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CHAPTERII

INTRODUCTION

1.1 GROUP DIFFERENCE IN HUMAN BEHAVIOUR AND UNEVEN
EDUCATIONAL PROGRESS

Education has become increasingly regarded as a major
instrument of social change. On the one hand, education develops the
personality and rationality of individuals. The knowledge, skills, interest and
values thus acquired through education are expected to bring about certain
economic, political and cultural changes in the society and consequently
improve their socio-economic status. It is therefore expected that education
will bring about reduction of many inequalities that exist in society. Based on
this argument, the Universal Declaration of Human Rights has included
education as ‘One of the basic rights of every human being’ and the
Constitution of the UNESCO diverts its efforts to achieve ‘the ideal of equality
of educational opportunity, without regard to race, sex or any distinctions,
economic or social. In the post — independence period in India, not only
constitutional guarantees (Bhatia, 1988) have been provided to realise the
ideal of equalisation of educational opportunities in the country, but also
various educational plans have been developed and implemented to achieve
the desired end as early as possible. In spite of the world-wide efforts for
removing inequalities that prevail in educational opportunities, uneven
educational progress caused by group differences in human behaviour caught
the attention of psychologists and educationists. Modern researches have
helped to give greater precision and validity of the study of group differences.
The alleged deficits and differences manifested by ethnic, sex, language and
socio-economic group members led to a renewed recognition that in a
democratic society, education should provide for a fullest development of

these diverse people.
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Gender Issues in Education

Of the varied disparities in human behaviour, gender difference
in basic psychological traits has assumed a great significance in modern
psychology and gender is considered to be one of the important dimensions
contributing to differences in scholastic achievement by educationists. It is
now believed that apart form biological reasons causing differences among
male and female, disabilities and inequalities have been imposed on women
in the total context of a society. Education is considered to be the most
significant instrument for changing the subjugated position of women in
society. Keeping in view of the goals, intensive effort have been made to
make education accessible to girls all over the world by national leaders,
missionaries and some philanthropists. The programmes include
(i) increasing the involvement of girls and women in various levels of
education, (ii) adopting ways and means of preventing wastage and
stagnation, (iii) expanding the number of educational institutions,
(iv) expanding institutional facilities for girls and women, (v) admitting women
students to new and varied academic and professional courses,
(vi) increasing the number of women teachers, (vii) improving the system of
supervision and inspection of schools and colleges and (viii) strengthening the
social support for girls’ education. In spite of all the above mentioned efforts,
various investigations reveal that imbalance still exists in the educational
development of girls all over the world.
1.2 NEED AND SIGNIFICANCE OF THE STUDY

There is a renewed interest in the research in the last two
decades on (i) gender difference in school performance especially in science
and mathematics and (ii) performance of boys and girls in Single-sex and
Coeducational institutions at both pre-college and college level. Sandra
(1990) and the American Association of University Women (AAUW, 1992)
have observed that there is clear evidence that the educational system is not

meeting girls’ needs. Although girls and boys enter school roughly equal in
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measured ability, twelve years later, girls have fallen behind their male
classmates in key areas such as higher level mathematics and measures of
self-esteem. Licht and Dweck (1983) after analysing a number of studies
from 1960 onwards observed that there are striking sex differences in
achievement orientations — (i) girls tend to enter novel situations of intellectual
achievement with lower expectations of success; (i) when success is
achieved, girls are less likely than boys to interpret it- as due to their
intellectual ability; and (iii) girls are more likely to avoid tasks which they have
experienced difficulties earlier. Reanalysing the data of National Assessment
of Educational Progress Survey (USA), 1978 by Kahle and Lakes (1983), it
was reported that the initial interest in science and favourable attitude towards
science gradually declines during adolescence stage and girls increasingly
develop a restricted view of science; especially a negative view of science
classes, and science careers. On the contrary, Greenfield (1997) observes
that girls believe that they are also capable of studying science and becoming
scientists; that they now participate actively in science classes and interact
freely with teachers and gender difference may be due to other social
reasons.

American Association of University Women (1995) considers
that the educational system is not meeting girls’ needs citing gender bias as a
major problem at all levels of schooling. In 1990s, only five per cent of about
three million scientists in the U.S.A are female (Rosser, 1990). While some
people may think this small representation on the part of women in science is
natural or acceptable, others insist that our society can no longer afford to use
only half the potential of its population. A review of literature related to
differences of boys and girls in science performance (Combs & Keeves, 1973;
Pelz, 1990; Brickhouse, 1990; and Bob Moon, 2000) reveal the following: (i) In
the elementary years, similarities between the sexes in maths and science
achievement were found whereas in high school stage, differences in

achievement become significant. Both boys and girls have begun to see
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science as the domain of males. (ii) Female students tend to be less confident
in their science and maths abilities. (iii) Cultural biases have a great impact on
a woman’'s performance in science. (iv) For boys, success in sciences
courses can build self-esteem during puberty, but girls must consider their
feminine image and social support. They are working against culturally
perceived social roles. (v) Even when there are no sex difference in the
performance and abilities, girls tend to feel less adequate in maths and
science and to have less confidence in their abilities than boys. Attitude
towards science are strongly differentiated by the time a student reaches
eleven years of age. One of the efforts suggested and implemented in the
third quarter of twentieth century in the U.S.A., third and fourth quarter of
twentieth century in India and other developing countries is to meet the
imbalance in the educational development of girls had been the opening of
separate schools for girls.
Coeducational Versus Single-sex Schooling

