way ANCOVA was used. This
helped in better comparison of the two groups to study the relative effectiveness
of Cognitively Guided Instructional Strategy in terms of Mathematics Anxiety

and Achievement in Mathematics.
Bonferroni’s Test of Post- Hoc Comparison

To compare the adjusted mean scores of Mathematics Anxiety and
Achievement in Mathematics of experimental and control groups after ANCOVA,

Bonferroni’s test of post-hoc comparison was used.
Effect size

To measure the magnitude of the difference between the experimental
and control groups effect size was used. Effect sizes provide magnitude of the
reported effects in a standardized metric which is independent of the scale that
was used to measure the dependent variables (Lakens, 2013). They help in

quantifying the relative effectiveness of a particular intervention (Coe, 2002).

To report the relative effectiveness of Cognitively Guided Instructional
Strategy two different measures of effect size were used. For independent
sample 7 tests, Cohen’s d and for ANCOVA Partial eta squared (npz) for group

differences were reported.

Cohen’s d is the standardized mean difference between two independent

samples and is calculated using the following formula.
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Xi -Xo

Cohen’sd =

(n, -1HSD,* +(n, -1)SD,?

n,+n, -2

In this formula, numerator is the difference between means of

experimental and control groups and denominator is pooled standard deviation.

To interpret this effect size the bench mark proposed by Cohen (1988) is:
0. 2 indicate small effect, 0.5 indicate medium effect and 0.8 indicate large

effect.

Partial eta squared (1,’) is the effect size related to ANCOVA and is the
ratio between sum squares of the effect and the total of sum of squares of effect
and sum of squares of the error associated with the effect (Lakens, 2013). It is

calculated using the formula:

2 _ SSeffect
v SS effect+SS error

In this formula, SS.. is the sum of squares of effect and SS., is the
sum of squares of error. Since the interpretation of Partial eta squared in terms
of bench marks is not feasible in designs containing covariates, it was reported

to substantiate the results of ANCOVA.

The data and results of analysis done by employing the above mentioned
statistical techniques (manually or using SPSS for windows version 20 as

appropriate) are presented in chapter V.

The whole procedure adopted in the study is summarized and presented

in the following chart given as Figure 2.
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Figure 2. Summary of procedures adopted in the study
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ANALYSIS AND INTERPRETATION OF DATA

The purpose of the present study was to design and develop an instructional
strategy based on Cognitively Guided Instruction and to test its effectiveness
specifically on Mathematics Anxiety and Achievement in Mathematics of upper
primary school students. The study was carried out in two phases. A preliminary
survey was conducted in the first phase and the implementation of the
experiment was done in the second phase. The experimental group was taught
through Cognitively Guided Instructional Strategy and the control group was
taught through Existing method of teaching. The data collected from preliminary
survey was analyzed using the statistical techniques namely, test of significance
of difference between means and Analysis of Variance. The data from the
experiment were analyzed using the test of significance of difference between
means followed by calculation of effect size (Cohen’s d) and one- way Analysis
of Covariance by considering Pre-Achievement in Mathematics, Verbal
Intelligence and Non-verbal Intelligence as covariates followed by its effect size

(Partial eta squared).

The results obtained from the analysis have been presented in two parts.
In the first part, analysis of the data collected from preliminary survey and in the

second part, analysis of the data from experiment is presented.

Analysis of data from the preliminary survey is described under the

following headings.

= Estimation of the existing level of Mathematics Anxiety of upper

primary school students

= Comparison of Mathematics Anxiety of different subgroups of upper

primary school students
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e (Comparison of mean scores of Mathematics Anxiety of upper

primary school students belonging to subgroups based on Gender

e (Comparison of mean scores of Mathematics Anxiety of upper

primary school students belonging to subgroups based on Grade
Analysis of data from experiment consists of the following major headings.
= Important Statistical Constants of the variables

e Pretest scores of the variables for the experimental group
e Pretest scores of the variables for the control group
e Posttest scores of the variables for the experimental group

e Posttest scores of the variables for the control group
=  Mean Difference Analysis

e Comparison of mean pretest scores of Mathematics Anxiety and

Achievement in Mathematics of experimental and control groups

e Comparison of mean pretest and posttest scores of Mathematics

Anxiety and Achievement in Mathematics of experimental group

e Comparison of mean posttest scores of Mathematics Anxiety and

Achievement in Mathematics of experimental and control groups

e Comparison of mean change scores of Mathematics Anxiety and
comparison of mean gain scores of Achievement in Mathematics of

experimental and control groups
= Analysis of Covariance of the Dependent Variables

e Comparison of the adjusted mean scores of Mathematics Anxiety of
experimental and control groups by considering Pre- Achievement
in Mathematics, Verbal Intelligence and Non-verbal Intelligence as

covariates
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e Comparison of the adjusted mean scores of Achievement in
Mathematics of experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-

verbal Intelligence as covariates
Objectives of the Study

. To identify the existing level of Mathematics Anxiety of upper primary

school students

. To compare the existing level of Mathematics Anxiety of different

subgroups of upper primary school students based on

a) Gender (Boys/Girls)
b) Grade (Standard V/Standard VI/Standard VII)

. To develop an instructional strategy based on Cognitively Guided

Instruction for teaching Mathematics at upper primary level

. To find out the effectiveness of Cognitively Guided Instructional Strategy
in reducing Mathematics Anxiety of upper primary school students for

Total sample and subsamples based on Gender

. To find out the effectiveness of Cognitively Guided Instructional
Strategy in enhancing Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of upper primary school students for

Total sample and subsamples based on Gender

. To compare the effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in reducing Mathematics
Anxiety of upper primary school students for Total sample and

subsamples based on Gender

. To compare the effectiveness of Cognitively Guided Instructional Strategy
and Existing method of teaching in enhancing Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of upper primary

school students for Total sample and subsamples based on Gender
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Hypotheses of the study

1. There is no significant difference in the existing level of Mathematics

Anxiety of different subgroups of upper primary school students based on

a) Gender (Boys/ Girls)
b) Grade (Standard V/Standard VI/Standard VII)

2. There is no significant difference in the mean pretest score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

3. There is no significant difference in the mean pretest score of Achievement

in Mathematics (Total) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

4. There is no significant difference in the mean pretest score of Achievement
in Mathematics (Lower order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

5. There is no significant difference in the mean pretest score of Achievement
in Mathematics (Higher order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls



6.

10.

ﬂnalysis 135

There is significant difference between the mean pretest and posttest

scores of Mathematics Anxiety of the experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference between the mean pretest and posttest scores

of Achievement in Mathematics (Total) of the experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Lower order objectives) of the

experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Higher order objectives) of the

experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean posttest score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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11.

12.

13.

14.

15.

There is significant difference in the mean posttest score of Achievement

in Mathematics (Total) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean posttest score of Achievement
in Mathematics (Lower order objectives) between experimental and

control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean posttest score of Achievement
in Mathematics (Higher order objectives) between experimental and

control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean change score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean gain score of Achievement in

Mathematics (Total) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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17.

18.

19.
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There is significant difference in the mean gain score of Achievement in
Mathematics (Lower order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the mean gain score of Achievement in
Mathematics (Higher order objectives) between experimental and control

groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the adjusted mean score of Mathematics
Anxiety between experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the adjusted mean score of Achievement
in Mathematics (Total) between experimental and control groups by
considering Pre- Achievement in Mathematics, Verbal Intelligence and

Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls



138 Effectiveness of Cognitively Guided Instructional Strategy

20. There 1s significant difference in the adjusted mean score of Achievement
in Mathematics (Lower order objectives) between experimental and
control groups by considering Pre- Achievement in Mathematics, Verbal

Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

21. There 1s significant difference in the adjusted mean score of Achievement
in Mathematics (Higher order objectives) between experimental and
control groups by considering Pre- Achievement in Mathematics, Verbal

Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

Analysis of Data from Preliminary Survey

Estimation of the Existing Level of Mathematics Anxiety of Upper Primary
School Students

The existing level of Mathematics Anxiety of upper primary students for
Total sample and subsamples based on Gender and Grade are presented in this
section. The statistical constants namely mean, median, mode, skewness and
kurtosis of Mathematics Anxiety for total sample and subsamples based on
Gender and Grade were calculated. For checking the normality of the
distribution of scores, the ratio between skewness (Sk) and its standard error
(SEg) and the ratio between kurtosis (Ku) and its standard error (SEg,) were
calculated and interpreted as per criteria given in Kim (2013). These ratios were
not calculated for total sample as the sample size is greater than 300 and the
absolute values of skewness and kurtosis were utilized for determining

normality. The calculated statistical constants are given in Table 10.
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Table 10

Statistical Constants of Mathematics Anxiety Scores of Upper Primary School Students

Group N Mean Median  Mode SD Sk SEge  Sk/ SEg Ku SEx.,  Ku/ SEg,
Total 400 157.63 155.50 158 4396 0.30 - - -0.40 - -
Boys 232 158.84 153.00 158 43.51 029 0.16 1.81 -0.28  0.32 0.88
Gender
Girls 168  154.90 157.00 159 4435 030 0.19 1.58 -0.56  0.37 1.51
Std V 102 154.82 155.50 166 4856 043 0.24 1.79 -0.35 047 0.75
Grade Std VI 178  155.09 153.00 158 36.72 027 0.18 1.50 -0.32  0.36 0.89

Std VII 120 163.79 159.50 157 49.18 0.11 0.22 0.50 -0.81 044 1.84
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Table 10 reveals that for all the groups, the calculated values of mean,
median and mode are almost equal. The standard deviations of the groups
indicate that the scores are dispersed from central value to a great extent. This

shows that there is great deal of individual differences within the groups.

For all the groups the indices of skewness are positive indicating positively
skewed distribution of Mathematics Anxiety. For all the groups the indices of
kurtosis are negative indicating platykurtic distribution of Mathematics Anxiety
scores. However, the absolute values of ratio between skewness and its standard
error (Sk/SEgy) and the ratio between kurtosis and its standard error (Ku/SEy,)
were found to be less than 3.29 for subsamples based on Gender and Grade.
This shows that the scores are normally distributed (p>.05) for all these groups.
For Total sample, the absolute value of skewness was found to be less than 2
and the absolute value of kurtosis was found to be less than 4 indicating the
normality of distribution. Hence it can be concluded that the distribution of
Mathematics Anxiety is normal for all the groups. So it is possible to employ

parametric tests on this data.

To collect data on Mathematics Anxiety, Mathematics Anxiety Scale
(Musthafa & Sunitha, 2012) was used. The scale has a minimum possible score
of 68 and a maximum possible score of 340. The scale average value is 204. The
results reveal that the existing levels of Mathematics Anxiety of all the groups

are less than the scale average value.

Regarding the mean Mathematics Anxiety scores of subsample Boys and
subsample Girls, it can be seen from Table 10 that the mean score of
Mathematics Anxiety of Boys (158.84) is slightly higher than that of Girls
(154.90). This shows that Boys have reported higher level of Mathematics

Anxiety than Girls.



ﬂnalysis 141

From Table 10, it can be seen that the mean score of Mathematics
Anxiety of standard VI students (155.09) is slightly higher than that of standard
V students (154.82). Similarly, the mean score of standard VII students (163.79)
is higher than that of standard VI students. It is evident that the level of

Mathematics Anxiety of students tends to increase with Grade.

Comparison of Mathematics Anxiety of Different Subgroups of Upper

Primary School Students

The mean scores of Mathematics Anxiety of upper primary school
students belonging to different subgroups based on Gender and Grade were
compared using test of significance of difference between means for large

independent samples. The details are given in the following sections.

Comparison of mean scores of Mathematics Anxiety of upper

primary school students belonging to subgroups based on Gender.

To test whether subsample Boys and subsample Girls differ in terms of
mean Mathematics Anxiety score, test of significance of difference between
means was utilized. The means and standard deviations of the scores were
subjected to mean difference analysis. The levels of significance were fixed at

.05 and .01. The details of the test are given in Table 11.

Table 11

Results of Test of Significance of Difference in Mean Scores of Mathematics

Anxiety of Upper Primary School Students Based on Gender

Boys Girls
Variable t
N; M, SD, N, M, SD,

Mathematics

. 232 158.84 4351 168 15490 4435 0.88
Anxiety
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From Table 11, it is clear that the obtained t value 0.88 is less than the
table value 1.96 at .05 level of significance. Hence it can be inferred that there is
no significant difference in the mean scores of Mathematics Anxiety of Boys
and Girls at .05 level of significance. This shows that Boys and Girls have same

level of Mathematics Anxiety at upper primary level of schooling.

Comparison of mean scores of Mathematics Anxiety of upper

primary school students belonging to subgroups based on Grade.

To test whether students from standard V, VI and VII differ significantly
in terms of mean Mathematics Anxiety scores, analysis of variance was used.
The significance of difference between mean Mathematics Anxiety scores of
these groups was found out by calculating F ratio using ANOVA. The results

are presented in Table 12.

Table 12

Results of Analysis of Variance of Mathematics Anxiety Scores of Upper
Primary School Students Based on Grade

Source of Sum of Mean F Level of
Variance Squares Squares Significance

Within Groups 6507.80 2 3253.90

Between 764631.18 397  1926.02 1.69 186
Groups
Total 77113898 399

From Table 12, it is clear that the obtained F (2,397) = 1.69, p =.186 is
below the table value 3.02 for .05 level of significance. Hence it can be inferred
that there is no significant difference in the mean scores of Mathematics Anxiety
of students studying in different Grades of upper primary at .05level of
significance. This shows that the students from different Grades of upper

primary level have almost the same level of Mathematics Anxiety.
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Discussion

The following inferences can be made from the analysis of data obtained
from the preliminary survey on the level of Mathematics Anxiety of upper

primary school students.

The mean Mathematics Anxiety scores of all the groups of upper primary
students are less than the scale average value 204. The high values of standard
deviation of Mathematics Anxiety scores show that there is great deal of

individual differences within the groups.

The mean scores indicate that Boys have higher Mathematics Anxiety
than Girls, but the test of significance of difference between means reveals
that the difference found is not statistically significant. This shows that there
is no Gender difference with respect to mean Mathematics Anxiety scores of
upper primary school students. The result reveals that level of Mathematics
Anxiety of upper primary school students do not differ significantly with

Gender.

Students belonging to standard VI have reported higher Mathematics
Anxiety than students of standard V. Standard VII students have reported
higher Mathematics Anxiety than standard VI students. However, the
calculated F ratio using ANOVA indicates that the mean difference among the
groups is not significant. Thus the results indicate that the level of
Mathematics Anxiety of upper primary school students do not differ
significantly with Grade. Hence it is justifiable to consider standard VI
students as representatives of upper primary school students while considering

level of Mathematics Anxiety.
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Analysis of Data from Experiment
Statistical Constants of the Variables

To identify the basic properties of distributions of the dependent variables
and the covariates preliminary analysis was done. Mean, Median, Mode,
Standard Deviation, Skewness and Kurtosis of the pretest and post test scores of
the dependent variables Mathematics Anxiety, Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) and those of the pretest
scores of covariates Verbal Intelligence and Non-verbal Intelligence were
computed separately for experimental and control groups (Total sample,

subsample Boys and subsample Girls).

To collect data on Mathematics Anxiety, Mathematics Anxiety Scale
(Musthafa & Sunitha, 2012) was used. The possible maximum and minimum

scores of Mathematics Anxiety are 340 and 68 respectively.

To collect data on Achievement in Mathematics, Test of Achievement in
Mathematics (Musthata & Sunitha, 2013) was used. Sum of scores of items
pertaining to the lower order objectives namely, Remember, Understand and
Apply is treated as the Achievement in Mathematics (Lower order objectives) of
a student. The sum of scores of items pertaining to the higher order objectives
namely, Analyze, Evaluate and Create is taken as the Achievement in
Mathematics (Higher order objectives) of a student. Minimum possible score for
the total test as well as the components is zero. Maximum possible score for
Achievement in Mathematics (Total), Achievement in Mathematics (Lower
order objectives) and Achievement in Mathematics (Higher order objectives) are

40, 30 and 10 respectively.

The Verbal Intelligence of upper primary school students belonging to
experimental and control groups were measured using Verbal Group Test of

Intelligence (Kumar, Hameed & Prasanna, 1997). To measure the Non-verbal
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Intelligence of upper primary school students, Standard Progressive Matrices
Test (Raven, 1958) was used. The maximum possible scores of Verbal Intelligence
and Non-verbal Intelligence are 100 and 60 respectively. The minimum possible

score of these two variables is zero.

The ratio between skewness (Sk) and its standard error (SEg) and the
ratio between kurtosis (Ku) and its standard error (SEg,) were calculated and
interpreted as per criteria for normality of distribution given in Kim (2013).
Normal P-P plots of the pretest scores of the variables were also utilized to

check the normality of pretest scores of experimental group and control group.
Pretest scores of the variables for the experimental group.

The statistical constants of the pretest scores of the variables Mathematics
Anxiety, Achievement in Mathematics (Total, Lower order objectives, Higher
order objectives), Verbal Intelligence and Non-verbal Intelligence of
experimental group for Total sample, subsample Boys and subsample Girls are

presented in Table 13, Table 14 and Table 15 respectively.

Table 13

Statistical Constants of the Pretest Scores of the Variables for the Experimental

Group- Total Sample

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 148.39 14450 119 41.11 028 093 -0.84 -1.45
Lowerorder 55 500 5 228 041 137 -047 -081

objectives

Achievement in Hich d

Mathematics o o 9T 070 100 0 072 053 177 -091 -1.57

objectives
Total 5.74 5.50 5 268 046 153 -034 -0.59
Verbal Intelligence 2812 2800 25 883 021 0.70 050 0.86
Non-verbal Intelligence 31.45 33.00 44 11.63 -0.53 -1.77 -0.65 -1.12

N=66. SE¢=.30. SEx,=.58.
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Table 13 shows that the values of mean, median and mode of the pretest
scores of the variables for Total sample of upper primary school students in the
experimental group are almost similar except for Mathematics Anxiety and
Non-verbal Intelligence for which the value of mode differed from mean and
median. The standard deviation of Mathematics Anxiety indicates that the scores
are very much dispersed from the central value. The standard deviations of
Verbal Intelligence and Non-verbal Intelligence reveal that the scores are
somewhat dispersed from the central value. For Non-verbal Intelligence, the
distribution 1s negatively skewed and for the remaining variables the
distributions are positively skewed. The distributions of the variables are
platykurtic except for the variable Verbal Intelligence, distribution of which is
leptokurtic. The absolute values of the ratio between skewness and its standard
error and the ratio between kurtosis and its standard error are less than 3.29 for
all the variables. The results indicate that the distribution of the variables are

normally distributed (p>.05).

Table 14

Statistical Constants of the Pretest Scores of the Variables for the Experimental

Group - Subsample Boys

Variables Mean Median Mode SD Sk Ski Ku K/
SESk SEKu
Mathematics Anxiety 15095 147.50 111 44.10 0.11 0.29 -1.26 -1.68

Lowerorder o7 500 5 200 021 055 -044 -0.59

objectives
Achievement Hioher order
in Mathematics & —: .oc' 071 1.00 0 073 052 137 -093 -124
objectives
Total 5.58 5.00 5 234 027 071 -0.72 -0.96
Verbal Intelligence 2839 2900 25 883 029 0.76 1.52 2.03*
Non-verbal Intelligence 3095 33.00 33 11.62 -0.40 -1.05 -0.44 0.59

N= 38 SE¢=.38 SEx,=.75 *n <.05
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Table 14 reveals that the values of mean, median and mode of pretest
scores of all the variables except Mathematics Anxiety are almost similar for the
experimental group subsample Boys. For Mathematics Anxiety, the value of
mode is less than mean and median. The standard deviation of Mathematics
Anxiety indicates that the scores are very much dispersed from the central value.
The values of standard deviation of Verbal Intelligence and Non-verbal
Intelligence show that the scores are somewhat dispersed from the central value.
The indices of skewness show that the distribution of Non-verbal Intelligence is
negatively skewed and the distributions of the remaining variables are positively
skewed. The distribution of Non-verbal Intelligence is platykurtic and those of
the remaining variables are leptokurtic. The absolute values of the ratio between
skewness and its standard error and the ratio between kurtosis and its standard
error for all the variables except for Verbal Intelligence are less than 1.96. The
results indicate that all the variables other than Verbal Intelligence are normally

distributed (p>.05) and distribution of Verbal Intelligence is not normal (p<.05).

Table 15

Statistical Constants of the Pretest Scores of the Variables for the Experimental

Group - Subsample Girls

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 14493 14250 144 37.18 057 130 036 042
LOMETEET  coe  sap 5 262 042 095 -0.82 -095
objectives
Achievement in Hicher ord
Mathematics ERCTOIAEE 68 1.00 0 072 058 132 -0.81 -094
objectives
Total 5.96 6.00 4 3.11 047 107 -0.48 -0.56
Verbal Intelligence 2775 27.00 27 896 0.13 0.30 -0.59 -0.69
Non-verbal Intelligence 32.14 34.50 44 11.84 -0.74 -1.68 -0.74 -0.86

N= 28 SEy=.44 SEk,=.86
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It is evident from Table 15 that the mean, median and mode are almost
similar for the pretest scores of all variables except Non-verbal Intelligence
for experimental group subsample Girls. For Non-verbal Intelligence, the
value of mode is greater than those of mean and median. The value of
standard deviation of Mathematics Anxiety shows that the scores are very
much dispersed from the central value. The standard deviations of Verbal
Intelligence and Non-verbal Intelligence indicate that the scores are somewhat
dispersed from the central value. The indices of skewness show that the
distribution of Non-verbal Intelligence is negatively skewed and the
distributions of the remaining variables are positively skewed. The
distribution of Mathematics Anxiety is leptokurtic and those of the remaining
variables are platykurtic. The absolute values of ratio between skewness and
its standard error and the ratio between kurtosis and its standard error for all
the variables are less than 1.96. The results indicate that all the variables are

normally distributed (p>.05).

The P-P plots of the pretest scores of the variables of the experimental
group for the Total sample are presented as Figure 3. It can be seen from the
figure that there are only slight deviations of observed cumulative probability
from diagonals in each of the P-P plots. This indicates that all distributions

approximated to normality.



ﬂnalysis 149

MNormal F-P Plot of Mathematics anxiety

Expected Cum Prab

05

o)

Expactad Cum Preb

Expected Cum Frob

CE]

T
05

Observed Cum Prob

Normal P-FI(PIct of Achievement in Mathematics [ Lower order objectives)

Expected Cum Prob

Normal P‘-I?(F'Iol of Achievement in Mathematics (Higher order objectives)

T
o5

Observad Cum Prob

. Mormal F-P Flot of Achievement in Mathematics

oo | | '
(13 a2 3 08

Cbsarvad Cum Preb

Marmal P-F Plot of Verbal intelligence

-3

e
Obsarvad Cum Frob

Expected Cum Prob

Expactad Cum Prob

| ]
az o4

i
Observed Cum Frob

Marmal P-P Plot of Mon verbal intelligence

T T T
o4 J [

Cbserved Cum Prob
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group

scores of the variables for the

Pretest scores of the variables for the control group.

The Statistical Constants of the pretest scores of the wvariables

Mathematics Anxiety, Achievement in Mathematics (Total, Lower order

objectives, Higher order objectives), Verbal Intelligence and Non-verbal

Intelligence of control group for Total sample, subsample Boys and subsample

Girls are presented in Table 16, Table 17 and Table 18 respectively.
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Table 16

Statistical Constants of the Pretest Scores of the Variables for the Control

Group -Total sample

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 154.55 159.00 205 42.90 -0.14 -0.47 -0.78 -1.30
Lowerorder — cc 6 7 218 0.7 057 -022 -037
objectives
Achievement Hich d
in Mathematics oo X% 676 1.00 0 08 097 323 026 043
objectives
Total 6.84  7.00 7 278 038 127 -0.03 -0.05
Verbal Intelligence 3289 3250 34 986 053 177 033 055
Non-verbal Intelligence 2068 2950 30 1009 022 073 -051 -0.85

N=62 SEq=.30 SEk,=.60

Table 16 shows that the mean, median and mode of the pretest scores of
the variables for control group Total sample are almost similar except for
Mathematics Anxiety. For Mathematics Anxiety, the value of mode is larger
than the values of mean and median. The standard deviation of Mathematics
Anxiety indicates that the scores are very much dispersed from the central value.
The standard deviations of Verbal Intelligence and Non-verbal Intelligence
reveal that the scores are somewhat dispersed from the central value. For
Mathematics Anxiety, the distribution is negatively skewed and for the
remaining variables the distributions are positively skewed. The distributions of
the variables are platykurtic except for the variables Achievement in
Mathematics (Higher order objectives) and Verbal Intelligence the distributions
of which are leptokurtic. The absolute values of the ratio between skewness and
its standard error and the ratio between kurtosis and its standard error are less
than 3.29 for all the variables. It indicates that the distribution of the variables

are normally distributed (p>.05).
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Table 17

Statistical Constants of the Pretest Scores of the Variables for the Control

Group -Subsample Boys

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 161.47 163.00 150 35.16 -045 -1.10 -0.02 -0.03

Lowerorder = 547 500 4 195 -005 -0.12 -049 -0.61

objectives
Achievement Hich d
in Mathematics ' or 00" 050 000 0 076 163 3.98*% 261 322%
objectives
Total 6.00 5.50 7 251 062 151 069 0.85
Verbal Intelligence 31.56 3150 28 7.11 0.16 039 -1.13 -1.39
Non-verbal Intelligence 2694 2650 24 761 -0.10 -024 -099 -1.22
N=32 SEg~=.41 SEg,=.81
*n<.05

Table 17 reveals that the mean, median and mode of the pretest scores of
the variables for control group Boys sample are almost similar except for
Mathematics Anxiety. For Mathematics Anxiety, the value of mode is less than
the values of mean and median. The standard deviation of Mathematics Anxiety
indicates that the scores are very much dispersed from the central value. The
standard deviations of Verbal Intelligence and Non-verbal Intelligence reveal
that the scores are somewhat dispersed from the central value. For Mathematics
Anxiety, Achievement in Mathematics (Lower order objectives) and Non-verbal
Intelligence the distribution of scores are negatively skewed and for the
remaining variables the distributions are positively skewed. The distributions of
the wvariables are platykurtic except for the variables Achievement in
Mathematics (Higher order objectives) and Achievement in Mathematics (Total)
the distributions of which are leptokurtic. The absolute values of the ratio
between skewness and its standard error and the ratio between kurtosis and its
standard error are less than 1.96 for all variables other than Achievement in

Mathematics (Higher order objectives). It indicates that the distribution of the
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variable Achievement in Mathematics (Higher order objectives) is not normal
(p<.05) and the distributions of the remaining variables are normally distributed

(p>.05).

Table 18

Statistical Constants of the Pretest Scores of the Variables for the Control

Group - Subsample Girls

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 147.17 141.50 201 49.40 0.22 0.51 -1.07 -1.29
Lowerorder (26 650 6 226 013 030 -030 -036

objectives

Achievement in Hicher order

Mathematics ghet 1.03 1.00 1 0.89 056 130 -027 -0.33

objectives
Total 7.73 8.00 9 282 0.10 023 0.06 0.07
Verbal Intelligence 3430 3350 26 12.10 035 0.81 -032 -0.39
Non-verbal Intelligence 3260 31.00 30 11.62 -0.12 -028 -0.83 -1.00

N=30 SEg;=.43 SEk,=.83

It is clear from Table 18 that the mean, median and mode of the pretest
scores of the variables for control group Girls sample are almost equal except
for Mathematics Anxiety and Verbal Intelligence. For Mathematics Anxiety and
Verbal Intelligence, the value of mode differed from those of mean and median.
The standard deviation of Mathematics Anxiety indicates that the scores are
very much dispersed from the central value. The standard deviations of Verbal
Intelligence and Non-verbal Intelligence reveal that the scores are somewhat
dispersed from the central value. For all the variables, distributions of scores are
positively skewed except for Non-verbal Intelligence the distribution of which is
negatively skewed. The distributions of the variables are platykurtic except for
the variable Achievement in Mathematics (Total) the distribution of which is
leptokurtic. The absolute values of the ratio between skewness and its standard

error and the ratio between kurtosis and its standard error are less than 1.96 for
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all the variables. It indicates that the distributions of all the variables are

normally distributed (p>.05).

The P-P plots of the pretest scores of the variables of the control group for
the Total sample are presented as Figure 4. It is evident from the P-P plots of the
variables that there are only slight deviations of observed cumulative probability

from the diagonals. Hence it is clear that distributions of all the variables

approximated to normality.
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Posttest scores of the variables for the experimental group.

The Statistical Constants of the posttest scores of the dependent variables
Mathematics Anxiety and Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of experimental group for Total sample,
subsample Boys and subsample Girls are presented in Table 19, Table 20 and
Table 21 respectively.

Table 19

Statistical Constants of the Posttest Scores of the Variables for the Experimental

Group -Total sample

Variables Mean Median Mode SD Sk Sk/ Ku K/
SESk SEKu
Mathematics Anxiety 137.17 133.00 110 3833 048 16 -043 -0.74

Lower order 4364 1300 13 577 071 237 017 029

objectives

Achievement Hicher order

in Mathematics o o T 374 350 3 189 0.60 200 016 028
objectives
Total 1738 1600 15 7.06 075 25 038 066

N=66 SEg=.30 SEk,=.5.

Table19 reveals that the mean, median and mode of the posttest scores of
the variables for experimental group Total sample are almost same except for
Mathematics Anxiety. For Mathematics Anxiety, value of mode is smaller than
those of mean and median. The standard deviation of Mathematics Anxiety
indicates that the scores are very much dispersed from the central value. The
standard deviations of Achievement in Mathematics (Lower order objectives,
Total) reveal that the scores are somewhat dispersed from the central value. For
all the variables, the distributions are positively skewed. The distribution of
scores of the variable Mathematics Anxiety is platykurtic and distributions of

scores of Achievement in Mathematics (Total, Lower order objectives, Higher
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order objectives) are leptokurtic. The absolute values of the ratio between
skewness and its standard error and the ratio between kurtosis and its standard
error are less than 3.29 for all the variables. It indicates that the distributions of

the variables are normally distributed (p>.05).

Table 20

Statistical Constants of the Posttest Scores of the Variables for the Experimental

Group - Subsample Boys

Variables Mean Median Mode SD Sk Sk/ Ku K/
SESk SEKu
Mathematics Anxiety 136.95 134.00 118 4146 052 136 -041 -0.55

Lower order 1576 1200 11 537 099 2.61* 045 06

objectives
Achievement Hicher order
in Mathematics .o . 3.55 3.00 3 1.57 027 0.71 -0.73 -0.97
objectives
Total 16.32 1450 14 631 0.87 2.29* 022 0.29
N=38 SE¢=.38 SEk,=.75
*p<.05

From Table 20 it is clear that the mean, median and mode of the posttest
scores of the variables for experimental group subsample Boys are almost
similar except for Mathematics Anxiety. For Mathematics Anxiety, the value of
mode is smaller than those of mean and median. The standard deviation of
Mathematics Anxiety indicates that the scores are very much dispersed from the
central value. The standard deviations of Achievement in Mathematics (Lower
order objectives, Total) reveal that the scores are somewhat dispersed from the
central value. For all the variables, the distributions are positively skewed. The
distributions of the variables Mathematics Anxiety and Achievement in
Mathematics (Higher order objectives) are platykurtic and those of Achievement
in Mathematics (Lower order objectives, Total) are leptokurtic. The absolute

values of the ratio between skewness and its standard error and the ratio between
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kurtosis and its standard error are less than 1.96 for Mathematics Anxiety and
Achievement in Mathematics (Higher order objectives) indicating that the
distributions are normally distributed (p>.05). For Achievement in Mathematics
(Lower order objectives, Total) the ratios are greater than 1.96 showing that the

distributions are not normally distributed (p<.05).

Table 21

Statistical Constants of the Posttest Scores of the Variables for the Experimental

Group - Subsample Girls

Variables Mean Median Mode SD Sk Ski Ku K/
SESk SEKu
Mathematics Anxiety 137.46 130.00 110 3437 043 098 -0.61 -0.71
Lowerorder \\ o7 1450 13 614 040 091 032 037
objectives
Achievement Hich d
in Mathematics & o O%°T 400  4.00 4 226 056 127 017 -020
objectives
Total 18.82  18.50 16 7.86 054 123 041 048

N=28 SEsk:.44 SEKu:.86

Table 21 shows that the mean, median and mode of the posttest scores of
the variables for experimental group subsample Girls are similar except for
Mathematics Anxiety. For Mathematics Anxiety, the value of mode is smaller
than those of mean and median. The standard deviation of Mathematics Anxiety
indicates that the scores are very much dispersed from the central value. The
standard deviations of Achievement in Mathematics (Lower order objectives,
Total) reveal that the scores are somewhat dispersed from the central value. The
distributions are positively skewed for all the variables. The distributions of
scores of Mathematics Anxiety and Achievement in Mathematics (Higher order
objectives) are platykurtic and those of Achievement in Mathematics (Lower
order objectives, Total) are leptokurtic. The absolute values of the ratio between

skewness and its standard error and the ratio between kurtosis and its standard
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error are less than 1.96 for all the variables. It indicates that the distributions of

the variables are normally distributed (p>.05).
Posttest scores of the variables for the control group

The Statistical Constants of the posttest scores of the dependent variables
Mathematics Anxiety and Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of the control group for Total sample,
subsample Boys and subsample Girls are presented in Table 22, Table 23 and
Table 24 respectively.

Table 22

Statistical Constants of the Posttest Scores of the Variables for the Control

Group- Total sample

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 160.02 169.00 212 4940 -0.19 -0.63 -1.18 -1.97
Lowerorder 1,45 1100 8 540 073 243 010 0.17

objectives

Achievement in ;.

Mathematics ~ LB0STOMdET 553 200 2 182 082 273 023 038

objectives
Total 13.98 12.00 11 6.72 094 3.13 0.32 0.53

N=62 SEq~=.30 SEk,~.60

Table 22 reveals that the mean, median and mode of the posttest scores of
the variables for control group Total sample are similar except for Mathematics
Anxiety. For Mathematics Anxiety, the value of mode is greater than the values
of mean and median. The standard deviation of Mathematics Anxiety indicates
that the scores are very much dispersed from the central value. The standard
deviations of Achievement in Mathematics (Lower order objectives, Total)
reveal that the scores are somewhat dispersed from the central value. The
distributions are positively skewed for all the variables except Mathematics

Anxiety the distribution of which is negatively skewed. The distribution of the
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variable Mathematics Anxiety is platykurtic and distributions of Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) are
leptokurtic. The absolute values of the ratio between skewness and its standard
error and the ratio between kurtosis and its standard error are less than 3.29 for
all the variables. It indicates that the distributions of the variables are normally

distributed (p>.05).

Table 23

Statistical Constants of the Posttest Scores of the Variables for the Control

Group - Subsample Boys

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 172.47 182.50 186 45.15 -047 -1.15 -0.56 -0.69

Lowerorder 1g3¢ 950 10 541 130 3.17* 171 2.11*
objectives

Achievement in

Mathematics 18RS Oder o2 500 1 158 095 231* 036 044
objectives

Total 12.41 11.00 11 6.41 1.59 3.88* 2.47 3.05*

N=32 SEy=.41 SEg,~=.81
*p< .05

From Table 23 it is clear that the mean, median and mode of the posttest
scores of the variables for control group subsample Boys are similar for all the
variables. The standard deviation of Mathematics Anxiety indicates that the
scores are very much dispersed from the central value. The standard deviations
of Achievement in Mathematics (Lower order objectives, Total) reveal that the
scores are somewhat dispersed from the central value. For Mathematics
Anxiety, the distribution is negatively skewed and for Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) the
distributions are positively skewed. The distribution of the variable Mathematics
Anxiety is platykurtic and distributions of Achievement in Mathematics (Lower

order objectives, Higher order objectives, Total) are leptokurtic. The absolute
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values of the ratio between skewness and its standard error and the ratio between
kurtosis and its standard error are less than 1.96 for Mathematics Anxiety
indicating that the distribution is normally distributed (p>.05). For the variables,
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives), the ratios are greater than 1.96 showing that the distributions are not

normally distributed (p<.05).

Table 24

Statistical Constants of the Posttest Scores of the Variables for the Control

Group - Subsample Girls

Variables Mean Median Mode SD Sk Sk/ Ku Ku/
SESk SEKu
Mathematics Anxiety 146,73 13350 72 5099 0.16 037 -1.40 -1.69
LowerOrder 15 oo 1300 13 522 027 063 -044 -0.53
Objectives
Achievement .
in Mathematics ugher Order 5 5 5, 2 193 064 149 005 0.06
Objectives
Total 1567 1400 14 673 049 1.14 -026 -031

N=30 SEy4=.43 SEk,=.83

Table 24 shows that the mean, median and mode of the posttest scores of
the variables for control group subsample Girls are similar except for
Mathematics Anxiety. For Mathematics Anxiety, the value of mode is smaller
than those of mean and median. The standard deviation of Mathematics Anxiety
indicates that the scores are very much dispersed from the central value. The
standard deviations of Achievement in Mathematics (Lower order objectives,
Total) reveal that the scores are somewhat dispersed from the central value. The
distributions are positively skewed for all the variables. The distributions of
scores of all the wvariables are platykurtic except for Achievement in
Mathematics (Higher order objectives) the distribution of which is leptokurtic.
The absolute values of the ratio between skewness and its standard error and the

ratio between kurtosis and its standard error are less than 1.96 for all the
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variables. It indicates that the distributions of the variables are normally

distributed (p>.05).
Discussion

The following inferences can be made from the observation of important
statistical constants of pretest and posttest scores of the variables for

experimental and control groups.

The statistical constants of the variables and normal P-P plots revealed
that the distribution of scores follow normal distribution. Hence it is possible to

carry out parametric testing on the data.

The mean Mathematics Anxiety pretest scores of experimental and
control groups are 148.39 and 154.55 respectively. These mean scores
approximate the mean Mathematics Anxiety score (155.09) for standard VI
students of the preliminary survey. Further, Boys belonging to experimental as
well as control groups have reported higher Mathematics Anxiety than Girls.
This result is also consistent with preliminary survey result. Hence it can be
concluded that the sample selected for the experiment is a representative sample

of standard VI students in terms of Mathematics Anxiety level.
Mean Difference Analysis

Difference in mean pretest scores of the dependent variables between the
experimental and control groups, mean difference in pretest and post test scores
of experimental group, difference in mean post test scores of the variables for
experimental and control groups and difference in mean gain scores between the
experimental and control groups were investigated before controlling the effects
of the covariates. The comparisons were done using mean difference analysis

and levels of significance were fixed at .05 and .01.
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Comparison of mean pretest scores of Mathematics Anxiety and

Achievement in Mathematics of experimental and control groups.

The comparisons of mean performance of the students belonging to
experimental and control groups on Mathematics Anxiety and Achievement in
Mathematics pretests were done to compare the status of the groups on these

variables, prior to the intervention.

Comparison of mean pretest scores of Mathematics Anxiety of
experimental and control groups for total sample and subsamples based on

Gender.

To compare the pre experimental status of experimental and control
groups with respect to the dependent variable Mathematics Anxiety, test of
significance of difference between means of two independent groups was utilized.
To check whether there was any statistically significant difference between mean
Mathematics Anxiety scores of the groups prior to the experiment, mean pretest
scores of the two groups were calculated and these values were subjected to test
of significance of difference between means. The data and results of the test of
significance of difference between means for Total sample, subsample Boys and

subsample Girls are given in the following sections.

Comparison of mean pretest scores of Mathematics Anxiety of

experimental and control groups for total sample.

To compare the pre experimental status on Mathematics Anxiety of upper
primary school students belonging experimental and control groups, the means
and standard deviations of pretest scores of Mathematics Anxiety of the two
groups were subjected to test of significance of difference between means. The

details of ¢ test for Total sample are presented in Table 25.
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Table 25
Results of Test of Significance of Difference in Mean Pretest Scores of

Mathematics Anxiety between Experimental and Control Groups- Total sample

Experimental Group Control Group
Variable t
N, M, SD; N, M, SD,

Mathematics Anxiety 66 148.39 41.11 62 15455 4290 0.83

It is clear from Table 25 that the calculated t value is less than the table
value 1.98 for df 126. So there is no statistically significant difference in the
mean pretest score of Mathematics Anxiety of experimental and control groups.
This shows that the pre experimental Mathematics Anxiety status of upper
primary school students in experimental and control groups is same. Hence the
two groups are comparable in terms of level of Mathematics Anxiety for Total

sample.

The mean pretest scores of Mathematics Anxiety of experimental group

and control group for Total sample are represented graphically in Figure 5.
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Figure 5. Mean pretest scores of Mathematics Anxiety of experimental and
control groups —Total sample
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The graphical representation of mean pretest scores of Mathematics
Anxiety of experimental and control groups shows that the mean performance of
upper primary school students in the two groups are almost equal for Total

sample. This supports the result of mean difference analysis.

Comparison of mean pretest scores of Mathematics Anxiety of

experimental and control groups for subsample boys.

The means and standard deviations of pretest scores of Mathematics
Anxiety of Boys belonging to experimental and control groups were subjected to
test of significance of difference between means, to compare the pre
experimental status on Mathematics Anxiety of the two groups. The data and

results of ¢ test for subsample Boys are presented in Table 26.

Table 26

Results of Test of Significance of Difference in Mean Pretest Scores of
Mathematics Anxiety between Experimental and Control Groups- Subsample

Boys

Experimental Group Control Group
Variable t
N; M, SD; N, M, SD,

Mathematics Anxiety 38 150.95 44.10 32 161.47 35.16 1.11

Table 26 shows that the calculated t value is less than the table value 2.0
for df 68 at .05 level of significance. So there is no statistically significant
difference in the mean pretest scores of Mathematics Anxiety of upper primary
school students belonging to experimental and control groups. This shows that
the pre experimental Mathematics Anxiety status of boy students in
experimental and control groups is same. Hence the two groups are comparable

in terms of level of Mathematics Anxiety for subsample Boys.
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The mean pretest scores of Mathematics Anxiety for subsample Boys are

presented graphically in Figure 6.

180
160
140
120
100

80

Mean scores

60
40
20

0
Control group Experimental group
M Pretest 161.47 150.95

Figure 6. Mean pretest scores of Mathematics Anxiety of experimental and
control groups —Subsample Boys

The graphical representation of mean pretest scores of Mathematics
Anxiety of experimental and control groups shows that the pre experimental
status of Boys belonging to the two groups is almost the same with respect to
Mathematics Anxiety. Hence the result of ¢ test is supported by the graphical

representation also.

Comparison of mean pretest scores of Mathematics Anxiety of

experimental and control groups for subsample girls.

To compare the pre experimental status of Girls in experimental and
control groups with regard to Mathematics Anxiety, the means and standard
deviations of the pretest scores were subjected to mean difference analysis. The

details of the ¢ test are presented in Table 27.
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Table 27

Results of Test of Significance of Difference in Mean Pretest Scores of Mathematics

Anxiety between Experimental and Control Groups- Subsample Girls

Experimental Group Control Group

Variable
N, M, SD;, N, M, SD, t

Mathematics Anxiety 28 14493 37.18 30 147.17 4940 0.19

Table 27 shows that experimental and control groups do not differ
significantly in their mean pretest scores of Mathematics anxiety as the
calculated t value is less than the tabled value 2.0 for df 56 at .05 level of
significance. This indicates that the pre experimental Mathematics Anxiety
status of Girls in the experimental and control groups are same. Hence the two

groups are comparable with regard to Mathematics Anxiety for subsample Girls.

The mean pretest scores of Mathematics Anxiety of experimental and

control groups for subsample Girls are graphically represented in Figure 7.
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Figure 7. Mean pretest scores of Mathematics Anxiety of experimental and
control groups —Subsample Girls
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The graphical representation indicates that the mean pretest scores of
Mathematics Anxiety of experimental and control groups are similar to certain
extent for subsample Girls. Hence the graphical representation supports the

result of mean difference analysis.

Comparison of mean pretest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental and

control groups for total sample and subsamples based on Gender.

To compare the pre experimental status of experimental and control
groups with respect to the dependent variable Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives), test of significance of
difference between means of two independent groups was utilized. To check
whether there was any statistically significant difference between mean
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) scores of the two groups prior to the experiment, mean pretest scores
of the two groups were calculated and subjected to test of significance of
difference between means. The data and results of the test of significance of
difference between means for Total sample, subsample Boys and subsample

Girls are given in the following sections.

Comparison of mean pretest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental and

control groups for total sample.

To compare the pre experimental status of upper primary school students
belonging to experimental and control groups on Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives), the means and standard
deviations of pretest scores of the two groups were subjected to test of

significance of difference between means.

The details of ¢ test for Total sample are presented in Table 28.
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Table 28

Results of Test of Significance of Difference in Mean Pretest Scores of Achievement

in Mathematics between Experimental and Control Groups- Total sample

Experimental Group  Control Group
Variable t
N, M, SD;, N, M, SD,

Lower order 66 505 228 62 606 2.18 2.58*

objectives

Achievement Hicher order

in Mathematics o T4 66 070 072 62 0.76 0.86 0.44
objectives
Total 66 574 268 62 684 278 2.27*

* p<.05

Table 28 shows that the calculated t value for the variable Achievement in
Mathematics (Higher order objectives) is less than the tabled value 1.98 for df
126 at .05 level of significance. So experimental and control groups do not differ
significantly in terms of Achievement in Mathematics (Higher order objectives)
prior to the intervention. The calculated t values for the variables Achievement
in Mathematics (Lower order objectives) and Achievement in Mathematics
(Total) are greater than the tabled value 1.98 for df 126 at .05 level of
significance. This shows that the experimental and control groups differ
significantly in terms of Achievement in Mathematics (Lower order objectives)
and Achievement in Mathematics (Total). Moreover, it can be seen from the
means that control group is significantly superior to experimental group in
Achievement in Mathematics (Lower order objectives) and Achievement in

Mathematics (Total).

The mean pretest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) for Total sample are presented

graphically in Figure 8.



168 Effectiveness of Cognitively Guided Instructional Strategy

8
6
w
o
o
3 4
=
3]
[T}
S
2
0
Lower objectives Higher objectives Achievement
total
M Control group 6.06 0.76 6.84
M Experimental group 5.05 0.70 5.74

Figure 8. Mean pretest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Total sample

The graphical representation shows that mean Achievement in
Mathematics (Higher order objectives) of experimental and control groups prior
to the experiment are similar, but the difference in Achievement in Mathematics
(Total) and Achievement in Mathematics (Lower order objectives) of the two
groups prior to the experiment are evident. The results of mean difference

analysis are supported by the graphical representation also.

Comparison of mean pretest scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of experimental and control

groups for subsample boys.

The means and standard deviations of the pretest scores of Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) of Boys
belonging to experimental and control groups were subjected to test of
significance of difference between means, to compare the pre experimental

status of experimental and control groups on these variables.
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The data and results of the ¢ test for subsample Boys are presented in Table

29.

Table 29

Results of Test of Significance of Difference in Mean Pretest Scores of
Achievement in Mathematics between Experimental and Control Groups-

Subsample Boys

Experimental Group  Control Group
Variable t
N; M, SD;, N, M, SD,

Lower order
objectives 38 4.87 2.00 32547 195 126

Achievement in

Mathematics Higher order

objectives 38 0.71  0.73
Total 38 558 234 32 6.00 251 0.72

32 050 0.76 1.18

It is clear from Table 29 that the calculated t value is less than the table
value 2.0 for df 68 at .05 level of significance. So experimental and control
groups do not differ significantly in the mean pretest scores of Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives). This
shows that the pre experimental Achievement status in Mathematics of Boy
students in the two groups is same. Hence the two groups are comparable in

terms of level of Achievement in Mathematics for Boys subsample.

The mean pretest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of boy students belonging to

experimental and control groups are presented graphically in Figure 9.
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Figure 9. Mean pretest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
subsample boys

The graphical representation shows that the mean Achievement in
Mathematics of Boys belonging to experimental and control groups are similar
to certain extent prior to the intervention. Hence the results of mean difference

analysis are supported by the graphical representation also.

Comparison of mean pretest scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of experimental and control

groups for subsample girls.

To compare the pre experimental Achievement status in Mathematics of
Girl students belonging to experimental and control groups, the means and
standard deviations of Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) were subjected to test of significance of
difference between means. The data and results of the ¢ tests are given in Table

30.
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Table 30

Results of Test of Significance of Difference in Mean Pretest Scores of
Achievement in Mathematics between Experimental and Control Groups-

Subsample Girls

Experimental Group  Control Group
Variable

N] M] SD] N2 M2 SD2 t

Lower order

N 28 529 262 30 6.70 226 2.20%*
objectives
Achievement in Hicher order
Mathematics gherorder »g 0.68 072 30 1.03 089 1.66
objectives
Total 28 596 3.11 30 7.73 2.82 2.27%*
*p<.05

It 1s clear from Table 30 that the calculated t value for the variable
Achievement in Mathematics (Higher order objectives) is less than the table
value 2.0 for df 56 at .05 level of significance, but the calculated t values for the
remaining two variables are greater than the table value 2.0 for df 56 at .05 level
of significance. So there is no significant difference in the mean pretest scores of
Achievement in Mathematics (Higher order objectives) of experimental and
control groups for Girls subsample. At the same time, the two groups differ
significantly in mean pretest scores of Achievement in Mathematics (Lower
order objectives) and Achievement in Mathematics (Total). Hence the two
groups are comparable in the level of Achievement in Mathematics (Higher
order objectives) for Girls subsample. Moreover, it can be seen from the means
that the control group is significantly superior to experimental group in
Achievement in Mathematics (Lower order objectives) and for Achievement in

Mathematics (Total).

The mean pretest scores of the variables for Girls belonging to

experimental and control groups are presented graphically in Figure 10.
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Figure 10. Mean pretest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Subsample Girls

Figure 10 shows that the performance of girl upper primary school
students belonging to experimental and control groups on Achievement in
Mathematics (Higher order objectives) prior to the intervention is similar, but
the performances on Achievement in Mathematics (Lower order objectives) and
Achievement in Mathematics (Total) prior to the intervention are not similar.
The results of mean difference analysis are supported by the graphical

representation also.
Discussion

The mean difference analysis of pretest scores of Mathematics Anxiety
and Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) of experimental and control groups show the following results.

The experimental and control groups do not differ significantly in the pre

experimental status of Mathematics Anxiety and Achievement in Mathematics
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(Higher order objectives) for Total sample, subsample Boys and subsample
Girls. Similarly, the two groups do not differ significantly in the pre experimental
status of Achievement in Mathematics (Total, Lower order objectives) for
subsample for Boys. Hence the experimental and control groups are comparable

with regard to aforementioned variables for the particular samples.

The experimental and control groups differ significantly in the pre
experimental status of Achievement in Mathematics (Total, Lower order
objectives) for Total sample and subsample Girls. So the two groups are not
comparable in terms of these two variables for Total sample and subsample
Girls. This necessitates Analysis of Covariance of the variables for deriving

conclusions.

Comparison of mean pretest and posttest scores of Mathematics

Anxiety and Achievement in Mathematics of experimental group

The experimental group was taught Mathematics through Cognitively
Guided Instructional Strategy and the control group was taught through Existing
method of teaching Mathematics. To test the effectiveness of Cognitively
Guided Instructional Strategy in reducing Mathematics Anxiety and enhancing
Achievement in Mathematics of upper primary school students, the mean scores
before and after intervention of the students belonging to Total, Boys and Girls

samples in the experimental group were compared.

Comparison of mean pretest scores and mean post test scores of
Mathematics Anxiety of experimental group for total sample and subsamples

based on Gender.

To test whether there exist any significant difference between the mean
pretest and posttest scores of Mathematics Anxiety of total, boys and girls upper

primary school students belonging to the experimental group, paired ¢ test was
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used. The means and standard deviations of pretest and posttest scores were
subjected to test of significance of difference between two correlated means for
Total sample, subsample Boys and subsample Girls. The details are presented in

the following sections.

Comparison of mean pretest and mean posttest scores of Mathematics

Anxiety of experimental group for total sample.

To compare the mean performance of Total sample of upper primary
school students in the experimental group on pretest and posttest of Mathematics

Anxiety, the means and standard deviations were subjected to paired ¢ test.
The result of paired ¢ test for Total sample is given in Table 31

Table 31

Results of Test of Significance of Difference in Mean Pretest Scores and Mean

Posttest Scores of Mathematics Anxiety of Experimental Group- Total sample

Experimental Group

Variable N Posttest Pretest r t
M, SD; M, SD,

Mathematics Anxiety 66  137.17 3833 14839 41.11 .72 3.04**

**p<.01

From Table 31 it is evident that the calculated t value is greater than the
table value 2.65 for df 65 at .01 level of significance. So there is significant
difference between mean pretest and mean post scores of Mathematics Anxiety
of upper primary school students in the experimental group. The mean posttest
score is significantly smaller than the mean pretest score of Mathematics
Anxiety. The correlation coefficient indicates that there is high positive
correlation between pretest and posttest scores. Hence Cognitively Guided
Instructional Strategy is effective in reducing Mathematics Anxiety of Total

sample of upper primary school students belonging to the experimental group.
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The mean pretest and posttest scores on Mathematics Anxiety for Total

sample in the experimental group are presented graphically in Figure 11.
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Figure 11. Mean pretest and posttest scores of Mathematics Anxiety of
experimental group- Total Sample

The graphical representation of mean pretest and posttest on
Mathematics Anxiety of experimental group indicates that the performances of
upper primary school students in the two tests are not similar and the mean
posttest score is smaller than the mean pretest score. Hence the results of mean

difference analysis are supported by the graphical representation also.

Comparison of mean pretest and mean posttest scores of Mathematics

Anxiety of experimental group for subsample boys.

To compare the mean performance of Boys in the experimental group on
pretest and posttest of Mathematics Anxiety, the means and standard deviations

were subjected to paired ¢ test.

The details of paired ¢ test for subsample Boys is given in Table 32.



176 Effectiveness of Cognitively Guided Instructional Strategy

Table 32

Results of Test of Significance of Difference in Mean Pretest Scores and Mean
Posttest Scores of Mathematics Anxiety of Experimental Group- Subsample

Boys

Experimental Group

Variable N Posttest Pretest r t

M, SD; M, SD,

Mathematics Anxiety 38 13695 4146 15095 44.10 .67 2.58%*

*p <.05

Table 32 shows that the calculated t value is greater than the table value
2.02 for df 37 at .05 level of significance. Hence there is significant difference
between means of pretest and posttest Mathematics Anxiety scores of boy upper
primary school students in the experimental group. The mean posttest score is
significantly smaller than the mean pretest score. The calculated correlation
coefficient shows that there is substantial positive relationship between pretest
and posttest Mathematics Anxiety scores. So it is clear that Cognitively Guided
Instructional Strategy is effective in reducing Mathematics Anxiety of

subsample Boys in the experimental group.

The mean pretest and posttest scores of Mathematics Anxiety for

subsample Boys are presented graphically in Figurel2.



ﬂnalysis 177

160

140

120

100

80

Mean scores

60

40

20

0

Pretest Posttest
M Experimental group 150.95 136.95

Figure 12. Mean pretest and posttest scores of Mathematics Anxiety of
experimental group-Subsample Boys

It is clear from Figurel2 that the mean performance of Boys belonging to
experimental group in pretest and posttest of Mathematics Anxiety is not
similar, as the mean posttest score is smaller than mean pretest score of
Mathematics Anxiety. Hence the results of mean difference analysis are

supported by the graphical representation also.

Comparison of mean pretest and mean posttest scores of Mathematics

Anxiety of experimental group for subsample girls.

To compare the mean performance of Girls belonging to the experimental

group in pretest and posttest of Mathematics Anxiety, paired # test was used.

The details of test of significance of difference between mean pretest and
mean posttest scores of Mathematics Anxiety for Girls subsample are given in

Table 33.
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Table 33

Results of Test of Significance of Difference in Mean Pretest Scores and Mean

Posttest Scores of Mathematics Anxiety of Experimental Group- Subsample
Girls

Experimental Group

Variable N Posttest Pretest r t

M, SD; M, SD,

Mathematics Anxiety 28 137.46 3437 14493 37.18 .77 1.60

The results given in Table 33 reveal that there is no significant difference
in the mean pretest and mean posttest scores of Mathematics Anxiety of Girls in
the experimental group as the calculated t value is smaller than the table value
2.05 for df 27 at .05 level of significance. The correlation coefficient obtained
indicates high positive relationship between pretest and posttest scores. Even
though the mean posttest score is smaller than the mean pretest score, the
difference is not significant enough to attribute it to the effect of Cognitively
Guided Instructional Strategy. Hence further analysis is necessary for deriving

conclusion.

The mean pretest and posttest scores of Mathematics Anxiety of Girls in

the experimental group are presented graphically in Figure 13.
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Figure 13. Mean pretest and posttest scores of Mathematics Anxiety of
experimental group-subsample girls

The graphical representation as Figure 13 of mean pretest and posttest
scores of Mathematics Anxiety of Girls shows that the mean performances of
the students in the two tests are similar to certain extent, but mean posttest score
is smaller than mean pretest score indicating reduction in Mathematics Anxiety.
Hence the results of mean difference analysis are supported by the graphical

representation also.

Comparison of mean pretest scores and mean post test scores of
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) of experimental group for total sample and subsamples based on

Gender.

To test whether there exist any significant difference between the mean
pretest and posttest scores of Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of total, boys and girls upper primary school

students belonging to the experimental group, paired ¢ test was used. The means
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and standard deviations of pretest and posttest scores were subjected to test of
significance of difference between two correlated means for Total sample,
subsample Boys and subsample Girls. The details are presented in the following

sections.

Comparison of mean pretest scores and mean posttest scores of
Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) of experimental group for total sample.