Single-sex education refers to three types of schooling classified
according to the gender composition of the school, classroom and teaching
staff. The present type of single-sex education is where the entire student
body of the school and the teachers are of the same sex. Examples are
traditional Christian Convent school for girls or elite boarding school for boys.
The next type of single-sex configuration includes a mixed-sex teaching staff.
A third type of single-sex education occurs when school buildings are
coeducational but all instruction occurs in gender segregate classes. This
form of instruction is common in many coeducational schools in developing
countries. Provision of single-sex education is of interest for certain justifiable
reasons. Equity in education is of essential concern in a democratic society
where female participation in schooling is low as in many of the
underdeveloped countries. Single-sex education enhances the probability of
female school participation. The second point of concern is the comparative
performance of boys and girls especially in science and mathematics. Many
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educationists and social reformers are of the view that single-sex schools
offer an environment that is more conducive to learning than coeducational
schools, especially for women; they lead to higher achievement and self-
esteem of women, encourage women to pursue traditional male — dominated
careers; provide an academic climate for girls to flourish and alleviate some of
the disadvantages women may suffer in a coeducational setting (Tidball,
1980; Riordan, 1990; & AAUW, 1992). When compared with girls at
coeducational schools, it is reported that all girls’ school students participate
fully in and out of class; develop measurably high levels of self-esteem;
graduate in maths and science fields at 1.5 times the rate of coeducational
institutions, exhibit greater satisfaction than their coeducational counterparts
in almost all measures of experience such as academic, developmental and
personal.

Supporters of coeducation argue that single-sex education is a
barrier to successful adolescent cross-sex socialisation. Single-sex
educational opportunities may be justified in a very limited circumstance only.
AAUW. in 1998 made a comprehensive review of research on single-sex
education and reported that there is no evidence that single-sex education is
better than coeducation. Several studies found that although single-sex
schools seem to have positive effects on girls’ achievement compared with
coeducational schools, once the findings were adjusted for: student socio-
economic status, pre-enrolment ability, selectivity of the school and certain
other variables, the differences diminished or disappeared. Studies are still
going on in western countries to assess the progress towards gender equity,
and seeking answers to questions such as ‘Does single-sex education work?,
Should we abandon single-sex initiatives?, Does coeducation profit females?’
and the like. Lockheed and Lee (1992) observe that most of the studies are
conducted in the United States and other developed western countries. Only

very few studies have examined single-sex education in developing countries.
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Fifth Survey of Educational Research (1988-1992) reported the paucity of
studies on women’s education in India.

In India, the Secondary Education Commission, 1953, National
Committee on Women'’s Education, 1959 and Report of the Committee on the
Status of Women in India, 1974, recommended that coeducation should be
adopted as a genéral policy in primary stage and separate schools may be
provided in places where there is a strong public demand for them, and
enrolment of girls is large enough to justify separate schools. However,
studies on achievement and personality traits of students of single-sex and
coeducational schools give inconsistent results also (Saighal, 1980; Rai,
1984). In Kerala where the literacy rates of males and females are high and
where girls and boys have equal opportunities for schooling, due to various
reasons, single-sex educational institutions are still popular especially in
urban areas.

Considering the above factors, the investigator felt that it is
worthwhile to explore whether variations exist in boys and girls in single-sex
and coeducational institutions of Kerala. Being a student of Chemistry and
Physical Science education; and a teacher of Chemistry, it was decided to
confine the study to science performance and factors contributing to Physical
Science achievement.

For the selection of variables and for chalking out the design of
the investigation, studies related to science education were surveyed. A
careful study of (i) the external influences of the science learner from where
the learner begins learning, (ii) the characteristic attributes of the learner,
(iii) quality of the learning process and the involvement of the learner in the
learning process and (iv) the quality and quantity of learning outcomes was
made. Besides, the research reports of A A.U.W. on single-sex instruction
were also scanned. It was noticed that besides mental abilities, a learner-
centred classroom provide productive environment which in turn promotes

meaningful understanding of school subjects (Fraser, 1986; McKea, 1994;
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Santhakumari, 1999 and Suchitra, 1999). Also, a desire for learning or intent
to learn, that is Achievement Motivation (Simmons, 1968; Jegede, 1994,
Fortier, 1995) generalised and course specific attitudes and other affective
variables such as self-esteem, adjustment and the like are also considered as
determinants of learning and performance. Since only scarce research on the
comparative effects of sex-segregated and coeducational schooling is
reported from developing countries and research findings 6f the AA.UW. in
the U.S.A were reported to be inconclusive and gender inequality in science
performance'is still a debated question, it is felt the necessity of studying
whether classroom learning environment and select affective traits have
differential influence on the performance of girls and boys in single-sex and
coeducational schools.
1.3 STATEMENT OF THE PROBLEM

The study is entitled as “CLASSROOM LEARNING
ENVIRONMENT AND SELECT AFFECTIVE VARIABLES IN RELATION TO
ACHIEVEMENT IN PHYSICAL SCIENCE OF STUDENTS OF SINGLE -
SEX AND COEDUCATIONAL SECONDARY SCHOOLS”.

1.4 DEFINITION OF KEY TERMS

The important terms used in the statement of the problem are
defined below:
1.4.1 Classroom Learning Environment

Classroom Learning Environment for science learning is defined
as the atmosphere and general environment in the classroom that may help
or hinder the learning process. This includes physical and material resources,
emotional tone and attitude of teacher, social attitude of peers, rules and

regulations (Howes & Howes, 1982).
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1.4.2 Affective Variables

The term refers to a class of variables which represent affective
or feeling traits. The term is operationalised by measures of Achievement
Motivation, Self-Esteem and Attitudes.
1.4.3 Achievement in Physical Science

Achievement in Physical Science is defined as the tangible
accomplishment or proficiency of performance in Physics and Chemistry as
measured using a standardised test.
1.4.4 Single — Sex and Coeducational Secondary Schools

The students who are studying in the secondary classes namely
Standard VIll, IX and X are called secondary school students. Based on sex
enrolment, schools are categorised as Single-sex or Coeducational. In the
coeducational school, boys and girls receive education together in the same
classes of the same institution whereas single-sex schools are either all-girls
or all-boys schools.
1.5 VARIABLES OF THE STUDY

The variables included for the present investigation are the
following:
1.5.1 Independent Variables

For the present investigation, Classroom Learning Environment,
Achievement Motivation, Self-Esteem, Afttitude towards Science and Afttitude
towards Academic Work are treated as independent variables.
1.5.2 Criterion Variables

Achievement in Physics, Achievement in Chemistry and
Achievement in Physical Science (total) are treated as criterion variables.
1.6.3 Basal Variables

Sex of the students and Type of schools based on sex
enrolment namely, Coeducational schools and Single-sex schools (all-girls /

all-boys schools) will be treated as basal variables.
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1.6 OBJECTIVES

The main objectives of the present study are the following:

(i)

(ii)

(i)

(iv)

(V)

(vii)

To study the main effect of each of the five select independent
variables on Achievement in Physics of boys and girls of Single — Sex
and Coeducational secondary schools.

To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Physics.

To study the main effect of each of the five select independent
variables on Achievement in Chemistry of boys and girls of Single —
sex and Coeducational secondary schools.

To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Chemistry.

To study the main effect of each of the five select independent
variables on Achievement in Physical Science (total) of boys and girls
of Single — sex and Coeducational secondary schools.

To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Physical Science
(total).

To predict High —; Average —;, and Low-Achievers in Physics using
the variables Sex of the subjects, Type of institutions based on sex

enrolment and five select independent variables.

(vii) To predict High —; Average —; and Low—Achievers in Chemistry using

(ix)

the variables Sex of subjects, Type of institutions based on sex
enrolment and five select independent variables.

To predict High — Average —; and Low — Achievers in Physical
Science using the variables Sex of subjects, Type of institutions

based on sex enrolment and five select independent variables.



10

Introduction

1.7 HYPOTHESES

The following hypotheses are proposed to be tested for the

present study:

(i)

(iv)

(v)

(vi)

(vii)

The main effect of each of the five select independent variables
namely, Classroom Leaming Environment, Achievement Motivation,
Self-Esteem; Attitude towards Science and Aftitude towards
Academic Work and Sex and School type on Achie-vement in Physics
of secondary school students will be significant.

The interaction effect of each of the five independent variables Sex
and School type on Achievement in Physics will be significant.

The main effect of each of the five select independent variables
namely, Classroom Learning Environment; Achievement Motivation;
Self-Esteem; Attitude towards Science and Attitude towards
Academic Work and Sex and School type on Achievement in
Chemistry of secondary school students will be significant.

The interaction effect of each of the five independent variables, Sex
and School type on Achievement in Chemistry will be significant.

The main effect of five select independent variables namely,
Classroom Learning Environment; Achievement Motivation; Self-
Esteem; Attitude towards Science; and Attitude towards Academic
Work and Sex and School type on Achievement in Physical Science
(total) of secondary school students will be significant.

The interaction effect of each of the five independent variables, Sex
and School type on Achievement in Physical Science (total) will be
significant.

High —; Average —; and Low-Achievers in Physics can be significantly
discriminated by means of select set of independent variables
namely, Sex, School type, Classroom Leaming Environment,
Achievement Motivation, Self-Esteem, Attitude towards Science and

Attitude towards Academic Work.
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(viii) High —; Average —; and Low — Achievers in Chemistry can be

(ix)

signiﬁcantly discriminated by means of select set of independent
variables namely, Sex, School type, Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards
Science and Attitude towards Academic Work.

High — Average —; and Low — Achievers in Physical Science can be
significantly discriminated by means of select set of independent
variables namely, Sex, School type, Classroom Leaming
Environment, Achievement Motivation, Self-Esteem, Attitude towards

Science and Attitude towards Academic Work.

1.8 PROCEDURE
1.8.1 Sample

The study was conducted on a sample of 946 students studying

in class IX of secondary schools in Thiruvanthapuram, Malappuram and

Kozhikode districts of Kerala State. The sample of the study was selected

using proportionate stratified sampling technique by giving representation to

sex, locale, school type, instructional efficiency and type of management of

schools.
1.8.2 Tools

The tools used for collecting data regarding the variables are the

following:

)

ii)
i)
iv)
v)

vi)

Scale of Classroom Learning Environment (Usha and Suchitra, 2002)
Scale of Achievement Motivation (Pillai and Salim Kumar, 1994)
Self-Esteem Inventory (Battle, 2000)

Scale of Attitude towards Science (Pillai, K.S., 1980)

Scale of Attitude towards Academic Work (Usha and Suchitra, 2002)
Test of Achievement in Physical Science (Usha and Suchitra, 2002)

1.8.3 Statistical Techniques Used

)

The statistical techniques used for the study are the following:
Three-way ANOVA with 3 x 2 x 2 factorial design
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ii) Scheffé Test of Multiple Comparison

iif) Test of significance of difference between means

iv) Discriminant Function Analysis

The analysis were specifically designed to throw light on the
objective and hypotheses set for the study.