To compare the mean performance of Total sample of upper primary
school students in the experimental group on pretest and posttest of
Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives), paired ¢ test was used.
The details of paired ¢ test for Total sample are given in Table 34.

Table 34

Results of Test of Significance of Difference in Mean Pretest Scores and Mean
Posttest Scores of Achievement in Mathematics of Experimental Group- Total

sample

Experimental Group
Variable N Posttest Pretest r t
M, SD, M, SD,

Lowerorder o6 1364 576 505 228 .54 1421%*

objectives
Achievement in Hicher order
Mathematics ghet 66 3.74 1.89 0.70 0.72 .48 14.83**
objectives
Total 66 17.38 7.06 574 2.68 .56 15.81*%*
5 < 0]

Table 34 shows that the calculated t values for Achievement in

Mathematics (Total, Lower order objectives, Higher order objectives) are
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greater than the table value 2.65 for df 65 at .01 level of significance. So there is
significant difference between pretest and posttest means of all the variables for
Total sample of upper primary school students in the experimental group. The
posttest mean is significantly greater than the pretest mean for all the variables
and the correlation coefficients indicate that there is substantial positive
relationship between pretest and posttest scores of all the variables. This shows
that Cognitively Guided Instructional Strategy is effective in enhancing
Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) of upper primary school students.

The pretest and posttest means of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) for Total sample are presented

graphically in Figure 14.
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Figurel4. Mean pretest and posttest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental group-

Total sample
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The graphical representation in Figure 14 shows that the performances of
upper primary school students in the two tests are not similar for all the
variables. The posttest mean is greater than pretest mean for all the three
variables and the difference is evident in the graphical representation. So it

supports the results of mean difference analysis.

Comparison of mean pretest scores and mean posttest scores of
Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) of experimental group for subsample boys.

To compare the mean performance of subsample Boys in the experimental
group on pretest and posttest of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives), paired ¢ test was used. The means and
standard deviations of pretest and posttest were subjected to mean difference

analysis and the calculated t values were tested for significance.
The details of paired ¢ tests for Boys subsample are presented in Table 35.

Table 35

Results of Test of Significance of Difference in Mean Pretest Scores and Mean
Posttest Scores of Achievement in Mathematics of Experimental Group-

Subsample Boys

Experimental Group

Variable N Posttest Pretest r t
M, SD, M, SD,

Lower order 38 1276 537 487 2.00 44 10.09%*

objectives

Achievement in Hicher order

Mathematics BUCTOTACT 3¢ 355 157 071 073 .45 1247+
objectives
Total 38 1632 6.31 5.58 234 .46 11.73**

*p <.01
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It is clear from Table 35 that calculated t values for Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) are
greater than the tabled value 2.71 for df 37 at .01 level of significance. So there
is significant difference between pretest and posttest means of all the variables
for subsample Boys in the experimental group. The posttest mean is
significantly greater than the pretest mean for all the variables. The correlation
coefficients calculated indicate that there is substantial positive relationship
between pretest and posttest scores of all the three variables. This shows that
Cognitively Guided Instructional Strategy is effective in enhancing
Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) of boys upper primary school students.

The means of pretest and posttest scores of the variables for subsample

Boys are presented graphically in Figure 15.
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The graphical representation in Figure 15 of pretest and posttest means of
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) of boys upper primary school students in the experimental group
shows that the performance of the students in the two tests are not similar. For
all the three variables the posttest mean is greater than pretest mean and the
difference is clear in the graphical representation. So it supports the results of

mean difference analysis.

Comparison of mean pretest scores and mean post test scores of
Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) of experimental group for subsample girls.

To compare the mean performance of girl upper primary school students
in the experimental group on pretest and posttest of Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives), paired ¢

test was used.

The data and results of comparisons of pretest and posttest means for

subsample Girls are given in Table 36.

Table 36

Results of Test of Significance of Difference in Mean Pretest Scores and Mean
Posttest Scores of Achievement in Mathematics of Experimental Group-

Subsample Girls

Experimental Group

Variable N Posttest Pretest r t
M, SD;, M, SD,

Lowerorder  »¢ 1480 6.14 529 262 62 10.18%*

objectives

Achievement Hich d

in Mathematics 2 o 0Tt s 400 226 068 072 .54 895%*
objectives
Total 28 18.82 7.86 596 3.11 .65 10.79%*

*p <.01
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It is clear from Table 36 that there is significant difference between
pretest and post test means of Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) for subsample Girls in the experimental
group as the calculated t values are greater than table value 2.77 for df 27 at .01
level of significance. The post test mean is significantly greater than pretest
mean for all the three variables. The obtained correlation coefficients indicate
that there is high positive relationship between pretest and posttest scores of the
variables Achievement in Mathematics (Total, Lower order objectives) and
there is substantial positive relationship between the pretest and posttest scores
of Achievement in Mathematics (Higher order objectives). Hence Cognitively
Guided Instructional Strategy is effective in enhancing the level of Achievement
in Mathematics (Total, Lower order objectives, Higher order objectives) of girl

upper primary school students.

The pretest and posttest means of Achievement in Mathematics for Girls

in the experimental group are presented graphically in Figure 16.
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Figure 16 shows that the mean performance of Girls students in pretests
and posttests of the three variables are not similar. For all the three variables
posttest mean is greater than pretest mean. Hence the results of mean difference

analysis are clearly supported by the graphical representation.
Discussion

The mean difference analysis of pretest and posttest scores of
Mathematics Anxiety and Achievement in Mathematics of upper primary school

students in the experimental group revealed the following results.

There is significant difference between mean pretest and posttest scores
of Mathematics Anxiety for Total sample and subsample Boys. Hence
Cognitively Guided Instructional Strategy is effective in reducing the
Mathematics Anxiety level of Total sample and subsample Boys. Effectiveness
of Cognitively Guided Instructional Strategy in reducing the Mathematics
Anxiety level of Girls was not proved as the mean difference was not
significant enough. However, the mean posttest score is smaller than mean
pretest score indicating a reduction in Mathematics Anxiety of Girls. There is
high positive correlation between pretest and posttest scores of Mathematics

Anxiety.

The mean pretest and posttest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) differ significantly for
Total sample, subsample Boys and subsample Girls. Hence Cognitively Guided
Instructional Strategy is effective in enhancing the level of Achievement in
Mathematics for Total sample, subsample Boys and subsample Girls. The
correlation coefficients show substantial to high positive relationship between

pretest and posttest scores of Achievement in mathematics.
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Comparison of mean posttest scores of Mathematics Anxiety and

Achievement in Mathematics of experimental and control groups.

Comparisons of the mean posttest scores of Mathematics Anxiety and
Achievement in Mathematics, of upper primary school students in experimental
group taught through Cognitively Guided Instructional Strategy and control
group taught through Existing method of teaching, were done to compare the
effect of Cognitively Guided Instructional Strategy and Existing method of

teaching on Mathematics Anxiety and Achievement in Mathematics.

Comparison of mean posttest scores of Mathematics Anxiety of
experimental and control groups for Total sample and subsamples based on

Gender.

Comparison of mean scores was carried out to test whether significant
difference exist between mean scores of the experimental group and the control
group in the dependent variable Mathematics Anxiety after the intervention. For
comparison of posttest scores two tailed test of significance of difference
between means was used. The means and standard deviations of posttest scores
of Mathematics Anxiety of the two groups were subjected to mean difference
analysis and the calculated t values were tested for significance. The data and
results of ¢ tests for Total sample, subsample Boys and subsample Girls are

given in the following sections.

Comparison of mean posttest scores of Mathematics Anxiety of

experimental and control groups for total sample.

To test whether there exist any significant difference in the Mathematics
Anxiety level of upper primary school students in experimental and control
groups after intervention, the posttest means on Mathematics Anxiety of

experimental and control groups were compared. The means and standard
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deviations of the posttest scores were subjected to mean difference analysis and

the calculated t value was tested for significance.
The details of the ¢ test for Total sample are presented in Table 37.
Table 37

Results of Test of Significance of Difference in Mean Posttest Scores of

Mathematics Anxiety between Experimental and Control Groups- Total sample

Experimental Group Control Group
Variable t
N, M, SD; N, M, SD,

Mathematics Anxiety 66 137.17 38.33 62 160.02 49.40 2.91**

*#p<.01

Table 37 shows that the calculated t value is greater than table value 2.62
for df 126 at .01 level of significance. So there is statistically significant
difference between the mean posttest scores of Mathematics Anxiety of the
experimental and control groups. The mean score of experimental group is
significantly smaller than the mean score of control group. This indicates that
Cognitively Guided Instructional Strategy is more effective than Existing
method of teaching in reducing Mathematics Anxiety of Total sample of upper

primary school students.

The mean posttest scores of Mathematics Anxiety for Total sample are

presented graphically in Figure 17.
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Figurel7. Mean posttest scores of Mathematics Anxiety of experimental and
control groups- Total Sample

It is clear from Figure 17 that the mean performance of the upper primary
school students on Mathematics Anxiety is not similar for experimental and
control groups. It indicates that students in the control group have reported more
Mathematics Anxiety than students in the experimental group after the
intervention. Hence the graphical representation supports the results of mean
difference analysis for Total sample of upper primary school students in the

experimental and control groups.

Comparison of mean posttest scores of Mathematics Anxiety of

experimental and control groups for subsample boys.

To test whether there exist any significant difference in the mean
Mathematics Anxiety level of Boys in experimental and control groups after
intervention, the posttest means of Mathematics Anxiety of experimental and
control groups were compared. The means and standard deviations of the
posttest scores of the two groups were subjected to mean difference analysis.

Then the calculated t value was tested for significance.
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The data and results of the ¢ test for subsample Boys are presented in

Table 38.

Table 38

Results of Test of Significance of Difference in Mean Posttest Scores of
Mathematics Anxiety between Experimental and Control Groups- Subsample

Boys

Experimental Group  Control Group

Variable
N, M, SD;, N, M, SD, t

Mathematics Anxiety 38 13695 4146 32 17247 45.15 3.43**

*p<.01

It 1s evident from Table 38 that experimental and control groups differ
significantly in the mean posttest scores of Mathematics Anxiety as the
calculated t value is greater than the table value 2.65 for df 68 at .01 level of
significance. The mean score of the control group is significantly greater than
the mean score of experimental group after the intervention. Hence the results
show that for subsample Boys, Cognitively Guided Instructional Strategy is
more effective in reducing the Mathematics Anxiety than Existing method of

teaching.

The posttest Mathematics Anxiety mean scores for subsample Boys are

presented graphically in Figure 18.
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Figure 18. Mean posttest scores of Mathematics Anxiety of experimental and
control groups- Subsample Boys

Figure 18 shows that the mean performance of Boys on the test is not
similar for experimental and control groups and upper primary school students
in the experimental group have less Mathematics Anxiety than students in the
control group, after the intervention. Hence results of mean difference analysis

are supported by the graphical observation for subsample Boys.

Comparison of mean posttest scores of Mathematics Anxiety of

experimental and control groups for subsample girls.

To test whether there exist significant difference in the Mathematics
Anxiety level of Girl students in experimental and control groups after
intervention, the posttest means on Mathematics Anxiety of Girls belonging to
experimental and control groups were compared. The means and standard
deviations of the posttest scores were subjected to mean difference analysis and

the calculated t value was tested for significance.

The details of the mean difference analysis for subsample Girls are

presented in Table 39.
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Table 39
Results of Test of Significance of Difference in Mean posttest Scores of

Mathematics Anxiety between Experimental and Control Groups- Subsample
Girls

‘ Experimental Group Control Group
Variable t
N, M, SD; N, M, SD,

Mathematics Anxiety 28 137.46 3437 30 146.73 5099 0.82

Table 39 indicates that the calculated t value is smaller than the table
value 2.0 for df 56 at .05 level of significance. So there is no significant
difference between mean posttest scores of Mathematics Anxiety of
experimental and control groups. However, it can be seen that the low mean
score of Mathematics Anxiety is associated with experimental after the
intervention. But, the difference in the two groups cannot be attributed to

treatment as the difference is not statistically significant.

The posttest mean scores for subsample Girls are presented graphically in

Figure 19.
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Figurel9. Mean posttest scores of Mathematics Anxiety of experimental and
control groups- Subsample Girls
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Figure 19 shows that the performance of upper primary school students
belonging to experimental and control groups are similar to certain extent and
Girls in the experimental group have less Mathematics Anxiety than Girls in the
control group. However, the difference is not evident. So the results of mean

difference analysis are supported by the graphical representation also.

Comparison of mean post test scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental and

control groups for Total sample and subsamples based on Gender.

Comparison of mean posttest scores was carried out to test whether
significant difference exist between mean scores of the experimental group and
the control group on Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives), after the intervention. For comparison of
posttest scores two tailed test of significance of difference between means was
used. The means and standard deviations of posttest scores of Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) of the two
groups were subjected to mean difference analysis and the calculated t values
were tested for significance. The details of ¢ tests for Total sample, subsample

Boys and subsample Girls are given in the following sections.

Comparison of mean posttest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental and

control groups for total sample.

To test whether there exist any statistically significant difference in the
mean Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) of upper primary school students in experimental and control groups
after intervention, the posttest mean scores of the two groups were compared.

The means and standard deviations of the posttest scores for Total sample were
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subjected to mean difference analysis and the calculated t values were tested for

significance.

The details of mean difference analysis for Total sample are given in

Table 40.

Table 40

Results of Test of Significance of Difference in Mean Posttest Scores of
Achievement in Mathematics between Experimental and Control Groups- Total

sample

Experimental
Variable Group
N, M, SD; N, M, SD,

Control Group

Lower order ¢ 1364 576 62 1145 540 221%
objectives
Achievement in

Mathematics Higher order

objectives
Total 66 1738 7.06 62 1398 6.72 2.78**

66 3.74 1.89 62 253 1.82 3.69**

*p<.05 **p<.01

Table 40 shows that there are significant differences in the mean posttest
scores of the variable between experimental and control groups. The calculated t
values for Achievement in Mathematics (Higher order objectives) and
Achievement in Mathematics (Total) are greater than the table value 2.62 for df
126 at .01 level of significance and the t value for Achievement in Mathematics
(Lower order objectives) is greater than table value 1.98 for df 126 at .05 level
of significance. Hence experimental and control groups differ significantly in
the mean Achievement in Mathematics after the intervention and higher mean
values are seen to associate with experimental group. So Cognitively Guided
Instructional Strategy is more effective in enhancing Achievement in
Mathematics of upper primary school students than Existing method of teaching

for Total sample.
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The mean posttest scores of Achievement in Mathematics for Total

sample are presented graphically in Figure 20.
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Figure 20. Mean posttest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Total Sample

It is clear from Figure 20 that the performances on Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) of upper
primary school students belonging to experimental and control groups are not
similar and the mean posttest scores of experimental group are greater than
those of control group for Total sample. Hence the graphical representation

supports the results of mean difference analysis.

Comparison of mean posttest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental and

control groups for subsample boys.

To test whether there exist any statistically significant difference in the
mean Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) of boy students in experimental and control groups after

intervention, the posttest mean scores of the two groups were compared. The
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means and standard deviations of the posttest scores for subsample Boys were
subjected to mean difference analysis and the calculated t values were tested for

significance.

The details of mean difference analysis for Boys subsample are given in

Table 41

Table 41

Results of Test of Significance of Difference in Mean Posttest Scores of
Achievement in Mathematics between Experimental and Control Groups-

Subsample Boys

Experimental Control Group
Variable Croup t

Ny M, SD; N, M, SD,

Lower order ¢ 1576 537 32 1038 541 1.85
objectives
Achievement in

Mathematics Higher order

objectives

Total 38 1632 631 32 1241 641 2.56%*

38 355 1.57 32 203 1.58 4.03**

*p<.05 ** p<.01

Table 41 indicates that the calculated t value for Achievement in
Mathematics (Higher order objectives) is greater than the table value 2.65 for df
68 at .01 level of significance and that of Achievement in Mathematics (Total) is
greater than the table value 2.0 for df 68 at .05 level of significance. Hence the
experimental and control groups differ significantly in the mean scores of
Achievement in Mathematics (Total, Higher order objectives) after the
intervention. High mean scores are seen to associate with experimental group.
So Cognitively Guided Instructional Strategy is more effective in enhancing
these variables for Boys than Existing method of teaching. As the obtained t
value for Achievement in Mathematics (Lower order objectives) is less than the

table value 2.0 for df 68 at .05 level of significance, there is no significant
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difference in mean posttest scores of experimental and control groups. However,

for this variable also higher mean is associated with experimental group.

The mean posttest score for subsample Boys are presented graphically in

Figure 21.
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Figure 21. Mean posttest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Subsample Boys

Figure 21 indicates that the mean performance of upper primary school
students belonging to experimental and control groups on Achievement in
Mathematics (Total, Higher order objectives) are not similar. But the mean
performance of the students on Achievement in Mathematics (Lower order
objectives) is similar to a certain extent. The graphical representation shows that
students in the experimental group have scored more on these variables than
students in the control group. Hence the graphical observation supports the

results of mean difference analysis for subsample Boys.
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Comparison of mean posttest scores of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) of experimental and

control groups for subsample girls.

To test whether there exist statistically significant difference in the mean
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) of Girls in experimental and control groups after intervention, the
posttest mean scores of experimental and control groups were compared. The
means and standard deviations of the posttest scores for subsample Girls were
subjected to mean difference analysis and the calculated t values were tested for

significance.
The details of ¢ tests for subsample Girls are given in Table 42.

Table 42

Results of Test of Significance of Difference in Mean Posttest Scores of
Achievement in Mathematics between Experimental and Control Groups-

Subsample Girls

Experimental Control Group

Variable Group t
N; M, SD, N, M, SD,

Lowerorder  »¢ 1487 614 30 1260 522 149

objectives

Achievement in Hicher order

Mathematics ENCTOTACT He 400 226 30 3.07 193 1.70
objectives
Total 28 1882 7.86 30 15.67 6.73 1.65

It is clear from Table 42 that the calculated t values are smaller than table
value 2.0 for df 56 at .05 level of significance. So the experimental and control
groups do not differ significantly in the mean posttest score of the variables.

However, the higher mean scores are found to be associated with experimental
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group after the intervention. Since the mean differences in the posttest scores are
not significant enough, any difference in the two groups cannot be attributed to

intervention.

The mean posttest scores of Achievement in Mathematics for subsample

Girls are presented graphically in Figure 22.
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Figure 22. Mean posttest scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Subsample Girlss

Figure 22 indicates that the mean performance of girls belonging to
experimental and control groups are similar to a certain extent for
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) and the mean posttest scores of experimental group are greater
than that of control group. Hence the results of ¢ test are supported by the

graphical representation.
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Discussion

The comparison of mean posttest scores for Total sample, subsample

Boys and subsample Girls show the following results.

There is significant difference between mean Mathematics anxiety
posttest scores of experimental and control groups for Total sample and

subsample Boys, but not for subsample Girls.

The mean Achievement in Mathematics (Total, Lower order, Higher
order objectives) posttest scores differ significantly for Total sample but not for
Girls subsample. Significant mean differences were found in Achievement in
Mathematics (Total, Higher order objectives) posttest scores but not in

Achievement in Mathematics (Lower order objectives) post test scores for Boys.

Hence Cognitively Guided Instructional Strategy was found to be
effective than Existing method of teaching, in reducing the Mathematics
Anxiety for Total sample and Boys subsample, in enhancing Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) for Total
sample and in enhancing Achievement in Mathematics (Total, Higher order

objectives) for subsample Boys.

However, it is to be noted that significant pretest mean differences were
found in Achievement in Mathematics (Total, Lower order objectives) of
experimental and control groups for Total and Girls samples and also that higher
means were associated with control group. After the intervention, these group
differences for Girls were found to be not significant but the group differences
for Total sample were still significant. Group differences in Achievement in
Mathematics (Lower order objectives) for Boys and Girls samples were not
significant even after intervention. But for all samples, high posttest mean scores

in Achievement in Mathematics (Total, Lower order objectives, Higher order
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objectives) are associated with the experimental group, not with the control
group.

Comparison of mean change scores of Mathematics Anxiety and
comparison of mean gain scores of Achievement in Mathematics of

experimental and control groups.

Since there are cases of initial differences in means being significant and
these differences turning statistically not significant after intervention and vice
versa, mean difference analysis of change scores was utilized for clarifying the
results. The mean change scores of Mathematics Anxiety of experimental and
control groups were compared to test the effectiveness of Cognitively Guided
Instructional Strategy in reducing Mathematics Anxiety of upper primary school
students. Similarly, to test the effectiveness of Cognitively Guided Instructional
Strategy in enhancing Achievement in Mathematics of upper primary school
students, mean gain scores of experimental and control groups on these
variables were compared. Effect size was calculated wherever the mean

difference between the groups was found statistically significant.

Comparison of mean change scores of Mathematics Anxiety of
experimental and control groups for Total sample and subsamples based on

Gender.

Comparison of mean scores was carried out to test whether significant
difference exist between mean change scores of the experimental group and the
control group for the dependent variable Mathematics Anxiety, using two tailed
test of significance of difference between means. The means and standard
deviations of change scores of Mathematics Anxiety of the two groups were
subjected to mean difference analysis and the calculated t values were tested for

significance. For significant mean differences, the magnitude of the effect was
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also found out using effect size measure for two independent groups. The data
and results of 7 tests for Total sample, subsample Boys and subsample Girls are

given in subsequent sections.

Comparison of mean change score of Mathematics Anxiety of

experimental and control groups for total sample.

To study whether the experimental and control groups differ significantly
in terms of the mean change score of Mathematics Anxiety, test of significance
of difference between means was used. The details of ¢ test and effect size for

Total sample are given in Table 43.

Table 43

Results of Test of Significance of Difference in Mean Change Scores of

Mathematics Anxiety between Experimental and Control Groups- Total sample

. Experimental Group  Control Group Effect Cohen’s
Variable t . ¢
N1 1\/11 SD] N2 M2 SD2 S17¢€ ca egory
Mathematics < 1153 3000 62 547 3540 2.88%* 051 Medium
Anxiety
*xp< 01

It is clear from Table 43 that the calculated t value is greater than 2.62 for
df 126 at .01 level of significance. So there is significant difference between
mean change score on Mathematics Anxiety of experimental and control groups.
The mean change score of experimental group is significantly smaller than that
of control group. Hence Cognitively Guided Instructional Strategy is more
effective in reducing Mathematics Anxiety of upper primary school students

than Existing method of teaching.

Since the mean difference was found to be significant, effect size was

calculated. The value of Cohen’s d is 0.51, which is greater than 0.5, the limit
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set for medium effects in Cohen’s category. It means that Cognitively Guided
Instructional Strategy has a medium effect in reducing Mathematics Anxiety of
Total sample of upper primary school students when compared to Existing

method of teaching.

The mean change scores of experimental and control groups for Total

sample are presented graphically in Figure 23.
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Figure 23. Mean change scores of Mathematics Anxiety of experimental and
control groups- Total Sample

Figure 23 shows that the performance of the upper primary school
students belonging to experimental and control groups are not similar and that
there is reduction in Mathematics Anxiety of experimental group and gain in
Mathematics Anxiety of control group, after the intervention. Hence the
results of mean difference analysis are supported by the graphical

representation.
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Comparison of mean change scores of Mathematics Anxiety of

experimental and control groups for subsample boys.

To study whether significant mean difference exist between change
scores of Mathematics Anxiety of Boy students belonging to experimental and
control groups, test of significance of difference between means was used.
Effect size was also calculated. The details of mean difference analysis and

effect size for subsample Boys are given in Table 44.

Table 44

Results of Test of Significance of Difference in Mean Change Scores of

Mathematics Anxiety between Experimental and Control Groups - Subsample

Boys
Experimental
Control Group )
Variable Group ) Effect Cohen’s
size  category
N M SD;, N, M, SD;
Mathematics 3¢ 14 00 3349 32 11.00 36.68 2.98%* 0.72 Medium
Anxiety
**p<.01

It is clear from Table 44 that the calculated t value is greater than the
table value 2.65 for df 68 at .01 level of significance. So experimental and
control groups differ significantly in the mean change scores of Mathematics
Anxiety for subsample Boys. The mean change score of experimental group is
significantly smaller than that of control group. These results indicate that
Cognitively Guided Instructional Strategy is more effective in reducing the
Mathematics Anxiety of boy upper primary school students than Existing

method of teaching.

As significant mean difference was found between the two groups, effect
size was calculated to measure the magnitude of effect of intervention. The

calculated value of Cohen’s d 0.72 is greater than the limit set for medium
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effects in Cohen’s category. This implies that Cognitively Guided Instructional
Strategy has a medium effect in reducing the Mathematics Anxiety of Boys

when compared to Existing method of teaching.

The mean change scores of experimental and control groups for Boys

sample are presented graphically in Figure 24.
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Figure 24. Mean change scores of Mathematics Anxiety of experimental and
control groups- Subsample Boys

Figure 24 shows that the performance of boy upper primary school
students belonging to experimental and control groups are not similar. It clearly
reveals that there is reduction in Mathematics Anxiety of experimental group
and gain in Mathematics Anxiety of control group. Hence the results of mean

difference analysis are supported by the graphical representation.

Comparison of mean change scores of Mathematics Anxiety of

experimental and control groups for subsample girls.

To study whether the experimental and control groups differ significantly

in terms of the mean change scores of Mathematics Anxiety for subsample
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Girls, test of significance of difference between means was used. The details of ¢

test for Girls are given in Table 45.

Table 45

Results of Test of Significance of Difference in Mean Change Scores of
Mathematics Anxiety between Experimental and Control groups- Subsample

Girls

Experimental Group Control Group
Variable t
N, M, SD, N, M, SD,

Mathematics Anxiety 28 -746 2462 30 -043 3357 090

Table 45 shows that there is no significant difference between
mean change scores of Mathematics Anxiety of experimental and control
groups as the calculated t value is less than the table value 2.0 for df 56 at .05
level of significance. Comparison of the mean values of change scores
indicates that there is reduction in Mathematics Anxiety for both the groups.
However, the change score of experimental group is smaller than the
change score of control group. But the mean difference is not significant
enough to attribute it to intervention. Since the mean difference between the
two groups was not significant, effect size was not calculated for Girls

subsample.

The mean change scores of Mathematics Anxiety of the two groups for

subsample Girls are presented graphically in Figure 25.
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Figure 25. Mean change scores of Mathematics Anxiety of experimental and
control groups- Subsample Girls

Figure 25 shows that there is reduction in Mathematics Anxiety for Girls
belonging to experimental and control groups. The graphical representation
shows that the performance of upper primary school students in the two groups
is not similar, but significant mean difference was not found in mean difference

analysis.

Comparison of gain scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of experimental and control

groups for Total sample and subsamples based on Gender.

Comparison of mean scores was carried out to test whether significant
differences exist between mean gain scores of the experimental group and the
control group for Achievement in Mathematics (Total, Lower order objectives,
Higher order objectives) using two tailed test of significance of difference
between means. The means and standard deviations of gain scores of

Achievement in Mathematics (Total, Lower order objectives, Higher order
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objectives) of the two groups were subjected to mean difference analysis and the
calculated t values were tested for significance. For significant mean
differences, the magnitude of effect was also found out using effect size measure
for two independent groups. The data and results of ¢ tests for Total sample,

subsample Boys and subsample Girls are given in the following sections.

Comparison of mean gain scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of experimental and control

groups for total sample.

To study whether the experimental and control groups differ significantly
in terms of mean gain score of Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) for Total sample, tests of significance of
difference between means were used. The data and results of mean difference

analysis and effect sizes are presented in Table 46.
Table 46

Results of Test of Significance of Difference in Mean Gain Scores of Achievement

in Mathematics between Experimental and Control Groups- Total sample

Experimental Control
Variable Group Group ¢ Ef_fect Cohen’s
size  category
N1 M1 SD1 N2 M2 SD2
Lower
order 66 859 491 62 539 4.54 3.83** 0.68 Medium
objectives
Achievement
in Higher
Mathematics  order 66 3.05 1.67 62 1.77 1.45 4.59** 0.82 Large
objectives
Total 66 11.64 598 62 7.15 5.42 4.44** 0.79 Medium

*#p<.01
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Table 46 shows that the calculated t values are greater than the table
value 2.62 for df 126 at .01 level of significance. So the experimental and
control groups differ significantly in terms of mean gain scores of Achievement
in Mathematics (Total, Lower order objectives, Higher order objectives) for
Total sample. It is to be noted that the mean gain score of the experimental
group is significantly greater than that of control group for all the three
variables. Hence Cognitively Guided Instructional Strategy is more effective in
enhancing Achievement in Mathematics of upper primary school students when

compared to Existing method of teaching.

Effect size was calculated for all the three variables to measure the
magnitude of effect as the mean differences were found significant for Total
sample. The values of Cohen’s d for Achievement in Mathematics (Total, Lower
order objectives) are greater than 0.5. So the effect sizes come under the
Cohen’s category ‘medium’ and hence it can be inferred that Cognitively
Guided Instructional Strategy has medium effect in enhancing these variables of
upper primary school students when compared to Existing method of teaching.
As the value of Cohen’s d is greater than 0.8, Cognitively Guided Instructional
Strategy has large effect in enhancing Achievement in Mathematics (Higher
order objectives) of upper primary school students when compared to Existing

method of teaching.