1.9 SCOPE AND LIMITATIONS OF THE STUDY )

There is renewed interest for the research on gender
differences, single-sex education and single gender / mixed gender grouping
in science learning. in developed countries. The present study attempts to
examine whether variation in Classroom Learning Environment and select
affective variables of secondary school boys and girls studying in Single-sex
and Coeducational secondary schools affect variation in Achievement in
Physical Science. An attempt was also made to study the single effect as well
as the combined effect of gender and school type along with the select
variables on achievement separately for Achievement in Physics, Chemistry
and Physical Science.

Owing to practical consideration, the following limitations are
anticipated for the present investigation:

(1) The accessible population of the study was confined to students of
Standard IX.

(2) The selection of variables was confined to only five variables:
Classroom Learning Environment and four affective variables.

(3) Achievement in Physical Science was intended to measure the
instructional objectives of cognitive domain only and only objective
type test items were included in the test.

(4) The methodology used for examining the association of the select
independent variables and Achievement in Physical Science and the
possible gender and school type differences, is three-way Factorial

ANOVA followed by post hoc comparison.
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(5) No attempt was made to study the component dimensions of the

independent variables especially Classroom Learning Environment,

Self-Esteem and Achievement Motivation.

(6) No factor comparison of variables between boys and girls of Single-

sex and Coeducational schools was attempted.

(7) Sample was confined to three representative revenue districts of

Kerala.
1.10 ORGANISATION OF THE REPORT

Chapter I:

The report has been presented in five chapters.

Introduction, deals with rationale behind the problem, its need
and significance, statement of the problem, definition of key
terms, variables, objectives and hypotheses, procedure and

scope and limitations of the study.

Chapter lI: deals with a theoretical overview of the variables and review of

Chapter llI:

Chapter IV:

Chapter V:

related studies.

gives the design of the investigation namely variables,
hypotheses and methodology.

deals with analysis part of the study, conclusions and
interpretations.

Comprises an overview of the study, major findings, tenability of
hypotheses, suggestions for improving educational practices
and suggestions for further research.
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CHAPTER I
REVIEW OF RELATED STUDIES

Review of literature has been mainly conducted to get a
theoretical overview of the variables selected and to know prior research
regarding the association between the select independent variables and
achievement in school subjects particularly of single-séx institution and
coeducational institutions. Studies concerning gender differences were also
surveyed. The reviewed literature has been presented in this chapter by
giving a brief theoretical overview of the select independent variables, namely,
Classroom Learning Environment, Achievement Motivation, Self-Esteem and
Attitudes followed by the reviewed related studies in each section.

2.1.1 Classroom Learning Environment
Introduction

The classroom is the place where students develop their
academic understanding and social relationships. Classroom environment,
classroom climate, emotional climate in the classroom, learning environment,
etc. are different terms used by educational psychologists to describe the
psycho-social and educational characteristics of the classroom. It has been
noticed that research on Classroom Learning Environment has been going on
for more than three decades. Much of the work has emphasised developing
instruments and procedures for assessing classroom environment that have a
high predictive validity with student achievement and affective outcomes. A
few researches used the classroom environment as a criteria for evaluating a
given curriculum.

The previous researches on classroom environment were based
on Lewin's Field Theory and the related literature. It was Lewin (1936) who
recognised first that both the environment and its interaction with the personal
characteristics of the individual are potent determinants of human behaviour.

He proposed the equation B = f (P, E). Later psychologists working on human
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motivation also concentrated on the personal needs and external
environmental — press as determinants of behaviour. Class as a group and
community having distinct psycho-social characteristics with desired goals to
be attained formed the topic of research since nineteen sixties. Early
attempts were confined simply to describe classroom on the baéis of
observations, later with assigning different values to different behaviours such
" as teacher behaviour, teacher-student interactions and peer interactions
[Medley and Mitzel (1963), Flanders (1986)].‘ This trend broadened in
nineteen seventies to examine the relationship between classroom measures
and measures of student outcome. Getzel's and Thelen’s Model (1960) for
the class as social system holds that in school classes, personality needs,
role expectations and classroom climate interact to predict group behaviour
including learning outcomes. As the classroom environment refers to less
tangible aspects of the context of teaching and learning, it is often inferred by
asking students to perceive and rate the psychological and social
characteristics of their classroom group on questionnaire items. These items
are often concerned with the affective and social relations among the class
members such as cohesiveness, co-operation, competitiveness, satisfaction,
etc., the emphasis given to efficient completion of learning tasks (goal
structure, reward structure, task orientation, etc.) and the implicit and explicit
systems of rules, discipline and organisation of class.

Fraser and Walberg (1981) indicated that at least three
strategies have been utlised for assessing classroom environments:
(i) naturalistic enquiry and case studies; (ii) analysis of interactions that takes
place in classroom; and (iii) determining student and teacher perceptions of
psychological aspects of classrooms. They also listed several advantages for
developing paper and pencil techniques. An additional aspect utilised in the
development of instruments was the formation of perceived and preferred

forms of these instruments.
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There are a number of assumptions on which learning
environment instruments have been developed which helped in different ways
of defining a learning environment. Some of the assumptions as observed by
Bowen (1994) include ideas such as: (i) There is a unique way of conceiving
the learning environment of a classroom. (ii) People have similar beliefs
about teaching and learning that can be found in the learning environment.
(iii) Teachers control the classroom learning environment and (iv) The nature
of knowledge is not an important part of the classroom learning environment.
Definitions

Many definitions of classroom environment and classroom
climate were put forward by different psychologists and each definition reflects
the school of psychology that author believes.