The mean gain scores of experimental and control groups for Total

sample are presented graphically in Figure 26.
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Figure 26. Mean gain scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Total Sample

It is clear from Figure 26 that the mean performance of upper primary
school students belonging to experimental and control groups are not similar and
the mean gain score of experimental group is greater than that of control group
for all the three variables. Hence the results of mean difference analysis are

supported by the graphical representation.

Comparison of mean gain scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of experimental and control

groups for subsample boys.

To study whether there is any statistically significant difference between
mean gain scores of experimental and control groups for subsample Boys, test of
significance of difference between means was used. Effect size was calculated
for significant mean differences. The data and results of mean difference

analysis are given in Table 47.
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Table 47

Results of Test of Significance of Difference in Mean Gain Scores of
Achievement in Mathematics between Experimental and Control Groups-

Subsample Boys

Experimental Control
Group Group Effect Cohen’s

Variable ;
t size  category

N1 M1 SD1 N2 M2 SD2

Lower order 3¢ 789 4583 32 491 436 2.70** 065 Medium

oot

Achievement objectives

in Higher order sk

Mathematics ~ objectives 38 2.84 1.41 32 1.53 1.05 4.36 1.04  Large
Total 38 10.74 5.64 32 6.41 4.74 3.44** 0.83 Large

*p<.01

It is clear from Table 47 that experimental and control groups differ
significantly in the mean gain scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) as the calculated t values are
greater than the table value 2.65 for df 68 at .01 level of significance. Mean gain
score of experimental group is significantly greater than the mean gain score of
control group for all the three variables. Hence Cognitively Guided Instructional
Strategy is more effective in enhancing Achievement in Mathematics of boy

upper primary school students than Existing method of teaching.

Effect sizes were calculated to measure the magnitude of effect of
Cognitively Guided Instructional Strategy. Cohen’s d for Achievement in
Mathematics (Lower order objectives) is greater than 0.5 and comes under
Cohen’s category ‘medium’. Cohen’s d for Achievement in Mathematics (Total,
Higher order objectives) are greater than 0.8 and these come under the category
‘large’. Hence Cognitively Guided Instructional Strategy has a medium effect in

enhancing Achievement in Mathematics (Lower order objectives) and large
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effect in enhancing Achievement in Mathematics (Total, Higher order
objectives) of upper primary school students when compared to Existing method

of teaching.

The mean gain scores of experimental and control groups for subsample

Boys are presented graphically in Figure 27.
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Figure 27. Mean gain scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Subsample Boys

It is clear from Figure 27 that the mean performances of boy upper
primary school students belonging to experimental group and control group
on Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) are not similar and the mean gain score of experimental group
is greater than the mean gain score of control group for these variables.
Hence the results of mean difference analysis are supported by graphical

representation.
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Comparison of mean gain scores of Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of experimental and control

groups for subsample girls.

To study whether experimental and control groups differ significantly in
terms of mean gain scores of Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives), tests of significance of difference between

means were used. The details of ¢ test for subsample Girls are given in Table 48.

Table 48

Results of Test of Significance of Difference in Mean Gain Scores of
Achievement in Mathematics between Experimental and Control Groups-

Subsample Girls

Experimental Control
Variable Group Group . Effect Cohen’s

size  category
N1 M1 SD1 N2 M2 SDZ

Lower
order 28 9.54 496 30 590 4.74 2.86** (0.75 Medium

_ objectives
Achievement

in Higher
Mathematics  order 28 332 1.96 30 2.03 1.77 2.63* 0.69 Medium
objectives

Total 28 12.86 6.31 30 7.93 6.05 3.04** 0.80  Large

*p< .05 **p< 01

Table 48 shows that the calculated t values for Achievement in
Mathematics (Total, Lower order objectives) are greater than the table value
2.66 for df 56 at .01 level of significance and the calculated t value for
Achievement in Mathematics (Higher order objectives) is greater than table
value 2.0 for df 56 at .05 level of significance. So there exist significant
difference between mean gain score of experimental and control groups for

these variables. For all the three variables, the mean gain score of experimental
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group is significantly greater than the mean gain score of control group. Hence
Cognitively Guided Instructional Strategy is more effective than Existing
method of teaching in enhancing Achievement in Mathematics of girl upper

primary school students.

Since the mean differences are significant, effect sizes were calculated.
The calculated effect sizes for Achievement in Mathematics (Lower order
objectives, Higher order objectives) are greater than 0.5 and that for
Achievement in Mathematics (Total) is 0.80. So Cognitively Guided
Instructional Strategy has medium effects in enhancing Achievement in
Mathematics (Lower order objectives, Higher order objectives) and has large
effect in enhancing Achievement in Mathematics (Total) for girl upper primary

school students when compared to Existing method of teaching.

The mean gain scores of Achievement in Mathematics of the two groups

for Girls subsample are presented graphically in Figure 28.
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objectives objectives total
H Control group 5.90 2.03 7.93
M Experimental group 9.54 3.32 12.86

Figure 28. Mean gain scores of Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) of experimental and control groups-
Subsample Girls
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Figure 28 shows that the performance of upper primary school students
belonging to experimental and control groups are not similar and the mean gain
score of experimental group is greater than that of control group for all these
variables. Hence the results of mean difference analysis for subsample Girls are

confirmed by the graphical representation.
Discussion

Comparisons of change scores of Mathematics Anxiety and gain scores
of Achievement in Mathematics between experimental and control groups show

the following results.

Significant mean difference exists between experimental and control
groups on change scores of Mathematics Anxiety for Total and Boys samples
and on Achievement in Mathematics (Total, Lower order objectives, Higher
order objectives) for Total, Boys and Girls samples. Significant mean difference
was not found in mean change scores of Mathematics Anxiety for subsample

Girls.

Hence Cognitively Guided Instructional Strategy is better than Existing
method of teaching in reducing Mathematics Anxiety of Total and Boys samples
and in enhancing Achievement in Mathematics (Total, Lower order objectives,

Higher order objectives) for Total sample and subsamples Boys and Girls.

For the variable Mathematics Anxiety, medium effects of Cognitively
Guided Instructional Strategy were found for Total and Boys samples in
comparison with Existing method of teaching. In the case of Achievement in
Mathematics (Total), medium effects of Cognitively Guided Instructional
Strategy were found for Total sample and large effects were found for Boys and
Girls. For the variable Achievement in Mathematics (Lower order objectives),

medium effects were found for all the three samples. For Achievement in
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Mathematics (Higher order objectives) large effects of Cognitively Guided
Instructional Strategy were found for Total and Boys samples and medium

effect was found for Girls sample.

Analysis of Covariance (ANCOVA) of the Dependent Variables

The comparisons of pretest and posttest scores of experimental group
using tests of significance of difference between two correlated means and
comparisons of change scores of the experimental and control groups using tests
of significance of difference between means, significant differences were found
in the dependent variables for all the three samples except in Mathematics
Anxiety for Girls subsample. Hence it can be tentatively concluded that
Cognitively Guided Instructional Strategy is more effective than Existing
method of teaching in enhancing Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) for Total sample, subsample Boys and
subsample Girls and in reducing Mathematics Anxiety for Total and Boys
samples. However, it is noteworthy that non equivalent intact classes were
selected for the experimental and control groups for the study and initial
differences between the two groups prior to the intervention were found in
Achievement in Mathematics (Total, Lower order objectives) for Total and Girls
samples. Even though the gain score analysis yielded more clear results than
posttest analysis, further analysis is needed before drawing conclusions
regarding the effectiveness of Cognitively Guided Instructional Strategy. So the

statistical technique of Analysis of Covariance (ANCOVA) was used.

By employing one-way ANCOVA, the investigator could further study the
relative effectiveness of Cognitively Guided Instructional Strategy and Existing
method of teaching with regard to Mathematics Anxiety and Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) after
controlling the individual and combined effect of the three covariates. To study

whether the experimental and control groups differ significantly in mean
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posttest scores of Mathematics Anxiety and Achievement in Mathematics after
controlling the effects of three covariates namely, Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence, covariance
analysis was used for Total sample and subsamples based on Gender. The
independent variable of the study is instructional strategy and its two levels are
Cognitively Guided Instructional Strategy and Existing method of teaching. So
Cognitively Guided Instructional Strategy and Existing method of teaching were
incorporated in the ANCOVA as the two levels of independent variable. Pretest
scores of Achievement in Mathematics (Total), Verbal Intelligence and Non-
verbal Intelligence were taken as the covariates. The posttest scores of
Mathematics Anxiety and Achievement in Mathematics (Total, Lower order

objectives, Higher order objectives) were considered as dependent variables.
Check for basic assumptions.

To ensure that the collected data can be subjected to ANCOVA, it was
analyzed to check whether the data follow the basic assumptions or not. The
dependent variables of the study Mathematics Anxiety and Achievement in
Mathematics are on interval scale. The distributions of dependent variable
scores follow normal distribution properties as evidenced from preliminary
analysis. The observations under consideration are independent. Besides, the
major assumptions of linear relationship between dependent variable and
covariates and homogeneity of variances were checked and are presented in the

following sections.
Linear relationship between the dependent variable and covariates

Scatter Plots were used to study the nature of the relationship between
dependent variable and covariates. Scatter plots of the dependent variables,
Mathematics Anxiety and Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) against covariates Pre- Achievement in

Mathematics, Verbal Intelligence and Non-verbal Intelligence, were generated.
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The scatter plots of the dependent variables against the three covariates for
Total sample, subsample Boys, and subsample Girls are given in Figure 29,

Figure 30 and Figure 31 respectively.
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Figure 29. Scatter plots of the dependent variables against the three covariates —

Total sample
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Figure 30. Scatter plots of the dependent variables against the three covariates —

Subsample Boys
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Figure 31. Scatter plots of the dependent variables against the three covariates —
Subsample Girls

A visual observation of the Scatter Plots given in Figure 29, Figure 30 and
Figure 31 revealed that there are linear relations between dependent variables

and covariates for Total sample, subsample Boys and subsample Girls.
Homogeneity of variances

For testing the homogeneity of variances of two groups, Levene’s test of

equality of error variances was used. This tests the null hypothesis that the error
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variance of the dependent variable is equal across groups. Homogeneity of variance

of experimental and control groups on dependent variables Mathematics Anxiety

and Achievement in Mathematics (Total, Lower order objectives, Higher order

objectives) were tested for Total sample, subsample Boys and subsample Girls.

Results of Levene’s tests for all the three samples are consolidated in Table 49.

Table 49

Results of Levene’s Test for Mathematics Anxiety and Achievement in Mathematics-

Total sample, Subsample Boys and Subsample Girls

Sample Variable Covariates Lev;ne Sodfy db Slgrlléfiz'imce
Pre- Achievement
in Mathematics 6l ! ke o
_ _ Verbal Intelligence 3.13 1 126 .079
Mathematics Anxiety
Non-verbal 416 1 126 044
Intelligence
Combined 23 1 126 126
Pre- Achievement 1
) ) in Mathematics 1.68 12 198
Achievement in
Mathematics Verbal Intelligence 2.81 1 126 .096
(Lower order Non-verbal
objectives) Intelligence 121 b 126 274
= Combined 3.80 1 126 .053
o
&= Pre- Achievement
in Mathematics 0.14 ! R 713
Achievement in- Verbal Intelligence ~ 1.011 1 126 315
Mathematics (Higher
order objectives) Non-verbal 0.14 1 126 708
Intelligence ' ’
Combined 0.46 1 126 497
Pre- Achievement
in Mathematics 2.02 ! 126 157
Achievement in Verbal Intelligence 2.73 1 126 101
Mathematics (Total .
(Total) Non-verbal 11 1 126 294
Intelligence
Combined 2.67 1 126 105
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Sample Variable Covariates Levene’s dfy, df Significance
F level
Pre- Achievement
in Mathematics et 1 68 SRE
_ _ Verbal Intelligence 0.03 1 68 .863
Mathematics Anxiety 1
SNz 006 1 68 804
Intelligence
Combined 0.024 1 68 878
Pre- Achievement ) 4o 40 119
) ) in Mathematics
Achievement in
Mathematics Verbal Intelligence 0.02 1 68 .894
(Lower order Non-verbal
objectives) Intelligence 0.28 1 68 .602
Combined 2.66 1 68 .108
Pre- Achievement
in Mathematics 0.31 1 68 Sl
Achievement in Verbal Intelligence ~ 0.32 1 68 574
Mathematics (Higher
order objectives) Non-verbal 0.02 1 68 890
Intelligence ’
o Combined 0.01 1 68 .909
o
M Pre- Achievement
in Mathematics 4.94 1 68 030
Achievement in Verbal Intelligence 0.17 1 68 .682
Mathematics (Total)  Non-verbal
) 0.39 1 68 .536
Intelligence
Combined 4.53 1 68 .037
Pre- Achievement
in Mathematics (U2 1 S S
Verbal Intelligence 4.96 1 56 .030
Math tics Anxiet
athematics Anxiety Non-verbal 4 ! .017
Intelligence ol S
Combined 4.94 1 56 .030
Pre- Achievement 5, | 56 886
) ) in Mathematics
Achievement in
Mathematics Verbal Intelligence 3.38 1 56 071
(Lower order Non-verbal
objectives) Intelligence 0.01 1 56 918
Combined 0.34 1 56 .560
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Sample Variable Covariates Lev;ne S df; df, Slgrlléfizfimce
Pre- Achievement
in Mathematics DL ! = 2
Achievement in Verbal Intelligence 1.62 1 56 209
Mathematics (Higher
order objectives) Non-verbal 1.61 1 56 210
Intelligence ' '
L Combined 0.78 1 56 381
) Pre- Achievement
in Mathematics 0.00 ! 26 994
Achievement in Verbal Intelligence 3.19 1 56 .080
Mathematics (Total) -
Non-verbal 0.04 1 56 844
Intelligence
Combined 0.13 1 56 716

Table 49 shows that the variances of experimental and control groups are
almost equal. Hence the assumption of homogeneity of variance for ANCOVA is
satisfied to a certain extent for the dependent variables in the case of Total sample,

subsample Boys and subsample Girls.

The examination of the major assumptions revealed that the basic
assumptions of ANCOVA are met to a satisfactory extent for Total sample,
subsample Boys and subsample Girls. Hence the data can be subjected to
ANCOVA. The details of covariance analysis of dependent variables are presented

in the following sections.

Comparison of the adjusted mean scores of Mathematics Anxiety of
experimental and control groups by considering Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates

for total sample and subsamples based on Gender.

To study whether there any significant difference exists between
experimental and control groups in terms of Mathematics Anxiety after adjusting

for the pre intervention differences if any, one-way ANCOVA was used. For each
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sample, four different ANCOVA were employed by taking covariates one at a
time and in combination of three at a time. That is, one ANCOVA each by taking
Pre-Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence separately as covariate and one ANCOVA with combined effect of
the three covariates. Every ANCOVA with significant F value was followed by
Bonferroni’s test of post hoc comparison. The details of covariance analysis of the
dependent variable Mathematics Anxiety and effect size in terms of Partial eta
squared for Total sample, subsample Boys and subsample Girls are presented in

the following sections.

Comparison of the adjusted mean scores of Mathematics Anxiety of
experimental and control groups by considering Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates

for total sample.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in reducing Mathematics Anxiety of
upper primary school students, after adjusting for pretest differences if any, four
ANCOVA were employed on Total sample. Linear adjustments were made in
the posttest scores of Mathematics Anxiety for the individual as well as
combined effect of the covariates namely, Pre- Achievement in Mathematics,
Verbal Intelligence and Non-verbal Intelligence. For economy of presentation,

the four ANCOVA are described in a single table.

The data and results of covariance analysis of Mathematics Anxiety for

Total sample are presented in Table 50.
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Table 50

Summary of Analysis of Covariance of Mathematics Anxiety- Total sample

Covariates
Pre- .
Source of Achi ) Verbal Non-verbal Combined
Variance N 1evemegt n Intelligence  Intelligence Effect
Mathematics
Eoibuon 21775.57 32590.09 13302.75  27158.00
Sum of  &roups
squares e
a Within 233188.25 194818.45  217384.56  189535.81
groups
grez;tl\;;esen 1 1 1 1
df o
Within 125 125 125 123
groups
Between 21775.57 32590.09 13302.75  27158.00
Mean gI‘OllpS
squares e
1 it 1865.51 1558.55 1739.08 1540.94
groups
Total 261030.97 261030.97  261030.97  261030.97
F 11.67 20.91 7.65 17.62
Level of 001 <001 007 <001
Significance
Partial eta squared .085 143 .058 125

Table 50 shows that the calculated F (1,125) =11.67, p =.001, np2 =.085;
F(1,125) =20.91, p <.001, n,> = .143; F (1,125) = 7.65, p = .007, n,” = .058 and
F (1,123) = 17.62, p<.001, np2 = .125 for the effect of Instructional strategy on
Mathematics Anxiety after controlling the effects of Pre-Achievement in
Mathematics, Verbal Intelligence, Non-verbal Intelligence and combined effect
of the three covariates respectively, are significant at .01 level of significance.
This indicates that there i1s significant difference between posttest scores of

Mathematics Anxiety of experimental and control groups even after controlling
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the effects of covariates. Hence the difference in posttest scores of Mathematics
Anxiety between experimental and control groups can be attributed to the
influence of Instructional strategy. The values of Partial eta squared also

substantiate the results.

Post hoc comparison of adjusted means on Mathematics Anxiety of

experimental and control groups for total sample.

To find out whether experimental and control groups differ significantly
in terms of adjusted mean posttest scores of Mathematics Anxiety, test of
significance of difference between adjusted means was used with each
ANCOVA. The details of post hoc comparison of adjusted mean scores of

Mathematics Anxiety for Total sample are presented in Table 51.

Table 51

Data and results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Mathematics Anxiety- Total sample

Experimental Control Group
Group

Covariates SE t

N Adjusted N Adjusted

Mean Mean

Pre- Achievementin (o035 4y 62 161.96 779 3.42%%
Mathematics
Verbal Intelligence 66 132.27 62 165.23 721 4.57**
Non-verbal Intelligence 66  138.32 62 158.79 7.40 2.77**
Combined Effect 66 132.92 62 164.54 7.53 4.20%**
**p<.01

Table 51 shows that the calculated t values are greater than 2.62, the
table value at .01 level of significance. So there is significant difference between
adjusted mean scores of Mathematics Anxiety of upper primary school students

belonging to experimental and control groups. It is to be noted that low adjusted
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mean scores of Mathematics Anxiety are associated with experimental group.
Hence Cognitively Guided Instructional Strategy is more effective in reducing
the Mathematics Anxiety of upper primary school students than Existing method

of teaching for Total sample.

Comparison of the adjusted mean scores of Mathematics Anxiety of
experimental and control groups by considering Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates

for subsample boys.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in reducing Mathematics Anxiety of
upper primary school students, after adjusting for pretest differences if any, four
ANCOVA were employed on subsample Boys. Linear adjustments were made
in the posttest scores of Mathematics Anxiety for the individual as well as
combined effects of the covariates namely, Pre- Achievement in Mathematics,
Verbal Intelligence and Non-verbal Intelligence. For economy of presentation,

the four ANCOVA are described in a single table.

The data and results of covariance analysis on Mathematics Anxiety for

subsample Boys are presented in Table 52.
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Table 52

Summary of Analysis of Covariance of Mathematics Anxiety- Subsample Boys

Covariates
Pre- .
Source of } : Verbal Non-verbal Combined
Variance Achievement in Intelligence Intelligence Effect
Mathematics g &

Eebei 23954.23 25817.48 17894.98 22762.30
Sum of  &roups
squares L I

Vi 119859.83 120468.78 123558.32  115414.85

groups

Between 1 1 1 1

groups
df o

Within 67 67 67 65

groups

ool 23954.23 25817.48 17894.98 22762.30
Mean gI‘OllpS
squares L I

i 1788.95 1798.95 1844.15 1775.61

groups

Total 148720.59 148720.59 148720.59  148720.59
F 13.39 14.36 9.70 12.82
Level of Significance <.001 <.001 .003 .001
Partial eta squared 167 177 127 165

Table 52 shows that the calculated F values for the effect of Instructional
strategy on Mathematics Anxiety F (1,67) = 13.39, p<.001, np2 =.167 ; F(1,67)
= 14.36, p<.001, n,> = .177; F(1,67) = 9.70, p = 9.70, n,> = .127 and F(1,65) =
12.82, p= .001, n,’=.165 when adjustments are made for the effects of Pre
Achievement, Verbal Intelligence, Non-verbal Intelligence and the combined
effect of the covariates respectively, are greater than the table value for the
specified degrees of freedom at .01 level of significance. Hence there is
significant difference between Mathematics Anxiety posttest scores of

experimental and control groups even after controlling the effects of the
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covariates. This suggests that the variation in Mathematics Anxiety of
experimental and control groups can be attributed to the effect of Instructional
strategy for subsample Boys. The values of Partial eta squared also substantiate

the results.

Post hoc comparison of adjusted means on Mathematics Anxiety of

experimental and control groups for subsample boys.

To compare the adjusted mean scores of Mathematics Anxiety of Boys
belonging to experimental and control groups, tests of significance of difference

between adjusted means were used with each ANCOVA.

The details of post hoc comparison of adjusted means on Mathematics
Anxiety for subsample Boys are given in Table 53.
Table 53

Data and results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Mathematics Anxiety- Subsample Boys

Experimental Control Group
Group
Covariates . t
Adjusted Adjusted
N Mean N Mean

Pre- Achievement in
Mathematics

38 136.15 32 173.42  10.19 3.66**
Verbal Intelligence 38 135.22 32 174.52 1037 3.79**
Non-verbal Intelligence 38 138.22 32 17096  10.51 3.12**

Combined Effect 38 135.76 32 173.88 10.64 3.58**

** p<.01

It is clear from Table 53 that the calculated t values are greater than the
limit set for significance at .01 level. So experimental and control groups differ

significantly in terms of adjusted mean posttest scores of Mathematics Anxiety.
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The results suggest significant advantage of Cognitively Guided Instructional
Strategy in reducing Mathematics Anxiety of upper primary school students
over Existing method of teaching as low adjusted mean scores are seen

associated with experimental group.

Comparison of the adjusted mean scores of Mathematics Anxiety of
experimental and control groups by considering Pre-Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates

for subsample girls.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in reducing Mathematics Anxiety of
upper primary school students, after adjusting for pretest differences if any, four
ANCOVA were employed on subsample Girls. Linear adjustments were made
in the posttest scores of Mathematics Anxiety for the individual as well as
combined effects of the covariates namely, Pre- Achievement in Mathematics,
Verbal Intelligence and Non-verbal Intelligence. For economy of presentation,

the four ANCOVA are described in a single table.

The data and results of covariance analysis on Mathematics Anxiety for

subsample Girls are presented in Table 54.
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Table 54
Summary of Analysis of Covariance of Mathematics Anxiety- Subsample Girls
Covariates
Pre-
Source of  Achievement Verbal Non-verbal ~Combined
Variance in Intelligence Intelligence Effect
Mathematics
Between 2056.40 9310.33 1462.63  6821.83

Sum of  Zroups

squares ithi
q Willzim 105687.92 6262532 84736.09  62506.70

groups
greotl‘:;esen 1 1 1 1
df o
Within 55 55 55 53
groups
Betveen 2056.40 9310.33 1462.63 6821.83
Mean groups
sguares 1thi
E Within 1921.60 1138.64 1540.66 1179.372
groups
Total 108523.12 108523.12  108523.12  108523.12
F 1.07 8.18 0.95 578
Level of 305 006 334 020
Significance
Partial eta squared 019 129 017 .098

It 1s clear from Table 54 that the obtained F value for the effect of
Instructional strategy on Mathematics Anxiety after controlling the effect of
Verbal Intelligence F (1, 55) = 8.18, p = .006, n,” = .129 is significant at .01
level of significance and the F value after controlling the combined effect of the
covariates F (1, 53) = 5.78, p = .020, np2 = .098 is significant at .05 level of
significance. However, F(1, 55) = 1.07, p =.305, np2 =.019 and F (1, 55)=0.95,
p=.334, np2 =.017, obtained after controlling the effects of Pre- Achievement in
Mathematics and Non-verbal Intelligence respectively are not significant at .05

level of significance. The results suggest that there is significant difference
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between Mathematics Anxiety posttest scores of experimental and control
groups when the individual effect of verbal intelligence and combined effect of
covariates are controlled. So in these cases, there is significant effect of
Instructional strategy on Mathematics Anxiety for Girls. But in the remaining
two cases, the effect of Instructional strategy is not significant and difference
between the two groups, if any, can be attributed to pretest difference. The

values of partial eta squared also substantiate these results.

Post hoc comparison of adjusted means on Mathematics Anxiety of

experimental and control groups for subsample girls.

To test whether the experimental group taught through Cognitively
Guided Instructional Strategy and control group taught through Existing method
of teaching differs in the adjusted mean posttest scores of Mathematics Anxiety
for subsample Girls, test of significance of difference between adjusted means
was used with each ANCOVA. The details of post hoc comparison of adjusted

means for subsample Girls are given in Table 55.

Table 55

Data and results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Mathematics Anxiety- Subsample Girls

Experimental Control group
Group
Covariates SE t
N Adjusted N Adjusted
Mean Mean
Pre- Achievement 13582 30 14827  12.04 1.03
in Mathematics
Verbal Intelligence 28 128.52 30 155.08 9.29 2.86**
Non-verbal 28 137.06 30 147.11 1032 097
Intelligence
Combined Effect 28 129.25 30 154.40 10.45 2.41%*

*p<.05 ** p<.01



ﬂnalysis 233

Table 55 shows that there is significant difference between adjusted
mean scores of Mathematics Anxiety of experimental and control groups, after
controlling the individual effect of Verbal Intelligence and the combined effect
of the covariates at .01 and .05 levels respectively. Hence there is significant
effect of Cognitively Guided Instructional Strategy on Mathematics Anxiety
after controlling Verbal Intelligence and combined effect for girl upper primary
school students. But the t values in the remaining two cases are not significant
and hence the difference cannot be attributed to the effect of Instructional

strategy.

Comparison of the adjusted mean scores of Achievement in
Mathematics of experimental and control groups by considering Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence

as covariates for total sample and subsamples based on Gender.

To study whether there exist any significant difference between
experimental and control groups in terms of Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) after adjusting for
the pre intervention differences if any, one-way ANCOVA was used. For
each sample, four different ANCOVA were employed on each of the three
variables by taking covariates one at a time and in combination of three at a
time. That is, one ANCOVA each by taking Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence separately as
covariate and one ANCOVA with combined effect of the three covariates.
Every ANCOVA with significant F value was followed by Bonferroni’s test

of post hoc comparison.

The details of covariance analysis on each of the dependent variables -

Achievement in Mathematics (Total), Achievement in Mathematics (Lower
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order objectives) and Achievement in Mathematics (Higher order objectives) -
for Total sample, subsample Boys and subsample Girls are presented in the

following sections.

Comparison of the adjusted mean scores of Achievement in Mathematics
(Total) of experimental and control groups by considering Pre- Achievement
in Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates

for total sample.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Total) of upper primary school students, after making linear
adjustments in posttest scores for individual as well as combined effect of Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence,
four separate one-way ANCOVA were employed on Total sample. The details

are presented in a single table.

The data and results of covariance analysis on Achievement in

Mathematics (Total) for Total sample are given in Table 56.
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Table 56

Summary of Analysis of Covariance of Achievement in Mathematics (Total) -

Total Sample
Covariates
Pre-
Source of  Achievement Verbal Non-verbal Combined
Variance in Intelligence Intelligence Effect
Mathematics
Between 779.85 799.63 259.72 868.65
Sum of &roups
squares s
Within 3882.45 4480.57 4634.46 2997.95
groups
Between 1 1 1 1
groups
df o
Vi 125 125 125 123
groups
Between 779.85 799.63 259.72 868.65
Mean groups
squares s
Within 31.06 35.85 37.08 2437
groups
Total 6362.97 6362.97 6362.97 6362.97
F 25.11 22.31 7.01 35.64
Level of <001 <001 009 <001
Significance
Partial eta squared 167 151 .053 225

Table 56 shows that the calculated F values for the effect of Instructional
strategy on Achievement in Mathematics (Total) are greater than the table value
for specified degrees of freedom at.01 level of significance. That is, F (1, 125) =
25.11, p<.001, n,° = .167; F (1, 125) = 22.31, p<.001, n,° = .151; F (1, 125)
=7.01, p = .009, n,> = .053 and F (1,123) = 35.64, p<.001, n,” = .225 obtained

after controlling the effects of Pre- Achievement in Mathematics, Verbal
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Intelligence , Non-verbal Intelligence and the combined effect of covariates
respectively, are significant at .01 level. The results indicate that there is
significant difference between posttest scores of Achievement in Mathematics
(Total) of upper primary school students belonging to experimental and control
groups after controlling individual as well as combined effect of the selected
covariates. Hence the difference between the two groups can be attributed to the
effect of Instructional strategy for Total sample. The values of Partial eta
squared also substantiate the results.

Post hoc comparison of adjusted means on Achievement in Mathematics

(Total) of experimental and control groups for total sample.

To compare the adjusted mean posttest scores of Achievement in
Mathematics (Total) of experimental and control groups for Total sample, test of

significance of difference between means was used with each ANCOVA.

The results of post hoc comparison of adjusted means on Achievement in

Mathematics (Total) for Total sample are given in Table 57.

Table 57

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Achievement in Mathematics (Total) - Total sample

Experimental Control Group
Group
Covariates SE t
Adjusted Adjusted
N Mean N Mean
Pre- Achievement in 66 18.18 62 1314 101 5.01%*
Mathematics
Verbal Intelligence 66 18.24 62 13.07 1.09 4.72**
Non-verbal Intelligence 66 17.12 62 1426  1.08 2.65**
Combined Effect 66 18.47 62 12.82 095 5.97**

** p<.01
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Table 57 shows that the calculated t values are greater than the table
value 2.62 at .01 level of significance. So there is significant difference between
experimental and control groups in terms of adjusted mean scores of
Achievement in Mathematics (Total) for Total sample. Moreover, higher
adjusted mean posttest scores are associated with experimental group. Hence the
results suggest that Cognitively Guided Instructional Strategy is more effective
in enhancing Achievement in Mathematics (Total) of upper primary school

students than Existing method of teaching.

Comparison of the adjusted mean scores of Achievement in Mathematics
(Lower order objectives) of experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for total sample.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Lower order objectives) of upper primary school students, after
making linear adjustments in posttest scores for individual as well as combined
effect of Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence, four separate one-way ANCOVA were employed on Total sample.

The details are presented in a single table.

The data and results of covariance analysis on Achievement in

Mathematics (Lower order objectives) for Total sample are given in Table 58.
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Table 58

Summary of Analysis of Covariance of Achievement in Mathematics (Lower

order objectives)- Total sample

Covariates
Pre- )
Source of Achi ) Verbal Non-verbal Combined
5 chievement in ; .
Variance . Intelligence Intelligence Effect
Mathematics

Eiehuzan 375.41 388.24 100.47 452.79
Sum of &roups
squares s

Vi 2584.78 2962.09 3145.45 2040.80

groups

Between 1 1 1 1

groups
df o

Within 125 125 125 123

groups

Fiehuzsn 375.41 388.24 100.47 452.79
Mean groups
squares s

Vi 20.68 23.70 25.16 16.59

groups

Total 4081.22 4081.22 4081.22 4081.22
F 18.16 16.38 3.99 27.29
Level of <001 <001 048 <001
Significance
Partial eta squared 127 116 031 182

As per Table 58 the calculated F values for the effect of Instructional
Strategy on Achievement in Mathematics (Lower order objectives) for Total
sample, F (1, 125) = 18.16, p<.001, n,° = .127 ; F (1, 125) = 16.38, p<.001,
n,. =.116 ; F (1, 123) = 27.29, p<.001, n,> =.182 after controlling the effects
of Pre- Achievement in Mathematics, Verbal Intelligence and the combined

effect of covariates respectively, are greater than the table value at .01 level of
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significance. The calculated value, F (1,125) = 3.99, p = .048, np2 =.031 after
controlling Non-verbal Intelligence is greater than the table value for .05
level. Hence there is significant difference between posttest scores of
Achievement in Mathematics (Lower order objectives) of experimental and
control groups after controlling the individual as well as combined effect of
the three covariates. This indicates that there is significant effect of
Instructional Strategy on Achievement in Mathematics (Lower order
objectives) for Total sample. These results are substantiated by the values of

Partial eta squared also.

Post hoc comparison of adjusted means on Achievement in Mathematics

(Lower order objectives) of experimental and control groups for total sample.

To compare the adjusted mean posttest scores of Achievement in
Mathematics (Lower order objectives) of experimental and control groups for
Total sample, test of significance of difference between means was used with

each ANCOVA.

The results of post hoc comparison of adjusted means on Achievement in

Mathematics (Lower order objectives) for Total sample are given in Table 59.
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Table 59

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Achievement in Mathematics (Lower order objectives)-Total

Sample
Experimental Control Group
‘ Group
Covariates . ' - t
N Adjusted o Adjusted
Mean Mean

Pre- Achievement in 66 14.27 62 10.78 0.82 4.26%*

Mathematics

Verbal Intelligence 66 14.32 62 10.72 0.89 4.05**
Non-verbal Intelligence 66 13.44 62 11.66 0.89 2.00*
Combined Effect 66 14.56 62 10.47 0.78 5.22%*

*p<.05 ** p<.01

It is clear from Table 59 that the calculated t values for test of
significance of difference between adjusted mean posttest scores of
Achievement in Mathematics (Lower order objectives) are greater than the
table value at .01 level of significance, after adjusting for the individual
effects of Pre- Achievement in Mathematics and Verbal Intelligence and
combined effect of the covariates. The calculated t value after adjusting for
the individual effect of Non-verbal Intelligence is greater than the table value
at .05 level of significance. Hence there is significant difference between
adjusted mean scores of experimental and control groups. Since higher
adjusted means are associated with experimental group, Cognitively Guided
Instructional Strategy is more effective than Existing method of teaching in
enhancing Achievement in Mathematics (Lower order objectives) for Total
sample of upper primary school students. The values of Partial eta squared

also substantiate these results.
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Comparison of the adjusted mean scores of Achievement in Mathematics
(Higher order objectives) of experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for total sample.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Higher order objectives) of upper primary school students, after
making linear adjustments in posttest scores for individual as well as combined
effect of Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence, four separate one-way ANCOVA were employed on Total sample.

The details are presented in a single table.

The data and results of covariance analysis on Achievement in

Mathematics (Higher order objectives) for Total sample are given in Table 60.

Table 60

Summary of Analysis of Covariance of Achievement in Mathematics (Higher

order objectives) - Total sample

Covariates
Sour Pre-
ngce Achievement ~ Verbal Non-verbal Combined
: in Intelligence Intelligence Effect
Variance .
Mathematics
Between 73.11 73.51 37.12 67.14
Sum of SRR
squares ithi
Within 347.59 372.90 354.96 302.73
groups
o I
df o
Within 125 125 125 123

groups
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Covariates
Sour. Pre-
ogfce Achievement Verbal Non-verbal Combined
. n Intelligence Intelligence Effect
Variance )
Mathematics
ISR 73.11 73.51 37.12 67.14
Mean groups
squares S1
1 A 278 2.98 2.84 2.46
groups
Total 480.88 480.88 480.88 480.88
F 26.29 24.64 13.07 27.28
Level gf <.001 <.001 <.001 <.001
Significance
Partial eta 174 165 095 182
squared

It is clear from Table 60 that the calculated F values for the effect of
Instructional Strategy on Achievement in Mathematics (Higher order objectives)
for Total sample, after controlling the individual as well as combined effect of
the three covariates, are greater than the table value for specified degrees of
freedom at .01 level of significance. Hence, F (1,125) = 26.29, p<.001, np2 =
174; F (1,125) = 24.64, p<.001, n,> = .165 ; F (1,125) = 13.07, p<.001, n,” =
.095 and F (1,123) = 27.28, p<.001, np2 = .182 obtained after controlling the
effects of Pre- Achievement in Mathematics, Verbal Intelligence, Non-verbal
Intelligence and their combined effect respectively, are significant at .01 level of
significance. So there is significant difference between posttest scores of
Achievement in Mathematics (Higher order objectives) of experimental and
control groups even after controlling the effects of covariates. This indicates
significant effect of Instructional Strategy on Achievement in Mathematics
(Higher order objectives) for Total sample. These results are substantiated by

the values of Partial eta squared also.
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Post hoc comparison of adjusted means on Achievement in Mathematics

(Higher order objectives) of experimental and control groups for total sample.

To compare the adjusted mean posttest scores of Achievement in
Mathematics (Higher order objectives) of experimental and control groups for
Total sample, test of significance of difference between means was used with

each ANCOVA.

The results of post hoc comparison of adjusted means on Achievement in

Mathematics (Higher order objectives) for Total sample are given in Table 61.

Table 61

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Achievement in Mathematics (Higher order objectives) - Total

sample

Experimental Group Control Group
Covariates N Adiusted  Adjusted SE t

Mean Mean

Pre- Achievement in 66 3.90 62 236 030 5.13%
Mathematics
Verbal Intelligence 66 3.92 62 235 032 4.9]1%*
Non-verbal 66 3.68 62 2.60 030 3.62%*
Intelligence
Combined Effect 66 3.92 62 2.35 0.30 5.22%=*
** p<.01

Table 61 shows that the calculated t values are greater than the table
value 2.62 at .01 level of significance. So there is significant difference between
experimental and control groups in terms of adjusted mean scores of
Achievement in Mathematics (Higher order objectives) for Total sample.

Moreover, higher adjusted mean posttest scores are associated with
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experimental group. Hence the results suggest that Cognitively Guided
Instructional Strategy is more effective in enhancing Achievement in
Mathematics (Higher order objectives) of upper primary school students than

Existing method of teaching.

Comparison of the adjusted mean scores of Achievement in
Mathematics (Total) of experimental and control groups by considering Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence

as covariates for subsample boys.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Total) of upper primary school students, after making linear
adjustments in posttest scores for individual as well as combined effect of Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence,
four separate one-way ANCOVA were employed on subsample Boys. The

details are presented in a single table.

The data and results of covariance analysis on Achievement in

Mathematics (Total) for subsample Boys are given in Table 62.
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Table 62

Summary of Analysis of Covariance of Achievement in Mathematics (Total) —

Subsample Boys
Covariates
Pre-
Source of Achievement Verbal Non-verbal Combined
Variance n Intelligence Intelligence Effect
Mathematics

Eiehwee 361.82 362.98 186.11 356.85
Sum of  &roups
sqguares thi
a Vi 1731.47 2498.11 2610.90 1662.17

groups

greotl‘;:en 1 1 1 1
df o

Within 67 67 67 65

groups

LEISB0EET 361.82 362.98 186.11 356.85
Mean groups
squares s

Wiizim 25.84 37.29 38.97 25.57

groups

Total 3013.44 3013.44 3013.44 3013.44
F 14.00 9.74 478 13.96
Level of <001 003 032 <001
Significance
Partial eta squared 173 127 .067 A77

As per Table 62 the F values for the effect of Instructional Strategy on
Achievement in Mathematics (Total) for subsample Boys, F (1, 67) = 14.00,
p<.001, ,> = .173; F (1, 67) = 9.74, p = .003, ,> = .127 and F (1, 65) = 13.96,
p<.001, np2 = .177 obtained after controlling the effects of Pre- Achievement in
Mathematics, Verbal Intelligence and combined effect of covariates
respectively, are greater than the table value at .01 level of significance. The

value, F(1, 67)= 4.78, p= .032, np2 = .067 after controlling Non-verbal
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Intelligence is greater than the table value for .05 level. Hence there is
significant difference between posttest scores of Achievement in Mathematics
(Total) of experimental and control groups after controlling the individual as
well as combined effect of the three covariates. This indicates that there is
significant effect of Instructional Strategy on Achievement in Mathematics
(Total) for subsample Boys. The values of Partial eta squared also substantiate

these results.

Post hoc comparison of adjusted means on Achievement in Mathematics

(Total) of experimental and control groups for subsample boys.

To test whether the experimental group taught through Cognitively
Guided Instructional Strategy and control group taught through Existing method
of teaching differs in the adjusted mean posttest scores of Achievement in
Mathematics (Total) for subsample Boys, test of significance of difference

between adjusted means was used with each ANCOVA.

The details of post hoc comparison of adjusted mean posttest scores for

subsample Boys are given in Table 63.

Table 63

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Achievement in Mathematics (Total) - Subsample Boys

Experimental Group  Control Group

Covariates Adjusted Adjusted SE t
N N
Mean Mean

Pre-Achievement in 38 16.62 32 1204 122 3.74%
Mathematics

Verbal Intelligence 38 16.66 32 12.00 1.49 3.10**
Non-verbal Intelligence 38 16.06 32 1272  1.53 2.19*
Combined Effect 38 16.71 32 11.94  1.28 3.74%*

*p<.05 ** p<.01
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It is clear from Table 63 that the calculated t values for test of significance
of difference between adjusted mean posttest scores of Achievement in
Mathematics (Total) are greater than the table value at .01 level of significance,
after adjusting for the individual effects of Pre- Achievement in Mathematics
and Verbal Intelligence and the combined effect of the covariates. The
calculated t value after adjusting for the individual effect of Non-verbal
Intelligence is greater than the table value at .05 level of significance. Hence
there is significant difference between adjusted mean scores of experimental and
control groups. Since higher adjusted means are associated with experimental
group, Cognitively Guided Instructional Strategy is more effective than Existing
method of teaching in enhancing Achievement in Mathematics (Total) of boy

upper primary school students.

Comparison of the adjusted mean scores of Achievement in Mathematics
(Lower order objectives) of experimental and control groups by considering
Pre-Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for subsample boys.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Lower order objectives) of upper primary school students, after
making linear adjustments in posttest scores for individual as well as combined
effect of Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence, four separate one-way ANCOVA were employed on subsample

Boys. The details are presented in a single table.

The data and results of covariance analysis on Achievement in
Mathematics (Lower order objectives) for subsample Boys are given in Table

64.
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Table 64

Summary of Analysis of Covariance of Achievement in Mathematics (Lower

order objectives) — Subsample Boys

Covariates
Sour. Pre-
ngce Achievement Verbal Non-verbal Combined
. in Intelligence Intelligence Effect
Variance )
Mathematics

Elebwee 148.78 157.33 68.44 171.59
Sum of groups
squares thi
a Wiizim 1293.96 1769.30 191878  1230.66

groups

greotl‘;;e:n 1 1 1 1
df o

Within 67 67 67 65

groups

EISBOEET 148.78 157.33 68.44 171.59
Mean groups
squares i

Wi 19.31 26.41 28.64 18.93

groups

Total 2073.44 2073.44 2073.44  2073.44
F 770 5.96 2.39 9.06
Level of Significance .007 017 127 .004
Partial eta squared 103 .082 .034 122

Table 64 shows that the calculated F values for the effect of Instructional
Strategy on Achievement in Mathematics (Lower order objectives) for
subsample Boys, F (1, 67) = 7.70, p=.007, np2 =.103 after controlling the effect
of Pre- Achievement in Mathematics and F (1, 65) = 9.06, p=.004, n,* = .122
after controlling the combined effect of covariates are significant at .01 level of
significance. The obtained F value after controlling the effect of Verbal

Intelligence, F (1, 67) = 5.96, p=.017, n,> = .082 is significant at .05 level of
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significance. But the F value after controlling the effect of Non-verbal
Intelligence, F (1, 67) = 2.39, p=.127, n,” = .034 is not significant at .05 level of
significance. The results suggest that there is significant difference between
posttest scores of Achievement in Mathematics (Lower order objectives) of
experimental and control groups even after controlling the effects of Pre-
Achievement in Mathematics, Verbal Intelligence and combined effect of
covariates. This indicates significant effect of Instructional Strategy on
Achievement in Mathematics (Lower order objectives). But when only Non-
verbal Intelligence is controlled, the difference between groups cannot be
attributed to the effect of Instructional strategy. The values of Partial eta squared

also substantiate these results.

Post hoc comparison of adjusted means on Achievement in Mathematics
(Lower order objectives) of experimental and control groups for subsample

boys.

To test whether the experimental group taught through Cognitively
Guided Instructional Strategy and control group taught through Existing method
of teaching differs in the adjusted mean posttest scores of Achievement in
Mathematics (Lower order objectives) for subsample Boys, test of significance

of difference between adjusted means was used with each ANCOVA.

The details of post hoc comparison of adjusted mean posttest scores for

subsample Boys are given in Table 65.
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Table 65

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Achievement in Mathematics (Lower order objectives) -

Subsample Boys

Experimental Control Group

Group
Covariates SE t
N Adjusted N Adjusted
Mean Mean

Pre- Achievement in 38 13.01 32 1008 1.06 2.78**
Mathematics
Verbal Intelligence 38 13.07 32 10.01 1.26 2.44%*
Non-verbal Intelligence 38 12.60 32 10.57  1.31 1.55
Combined Effect 38 13.19 32 9.87 1.10 3.01**

*p<.05 ** p<.01

Table 65 shows that the calculated t values for test of significance of
difference between adjusted mean posttest scores of Achievement in
Mathematics (Lower order objectives) are greater than the table value at .01
level of significance, after adjusting for the individual effect of Pre-
Achievement in Mathematics and the combined effect of the covariates. The
calculated t value after adjusting for the individual effect of Verbal Intelligence
is greater than the table value at .05 level of significance and the t value after
controlling Non-verbal Intelligence is less than the table value at .05 level.
Hence there is significant difference between adjusted mean scores of
experimental and control groups after controlling Pre- Achievement in
Mathematics, Verbal Intelligence and combined effect of covariates. Since
higher adjusted means are associated with experimental groups in these cases,
Cognitively Guided Instructional Strategy is more effective than Existing

method of teaching in enhancing Achievement in Mathematics (Total) for
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subsample Boys. But it can be seen that, the experimental and control groups do
not differ significantly in terms of Achievement in Mathematics (Lower order
objectives) when the covariate Non-verbal Intelligence is controlled. So in this
case, mean difference cannot be attributed to the influence of Instructional

strategy.

Comparison of the adjusted mean scores of Achievement in Mathematics
(Higher order objectives) of experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for subsample boys.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Higher order objectives) of upper primary school students, after
making linear adjustments in posttest scores for individual as well as combined
effect of Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence, four separate one-way ANCOVA were employed on subsample

Boys. The details are presented in a single table.

The data and results of covariance analysis on Achievement in
Mathematics (Higher order objectives) for Boys subsample are given in Table

66.
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Table 66

Summary of Analysis of Covariance of Achievement in Mathematics (Higher

order objectives) — Subsample Boys

Covariates
Pre- )
Source of ) Verbal Non-verbal Combined
Variance Achievement Intelligence  Intelligence Effect
in Mathematics g g

Between 46.57 4236 28.83 33.54
Sum of  8roups
squares R

Within 134.75 166.16 150.30 126.51

groups

gr‘;tl‘l‘;esen 1 1 1 1
df o

Vi 67 67 67 65

groups

Between 46.57 4236 28.83 33.54
Mean groups
squares R

Within 201 2.48 2.4 1.95

groups

Total 208.57 208.57 208.57 208.57
F 23.15 17.08 12.85 17.23
Level of <001 <001 001 <001
Significance
Partial eta squared 257 203 161 210

It is clear from Table 66 that the calculated F values for the effect of

Instructional Strategy on Achievement in Mathematics (Higher order objectives)

for subsample Boys, after controlling the individual as well as combined effect

of the three covariates, are greater than the table value for specified degrees of

freedom at .01 level of significance. Hence the values F (1, 67) = 26.15, p<.001,

n,. =257; F (1, 67) = 17.08, p<.001, n,” =.203; F (1, 67) = 12.85, p=.001, n,’

=.161 and F (1, 65) = 17.23, p<.001, np2 =.210 after controlling the effects of
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Pre- Achievement in Mathematics, Verbal Intelligence, Non-verbal Intelligence
and combined effect of covariates respectively are significant at .01 level of
significance. So there is significant difference between posttest scores of
Achievement in Mathematics (Higher order objectives) of experimental and
control groups even after controlling the effects of covariates. This indicates
significant effect of Instructional Strategy on Achievement in Mathematics
(Higher order objectives) for subsample Boys. These results are substantiated by

the values of Partial eta squared also.

Post hoc comparison of adjusted means on Achievement in Mathematics
(Higher order objectives) of experimental and control groups for subsample

boys.

To test whether there is any significant difference between experimental
group taught through Cognitively Guided Instructional Strategy and control
group taught through Existing method of teaching in adjusted mean posttest
scores of Achievement in Mathematics (Higher order objectives) for Boys
subsample, test of significance of difference between adjusted means was used

with each ANCOVA.

The results of post hoc comparison of adjusted means are given in Table

67.
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Table 67

Data and Results of Bonferroni’s Test of Post Hoc comparison between the

Adjusted Means of Achievement in Mathematics (Higher order objectives) -

Subsample Boys

Experimental Group Control Group

Covariates N Adjusted N Adjusted SE ¢
Mean Mean

Pre- Achievement in 38 3.61 32 197 034 481%*
Mathematics
Verbal Intelligence 38 3.59 32 1.99 0.39 4.13**
Non-verbal Intelligence 38 3.46 32 2.14 0.37 3.59**
Combined Effect 38 3.53 32 2.06 0.35 4.15%*
** p<.01

As per Table 67 the calculated t values are greater than the table value at
.01 level of significance. So there is significant difference between adjusted
mean posttest scores of Achievement in Mathematics (Higher order objectives)
of Boys belonging to experimental and control groups. As higher adjusted mean
scores are associated with experimental group, Cognitively Guided Instructional
Strategy is more effective than Existing method of teaching in enhancing

Achievement in Mathematics (Higher order objectives) of Boys.

Comparison of the adjusted mean scores of Achievement in Mathematics
(Total) of experimental and control groups by considering Pre- Achievement
in Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates

for subsample girls.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in

Mathematics (Total) of upper primary school students, after making linear
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adjustments in posttest scores for individual as well as combined effect of Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence,
four separate one-way ANCOVA were employed on subsample Girls. The

details are presented in a single table.

The data and results of covariance analysis on Achievement in

Mathematics (Total) for Girls subsample are given in Table 68.

Table 68

Summary of Analysis of Covariance of Achievement in Mathematics (Total) —

Subsample Girls

Covariates
S Pre-
og;ce Achievement Verbal Non-verbal Combined
. in Intelligence Intelligence Effect
Variance .
Mathematics

i 410.30 496.04 162.08 512.18
Sum of groups
squares s

Vi 2071.23 1658.43 1634.71 1100.09

groups

gr‘z)tl‘l‘;esen 1 1 1 1
df o

Within 55 55 55 53

groups

Eiehuzsn 410.30 496.04 162.08 512.18
Mean gI‘OU.pS
squares s

Wi 37.66 30.15 29.72 20.77

groups

Total 3124.91 3124.91 312491  3124.91
F 10.90 16.45 5.45 24.68
Level of Significance .002 <.001 .023 <.001

Partial eta squared 165 230 .090 318
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As per Table 68 the calculated F values for the effect of Instructional
Strategy on Achievement in Mathematics (Total) for subsample Girls, F (1, 55)
=10.90, p=.002, n,” = .165 ; F (1, 55) = 16.45, p <.001, n,” =230 ; F (1, 53) =
24.68, p<.001, np2 =318 after controlling Pre- Achievement in Mathematics,
Verbal Intelligence and combined effect of covariates respectively, are greater
than the table value at .01 level of significance . The value, F (1, 55)=5.45,p =
.023, np2 = .090 after controlling Non-verbal Intelligence, is greater than the
table value for .05 level. Hence there is significant difference between posttest
scores of Achievement in Mathematics (Total) of experimental and control
groups after controlling the individual as well as combined effect of the three
covariates. This indicates that there is significant effect of Instructional Strategy
on Achievement in Mathematics (Total) for subsample Girls. These results are

substantiated by the values of Partial eta squared also.

Post hoc comparison of adjusted means on Achievement in Mathematics

(Total) of experimental and control groups for subsample girls.

To test whether there is any significant difference between experimental
group taught through Cognitively Guided Instructional Strategy and control
group taught through Existing method of teaching in adjusted mean posttest
scores of Achievement in Mathematics (Total) for Girls subsample, test of
significance of difference between adjusted means was used with each
ANCOVA. The results of post hoc comparison of adjusted mean posttest scores

of Achievement in Mathematics (Total) are given in Table 69.
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Table 69

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the

Adjusted Means of Achievement in Mathematics (Total) - Subsample Girls

Experimental Control Group
Group
Covariates . t
Adjusted Adjusted
N Mean N Mean

Pre- Achievement in
Mathematics

28 20.07 30 14.50 1.69 3.30%**
Verbal Intelligence 28 20.36 30 14.23 1.51 4.06**
Non-verbal Intelligence 28 18.92 30 15.57 1.43  2.34*

Combined Effect 28 20.75 30 13.86 1.39 4.97**

*p<.05 ** p<.01

It is clear from Table 69 that the calculated t values for test of
significance of difference between adjusted mean posttest scores of
Achievement in Mathematics (Total) are greater than the table value at .01
level of significance, after adjusting for the individual effects of Pre-
Achievement in Mathematics, Verbal Intelligence and after adjusting for the
combined effect of the covariates. The obtained t value after adjusting for the
individual effect of Non-verbal Intelligence is greater than the table value at
.05 level of significance. Hence there is significant difference between
adjusted mean posttest scores of experimental and control groups. Since
higher adjusted means are associated with experimental group, Cognitively
Guided Instructional Strategy is more effective than Existing method of
teaching in enhancing Achievement in Mathematics (Total) for subsample

Girls.
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Comparison of the adjusted mean scores of Achievement in Mathematics
(Lower order objectives) of experimental and control groups by considering
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence as covariates for subsample girls.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Lower order objectives) of upper primary school students, after
making linear adjustments in posttest scores for individual as well as combined
effect of Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence, four separate one-way ANCOVA were employed on subsample

Girls. The details are presented in a single table.

The data and results of covariance analysis on Achievement in Mathematics

(Lower order objectives) for subsample Girls are given in Table 70.

Table 70

Summary of Analysis of Covariance of Achievement in Mathematics (Lower

order objectives) — Subsample Girls

Covariates
Pre-
Source of Achievement Verbal Non-verbal Combined
Variance in Intelligence Intelligence Effect
Mathematics

LEISHEE 226.18 267.36 81.63 264.83
Sum of &roups
squares S

S 1237.83 1033.45 945.19 658.93

groups

grztl‘:;e:n 1 1 1 1
df o

Within 55 55 55 53

groups
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Covariates
Pre-
Source of  Achievement Verbal Non-verbal Combined
Variance n Intelligence Intelligence Effect
Mathematics

g e 226.18 267.36 81.63 264.83
Mean groups
squares 1

e 2251 18.79 17.19 12.43

groups

Total 1880.78 1880.78 1880.78 1880.78
F 10.05 14.23 4.75 21.30
Level of 002 <001 034 <001
Significance
Partial eta squared 155 206 .080 287

As per Table 70 the calculated F values for the effect of Instructional
Strategy on Achievement in Mathematics (Lower order objectives) for
subsample Girls, F (1, 55) = 10.05, p=.002, np2 =155 ; F (1, 55) = 14.23, p
<.001, np2 =.206 ; F (1, 53) = 21.30, p<.001, np2 = .287 after controlling Pre-
Achievement in Mathematics, Verbal Intelligence and combined effect of
covariates respectively, are greater than the table value at .01 level of
significance . The value F(1, 55) = 4.75, p = .034, np2 = .080 after controlling
Non-verbal Intelligence is greater than the table value for .05 level. Hence there
is significant difference between posttest scores of Achievement in Mathematics
(Lower order objectives) of experimental and control groups after controlling
the individual as well as combined effect of the three covariates. This indicates
that there is significant effect of Instructional Strategy on Achievement in
Mathematics (Lower order objectives) for subsample Girls. These results are

substantiated by the values of Partial eta squared also.
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Post hoc comparison of adjusted means on Achievement in Mathematics

(Lower order objectives) of experimental and control groups for subsample girls.

To find out whether experimental and control groups differ significantly
in terms of adjusted mean posttest scores of Achievement in Mathematics
(Lower order objectives), test of significance of difference between adjusted

means was used with each ANCOVA.

The details of post hoc comparison of adjusted mean scores of
Achievement in Mathematics (Lower order objectives) for subsample Girls are

presented in Table 71.

Table 71

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the
Adjusted Means of Achievement in Mathematics (Lower order objectives) -

Subsample Girls

Experimental Control Group
Group

Covariates SE t

N Adjusted N Adjusted

Mean Mean

Pre- Achievementin ¢ 15.81 30 11.68 130 3.17**
Mathematics
Verbal Intelligence 28 16.00 30 11.50 1.19 3.77**
Non-verbal 28 14.90 30 1253 1.09 2.18%
Intelligence
Combined Effect 28 16.24 30 11.28 1.07 4.62%*

*p<.05 ** p<.01

It is clear from Table 71 that the calculated t values for test of significance
of difference between adjusted mean posttest scores of Achievement in
Mathematics (Lower order objectives) are greater than the table value at .01

level of significance, after adjusting for the individual effects of Pre-



ﬂnalysis 261

Achievement in Mathematics, Verbal Intelligence and after adjusting for the
combined effect of covariates. The obtained t value after adjusting for the
individual effect of Non-verbal Intelligence is greater than the table value at .05
level of significance. Hence there is significant difference between adjusted
mean posttest scores of experimental and control groups. Since higher adjusted
means are associated with experimental group, Cognitively Guided Instructional
Strategy is more effective than Existing method of teaching in enhancing

Achievement in Mathematics (Lower order objectives) for subsample Girls.