Good (1973) defines educational environment as the sum of all
physical, social, emotional and mental factors that contribute to the total
teaching learning situations.

According to Tagoiri (1968), a class environment include its
‘ecology’ (the physical and material aspects), its milieu (the social dimensions
concerned with the presence of persons and / or group and its ‘social system’
(the social dimension concerned with belief, systems, values, cognitive
structure and meaning).

Thelen (1981) described classroom in terms of the ‘way of life in
classroom’. The culture or the climate cannot be directly observed, but has to
be inferred from the functional interactive situations which take place in
classroom between the teacher and the pupils. Classroom climate is
described in terms of three constructs — known as ALP components. These
components are Authenticity (pupils’ involvement); Legitimacy (pupils’
purposefulness or satisfaction) and Productivity (pupils’ goal attainment).

Howes (1982) defined classroom environment as ‘the totality of

external surroundings, including conditions, circumstances and events; in
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education, often considered for the extent to which such surroundings
facilitate or impede learning.

While trying to define learning environment, Bowen (1994) made
an assessment of the assumptions underlying the learning environment
research and formulated five definitions accordingly. Most accepted among
these definitions is the following: “The resulting socially negotiated
collaborative or cooperative construction of interacting alternative perceptions
of curriculum held by different groups in and outside the classroom”.
Measurement of Learning Environment

A number of measuring instruments and techniques by
assessing classroom learning environment were developed by various
authors in Europe, Australia and America. They include self-report of
students, classroom observation schedules and rating scales. Fraser (1998)
summarised the more prominent instruments for assessing the classroom
environment and classified the scales according to Moos's scheme for
classifying human environments. Nine classroom environment scales

classified accordingly is presented below:
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A study by Zhang (2003) attempted to explore modern web-
based learning environment and development of a tool for measurement of
the same. This new theoretical model of transactional distance helped the
investigator in the development of a learning environmental tool with four
dimensions, namely, (i) Transactional Distance between Student and Student
(TDSS), (ii) Transactional Distance between Student and _Teacher (TDST),
(i) Transactional Distance between Student and Content (TDSC) and
(iv) Transactional Distance between Student and Interface — online course
management system (TDSI).

2.1.2 Related Studies

Association between Student Outcomes and Classroom Learning
Environment

The strongest tradition in Classroom Environment research is
the investigation of associations between students’ cognitive as well as
affective learning outcomes and their perceptions of Classroom Learning
Environment — Total and different dimensions.
Positive Relations

Pollack (1987) conducted a study on the effect of classroom
climate in a gifted programme. The themes relevant to the study were
competition, group work, questioning strategies, flexible scheduling and
teacher feedback and evaluation. It was found that both forms (between
groups and competition with oneself) contributed positively to the
development of critical thinking.

Beamon (1990) reported that classroom climate and teacher
questioning strategies considered either singly or in combination, have a
statistically significant positive influence on level of student cognitive
development.

Deng, Bing (1991) identified four classroom climate factors
‘academic orientation, ‘satisfaction’, ‘class-tension’ and ‘cohesiveness’; the

first two factors having positive association with Mathematics achievement.
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Laly (1991) studied the relationship between classroom learning
environment and mathematics achievement on a sample of 600 standard 1X
students and found that there exists a significant correlation between learning
environment and achievement in Mathematics.

McRobbie and Fraser (1993) studied the association between
student outcome and psychosocial science environment. Science Laboratory
Environment Inventory was used and it was found that ;the nature of the
classroom environment accounted for appreciable proportion of variance in
both cognitive and affective outcomes in chemistry beyond those attributable
to general ability.

Henderson et al. (1995) investigated association between
biology students’ perception of the classroom and the laboratory learning
environment and its association with biology outcomes. Questionnaire on
Teacher Interaction (Q.T.I) and Science Laboratory Environment Inventory
(SLEI) were the tools used. It was reported that certain aspects of the
learning environment are associated with students’ achievement outcomes.
These include the integration of practical and theory work, the degree of
open-endedness, the teacher’s leadership behaviour, and the level of student
responsibility and freedom.

Santhakumari (1996) conceptualised and tested two path
models using classroom climate, approaches to studying and physics
achievement. It was found that total effect, direct effect and indirect effect of
‘'social factors’ and ‘educational factors’ on achievement in physics, total and
comprehension category and synthesis category can be predicted using
classroom climate.

Brookhart (1997) studied the effects of the classroom
assessment environment on mathematics and science achievement of
secondary school students. Data were obtained from the 1987-1991
longitudinal study of American youth. Significant effects of homework and

assessment format were found for science achievement.
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Suchitra (1999) studied the causal relationships of classroom
climate, learning style and achievement in physical science of secondary
school students. The first model conceptualised the causal linking of
classroom climate with achievement in physical science indirectly through
environmental style area and emotional style area. The second model
conceptualised the link of two component dimensions of classroom climate,
namely physical factor and social factor with achievement in physical science
through learning style. Both models were tested by path analysis and found
fitting.