Comparison of the adjusted mean scores of Achievement in
Mathematics (Higher order objectives) of experimental and control groups by
considering Pre- Achievement in Mathematics, Verbal Intelligence and Non-

verbal Intelligence as covariates for subsample girls.

To study the relative effectiveness of Cognitively Guided Instructional
Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Higher order objectives) of upper primary school students, after
making linear adjustments in posttest scores for individual as well as combined
effect of Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence, four separate one-way ANCOVA were employed on Girls

subsample. The details are presented in a single table.

The data and results of covariance analysis on Achievement in
Mathematics (Higher order objectives) for subsample Girls are given in Table

72.
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Table 72

Summary of Analysis of Covariance of Achievement in Mathematics (Higher

order objectives) — Subsample Girls

Covariates
Pre- )
Source of . Verbal Non-verbal Combined
; Achievement ; )
Variance . . Intelligence Intelligence Effect
in Mathematics

Between 27.21 35.06 13.66 40.42
Sum of groups
sgquarecs 1thi
a Within 206.77 173.45 192.68 153.02

groups

gr‘;tl‘l‘;e:n 1 1 1 1
df o

Vi 55 55 55 53

groups

Between 27.21 35.06 13.66 40.42
Mean groups
squares 1thi
a Within 3.76 3.15 3.49 2.89

groups

Total 258.48 258.48 258.48 258.48
F 7.24 11.12 3.91 14.00
Level of 009 002 050 <001
Significance
Partial eta squared 116 168 .066 209

As per Table 72 the calculated F values for the effect of Instructional
Strategy on Achievement in Mathematics (Higher order objectives) for
subsample Girls, F (1, 55) = 7.24, p=.009, np2 =.116; F (1, 55)=11.12, p =.002,
n,. = .168 and F (1, 53) = 14.00, p<.001, 7,°=.209 after controlling Pre-
Achievement in Mathematics, Verbal Intelligence and combined effect of
covariates respectively, are greater than the table value at .01 level of
significance . The value F(1, 55) = 3.91, p = .050, np2 = .066 after controlling
Non-verbal Intelligence is equal to the table value for .05 level. Hence there is

significant difference between posttest scores of Achievement in Mathematics
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(Higher order objectives) of experimental and control groups after controlling
the effects of Pre- Achievement in Mathematics, Verbal Intelligence, Non-
verbal Intelligence and combined effect of the three covariates. This indicates
that there is significant effect of Instructional strategy on Achievement in
Mathematics (Higher order objectives) for subsample Girls. These results are

substantiated by the values of Partial eta squared also.

Post hoc comparison of adjusted means on Achievement in Mathematics

(Higher order objectives) of experimental and control groups for subsample girls.

To find out whether experimental and control groups differ significantly
in terms of adjusted mean posttest scores of Achievement in Mathematics
(Higher order objectives), test of significance of difference between adjusted

means was used with each ANCOVA.

The details of post hoc comparison of adjusted means for subsample Girls

are presented in Table 73.

Table 73

Data and Results of Bonferroni’s Test of Post Hoc Comparison between the
Adjusted Means of Achievement in Mathematics (Higher Order Objectives)-

Subsample Girls

Experimental Control Group

) Group

Covariates : : SE t

N Adjusted N Adjusted

Mean Mean

Pre- Achievement in 28 4.26 30 2.83  0.53  2.69%*
Mathematics
Verbal Intelligence 28 4.36 30 2.73 0.49 3.33%*
Non-verbal Intelligence 28 4.02 30 3.05 0.49  1.98*
Combined Effect 28 4.52 30 2.58 0.52  3.74%*%

*p<.05 ** p<.01
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It is clear from Table 73 that the calculated t values for test of significance
of difference between adjusted mean posttest scores of Achievement in
Mathematics (Higher order objectives) are greater than the table value at .01
level of significance, after adjusting for the individual effects of Pre-
Achievement in Mathematics, Verbal Intelligence and after adjusting for the
combined effect of the covariates. The obtained t value after adjusting for the
individual effect of Non-verbal Intelligence is equal to the table value at .05
level of significance. Hence there is significant difference between adjusted
mean posttest scores of experimental and control groups. Since higher adjusted
means are associated with experimental group, Cognitively Guided Instructional
Strategy is more effective than Existing method of teaching in enhancing

Achievement in Mathematics (Higher order objectives) for subsample Girls.
Summary and discussion of ANCOVA of the dependent variables

Results of ANCOVA of dependent variables Mathematics Anxiety and
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) employed to study the effectiveness of Instructional Strategy-
Cognitively Guided Instructional Strategy and Existing method of teaching-
after controlling the individual and combined effects of the covariates are

presented in the following sections.

The calculated F values for the ANCOVA of dependent variables, t values
of post hoc comparison and effect size Partial eta squared for Total sample,
subsample Boys and subsample Girls are presented in Table 74, Table 75 and
Table 76 respectively.

The summary of ANCOVA of the dependent variables and effect size for

Total sample is given in Table 74.
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Source of Dependent . Level of Partial
. i Covariate F .. eta
Variation variable Significance
squared
Pre- Achievement ) o773 45 1
in Mathematics
Mathematics Verbal Intelligence 20.91 4.57 .01 143
Anxiety
Non- 1
on-verba 765 277 01 058
Intelligence
Combined Effect 17.62 4.20 .01 125
Pre- Achievement 0 16 406 01 127
) in Mathematics
Achievement
in Verbal Intelligence 16.38 4.05 .01 116
. Mathematics
Instructional L d Non-verbal
Strategy (Lo order . 399 200 .05 031
. objectives) Intelligence
(Cognitively
Guided Combined Effect ~ 27.29 5.22 01 182
Instructional
Strategy and Pre- Achievement  »c59 513 01 .174
Existing : in Mathematics
Achievement
method of . )
teaching) m Verbal Intelligence 24.64 4.96 01 165
& Mathematics
(Higher order  Non-verbal 13.07 362 .01 095
ObJeCtIVeS) Intelhgence
Combined Effect 27.28 5.22 .01 182
Pre- Achievement
i1 Mathematics 25.11 5.01 .01 167
Achievement )
in Verbal Intelligence 22.31 4.72 01 151
Mathematics
Non-verbal
(Total) Intelligence 7.005 2.65 .01 .053
Combined Effect 35.64 5.97 .01 225
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The results of Analysis of Covariance of the dependent variables given in
Table 74 show that the experimental and control groups differed significantly in
terms of Mathematics Anxiety and Achievement in Mathematics (Total, Lower
order objectives, Higher order objectives) even after controlling the effects of
the three covariates. This indicates that Cognitively Guided Instructional
Strategy is more effective than Existing method of teaching in reducing
Mathematics Anxiety and enhancing Achievement in Mathematics (Total,
Lower order objectives, Higher order objectives) of Total sample of upper
primary school students . The results are substantiated by the values of Partial

eta squared also.

The summary of ANCOVA of the dependent variables and effect size for

subsample Boys is given in Table 75.
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Summary of ANCOVA of the Dependent Variables- Subsample Boys

Source of  Dependent . Level of Partial
.. . Covariate F .. eta
Variation  variable Significance
squared
Pre- Achievement '\, 5 5 00 g1 17
in Mathematics
Mathematics Verbal Intelligence 14.36 3.79 .01 177
Anxiety }
Non-verbal 970 312 .01 127
Intelligence
Combined Effect  12.82 3.58 .01 .165
Pre- - Achievement 5 2¢ o1 03
Achievement in Mathematics
in Verbal Intelligence 5.96 2.44 .05 082
Instructional Mathematics Non-verbal
Strategy ~ (Lower order In‘t’ l'hverna 239 155 NS .034
(Cognitively objectives) clligence
Guided Combined Effect  9.06 3.01 01 122
Instructional
Strategy and i Aelpvemme] 23.15 4.81 01 257
Existing  Achiovement ™ Mathematics
methﬁ’,d of i Verbal Intelligence 17.08 4.13 01 203
teaching) ) fathematics
(Higher order Non-verbal 1285 359 .01 .16l
ObJeCtheS) Intelhgel’lce
Combined Effect 17.23 4.15 .01 210
Pre- - Achievement '\ \ 5o 524 o1 73
in Mathematics
Achievement .
in Verbal Intelligence 9.74 3.10 01 127
Mathematics
Non-verbal
(Total) Intelligence 478 2.19 .05 067
Combined Effect 13.96 3.74 .01 177

NS Indicates Not Significant
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Table 75 shows that the experimental and control groups differed
significantly in terms of Mathematics Anxiety and Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) after controlling the
individual and combined effect of the three covariates, except in one instance.
After controlling the individual effect of Non-verbal Intelligence, the two groups
did not differ significantly on Achievement in Mathematics (Lower order
objectives). Nevertheless, Cognitively Guided Instructional Strategy is more
effective than Existing method of teaching in reducing Mathematics Anxiety
and enhancing Achievement in Mathematics (Total, Lower order objectives,
Higher order objectives) for subsample Boys as the two groups differed
significantly after controlling the combined effect of the covariates. The values

of Partial eta squared also substantiated these results.

The summary of ANCOVA of the dependent variables and effect size for

subsample Girls is given in Table 76.
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Summary of ANCOVA of the Dependent Variables- Subsample Girls

Source of  Dependent . Level of Partial
. i Covariate F .. eta
Variation variable Significance
squared
Pre- Achievement in - o7 193 Ng 019
Mathematics
Mathematics Verbal Intelligence  8.18  2.86 .01 129
Anxiety }
Non-verbal 095 097 NS 017
Intelligence
Combined Effect 5.78 2.4l .05 .098
Pre- Achievement in 1605 317 o1 155
. Mathematics
Achievement
in Verbal Intelligence  14.23 3.77 .01 206
Instructional Mathematics Non-verbal
Strategy ~ (Lower order In‘t’ l'hve . 475 218 05  .080
(Cognitively objectives) clligence
Guided Combined Effect ~ 21.30 4.62 01 287
Instructional
Strategy and Pre- Achievement in 794 269 01 116
Existing Achievement Mathematics ' ' ' '
method of 10 :
teaching) Mathematics Verbal Intelligence  11.12 3.33 .01 168
(Higher Non-verbal
orc}er. Intelligence 391 1.98 .05 .066
objectives)
Combined Effect 14.00 3.74 .01 209
Pre- Achievement in 1590 330 01 165
Mathematics
Achievement .
in Verbal Intelligence  16.45 4.06 .01 230
Mathematics
Non-verbal
45 2.34 . .
(Total) Intelligence 545 23 05 090
Combined Effect 24.68 4.97 .01 318

NS indicates Not Significant
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Table 76 shows that the experimental and control groups differed
significantly in terms of Mathematics Anxiety and Achievement in Mathematics
(Total, Lower order objectives, Higher order objectives) after controlling the
individual and combined effect of the three covariates, except in the case of
Mathematics Anxiety after controlling the individual effects of Pre-
Achievement in Mathematics and Non-verbal Intelligence. In the above
mentioned two cases, the two groups did not differ significantly on Mathematics
Anxiety. It is important to note that in the mean difference analysis of change
scores, the two groups did not differ significantly with regard to Mathematics
Anxiety. However, since the two groups differed in terms of Mathematics
Anxiety after controlling the combined effect of the three covariates, it can be
concluded that Cognitively Guided Instructional Strategy is more effective than
Existing method of teaching in reducing Mathematics Anxiety and enhancing
Achievement in Mathematics (Total, Lower order objectives, Higher order
objectives) for subsample Girls also. These results are substantiated by the

values of Partial eta squared also.

From the findings of mean difference analysis and Analysis of
Covariance it can be concluded that Cognitively Guided Instructional Strategy is
more effective than Existing method of teaching in reducing Mathematics
Anxiety and in enhancing Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of upper primary school students belonging

to Total sample, subsample Boys and subsample Girls.
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SUMMARY, FINDINGS AND SUGGESTIONS

This chapter includes the summary, major findings, conclusion,

educational implications and suggestions for further research.
Study in Retrospect
Restatement of the Problem

The study was designed and carried out to develop an instructional
strategy based on Cognitively Guided Instruction and to test its effectiveness in
terms of Mathematics Anxiety and Achievement in Mathematics of upper
primary school students. So the study was entitled as EFFECTIVENESS OF
COGNITIVELY GUIDED INSTRUCTIONAL STRATEGY ON MATHEMATICS
ANXIETY AND ACHIEVEMENT IN MATHEMATICS OF UPPER PRIMARY
SCHOOL STUDENTS

Variables of the Study

The criterion variable of the preliminary survey was Mathematics Anxiety

and the classificatory variables were Gender and Grade.
Following were the variables in the experiment phase:
Independent variable

Instructional Strategy with two levels namely, Cognitively Guided

Instructional Strategy and Existing method of teaching
Dependent variables

e Mathematics Anxiety
e Achievement in Mathematics (Total, Lower order objectives, Higher

Order Objectives)
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Control variables

Pre- Achievement in Mathematics
Verbal Intelligence

Non-verbal Intelligence

Objectives of the Study

l.

To identify the existing level of Mathematics Anxiety of upper primary

school students

To compare the existing level of Mathematics Anxiety of different

subgroups of upper primary school students based on

a) Gender (Boys/Girls)

b) Grade (Standard V/Standard VI/Standard VII)

To develop an instructional strategy based on Cognitively Guided

Instruction for teaching Mathematics at upper primary level

To find out the effectiveness of Cognitively Guided Instructional Strategy
in reducing Mathematics Anxiety of upper primary school students for

Total sample and subsamples based on Gender

To find out the effectiveness of Cognitively Guided Instructional
Strategy in enhancing Achievement in Mathematics (Total, Lower order
objectives, Higher order objectives) of upper primary school students

for Total sample and subsamples based on Gender

To compare the effectiveness of Cognitively Guided Instructional Strategy
and Existing method of teaching in reducing Mathematics Anxiety of
upper primary school students for Total sample and subsamples based on

Gender
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7. To compare the effectiveness of Cognitively Guided Instructional

Strategy and Existing method of teaching in enhancing Achievement in
Mathematics (Total, Lower order objectives, Higher order objectives) of
upper primary school students for Total sample and subsamples based

on Gender

Hypotheses of the Study

1.

There is no significant difference in the existing level of Mathematics
Anxiety of different subgroups of upper primary school students based

on

a) Gender (Boys/ Girls)
b) Grade (Standard V/Standard VI/Standard VII)
There is no significant difference in the mean pretest score of Mathematics

Anxiety between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
There is no significant difference in the mean pretest score of Achievement

in Mathematics (Total) between experimental and control groups for

a) Total sample

b) Subsample Boys

c) Subsample Girls
There is no significant difference in the mean pretest score of Achievement
in Mathematics (Lower order objectives) between experimental and
control groups for

a) Total sample

b) Subsample Boys

c) Subsample Girls
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5. There is no significant difference in the mean pretest score of
Achievement in Mathematics (Higher order objectives) between
experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls

6. There is significant difference between the mean pretest and posttest

scores of Mathematics Anxiety of the experimental group for
a) Total sample
b) Subsample Boys
c) Subsample Girls

7. There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Total) of the experimental
group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

8. There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Lower order objectives) of the
experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls

9. There is significant difference between the mean pretest and posttest
scores of Achievement in Mathematics (Higher order objectives) of the
experimental group for
a) Total sample
b) Subsample Boys
c) Subsample Girls
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1.

12.

13.

14.
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There is significant difference in the mean posttest score of Mathematics
Anxiety between experimental and control groups for
a) Total sample
b) Subsample Boys
¢) Subsample Girls
There is significant difference in the mean posttest score of Achievement
in Mathematics (Total) between experimental and control groups for
a) Total sample
b) Subsample Boys
c) Subsample Girls
There is significant difference in the mean posttest score of Achievement
in Mathematics (Lower order objectives) between experimental and
control groups for
a) Total sample
b) Subsample Boys
c) Subsample Girls
There is significant difference in the mean posttest score of Achievement
in Mathematics (Higher order objectives) between experimental and
control groups for
a) Total sample
b) Subsample Boys
c) Subsample Girls
There is significant difference in the mean change score of Mathematics
Anxiety between experimental and control groups for
a) Total sample
b) Subsample Boys
c) Subsample Girls
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15. There is significant difference in the mean gain score of Achievement in
Mathematics (Total) between experimental and control groups for
a) Total sample
b) Subsample Boys
c) Subsample Girls
16. There is significant difference in the mean gain score of Achievement in
Mathematics (Lower order objectives) between experimental and control
groups for
a) Total sample
b) Subsample Boys
¢) Subsample Girls
17. There is significant difference in the mean gain score of Achievement in
Mathematics (Higher order objectives) between experimental and control
groups for
a) Total sample
b) Subsample Boys
¢) Subsample Girls
18. There is significant difference in the adjusted mean score of Mathematics
Anxiety between experimental and control groups by considering Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal
Intelligence as covariates for
a) Total sample
b) Subsample Boys

c) Subsample Girls
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20.

21.
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There is significant difference in the adjusted mean score of Achievement
in Mathematics (Total) between experimental and control groups by
considering Pre- Achievement in Mathematics, Verbal Intelligence and
Non-verbal Intelligence as covariates for

a) Total sample

b) Subsample Boys

c) Subsample Girls

There is significant difference in the adjusted mean score of Achievement
in Mathematics (Lower order objectives) between experimental and
control groups by considering Pre- Achievement in Mathematics, Verbal

Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

There is significant difference in the adjusted mean score of Achievement
in Mathematics (Higher order objectives) between experimental and
control groups by considering Pre- Achievement in Mathematics, Verbal

Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls

Methodology

The study was carried out in two phases. First phase was preliminary

survey and second phase was the experiment.

Design of the study

In the first phase, survey method was used and in the second phase quasi

experimental method was used. The experimental design was pretest- posttest

non equivalent groups design.
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Sample

The sample for the preliminary survey consisted of 400 upper primary

school students from seven schools of Malappuram and Palakkad districts of

Kerala.

One twenty eight standard VI students belonging to four intact classes of

two schools in Malappuram district constituted the sample for the experiment.

There were 68 students in experimental group and 62 students in control group.

Tools and materials

. Mathematics Anxiety Scale (Musthafa & Sunitha, 2012)

Lesson Transcripts based on Cognitively Guided Instructional
Strategy (Musthafa & Sunitha, 2013)

Lesson Transcripts on Existing method of teaching (Musthafa &
Sunitha, 2013)

Test of Achievement in Mathematics (Musthafa & Sunitha, 2013)
Verbal Group Test of Intelligence (Kumar, Hameed & Prasanna, 1997)

Standard Progressive Matrices Test (Raven, 1958)

Statistical techniques

Sl S

Basic descriptive statistics

Standardised skewness and kurtosis

Correlation coefficient

Test of significance of difference between mean scores of
e Two independent groups

® Two dependent groups

Analysis of Covariance (ANCOVA)

Bonferroni’s Test of Post Hoc Comparison

Effect size (Cohen’s d and Partial eta squared )
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Major Findings of the Study
The major findings of the study are presented sequentially in this section.
Findings of the Preliminary Survey

In the first phase of the study, a preliminary survey was conducted to
identify the then existing level of Mathematics Anxiety of upper primary school
students and to study the difference in Mathematics Anxiety of different
subgroups of upper primary school students based on Gender (Boys/Girls) and
Grade (Standard V/ Standard VI/ Standard VII). Following are the results of

preliminary survey.

The level of Mathematics Anxiety of different subgroups of upper

primary school students is below scale average value.

The mean Mathematics Anxiety scores (with standard deviations in

parentheses) of different subgroups of upper primary students are as follows:
Total sample: 157.63 (43.96), Boys: 158.84 (43.51), Girls: 154.90 (44.35).

Standard V: 154.82 (48.56), Standard VI: 155.09 (36.72), Standard VII:
163.79 (49.18)

All the mean scores are less than the scale average value 204. The high
standard deviation values suggest that there is great deal of variability among

individual Mathematics Anxiety scores.

The existing levels of Mathematics Anxiety of Boys and Girls are

almost equal when compared.

The obtained t value, t (398) = 0.88, p>.05 is not statistically significant
at .05 level. So the mean Mathematics Anxiety scores of Boys and Girls among
upper primary school students did not differ significantly. Hence Boys and Girls

have same level of Mathematics Anxiety at upper primary level.
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The existing levels of Mathematics Anxiety of standard V, VI and

VII students are almost equal when compared.

The obtained F (2,397) = 1.69, p =.186 is not significant at .05 level. So
there was no significant effect of Grade on mean Mathematics Anxiety scores of
upper primary school students. Hence students studying in standard V, VI and

VII have same levels of Mathematics Anxiety.
Findings of the Experiment

The following are the results of the experiment conducted to study the
effectiveness of Cognitively Guided Instructional Strategy in reducing
Mathematics Anxiety and enhancing Achievement in Mathematics of upper

primary school students.

Cognitively Guided Instructional Strategy is effective in reducing
Mathematics Anxiety of upper primary school students (Total and Boys

samples) belonging to experimental group.

The mean posttest score of Mathematics Anxiety of upper primary school
students belonging to experimental group is less than the mean pretest score for
Total sample, Boys and Girls suggesting reduction in Mathematics Anxiety after
intervention. The difference between mean pretest and posttest scores of
Mathematics Anxiety are significant for Total sample and subsamples Boys and

Girls.

Total pretest and posttest: Mp,, 148.39, Mp, 137.17; t(65)=3.04, p<.01, r=.72
Boys pretest and posttest: Mp,, 150.95, Mp,; 136.95; 1(37)=2.58, p<.05, r=.67
Girls pretest and posttest: Mp,, 144.93, Mp, 137.46; t(27)=1.60, p>.05, =77

The results were also supported by graphical representations. Hence
Cognitively Guided Instructional Strategy is effective in reducing Mathematics
Anxiety of upper primary school students in the experimental group for Total

sample and subsample Boys and is not effective for Girls.
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Cognitively Guided Instructional Strategy is effective in enhancing
Achievement in Mathematics (Total) of upper primary school students (Total
sample, subsample Boys and subsample Girls) belonging to experimental

group.

The mean posttest score of Achievement in Mathematics (Total) of upper
primary school students belonging to experimental group is greater than mean
pretest score for Total sample, Boys and Girls suggesting increase in
Achievement in Mathematics (Total) after intervention. The difference between
mean pretest and posttest scores of Achievement in Mathematics (Total) is

significant for Total sample, subsample Boys and subsample Girls.

Total pretest and posttest: Mp,. 5.74, Mpoi 17.38; 1(65)=15.81, p<.01, = .56
Boys pretest and posttest: Mp, 5.58, Mp. 16.32; t(37)=11.73, p<.01, r=.46

Girls pretest and posttest: Mp,. 5.96, Mp. 18.82; t(27) =10.79, p<.01, r=.65

The results were also supported by graphical representations. Hence
Cognitively Guided Instructional Strategy 1is effective in enhancing
Achievement in Mathematics (Total) of upper primary school students in the

experimental group for Total sample, subsample Boys and subsample Girls.

Cognitively Guided Instructional Strategy is effective in enhancing
Achievement in Mathematics (Lower order objectives) of upper primary
school students (Total sample, subsample Boys and subsample Girls)

belonging to experimental group.

The mean posttest score is greater than mean pretest score for Total
sample, subsample Boys and subsample Girls suggesting increase in
Achievement in Mathematics (Lower order objectives) after intervention for

upper primary school students belonging to experimental group. The difference
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between mean pretest and posttest scores are significant for Total sample and

subsamples based on Gender.

Total pretest and posttest: Mp, 5.05, Mp, 13.64; 1(65) = 14.21, p<.01, r=54
Boys pretest and posttest: Mp,4.87, Mpy 12.76; 1(37) = 10.09, p<.01, =44
Girls pretest and posttest: Mp,. 5.29, Mp. 14.82; t(27)=10.18, p<.01,r=.62

The results were substantiated by graphical representations also. Hence
Cognitively Guided Instructional Strategy is effective in enhancing Achievement
in Mathematics (Lower order objectives) of upper primary school students

(Total sample, subsample Boys and subsample Girls) in the experimental group.

Cognitively Guided Instructional Strategy is effective in enhancing
Achievement in Mathematics (Higher order objectives) of upper primary
school students (Total sample, subsample Boys and subsample Girls)

belonging to experimental group.

The mean posttest score is greater than mean pretest score for Total
sample, subsample Boys and subsample Girls suggesting increase in Achievement
in Mathematics (Higher order objectives) after intervention for upper primary
school students belonging to experimental group. The difference between mean
pretest and posttest scores are significant for Total sample and subsamples based

on Gender.

Total pretest and posttest: M p,. 0.70, M pog 3.74; t (65)= 14.83, p<.01, r=48
Boys pretest and posttest: M p,. 0.71, M po 3.55; t (37)= 12.47, p<.01, r=.45
Girls pretest and posttest: M p,. 0.68, M p,;4.00; t (27)=8.95, p<.01, r= .54

The results were also substantiated by graphical representations. Hence
Cognitively Guided Instructional Strategy is effective in enhancing Achievement
in Mathematics (Higher order objectives) of upper primary school students

(Total sample, subsample Boys and subsample Girls) in the experimental group.
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Cognitively Guided Instructional Strategy is more effective than
Existing method of teaching in reducing Mathematics Anxiety of upper
primary school students (Total sample, Subsample Boys and Subsample

Girls).

Test of significance of difference between mean pretest score of
Mathematics Anxiety of experimental and control groups revealed that the mean
differences are not statistically significant at .05 level. Hence the pre
experimental status in Mathematics Anxiety of experimental and control groups

was almost the same for Total sample and subsample based on Gender.

Total Pretest: M gy, 148.39, M ¢y 154.55; t (126) = 0.83, p>.05
Boys Pretest: M gy, 150.95, M ¢ 161.47; t (68) = 1.11, p>.05
Girls Pretest: M gy, 144.93, M ¢ 147.17; t (56) = 0.19, p>.05

The mean posttest score of Mathematics Anxiety of experimental group
is less than that of control group for Total sample, subsample Boys and
subsample Girls. The mean differences were found significant for Total and

Boys samples but not for Girls.

Total Posttest: M y,137.17, M 1 160.02; t (126) = 2.91, p<.01
Boys Posttest: M gy, 136.95, M ¢y 172.47; t (68) = 3.43, p<.01
Girls Posttest: M gy, 137.46, M ¢ 146.73; t (56) = 0.82, p>.05

The mean change score of Mathematics Anxiety of experimental group is
less than that of control group for Total, Boys and Girls samples and the mean
change scores are negative values for experimental group suggesting reduction
in Mathematics Anxiety after the intervention. The mean differences were found
statistically significant for Total sample and Boys subsample but not for Girls.
The calculated values of effect size, Cohen’s d showed medium effect of
Cognitively Guided Instructional Strategy in reducing Mathematics Anxiety of
upper primary school students when compared to Existing method of teaching

for Total sample and subsample Boys.
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Total Change score: Mgy, -11.23, My 5.47; t (126) = 2.88, p<.01, d 0.51,
Medium
Boys Change score: Mgy, -14.00, Mcy 11.00; t (68) = 2.98, p<.01, 40.72,
Medium
Girls Change score: M gy, -7.46, M ¢4-0.43; t (56) = 0.90, p>.05

The results were substantiated by graphical representations also.

The results of ANCOVA carried out on the dependent variable
Mathematics Anxiety by considering Pre- Achievement in Mathematics, Verbal
Intelligence and Non-verbal Intelligence as covariates and the results of

Bonferroni’s test of post hoc comparison are summarized in Table 77.

Table 77

Summary of ANCOVA of Mathematics Anxiety for Total, Boys and Girls Samples

ANCOVA Post Hoc Comparison
Sample Covariate Adjusted Means Partial eta
F i t squared
Experimental  Control
group group

Pre- Achievement | 7. 135.34 161.96 3.42%* 085

in Mathematics

Verbal sk ook
Total it 20.91 132.27 165.23 4.57 .143
sample

DIyl 765%% 13832 15879 2.77%% 058

Intelligence

Combined Effect  17.62%%* 132.92 164.54 7.53*%* 125

Pre- Achievement 5 3.0 136,15 17342 3.66** 167

in Mathematics

Verbal 1436%%% 13522 17452 379%% 177
Boys Intelligence

Non-verbal 9.70%* 138.22 170.96 3.12%* 127

Intelligence

Combined Effect ~ 12.82** 135.76 173.88 3.58** 165
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ANCOVA Post Hoc Comparison
Sample Covariate Adjusted Means Partial eta
F . t squared
Experimental  Control
group group
Pres Achioyement =y 135.82 14827 1.03 019
in Mathematics
Verbal 8 18%* 12852 15508 2.86** 129
Girls Intelligence
INonsyerbal 0.95 137.06 147.11 097  .017
Intelligence
Combined Effect 5.78%* 129.25 154.40 2.41* .098

* p<.05 % p<.01 *** p<.001

It is clear from Table 77 that all the F values obtained for the effect of
Instructional strategy after controlling the individual and combined effects of the
three covariates and the respective t values of post hoc comparison of adjusted
means of Mathematics Anxiety were statistically significant except the F values
obtained after controlling the individual effects of Pre- Achievement in
Mathematics and Non- verbal Intelligence for subsample Girls. But in all the
cases, lower adjusted mean scores of Mathematics Anxiety were associated with
experimental group. Moreover, experimental and control groups differed
significantly after controlling the combined effects of Pre- Achievement in
Mathematics, Verbal Intelligence and Non- verbal Intelligence for subsample

girls. The results were also substantiated by the values of Partial eta squared.