The influence of self-concept and learning environment on
achievement in physics of higher secondary school students was studied by
Lathika (1999). It was reported that the relationship between learning
environment and achievement in physics are significant for the total sample
and the sub samples (Boys / Girls, Urban / Rural, Government / Private). It
was also found that significant sex difference and rural-urban difference exist
in the mean learning environment scores.

No Relation / Negative Relation

Some studies were also located with no association between
environment and student outcome.

In a study by Padhi (1991) using an Individualised Classroom
Environment Questionnaire on a sample of 636 standard IX students, it was
found that the correlation between classroom environment and academic
achievement is not significant.

Simi (1995) in a study reported that there exist no significant
relationship between chemistry classroom climate and scientific attitude for
the total sample, boys, girls, rural and urban sample.

Ann (2000) studied the association of classroom environment
and academic performance of final grade students of two community colleges.

Spearman rho computed between the scores of classroom environment scale
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of successful and unsuccessful students reveal that no correlation exists
between classroom environment and academic success.

The purpose of the study by Patterson (2001) was to determine
whether relationship existed between students’ perception of classroom
climate and their select track — university or technical study. Moos’
Classroom Environment Scale was administered to 151 students in
Tennessee. The study found that perceptions of classroom climate were not
significantly influenced by curriculum path either university or technical.

Dethlefs (2002) investigated the relationship of constructivist
learning environment and student attitudes and achievement in high school
mathematics and science. It was reported that no specific dimensions of
constructivist learning environment were consistently related to student
achievement. = However, certain dimensions of constructivist learning
environment emerged as significant predictors of student attitude.

Difference between Comparable groups on their Perceptions of
Classroom Learning Environment

Classroom Learning Environment instruments were used to
investigate differences between comparable groups of students in their
perceptions of Classroom Environment.

Trickett et al. (1982) compared the psychosocial environment by
comparing groups and classes in 15 schools in the U.S.A using Classroom
Environment Scale. Sample consists of 465 students from both single-sex
and coeducation schools. Single-sex and co-ed schools were matched within
region according to size, sample again matched for content area, subject and
boarders — day scholars. Differences between the perception of girls in
single-sex and co-ed classes was explored. It was found that in comparison
with coeducational independent classrooms, girls perceived single-sex
independent classrooms as having greater task orientation, order and
organisation, rule clarity, teacher control, involvement, affiliation and

competition.  Thus, differences between single-sex and coeducational
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classrooms tended to be greater in the authority structure in the classroom
and qualitative aspects of student — student relationships.

In a study by Pandya (1991) on classroom climate in school
under different types of management using a stratified random sample
consisting of secondary schools of Bombay, it was found that (i) dimensions
of classroom climate of students coming from aided, unaided and central
schools do not differ significantly from each other and (ii) students coming
from municipal schools differed significantly on the classroom climate score
and its dimensions from those coming from other type of schools.

Beenakumari (1993) compared the classroom climate of
secondary schools of different types in Kerala. Significant difference in
climate were found between (a) coeducational schools and single-sex
schools, (b) boys and girls schools, (c) government schools are not
significantly different from private schools in ‘classroom climate' in social and
educational factors. Urban — rural difference is found only in educational
factor and not physical and social factors.

Martin (1996) in her study examined the teacher’s role in
creating a gender-sensitive environment in an all girls physics class and the
effects of that environment on girls’ achievement, self-concept, and career
choices. Findings indicate that teacher's recognition of the girls’ need, fuffil
the expectations of the girls and the teacher, and create the environment
necessary for continued growth and learning.

American Association of University Women (1998) summarised
the research findings of four studies in Learning Environment.

Jeffrey Weld considered that gender bias is evident especially in
the presentation of science and maths course work. Girls are not called upon
to answer questions as much as boys. Boys tend to dominate classroom
discussion.  Separate-sex and maths classes do not ameliorate this
imbalance. An instructional bias exists in science and maths classes that

permit gender bias. Further, the role models utilised in science and maths
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and depicted in textbooks as well as class speaks and even teachers
themselves tend to be masculine. Anne Chapman compiled research from
hundreds of studies and asserted that both boys and girls benefit from
working collaboratively as opposed to when working alone. Kimura and
Bailey asserted that as research has found some differences in the way men
and women solve problems, less emphasis may be on competitive speed,
more emphasis may be given for co-operative group work and focus on
practical, real-life application of mathematics and science may be increased.
Alice Keeting reported that coeducational schools encourage a more realistic
competition for life roles because the sexes must compete with each other for
them.

Wagner (2002) in a study investigated gender differences in
students’ mathematics achievement and perception of classroom
achievement in single-sex mathematics classroom in one coeducational
school. Several significant gender effects were found in students’ perceptions
of the classroom environment.

A study by Chaerul (2002) among senior secondary students in
Indonesia found that male students experience a more positive classroom
environment than female students. Also, it was reported that regardless of
their gender and grade level differences, students expected a more positive
classroom climate during learning physics.

Chen, Chang and Chang (2002) while reviewing the studies
from 1997 to 2000 regarding students’ perceptions of Classroom Climate and
Learning in science of students of different gender summarised the findings
as (i) Male students are favoured while females are discouraged in science
lessons. (i) Female students prefer participation in contrast with male
students, who prefer competition and individualisation. (ii) Gender is a
significant variable in students’ perception of Classroom Climate. (iv) Female
students tended to score higher on their perceptions of Classroom Climate as

well as teacher's knowledge and pedagogy. (v) Among the ten researchers,
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one investigator found that male students tended to report higher score and
interact with teachers much more frequently, than female students.

Chen, Chang and Chang studied whether gender difference
exists in the perception of Classroom Climate before and after introducing a
teacher developed interdisciplinary curriculum module in Taiwan. They found
that gender difference exist in the perceptions of Classroom Climate. Male
students scored higher in the subscales ‘Teacher Support, ‘Student
Involvement’, ‘Investigation’, ‘Equality’, and ‘Task Orientation’ than females
and female students scored higher in ‘Student Cohesiveness’ and ‘Co-

operation.



27

Review of Related Literature

A Summary of the Studies on Classroom Learning Environment
. Association between Student Outcomes and Classroom Learning

Environment

SI.No. Author Variables Result

Positive Relationship

Classroom Learning
Environment and the
dimensions and critical
thinking

1. Pollack (1987) Positive relationship

Classroom Climate and

Cognitive development Positive influence

2. Beamon (1990)

Classroom Climate and its
3. Deng (1991) factors and Mathematics Positive association
Achievement

Classroom Learning
4. Laly (1991) Environment and Positive relationship
Mathematics Achievement

. Psycho-social Science
5. McRobbie & Fraser Environment and Student do

(1993) Outcome

Henderson et al. Classroom aqd Laboratory
6. Learning Environment and do

(1995) :
Biology Outcome

. Classroom Climate,
(S‘Iagngtg?kuman Approaches to Studying and do
Physics Achievement

Classroom Assessment

Environment and
8. Brookhart (1997) Mathematics and Science do

Achievement

Classroom Climate, Learning
9. Suchitra (1999) Style and Achievement in do
Physical Science

Learning Environment, Self-
10. Lathika (1999) Concept and Achievement in do
Physics :

No relationship

Individualised Classroom
11. Padhi (1991) Environment and Academic No relationship
Achievement

Classroom Climate and do

12| Simi (1995) Scientific Attitude
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Si.No. Author Variables Result
13. | Ann (2000) 222?;;‘?2";’2’;:‘::;‘::? and No relationship
14. | Paterson (2001) g'ljarsr‘fgjz"r:' gg;r;]ate and do
Constructivist Learning ;)rzl¥ei:{teac;r:od|men3|ons
15 | Dethlefs (2002) Environment, Student achievement. No

Attitude and Mathematics
and Science Achievement

specific dimension
consistently related.

Il. Differences in Comparable Groups in Classroom Learning Environment

Sl.No. Author Variables Result
. Classroom Learning Gender difference and
16. '(l;réc8l<ze)tt and others Environment — Boys / Girls, School type difference
Single-sex / Co-ed School exist
No difference exists —
Classroom Climate - Management wise
7. Pandya (1991) Different types of schools schoals.
yp Rural / Urban difference
exists.
18 Beenakumari Classroom Climate — Difference exist in
' (1993) Different types of schools gender and school type
Classroom Environment in
19. Martin (1996) all girls class and Physics do
Achievement
AAUW . .
20 S v .(1298) Classroom Learning Gender difference exists
' ummaries tour Environment and gender bias
studies
Classroom Environment and | Gender affects
21. Wagner (2002) Mathematics Achievement Classroom Environment
Gender difference exist
22. Chaerul (2002) Classroom Environment in perception of
Classroom Environment
Chen, Chang and
23 Chang (2002) Classroom Climate and Significant gender

Summarise ten
studies

Learning Science

difference exists.
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2.2.1 Achievement Motivation
Introduction

Theory and research pertaining to achievement motivation has
gained much importance in the last five decades. Motivation may be defined
as a combination of forces which initiate, direct and sustain behaviour towards
a goal. Thus, motivation not only instigates behaviour but also energises and
reinforces the ongoing behaviour. Achievement Motivation also referred to as
the need for achievement is an important human social motive. The desires
to succeed and to excel are called achievement needs. Where and how
achievement needs are learned are complex, intriguing and important
questions.  Achievement Motivation can be understood simply as the
tendency to strive for success or the attainment of a desire goal. This
definition has many implications: (i) achievement motivation involves an
inclination on the part of the individual. Usually, this includes a consideration
of the individual's personality and how that personality influences a
motivational state given the presence of certain environmental factors.
(i) achievement usually involves a task-oriented behaviour that can be
evaluated. (iii) the task-orientation involves some standard of excellence that
may be either internally (by the person) or externally (by others) imposed.
Achievement Motivation therefore is a powerful determinant of aspiration,
effort and persistence when an individual expects that his performance will be
evaluated in relation to some standard of excellence. It therefore refers to the
behaviour of an individual who strives to accomplish something to do his best.
Theories of Achievement Motivation

McClelland (1961) pioneered research on achievement
motivation starting from achievement need of the popular hierarchy of needs
put forward by Murray (1938). Largely influenced by Freud's psycho-
analytical theory of personality, Murray considered these needs to be primarily
unconscious. Since these needs are largely unconscious, he developed a

projective technique (Thematic Apperception Test) to measure the needs
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directly. McClelland and Atkinson (1981) have adopted the TAT technique to
measure the need to achieve. The early work done by these psychologists
were later on refined to suggest and formulate a theory on achievement
motivation. The theory proposed by Atkinson is known as Expectancy — Value
theory which specifies that the strength of achievement motive (or, as it is
alternatively labelled, the tendency to achieve) actually aroused in any
achievement-oriented situation is determined by the sum of two tendencies
with opposite signs: A tendency to approach success (Ts) and a tendency to
avoid failure '(TAF). The strength of each of these opposing tendencies is
determined by three components.