Hence from the results of mean difference analysis of pretest scores,
posttest scores and change scores of Mathematics Anxiety between experimental
and control groups and from the results of ANCOVA, it can be concluded that
Cognitively Guided Instructional Strategy is more effective than Existing
method of teaching in reducing Mathematics Anxiety of upper primary school

students for Total sample, subsample Boys and subsample Girls.



286 Effectiveness of Cognitively Guided Instructional Strategy

Cognitively Guided Instructional Strategy is more effective than
Existing method of teaching in enhancing Achievement in Mathematics
(Total) of upper primary school students (Total sample, subsample Boys

and subsample Girls).

The mean difference analysis of pretest scores of Achievement in
Mathematics (Total) showed that the experimental and control groups did not
differ significantly for Boys subsample but the two groups differed significantly
for Total and Girls samples and higher mean pretest scores were seen associated

with control group.

Total Pretest: M gy, 5.74, M 1 6.84; t (126) = 2.27, p<.05
Boys Pretest: M gy, 5.58, M 41 6.00; t (68) = 0.72, p>.05
Girls Pretest: M gy, 5.96, M ¢ 7.73; t (56) = 2.27, p<.05

The mean posttest scores of Achievement in Mathematics (Total) of
experimental group are greater than those of control group for all the three
samples. The results of mean difference analysis of posttest scores of
experimental and control groups showed that the t values obtained are
significant at .01 and .05 levels respectively for Total and Boys samples and the

t value is not significant for subsample Girls.

Total Posttest: M gy, 17.38, M ¢y 13.98; t (126) = 2.78, p<.01
Boys Posttest: M gy, 16.32, M ¢ 12.41; t (68) = 2.56, p<.05
Girls Posttest: M gy, 18.82, M ¢y 15.67; t (56) = 1.65, p>.05

The mean difference analysis of gain scores of Achievement in
Mathematics (Total) of experimental and control groups showed that the two
groups differed significantly at .01 level and greater gain scores were found
associated with experimental group for all the three samples. The values of

effect size in terms of Cohen’s d showed large effect of Cognitively Guided
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Instructional Strategy when compared to Existing method of teaching in
enhancing Achievement in Mathematics (Total) of upper primary school
students for Boys and Girls subsamples and medium effect of Cognitively

Guided Instructional Strategy for Total sample.

Total Gain: M gy, 11.64, M ¢ 7.15; t (126) =4.44, p<.01, d0.79, Medium
Boys Gain: M gy, 10.74, M 1 6.41; t (68) =3.44, p<.01, 4 0.83, Large
Girls Gain: M gy, 12.86, M 1 7.93; t (56) = 3.04, p<.01, 40.80, Large

The results were substantiated by graphical representations also.

The results of ANCOVA carried out on the dependent variable
Achievement in Mathematics (Total) by considering Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates and
the results of Bonferroni’s test of post hoc comparison for Total sample,

subsample Boys and subsample Girls are summarized in Table 78.
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Table 78

Summary of ANCOVA of Achievement in Mathematics (Total) - Total, Boys and

Girls Samples
ANCOVA Post Hoc Comparison
] Partial
Sample Covariate Adjusted Means eta
F Experimental Control t squared
group group
Pre-
Achievementin  25.11%%* 18.18 13.14  5.01%* 167
Mathematics
Total ~ Verbal 2310 1824 13.07 472%* 151
sample Intelligence
IR 7.01%* 17.12 1426  2.65%* .053
Intelligence
Combined Effect 35.64%%* 18.47 12.82  5.97%* 225
Pre-
Achievementin  14.00%** 16.62 12.04 3.74%* 173
Mathematics
Boys Xzﬁzenee 9.74%% 16.66 1200 3.10%* 127
Non-verbal 4.78* 16.06 1272 2.19% 067
Intelligence
Combined Effect 13.96%%* 16.71 11.94 3.74%* 177
Pre-
Achievementin  10.90** 20.07 1450  3.30%* 165
Mathematics
Gitls Xligﬁ?;ence 16.45%%* 20.36 1423 4.06** 230
Non-verbal = 5 ., 1892 1557 2.34% 090
Intelligence
Combined Effect 24.68%** 20.75 13.86  4.97** 318

*p<.05 ** p<.01 *** p<.001

It is clear from Table 78 that all the F values obtained for the effect of

Instructional strategy after controlling the individual and combined effects of the
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three covariates and the respective t values of post hoc comparison of adjusted
means were statistically significant for Total sample, subsample Boys and
subsample Girls. Moreover, in all the cases greater adjusted mean scores of
Achievement in Mathematics (Total) were associated with experimental group.

The results were also substantiated by the values of Partial eta squared.

Hence from the results of mean difference analysis of pretest scores,
posttest scores and gain scores of Achievement in Mathematics (Total) between
experimental and control groups and from the results of ANCOVA, it can be
concluded that Cognitively Guided Instructional Strategy is more effective than
Existing method of teaching in enhancing Achievement in Mathematics (Total)
of upper primary school students for Total sample, subsample Boys and subsample

Girls.

Cognitively Guided Instructional Strategy is more effective than
Existing method of teaching in enhancing Achievement in Mathematics
(Lower order objectives) of upper primary school students (Total sample,

subsample Boys and subsample Girls).

The mean difference analysis of pretest scores of Achievement in
Mathematics (Lower order objectives) of experimental and control groups
showed that the two groups did not differ significantly for Boys sample but
differed significantly for Total sample and subsample Girls at .05 level of
significance. But greater means were associated with control group before

intervention.

Total Pretest: M gy, 5.05, M 1 6.06; t (126) = 2.58, p<.05
Boys Pretest: M gy, 4.87, M ¢ 5.47; t (68) = 1.26, p>.05
Girls Pretest: M gy, 5.29, M ¢416.70; t (56) = 2.20, p<.05
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The mean difference analysis of posttest scores of Achievement in
Mathematics (Lower order objectives) of experimental and control groups
showed that the two groups differed significantly for Total sample but not for
Boys and Girls subsamples. But greater means were associated with

experimental group after intervention.

Total Posttest: M gy,13.64, M ¢y 11.45; t (126) = 2.21, p<.05
Boys Posttest: M gy, 12.76, M ¢ 10.38; t (68) = 1.85, p>.05
Girls Posttest: M gy, 14.82, M ¢ 12.60; t (56) = 1.49, p>.05

The mean difference analysis of gain scores showed that the
experimental and control groups differed significantly in terms of Achievement
in Mathematics (Lower order objectives) as all the obtained t values are
significant at .01 level. Greater mean gain scores were associated with
experimental group. These results and the obtained values of Cohen’s d showed
medium effect of Cognitively Guided Instructional Strategy in enhancing
Achievement in Mathematics (Lower order objectives) of upper primary school
students when compared to Existing method of teaching for Total, Boys and

Girls samples.

Total Gain: M gy, 8.59, M ¢ 5.39; t (126) = 3.83, p<.01, d 0.68, Medium
Boys Gain: M gy, 7.89, M ¢14.91; t (68) = 2.70, p<.01, 40.65, Medium
Girls Gain: M gy, 9.54, M 41 5.90; t (56) =2.86, p<.01, d0.75, Medium

These results were substantiated by graphical representations also.

The results of ANCOVA carried out on the variable Achievement in
Mathematics (Lower order objectives) by considering Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates and
the results of Bonferroni’s test of post hoc comparison for Total sample,

subsample Boys and subsample Girls are summarized in Table 79.
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Table 79

Summary of ANCOVA of Achievement in Mathematics (Lower order objectives)
for Total, Boys and Girls Samples

Post Hoc Comparison

ANCOVA : Partial
Sample Covariate Adjusted Means t eta
F Experimental Control squared
group group
Pre-
ﬁfhlevemem 18.16%** 14.27 1078 426%% 127
Mathematics
Total  Verbal 16.38%%* 14.32 1072 4.05%* 116
Sample Intelhgence
Ei’;lfgeégii 3.99% 13.44 11.66 2.00%* 031
g;’fr;f:med 27 9% 14.56 1047  522%% 182
Pre-
iChleVemem 7.70%* 13.01 10.08  2.78*% 103
Mathematics
Boys ﬁfﬁfﬁ;eme 5.96* 13.07 1001 2.44% 082
Ei’;lfgeéﬁi 2.39 12.60 1057 155 034
ggf?climed 9.06%* 13.19 9.87  3.01%t 122
Pre-
ﬁlChleVement 10.05%%* 15.81 11.68  3.17** 155
Mathematics
Girls ﬁfg’;‘;eme 14.23% % 16.00 1150  3.77* 206
Ei’;lfgeégi 4.75% 14.90 1253 2.18* 080
gﬁfglne‘i 21.30%%* 16.24 1128  4.62%% 287

*p<.05 ** p<.01 *** p<.001
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It 1s clear from Table 79 that all the F values obtained for the effect of
Instructional strategy after controlling the individual and combined effects of the
three covariates and the respective t values of post hoc comparison of adjusted
means were statistically significant for Total sample, subsample Boys and
subsample Girls except the F value obtained after controlling the individual
effect of Non- verbal Intelligence for subsample Boys. However, in all the cases
greater adjusted mean scores of Achievement in Mathematics (Lower order
objectives) were associated with experimental group. These results were also

substantiated by the values of Partial eta squared.

Hence from the results of mean difference analysis of pretest, posttest
and gain scores and the results of ANCOVA it can be concluded that
Cognitively Guided Instructional Strategy is more effective than Existing
method of teaching in enhancing Achievement in Mathematics (Lower order
objectives) of upper primary school students for Total sample, subsample Boys

and subsample Girls.

Cognitively Guided Instructional Strategy is more effective than
Existing method of teaching in enhancing Achievement in Mathematics
(Higher order objectives) of upper primary school students (Total sample,

subsample Boys and subsample Girls).

Mean difference analysis of pretest scores showed that the experimental
and control groups did not differ significantly in Achievement in Mathematics
(Higher order objectives) before intervention as the t values are not significant at

.05 level for Total sample, subsample Boys and subsample Girls.

Total Pretest: M gy, 0.70, M 1 0.76; t (126) = 0.44, p>.05
Boys Pretest: M gy, 0.71, M ¢4 0.50; t (68) = 1.18, p>.05
Girls Pretest: M gy, 0.68, M ¢ 1.03; t (56) = 1.66, p>.05
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The comparison of mean posttest scores of Achievement in Mathematics
(Higher order objectives) of experimental and control groups showed that the
two groups differed significantly for Total and Boys samples but not for Girls.
For all the three samples, greater means were associated with experimental

group after intervention.

Total Posttest: M gy, 3.74, M ¢ 2.53; t (126) = 3.69, p<.01
Boys Posttest: M gy,3.55, M ¢ 2.03; t (68) =4.03, p<.01
Girls Posttest: M gy, 4.00, M ¢ 3.07; t (56) = 1.70, p>.05

The mean difference analysis of gain scores of Achievement in
Mathematics (Higher order objectives) showed that the experimental and control
groups differed significantly for all the three samples as the obtained t values are
significant. Greater mean gain scores were associated with experimental group.
These results and the values of effect size in terms of Cohen’s d showed large
effect Cognitively Guided Instructional Strategy in enhancing Achievement in
Mathematics (Higher order objectives) of upper primary school students as
compared to Existing method of teaching for Total and Boys samples and

medium effect of Cognitively Guided Instructional Strategy for Girls.

Total Gain: M gy, 3.05, M ¢ 1.77; t (126) = 4.59, p<.01, d 0.82, Large
Boys Gain: M gy, 2.84, M ¢ 1.53; £ (68) = 4.36, p<.01, d 1.04, Large
Girls Gain: M gy, 3.32, M ¢12.03; t (56) =2.63, p<.05, d 0.69, Medium

These results were substantiated by graphical representations also.

The results of ANCOVA carried out on the variable Achievement in
Mathematics (Higher order objectives) by considering Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates and
the results of Bonferroni’s test of post hoc comparison for Total sample,

subsample Boys and subsample Girls are summarized in Table 80.
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Table 80

Summary of ANCOVA of Achievement in Mathematics (Higher order objectives)

for Total, Boys and Girls Samples

Post Hoc Comparison

ANCOVA Partial
Sample  Covariate Adjusted Means t eta
F Experimental Comparison squared
Pre-
ﬁl"h‘evemem 26.29% % 3.90 236  5.13%* 174
Mathematics
Total ~ Verbal 24 64%%% 3.92 235  491%% 165
sample Intelligence ' ’ : : :
Non-verbal 3 (74 3.68 260  3.62%* 095
Intelligence
Combined sk s
Effect 27.28 3.92 235 522 182
Pre-
ﬁfhlevement 23] 5% 3.61 197  481% 257
Mathematics
Verbal sk s
Boys  Intelligence 17.08 3.59 1.99 413 203
Non-verbal 12.85%* 3.46 214  3.59% 161
Intelligence
Combined sk s
Effect 17.23 3.53 206  4.15 210
Pre-
ﬁl"h‘evemem 7.24%% 426 283  2.69%* 116
Mathematics
Girls Xl‘:gl’l‘;‘;ence 1L.12%% 283 273 333* 168
Non-verbal 3.91% 4.02 3.05 1.98%  .066
Intelligence
Combined sk s
— 14.00 4.52 258 374 209

*p<.05 ** p<.01 *** p<.001
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It 1s clear from Table 80 that all the F values obtained for the effect of
Instructional strategy after controlling the individual and combined effects of
Pre-Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence
and their respective t values of post hoc comparison of adjusted means were
statistically significant for Total sample, subsample Boys and subsample Girls.
Moreover, in all the cases greater adjusted mean scores of Achievement in
Mathematics (Higher order objectives) were associated with experimental

group. These results were also substantiated by the values of Partial eta squared.

Hence from the results of mean difference analysis of pretest scores,
posttest scores and gain scores between experimental and control groups and
from the results of ANCOVA it can be concluded that Cognitively Guided
Instructional Strategy is more effective than Existing method of teaching in
enhancing Achievement in Mathematics (Higher order objectives) of upper

primary school students (Total sample, subsample Boys and subsample Girls).

Tenability of Hypotheses

The tenability of the hypotheses formulated for the present study is
examined in the light of the major findings of the study.

The first hypothesis of the study states “There is no significant difference
in the existing level of Mathematics Anxiety of different subgroups of upper

primary school students based on

a) Gender (Boys/ Girls)
b) Grade (Standard V/Standard VI/Standard VII)”.
Statistically significant difference was not found in the mean Mathematics
Anxiety scores of Boys and Girls subsamples of upper primary school students

and in the mean Mathematics Anxiety scores of students of standard V, VI and

VIL

Therefore the first hypothesis is fully accepted.
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The second hypothesis of the study states “There is no significant
difference in the mean pretest score of Mathematics Anxiety between experimental

and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was not found between mean pretest
scores of Mathematics Anxiety of experimental and control groups for the Total

sample, subsample Boys and subsample Girls.
Therefore the second hypothesis is fully accepted.

The third hypothesis states “There is no significant difference in the mean
pretest score of Achievement in Mathematics (Total) between experimental and

control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was not found between mean pretest
scores of Achievement in Mathematics (Total) of experimental and control
groups for subsample Boys and statistically significant difference was found for

Total sample and subsample Girls.

Therefore the hypothesis 3(b) is accepted and the hypotheses 3(a)

and 3 (c¢) are rejected

The fourth hypothesis states “There is no significant difference in the
mean pretest score of Achievement in Mathematics (Lower order objectives)

between experimental and control groups for

a. Total sample
b. Subsample Boys

c. Subsample Girls”.
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Statistically significant difference was not found between mean pretest
scores of Achievement in Mathematics (Lower order objectives) of experimental
and control groups subsample Boys and statistically significant difference was

found for Total sample and subsample Girls.

Therefore the hypothesis 4(b) is accepted and the hypotheses 4(a)

and 4(c) are rejected

The fifth hypothesis of the study states “There is no significant difference
in the mean pretest score of Achievement in Mathematics (Higher order

objectives) between experimental and control groups for

a) Total sample
b) Subsample Boys
c¢) Subsample Girls

Statistically significant difference was not found between mean pretest
scores of Achievement in Mathematics (Higher order objectives) of experimental

and control groups for Total sample, subsample Boys and subsample Girls
Therefore the fifth hypothesis is fully accepted

The sixth hypothesis of the study states “There is significant difference
between the mean pretest and posttest scores of Mathematics Anxiety of the

experimental group for

a) Total sample
b) Subsample Boys
c¢) Subsample Girls”.

Statistically significant difference was found between mean pretest
scores and posttest scores of Mathematics Anxiety of upper primary school
students in the experimental group for Total sample and subsample Boys but
significant difference was not found for subsample Girls.

Therefore the hypotheses 6(a) &6 (b) are accepted and 6(c) is rejected.
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The seventh hypothesis of the study states “There is significant
difference between the mean pretest and posttest scores of Achievement in

Mathematics (Total) of the experimental group for

a) Total sample
b) Subsample Boys
c¢) Subsample Girls”.

Statistically significant difference was found between mean pretest and
posttest scores of Achievement in Mathematics (Total) of students belonging to

experimental group for Total sample, subsample Boys and subsample Girls.
Hence the seventh hypothesis is fully accepted

The eighth hypothesis states “There is significant difference between the
mean pretest and posttest scores of Achievement in Mathematics (Lower order

objectives) of the experimental group for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found between mean pretest and
posttest scores of Achievement in Mathematics (Lower order objectives) of
upper primary school students belonging to experimental group for Total

sample, subsample Boys and subsample Girls.
Hence the eighth hypothesis is fully accepted

The ninth hypothesis of the study states “There is significant difference
between the mean pretest and posttest scores of Achievement in Mathematics

(Higher order objectives) of the experimental group for

a) Total sample
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b) Subsample Boys
c) Subsample Girls

Statistically significant difference was found between mean pretest and
posttest scores of Achievement in Mathematics (Higher order objectives) of
upper primary school students belonging to experimental group for Total
sample, subsample Boys and subsample Girls.

Therefore the ninth hypothesis is fully accepted

The tenth hypothesis of the study states “There is significant difference
in the mean posttest score of Mathematics Anxiety between experimental and

control groups for

a. Total sample
b. Subsample Boys

c. Subsample Girls”.

Statistically significant difference was found between mean posttest
scores of Mathematics Anxiety of experimental and control groups for Total
sample and subsample Boys and significant difference was not found for

subsample Girls.

Therefore the hypotheses 10 (a) and 10 (b) are accepted and 10(c) is

rejected

The eleventh hypothesis of the study states “There is significant
difference in the mean posttest score of Achievement in Mathematics (Total)

between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.



300 Effectiveness of Cognitively Guided Instructional Strategy

Statistically significant difference was found between mean posttest
scores of experimental and control groups in Achievement in Mathematics
(Total) for Total sample and subsample Boys and statistically significant

difference was not found for subsample Girls.

Therefore the hypotheses 11 (a) and 11(b) are accepted and 11 (c¢) is

rejected

The twelfth hypothesis of the study states “There is significant difference
in the mean posttest score of Achievement in Mathematics (Lower order

objectives) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found between mean posttest
scores of experimental and control groups in Achievement in Mathematics
(Lower order objectives) for Total sample and statistically significant difference

was not found for subsamples Boys and Girls.

Therefore the hypothesis 12(a) is accepted and 12(b) and 12 (c¢) are

rejected

The thirteenth hypothesis of the study states “There is significant
difference in the mean posttest score of Achievement in Mathematics (Higher

order objectives) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls
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Statistically significant difference was found between mean posttest
scores of experimental and control groups in Achievement in Mathematics
(Higher order objectives) for Total and Boys samples and statistically significant

difference was not found for Girls.

Therefore the hypotheses 13 (a) and 13 (b) are accepted and 13 (¢) is

rejected

The fourteenth hypothesis of the study states “There is significant
difference in the mean change score of Mathematics Anxiety between

experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found between mean change
scores of Mathematics Anxiety of experimental and control groups for Total

sample and subsample Boys but not for subsample Girls.

Therefore the hypotheses 14 (a) and 14 (b) are accepted and 14 (c¢) is

rejected

The fifteenth hypothesis of the study states “There is significant
difference in the mean gain score of Achievement in Mathematics (Total)

between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found between mean gain scores
of Achievement in Mathematics (Total) of experimental and control groups for

Total sample, subsample Boys and subsample Girls.

Therefore the fifteenth hypothesis is fully accepted.
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The sixteenth hypothesis of the study states “There is significant
difference in the mean gain score of Achievement in Mathematics (Lower order

objectives) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found between mean gain scores of
Achievement in Mathematics (Lower order objectives) of experimental and

control groups for Total sample, subsample Boys and subsample Girls.
Hence the sixteenth hypothesis is fully accepted

The seventeenth hypothesis of the study states “There is significant
difference in the mean gain score of Achievement in Mathematics (Higher order

objectives) between experimental and control groups for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found between mean gain scores of
Achievement in Mathematics (Higher order objectives) of experimental and

control groups for Total sample, subsamples Boys and Girls.
Therefore the seventeenth hypothesis is fully accepted

The eighteenth hypothesis of the study states “There is significant
difference in the adjusted mean score of Mathematics Anxiety between
experimental and control groups by considering Pre- Achievement in

Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.
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Statistically significant difference was found in the adjusted mean scores
of Mathematics Anxiety between experimental and control groups after
controlling the combined effect of the covariates Pre- Achievement in
Mathematics, Verbal Intelligence and Non-verbal Intelligence for Total sample,

subsample Boys and subsample Girls.
Therefore the eighteenth hypothesis is fully accepted.

The nineteenth hypothesis of the study states “There is significant
difference in the adjusted mean score of Achievement in Mathematics (Total)
between experimental and control groups by considering Pre- Achievement in

Mathematics, Verbal Intelligence and Non-verbal Intelligence as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.

Statistically significant difference was found in the adjusted mean scores
of Achievement in Mathematics (Total) between experimental and control
groups after controlling the individual and combined effect of the covariates
Pre- Achievement in Mathematics, Verbal Intelligence and Non-verbal

Intelligence for Total sample, subsample Boys and subsample Girls.
Therefore the nineteenth hypothesis is fully accepted.

The twentieth hypothesis of the study states “There is significant
difference in the adjusted mean score of Achievement in Mathematics (Lower
order objectives) between experimental and control groups by considering Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence

as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls”.
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Statistically significant difference was found in the adjusted mean scores
of Achievement in Mathematics (Lower order objectives) between experimental
and control groups after controlling the combined effect of the covariates Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence

for Total sample, subsamples Boys and Girls.
Therefore the twentieth hypothesis is fully accepted

The twenty first hypothesis of the study states “There is significant
difference in the adjusted mean score of Achievement in Mathematics (Higher
order objectives) between experimental and control groups by considering Pre-
Achievement in Mathematics, Verbal Intelligence and Non-verbal Intelligence

as covariates for

a) Total sample
b) Subsample Boys
c) Subsample Girls”

Statistically significant difference was found in the adjusted mean scores
of Achievement in Mathematics (Higher order objectives) between experimental
and control groups after controlling the individual as well as combined effect of
the covariates Pre- Achievement in Mathematics, Verbal Intelligence and Non-

verbal Intelligence for Total sample and subsamples based on Gender.
Therefore the twenty -first hypothesis is fully accepted
Conclusion

The analysis and further testing of hypothesis as detailed in the previous

sections lead the investigator to derive the following conclusion.

The prime objective of the study was to design and develop a Cognitively
Guided Instructional Strategy to reduce Mathematics Anxiety and to enhance

Achievement in Mathematics of upper primary school students. The conclusions
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derived out of the systematically planned, sequentially arranged research

procedure are:

1. The level of Mathematics Anxiety of upper primary school students is
below the scale average value. Gender differences and Grade differences
were not found statistically significant with regard to Mathematics
Anxiety. However, boys have higher level of Mathematics Anxiety than
girls and the level of Mathematics Anxiety of students tended to increase
with Grade.

2. The developed Cognitively Guided Instructional Strategy was found
more effective than the existing method of teaching mathematics in the
upper primary schools of Kerala in reducing Mathematics Anxiety and

enhancing Achievement in Mathematics.

The theoretical framework on the dependent variable Mathematics
Anxiety and the related issues with mathematics learning and teaching, that the
investigator conceptualized during the review and meta reading of the
observations of educationists and thinkers especially on school curriculum and
allied psycho-social perspectives clearly depicted the significant role of
Mathematics Anxiety as a prominent affective factor on Achievement. There
have been meticulous efforts from the part of all stake holders of education to
make the learning, especially Mathematics learning, a joyful experience. The
recent curricular reforms have contributed significantly to this. This is clearly
evident from the obtained level of Mathematics Anxiety of upper primary school
students, which is below the scale average value for the total as well as the

subsamples categorized.

However, the existence and adverse effects of Mathematics Anxiety
cannot be ignored. This necessitated the development of an instructional strategy

which caters optimally to the cognitive level of the students ensuring academic
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achievement that can be measured in terms of specified instructional objectives.
The output of this research effort is such an instructional strategy applicable to
the teaching learning milieu of the state of Kerala. Following well defined
methodological procedures the investigator was able to validate the
effectiveness of the developed Cognitively Guided Instructional Strategy in
reducing Mathematics Anxiety and enhancing Achievement in Mathematics of

upper primary school students.

Educational Implications of the Study

The preliminary survey revealed that the level of Mathematics Anxiety of
upper primary school students is below the scale average value. But there exists

Mathematics Anxiety among upper primary school students.

The curricular reforms based on NCF (2005) and KCF (2007) gave much
importance to Mathematics teaching and learning. The slogan has been ‘joyful
learning environment for stress free Mathematics learning’. The study reveals
that in spite of all these attempts, still there remains anxiety among students
towards Mathematics and related activities in the academic pursuit. This
warranties the need for accelerating the efforts to create learning environments
where the students can learn Mathematics devoid of fear or tension. The
attempts formulated in the above curricular revisions are to be strengthened so

as to reflect its fullest accomplishment at the grass root level.

The preliminary survey with the objective to find out the existing gender
differences and grade differences in Mathematics Anxiety revealed that there is
no significant difference related to gender and grade of upper primary school
students in Mathematics Anxiety. This necessitates common strategies for
students of all upper primary grades irrespective of their gender. This finding of
the study is an eye opener to prospective researchers to probe into the

differences in Mathematics Anxiety as related to other socio familial variables
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as criterions. It can also be implied that there exist some common elements for
both boys and girls as precursors of Mathematics Anxiety. If it is pertaining to
the curricular experiences that children at primary school receives, the sole
responsibility lies on the shoulders of the teachers to identify specifically and

remove the same.

The development and validation of Cognitively Guided Instructional
Strategy paved the way for teachers to implement an innovative instructional
strategy for teaching Mathematics at upper primary level. The foundation behind
the effectiveness of Cognitively Guided Instructional Strategy is “flexibility and
divergence” allowed in solving the common problem raised at the class, contrary
to the conventional instructional approach to Mathematics. The innovations by
Mathematics teachers should take this spirit which is the apparent ramification of

the basic instinct of human being: the individual difference.

The effectiveness of Cognitively Guided Instructional Strategy for total
sample and subsamples is a clear indication of its generalisability and scope at
the upper primary level reducing Mathematics Anxiety and Achievement in

Mathematics.

It is a general observation that the curricular reformations and experiments
and innovations which are students centered very often help to reduce academic
fear, since its thrust is freedom of the learner. In the midst of this over
enthusiasm, it is apparent that the achievement in terms of curricular objectives
is pushed back. The educational and practical implication of this strategy
signifies most in this context that by reducing the anxiety of students in
situations pertaining to Mathematics and Mathematics related activities
Cognitively Guided Instructional Strategy ensures Achievement in Mathematics
compared to the Existing method of teaching. Recent reports and documents

published by national educational agencies like NCERT reflect on the poor
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performance of students even at secondary level indicating their inability of
performing even the basic concepts. This can be attributed to the lack of
importance given to the product- process outcomes of learning measured in
terms of Achievement. There is the significant role of the developed
instructional strategy which threshold both to the reduction of anxiety and

enhancing of achievement at the same time.

The practicing Mathematics teachers can either utilize Cognitively
Guided Instructional Strategy exclusively for curricular transactions or integrate

the essence of this strategy to his/her teaching of Mathematics.

Any academic reform that intends to bring about systemic improvement
in Mathematics learning can make use of the present research effort- the developed

Cognitively Guided Instructional Strategy.

There have been a lot of scattered efforts throughout the state at
institutional and governmental levels to identify and uplift poor achievers in
Mathematics into the main stream. Instead of doing such things in a piece meal
style, the planners at institutional and governmental level can utilize the

Cognitively Guided Instructional Strategy as a referent.

The major complaint raised by the Mathematics teachers of higher grades
of schools and even under graduate programme is the lack of basic mathematical
competencies among students. The developed Cognitively Guided Instructional
Strategy can be applied as an effective strategy specially for developing the
basic mathematical skills and competencies at primary level and even as a

remedial programme at higher levels to the weaker sections of students.

Effective implementation of Cognitively Guided Instructional Strategy
requires highly resourceful, committed teachers who are having deep
understanding of properties of numbers and relations between fundamental

operations to understand children’s strategies and to select and sequence
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problems according to the understanding level of students. Hence the
qualification criteria for Mathematics teachers are to be reframed and talented

personnel are to be attracted and retained at schools with more incentives.

The prospective teachers at primary level may be oriented with
Cognitively Guided Instruction so that they can use it during their practice

teaching as well as when they are enrolled as teachers in the field.

Cognitively Guided Instructional Strategy can be incorporated as an
essential input in the various in service programmes of teachers. Training can be
given to the Mathematics teachers on how to use Cognitively Guided

Instructional Strategy in their classrooms for better learning outcomes.

This research attempt made by the investigator is a real depicter of the
research trends related to the variable Mathematics Anxiety. This is a clear

reference for the prospective researchers in this area.
Suggestions for Further Research

Through this research attempt the investigator was able to reveal and depict
the research trend related to Mathematics Anxiety and was able to design and
develop an instructional strategy based on Cognitively Guided Instruction to
reduce Mathematics Anxiety and to enhance Achievement in Mathematics. It is
hoped that the output of this attempt is valid and generalisable. Since cognition,
instructional strategy and factors related to achievement are vast areas of research,
the future researchers can attempt a number of research efforts at micro and macro

level related to this research quest.
A few suggestions are presented here.

1. The preliminary survey conducted by the investigator revealed that there

exists Mathematics Anxiety among upper primary school students. A
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study can be conducted to identify the different psycho social and school
related factors that contribute to Mathematics Anxiety other than gender,
since this study revealed that there is no gender difference in

Mathematics Anxiety among upper primary school students.

2. It would be worthwhile to conduct a longitudinal study on Mathematics
Anxiety to identify the level of existence of Mathematics Anxiety across

various academic grades.

3. The study through analysing the research trend reveals that the learner
experience at schools is having greater effect to the level of Mathematics
Anxiety. Hence a critical appraisal of the teacher education programmes
as well as of the Mathematics curricular transactions in the schools at

primary and secondary level can be conducted.

4. Using the developed Cognitively Guided Instructional Strategy as a
reference, a multimedia instructional package can be developed for the

field use.

5. To strengthen the in service teacher education programme, a research
attempt can be made to develop an instructional programme based on

Cognitively Guided Instruction framework suitable to Indian conditions.
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5. | ssZ\wZ\  PoruX&nA Bhiyanbn hcp!

KWiX{Iib I A sN¢, pt¥anA t]Sibbp—mnhmdp—.

6. | IW i ¢nkaA Cenj n3 t]S1 tXnd ndp—.

T IADIw _ p=apsX Xsi  KWIX{]iE\8§ A
oA mcWw sN¢ m=3 F\ii Ignomdp—.

8. | ‘mhn PohuX&nepw BW j D]tbnKng m\pFf
Igh F\njps— 3 tXmg mdp—.

0. | IWji <CnkaA  So” A tNmzZyw tNmzZij ptam
Ft! nA> “bwtXn! ndp—.

0. InTIpkX 1 Sise KWiX{]Ji\8 Ajp Jpdsa
TpXib  KWiX{J 1\& A \nqmcWuw sNbXp
t\mg m=3 F\njngSanw.

.| k bmXblA Sija FSpiphm\nhiyanb
JWw BXahnamktensS ssl Imcyw sN¢ n3
kan[n§ mahA

2. IWj ¢nkoA kwib8 A tNnZnj n=2 F\ij
t]St tXmg mdp—.

B..hgi Wi plA sN¢ ptvanA Rn=3 Jc an j mdp

14, D] ] TN\ GX hngbw sXcs= SpiSnepw
AXIA IWiji e{]zanbn D]tbnKnj n3
F\nj kn[njpsa; tXmg mdp—.

5. IW i ¢nktA DScw Adibnhp® tNnzy§ A
i ptlnepw DSAcw Jdbn=3 _ p=Znap«<ctXmg mdp—.

6. sXant_mipsag t]S1 EImcWw KWiX {JE\

&8 A kab@\pFfiA sNbXp XoAj n= kn[n
i ndhA
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17.| IntTyXc higbg& HIA KWiXw D]tbnKnj n=3

F\1j XnAJcyap—.

18.| Fsa 1ghplA H! pw Xs® IWjilA Fs!
Kk Bnbrn § ndhA

19. | Hntem JpXnbo KWX{] #\w \rAmcWw sNt¢, —
hept¥amgw F\nj  sN¢ n=3 kn[nj ptan F§
t]S Fs; Aewdp—.

20.| Hmtcm Emcy8 fpw sNbXpXoAj n3 F{X kalbw
th—nhcpsa; ap= g EW jmg n3 DXIWT
t>Xmy mdp—.

2. a\ i Wi plA BXahnimktnsS sN¢ n3
kmn§ mdp—.

2/ IWinse {Ji\8 Aj icbpScw 13
FX {Inhiyw {Fang m\pw F\nj Kt" njta
DA

23 IW jpanbn _ \[s.« ISwlYIA§ DScw
Is—ODn= F\njngSanWw.

24| DbA  enkgpl A FOSn3 IWjilA \A
KU thWsa; Ni© Fsj; DXIWTs_ Sy
dp—.

5. IWj cCnkise Fsa {]1S\sOD j pdi™ " Rn=3
thhemnXis _ Smdp—.

26.0 TW j  hickambnr AN\p hs _Smdp—.

2. F\ni  ¢nkaoA BnPcnhn3 IgibomXncn § ptan

ow IW i InT8 A JTis” Spi msal hniamlkap
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J AW s\ jpd” "Rn3 t]S kaJ\8§ A Inwn

dp—.

N
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IWsji; higbsE "btnsS an{Xta F\i
i kaJnin= 1gbndpAu.

30.

FXb[nlw{man™ iepw F\nj Hcng epw TW j
JTi = 1gbisAY  tXnd ndp—.

3L,

IWjise NNO§ A Fs! Ak anj ndp—.

32.

So” A KWiXkgXhm I ytan {] i \tan t_mAhA
FgpXpl X ImWptyanA a\E Ak anIndp—.

33.

i cibnbr DScw Jdbn=3 1= 1sAliten F !
t]Ss Im— KWiX InkaA Js?Sp i mdhA

34,

IWji Fsa CjgShngbanWw.

35.

IWi ¢nkaA aimpA Izl fisS H_w FOn3
IgibrsA! t]S1 tXnd ndp—.

36.

IW i Hcp hy&ubpsS an\kal hfA tbbmw
Ni” ni &utbbpw DbAZn=  kEnbijp!p
F: t>Xmy mdp—.

37,

PymanXn sN¢, pt¥anA, FSpjp! AfhplA i
bnbisAliten F! t]S1 Aewidp—.

38.

IWi JT\v Rn= BkuZnj ndp—.

39.

\; non Jc{manj ndps— grepw IW i F\ij
1gSpXA  p=nap<abon tXm ! mdp—.

40.

InkiX@sa hfAbj KwiXink{Xw hf
sconlw kw’nh\TA \A Ibigs— ! tXm!nm
dp—.
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4.0 IW i Joo=1HA \ ! nbn Adibnhp? tNmzy

&8 AjpA Dcg A t]new Jo aw ImcWw
sXamdp—.

42.

Dy XIJT\ODN\ IWj sXscs= §jn= F\i
i g SanWw.

43.

\!non JT" fiepw IW 3§ JcoZ=TA \ 1 nbn
FgpXphm= F\ij kn[n ndA

44,

KWiXn[ng TiX timgkplA JTnin3 F\nj
B{KEIap—.

45.

\rtXy\  D]tbnKng mdpA  ITW jplogcepl A
t]nepw JooEb § _ p=rapon tXmy mdp—.

46.

DbA! c¢nkplfise IWiji sN¢gn3 F\ij
kan[n§ isA! tXm? mdp—.

41.

\ 1 nbr JT" " KWiXkgXhnlyg§ fow hlkXpX
I fow hsc JooEnkabD Rn= ad; p t]nln
dp—.

48.

KWiX ank{XInT8 A hnbnj ptvanA F\ij
Ak X tXmg mdp—.

49.

apt dibn_1MAsX  ¢nmkaA  KWiX imk{X 1 nk
\SAptyanA DX ITWT A\p~hs_ Sndp—.

50.

thwhA§ sN¢ phn3 th—1 IW i JokXlw
FSpi ptvanA Xs! a\E Aki< anlndp—.

5L,

IWi Jo£ FopXptvanA hy&anbn N7
i "3 IgbndA

52.

Ipsd ADIw KWiX {JEN\8 A HI ™ InwWp
tVanA t] S tXn 3 mdp—.
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53.| adp Joo= I tF § mA BoSpXA Jrcrapdp i w BW §

JecoE=Eb i A\p hs_Smdp—.

(Sa]
:|>

IWi DhkX13se Hep JpXib ALymbw XpS
8 ptvanA Aka X tXm 3 mdp—.

55.

FX 1T new Br3hiimktSnsS 1W j
Joo= FgpXphn3 F\nj kn[1§ ndA

56.

IWji F'1A Jo{"awD—miphp

57.

KWiX {18\8& A \iqncWw sNbXps In—ici
i ptvanA So” A t\mjptps— 1 tXm! nbmA
XpSAE sN¢ m=3 F\nj  _ p=nap<ctXm® mdp—.

58.

agdDanb DZnBcW§ fieisS AhXci_njp!h
KWiX Bibg A an{Xta Ffp_ 1A a\Enen
1 mdp A,

59.

sXap hcmsal p tXm! abmepy > mlt__mANA
IWi {Ji\8 A sN,nm=3 Rn3 X¢ ndnhn
dp—.

60.

1T " kgXhnlyg A t]lnew BhiyapA ka
b& HnAa hendA

61.

aapAhcpsS KWiX  ink{X&epA 1gihpl A
Fsa Ighplfpanbn XmcXayw sNbX Rn3
DXTWTs _ Smdp—.

62.

KWiXnibg& A AAC aAShbnbnwW F\i j
tXn ! mdpAX

63.

IWi InT8 A a\Erenjn3 _ p=2nap«< InWi
i ptvanA So” AFs! lpas_ SpSmdp—.

64.

IWji JTitj — coXnssb_an F\nj #cibnb
[ncWhis Al tXm ) ndp—.
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So” A A\phzi § mXncn j pt¥anA Ak X tXn
s mdp—.
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66.

IWi JIDip!Xp sin— {JtbnP\aisAl
tXmg mdp—.

67.

KWiXnibg A a\Erentbn CAtbn F! S0~ A
FtinS tNmzZig mXncn j pt¥anA higaw tXnd m
dp—.

68.

KWiX  kgXhmlyg8 fw agw F8 is\bnw
HnAD) ht§ —sX ! F\ii dilonA

69.

ampAhAJol kijpsal IopXn Wi CnkaA
Rn3 S0~ tdnS kwi b8 A tNmzn §j ndiA

70.

icibnbr a\Eren j n JT” isAliepy Rn3 1W
i 1A Pbnj ndp—.

s

cnkaA  IW i a\Enenjn3 _ p2apgAX
F\nj an{XamsW_; tXmg mdp—.

72.

IWijrse {Ji\8& A Ft_mgw Hcp ucibp>
caotei \bnip?! X\nA IWji F\njI
_J SanW.

73

ssZ\wZI\ PohiX&nep A KWiX{ b 1A sN¢, n=3
Rn= agpAhsc B{ibrnj ndp—.

74.

1Wj SN¢ pl Xos\ g pd™ ™  Nn™ 0 pt¥anA
s hbaA Hep BFA A\p hs_Smndp—.

15.

So” AKWIX{]i\& A t_nA»A sNbX, AX
T 1A FgpXp! XnwW F\i 0§ Sw

76.

IW i JcoEbpsS Xte cn{Xn Dd§ n= _ p=
ap< AN\p hs _ Smdp—.
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77 sXapsay  t]S " Rn=2 Fsa ASYADicij p,

IptbpsS Jpk<X 1w t\n j rsbgpXmdp—.

78 IW i sN¢ ptvanA BrZbw thKSnA aiSij m
dp—.

79. sXapsal! t]S sIn— KWiX{]1\8§ A kibw
SN¢ =2 F\nj kn[nj mdhA

80.] BW jns\j pdn™ "Nn™ 1§ ptvanASDst ssl 1A
XWhp § mdp—.

8./So" A IW i sN¢pt coXng Jpdsa Rn3
FtaXnb coXnl A Jco£n j mdp—.

82.| IW j panbn _ Os_ «{Jhrnl A sN¢, pt¥anA
Xethz\ A\p hs_Sndp—.

83. IW i \!nbnITni ™\pA Igpgh F\njp—.

84 IW i TJco&= FopXptvamA t]S sim— &m
ksaSp§ = _ p=nap«tXmy mdp—.

85./So” A Xcp!  tHmwhA§ plA sNgn3 Rn3
agpAhsc B{ibrnj ndp—.

86.] BW j SN pt¥amA ssl 1A hid § mdp—.

87. IW i TJoE=E i th— X¢msdSp_plA kibw
SN¢ m=2 F\nj kn[nj mdhA

88.| IW j panbn _ Os _ «{Jhr&nl fiA ki anbn

GA_Sn3 F\nj kn[ni ndp—.




Appendix A2

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

MATHEMATICS ANXIETY SCALE - DRAFT

Dr. M.N. Mohamedunni Alias Musthafa Sunitha. T.P
Assistant Professor Research Scholar
Instructions

Following are some statements related to different difficulties/worries
faced by you while dealing with Mathematics related situations. Read each
statement carefully. Decide how frequently you feel the matter mentioned in
each statement. Record your response against each statement by putting a ‘v
(tick) mark in the column corresponding to one category among ‘Always’,
‘Frequently’, ‘Sometimes’, ‘Rarely’ and ‘Never’ which you feel is most
appropriate. Honestly respond to all statements. Your response will be kept
confidential and will be used for research purpose only.

> 7))
| g
=
SL. Statements 2| =
No. = &2
S| E
S (=]
= | »

Always
Rarely
Never

1. | I am worried about my inability to solve Mathematics
problems

2. | I am unable to do the apt calculations with
confidence while purchasing books, pens etc.

3. | While in the class I fail to recollect even those
Mathematics related facts which I normally know

4. | I am unable to think clearly while solving
Mathematics problems

5. | I feel nervous while doing Mathematics calculations
in day to day life

6. | I am afraid of attending a Mathematics class

7. | I can solve Mathematics problems without much
difficulty
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8. | I feel that I have the ability to use Mathematics in
future life.
9. | I feel tensed about the teacher asking questions in
Mathematics class
10. | I enjoy solving Mathematics problems beyond the
text book
11. | While travelling by bus I am not confident enough to
handle money required to buy ticket
12. | I am afraid to clarify my doubts in Mathematics class
13. | I feel nervous while attempting statement problems in
Mathematics
14. | Whatever be my subject for higher study, I will be
able to use Mathematics effectively wherever required
15. | In a Mathematics class I find it difficult to answer
even the questions which I know very well
16. | Due to the fear of going wrong somewhere I am
unable to solve Mathematics problems on time
17. | I am interested to use Mathematics beyond school
subjects
18. | None of my talents help me in Mathematics
19. | While solving each new problem I fear whether I
will be able to do it or not
20. | I feel worried in estimating the time required to
complete each task
21. | I am able to carry out mental calculations with
confidence
22. |  am happy to work out a problem any number of

times to arrive at the correct answer
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23. | Ilove solving Mathematics related puzzles
24. | The thought that good grades in Mathematics is
necessary to be reach higher classes makes me feel
uneasy
25. | am worried regarding my performance in
Mathematics class
26. | I feel Mathematics is boring
27. | I believe that I will be able to make up for my
absence in Mathematics classes
28. | I see nightmares related to Mathematics
29. | I am only able to approach the subject Mathematics
with fear
30. | I feel I can never learn Mathematics no matter how
hard I try
31. | Mathematics symbols makes me feel uneasy
32. | The very sight of the teacher writing a mathematical
formula or problem on black board makes me feel
uneasy
33. | Due to fear, I do not usually participate in Mathematics
quiz
34. | Mathematics is my favourite subject
35. | I am afraid that I won’t be able to keep up with the
rest of the class in Mathematics
36. | I feel that Mathematics helps in developing a person’s
mental abilities and thinking skills.
37. | I am nervous while taking measurements in geometry
38. | I enjoy learning Mathematics
39. | In spite of hard work Mathematics seems to be tough

for me
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40. | I feel that Mathematics has contributed much to the
development of science
41. | During Mathematics tests, due to tension, I make
mistakes even when answering to questions which
are thorough to me.
42. | I would like to opt Mathematics for higher studies
43. | Despite of thorough preparation I am unable to
perform well in Mathematics examinations
44. | I wish to study Mathematics based courses
45. | Even day to day Mathematical calculations appears
difficult to me in Mathematics tests
46. | I feel that  won’t be able to do higher Mathematics
47. | I forget even well learnt Mathematical formulae and
facts at the time of examination
48. | I feel upset when reading Mathematics texts
49. | Mathematics quiz conducted in class without prior
notification makes me feel nervous
50. | I feel uneasy even while picking up Mathematics
book to do home work
51. | I am not able to think clearly during Mathematics test
52. | I feel scared seeing a lot of Mathematics problems
together
53. | I feel more stressed while attending a Mathematics
test than any other test
54. | I feel uneasy while beginning a new Mathematics
chapter
55. |  am unable to take Mathematics tests with
confidence no matter how well I study
56. | Mathematics makes me feel nervous
57. | While doing Mathematics problems, being noticed by

the teacher makes it difficult for me to proceed
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58. | I am able to understand with ease only those concepts
which are presented with concrete examples
59. | I am ready to do Mathematics problems on the black
board even if I feel that I may go wrong
60. | I am unable to recollect even well learnt formulae
when required
61. | I often worry comparing my math abilities with that
of my peers
62. | I feel that Mathematics concepts are meaningless
63. | Teacher blames me when I find it difficult to
understand Mathematics lessons
64. | I feel that I don’t know the proper method of
learning Mathematics
65. | I feel uncomfortable when the teacher doesn’t give
me enough time to solve Mathematics problems in
class
66. | I feel that there is no use of learning Mathematics
67. | I feel sad when the Mathematics teacher doesn’t ask
me whether I have understood the concepts or not
68. |I don’t know how to memorize Mathematics formulae
69. | [ usually avoid clearing doubts in Mathematics class
for fear of being teased by others
70. | T get a pass mark in Mathematics even if I don’t
learn by understanding the concepts
71. | I feel that I am the only one in the class who has
difficulty in understanding Mathematics
72. | I love Mathematics since Mathematics problems

always lead to a right answer
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73. | I rely on other people to help me with day to day

Mathematics calculations

74.

I feel disturbed in my stomach even by the thought of
doing Mathematics

75.

I am happy if the teacher does all the problems on the
black board so that I can copy it down

76.

I have trouble sleeping on the night before
Mathematics test

7.

Because of the fear of making mistakes, I copy from
the books of my peers

78.

My heart beats fast while doing Mathematics
problems

79.

I am unable to do Mathematics problems myself for
fear of making mistakes

80. | My hands get cold at the very thought of Mathematics

81. | Apart from the methods used by teacher in doing
Mathematics I try my own

82. | I get headache while doing Mathematics related
activities

83. | I can study Mathematics well

84. | I have trouble breathing while taking Mathematics
test due to fear

85. | I depend on others to do my home works

86. | My hands shiver while doing Mathematics

87. | I am unable to prepare for Mathematics exam on my
own

88. | I am able to participate in Mathematics related

activities with ease
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Mathematics Anxiety Scale

(Component Matrix Table)

15

Principal Component Analysis of Mathematics Anxiety Scale

Item No | Factor Loading | Item No | Factor Loading | Item No | Factor Loading
ITEMI 472 ITEM33 378 ITEM61 585
ITEM2 274 ITEM34 259 ITEM62 472
ITEM3 470 ITEM35 .646 ITEMG63 403
ITEM4 428 ITEM36 278 ITEM64 .602
ITEMS 473 ITEM37 461 ITEM65 542
ITEM6 392 ITEM38 352 ITEM66 441
ITEM9 562 ITEM39 .609 ITEM67 461

ITEM11 205 ITEM40 130 ITEM68 495

ITEMI12 562 ITEM41 571 ITEM69 519

ITEM13 502 ITEM42 350 ITEM71 619

ITEM14 182 ITEMA43 470 ITEM72 320

ITEM15 542 ITEM44 311 ITEM73 543

ITEM16 510 ITEMA45 564 ITEM74 536

ITEM17 270 ITEM46 530 ITEM75 443

ITEMI18 362 ITEM47 587 ITEM76 467

ITEM19 544 ITEMA48 495 ITEM77 437

ITEM20 414 ITEM49 462 ITEM78 558

ITEM21 326 ITEMS0 .585 ITEM79 535

ITEM23 165 ITEMS51 506 ITEMS80 494

ITEM24 346 ITEMS2 576 ITEMS2 508

ITEM25 .563 ITEMS3 563 ITEMS3 294

ITEM26 437 ITEM54 558 ITEMS84 494

ITEM27 183 ITEMSS 376 ITEMSS 539

ITEM28 436 ITEMS56 .624 ITEMS86 .546

ITEM29 .589 ITEMS57 598 ITEMS87 246

ITEM30 .606 ITEMS8 287 ITEMS&8 213

ITEM31 525 ITEMS9 189

ITEM32 .647 ITEM60 516
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Appendix A4

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

MATHEMATICS ANXIETY SCALE - FINAL

Dr. M.N. Mohamedunni Alias Musthafa Sunitha. T.P
Assistant Professor Research Scholar
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L | IWijise {Ji\8 A \iqmcWw sN¢ m\pA
Fsa Ighi&Aibasb § pdh™ "Rn3 thhenXis _
Smdp—.

2. | IW jpanbn _ Os_<« Incyg A Adibnhp? Xn
sWHhA t]new ¢nkaA h™"ad® p t]mIndp—.

3. IWijise {1i\8& A \uAncWw sN¢, pt¥anA
hy&anbn Ni” 1§ m3 IgibndiA

4. | ssZ\wzZi\  PohiX&1A Bhiyanbr hcp!
KWiX{ b 1 A sN¢ pt¥anA t]Sibbp—mnhmdp—.
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5 | IW i ¢nkaA Cenj n3 t]S1 tXnd ndp—.
6. | IW i ¢mkaA So~ AtNmZyw tNmzZi § ptam
Ft! nA> “bwtXn! ndp—.
.1 IWj ¢enkaA kwib8 A tNnZnj n=2 F\ij
t]S tXmg mdp—.
8. | hgng Wi plA sNg ptznA Rn3 Jcy an j mdp—.
9. | IWj ¢nkaA DScw Adibnhp! tNnzyg A
i ptlnepw DScw Jdbn=3 _ p=Zap«<tXmg mdp—.
10.| sXant_mlpsal t]S1 IncWw KWiX {]I\8 A
kabN\FhA sNbXp XoAj n= k1§ mdA
.| Fsa IghhplAHY w Xs! IWjiIA Fs!
Kk Bnbrn § ndhA
12.| Hitem JpXibo KWaX{] &1 \w \iA mcWw sNt;, —i
hept¥amgpw F\in§ sN¢ m= kn[n g ptan F§
t]S Fs; Aewdp—.
13.| Hmtem Bmcy8 Fow sSNbXpXoA§ n3 F{X kabw
th—nhcpsag ap= gt IW g mg n= DXIWT
t>Xmy mdp—.
4. a\j Wi plA BXahimktnss sN¢, n3
kmng mdp—.
15| DbA} cnkpl A FSn= 1W j 1A \AtKU
thWsa; Ni© Fs; DXIWTs_ SpImdp—.
6. IWj ¢Cnkise Fsa {J15\sO j pdi" "Rn=
thhenXis _ Smdp—.
7. W j  hickambnr A\p hs _ Smdp—.
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IW jis\ipd "Rn3t]S kJ\8 A Inwn
dp—.

19.

IWsji i higbsE "btnsS an{Xta F\i
i kao]ni n=3 IgbndpAu.

20.

FXb[nlw{man™ fiepw F\nj Hcng epw TW j
JTi 0= 1gbisAY  tXnd ndp—.

2L,

IWjise NNO§ A Fs! Aki anj ndp—.

22.

So” A KWiXkgXhmytan {] i \tan t_mAnA
FgpXpt X ImWptyanA a\E Ak anIndp—.

23.

i cilbnbr DScw Jdbn= 1= 1sAliten F !
t]Ss Im— KWiX InkaA Js?Sp i mdhA

24.

IWi ¢nkaA admpA Izl fisS H_w FOn3
IgibrsAl t]S1 tXnd ndp—.

25.

PymanXn sN¢ pt¥anA, FSpjpl AFfhplA i
bnbisAliten F! t]S1 Aewidp—.

26.

IWi JT\v Rn= Bk ndp—.

21.

\; non Jc{manj ndps— grepw IW i F\ij
1oSpXA  p=nap<abn tXm mdp—.

28.

IWi Joo£=1HA \! nbn Adibnhp? tNmzy
g§ AjpA Dcg A t]new Jo aw ImcWw
sXamdp—.

29.

Dy XIJT\ODN\ IWj sXscs= §jn=3 F\i
i g SanWw.

30.

\!non JT" fiepw IW i Jco&=TA \ 1 nbn
FgpXphm= F\ij kn[n ndA
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3L KWIXm[ng X tingkplA ITng m3 F\iij
B{KEIa—.
32 \itXy\  D]tbmKnj ndpA  IW j plgcepl A
t]nepw JooE=Eb § _ p=rapbon tXmy mdp—.
33| DbA  c¢nkplfise IW i sSNgm3 F\ij
kan[n§ isA! tXm? mdp—.
34\ 1 mbn JTn" - KWiXkgXhnly8 fiw hkXpX
I fow hsc JooEnkabS Rn= adg p t]nln
dp—.
35.| KWiIX ink{X]InT& A hnbnj pt¥anA F\nj
AKISD X tXmy mdp—.
36.| apl dibi_1MsX CnkaA  KWiX ink{X 11k
\SAptanA DX ITWT A\p~hs_ Sndp—.
37.| t BmwhA§  sN¢ phn3 th—1 IW i JpkXTw
FSpi ptvanA Xs! a\E Ak anlndp—.
38 IW i Jco&E= FopXptvamA hy&ambn Ni™ 1
i "= IgbndA
30. Bpsd ALDIw KWiX {JaE\8& A H! 1™~ InmWp
tVanA £]Sn tXn 3 mdp—.
40.| adp Jco= NtF § nA BoSpXA Jnonapdp § w BW
JecoE=Eb i A\p hs_Smndp—.
4. TW j IhkX1Aise Hep JpXib A ymbw XpS
8 ptvanA Aka X tXmd mdp—.
2| FX ITn nepw Br3hmamktAnsS 1TW j
Joo= FopXphn= F\ig  kn[n§ mdhA
43 IW i F'1A Jo{"awD—miphp
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KWiX {18\& A \uiqncWw sNbXps In—ici
i ptvanA So” A t\mgptps— 1 tXm! nbmA
XpSAE sN¢ m= F\nj  _ p=nap<tXm® mdp—.

45.

1T " koXhnlyg A t]lnew BhiyapA ka
b& HnAa hendA

46.

agpAhcpsS KWiX  ink{X&epA 1gihpl A
Fsa I1ghplfpanbn XmcXayw sNbX Rn3
DXIWTs_Smdp—.

41.

KWiXnibg A AAC aAShbnbnW F\i
tXn ! mdpAX

48.

IWi InT& A a\Enenin3 _ p=2iap« InVWh
i ptvanA So” AFs! lpas_ SpSmdp—.

49.

IWji JTitj — coXssb_an F\nj #mcibnb
[ncWhis Al tXm 3 ndp—.

50.

Ja\\HqncWSN\ F\i1j nhiyanb kabw
So” A A\phzij mXncn j pt¥anA Ak X tXn
s mdp—.

|

5L,

IWi JITip!Xp sin— {JtbnP\aisAl
tXmg mdp—.

52.

KWiXnibg A a\Eentbn CAtbn F! S0~ A
Ft!mS tNmzZig mXicnj pt¥anA hngaw tXndm
dp—.

53.

KWiX  kgXhmly8 fw adgw F8 is\bnw
HnADp ht§ —sX ! F\i1j dibiA

54.

ampAhAJcl kijpsal IopXin IW i CnkaA
Rn3 S0~ tdnS kwi b8 A tNmzn §j ndiA

55.

cnkaA IW i a\Eienin3 _ p2napgpAX

F\nj an{XamsW_; tXmg mdp—.
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