1. The motive to approach success (Ms) or the motive to avoid failure

(Mar)
2. The expectancy (probability) that an achievement-oriented act will
result in success (Ps) or the probability that it will result in failure (PF).
3. The incentive value of success (Is) or the incentive value of failure (l).
Several modifications were subsequently offered by Atkinson, et
al. They concentrated more on intrinsic motivation. Spence and Helmreich
suggested that intrinsic achievement motivation may be something more
complex than simply striving towards excellence for its own sake.
Achievement motivation is conceptualised in terms of three dimensions
namely, work orientation, mastery and competitiveness. To measure each of
these dimensions, Helmreich and Spence developed a self-reporting
instrument called the Work and Family Orientation Questionnaire (WOFO).
Another related theory which helped to understand motivation is

Attribution theory. Since 1960, many studies have contributed to
understanding why some are highly motivated to achieve and others are not.
According to attribution theory (Weiner, 1980), a high achiever will:
(i) Approach rather than avoid tasks related to succeeding because success
builds pride and confidence. (ii) Persist when the work gets hard rather than

giving up because failure is assumed to be caused by a lack of effort.
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(iif) Select challenges of moderate difficulty (50% success rate) because the
feedback from those tasks tell you more about how well you are doing and
(iv) Work with a lot of energy because the results are believed to be
determined by how hard you try. On the contrary, unmotivated person will
(i) Avoid success related chores because he / she tends to doubt his / her
ability. (i) Quit when having difficulty because he / she believes failure is
caused by a lack of ability. (iii) Choose easy or very hardr tasks to work on
because the results will tell him / her very little about how poorly he / she is
doing. (iv) Work with little drive or enthusiasm because the outcome isn't
thought to be related to effort.

According to socio-cognitive approach of understanding
motivation, two basic types of students were identified (Dweck, et al.,1986).
The ‘learning-oriented’ students are those who want to learn and gain
competence and consider intelligence as changeable according to the
difficulty level of the tasks. The ‘image-oriented’ students are those who want
to look smart and / or avoid looking dumb and consider intelligence as
permanently fixed.

In summary, how motivated human being depends on the
following: (i) the strength of fairly consistent motives or needs within us (ii) our
expectation of what outcomes certain actions will produce, and (iii) how badly
at this time we want a certain payoff over all the other wants we have and
over the risks we face.

Sex Differences in Achievement Orientations; Educational Attainment
and Behaviour

Consistent sex differences were reported when Dweck and Licht
(1983) explored achievement related beliefs and behaviours among children.
Many earlier investigators have reported girls tend to underestimate their
chances for success. In contrast, the expectations of boys are inclined to be
overestimated.  Girls’ expectations are also likely to deteriorate when

encountering difficulty or heightened evaluative pressure. Boys are more
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likely than girls to choose difficult tasks and girls are more likely to avoid these
situations that hold a threat of failure. Dweck also suggests that parents and
teachers tend to provide different types of criticism to boys and girls. Girls are
more often criticised for their work and capacity and tend to attribute failure to
themselves. Boys are more often criticised for their behaviour and situational
factors and tend to attribute failure to external situations. ~Many aspects of
women'’s life have changed in post-industrial twentieth century societies. Now
it appears that the structure of men’s and women’s achievement motives are
more similar than they are different. Spence (1983) suggests that when sex
differences do emerge, women tend to score slightly higher than men in work
orientation, while men seem to be slightly higher in mastery and considerably

higher in competitiveness.
2.2.2 Related Studies

Association between Student Outcomes and Achievement Motivation
Positive Relation

Academic achievement in relation to Achievement Motivation
was explored in many studies. Some the representative studies are given in
the following text:

Zargar (1980) Ghosh (1983) and Sween (1984) reported that
there exists positive correlation between academic motivation and
achievement.  Gandhi (1985) reported that achievement motivation is
significantly and positively related to academic achievement of high school
boys and girls. But no sex difference was noticed in achievement motivation.
Ramasamy (1988) studied correlates of achievement using a stratified sample
of class X students of Madurai district of Tamil Nadu. It was reported that
academic achievement is positively related to achievement motivation among
high — achieving and low — achieving boys and girls and significant difference
exists between high and low achievers in achievement motivation.

Devanesan (1999) reported that there is significant and positive relationship
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between achievement motivation and scholastic achievement of higher
secondary mathematics students and science students in Tamil Nadu.

Valsala (1997) found that more than 63 percentage of variance
of process outcomes in physics can be attributed to achievement motivation.
Relationship between achievement motivation and component dimension of
process outcome in physics namely, ‘Formulating Hypothesis’ is significantly
different for boys and girls.

Baldwin (2001) reported that mastering goal score is a
significant positive predictor of examination performance, self — regulation and
time environment management, components of achievement motivation.

Swapna (2001) found that significant relationship beyond 0.01
level exists between achievement motivation and achievement in chemistry of
higher secondary school students. And also achievement motivation
significantly discriminates the extreme groups — High — achievers and Low —
achievers in chemistry.

A qualitative study by Ahamed (2002) examined the dynamic
relationship between students’ academic motivation and psycho-social
development and their perceptions of their relationship with teachers. It is
reported that the development of positive relationship with teachers seem to
promote academic motivation although some of the girls in the study
suggested vulnerability in their positive relationship with teachers.

Lau (2003) used analytic approach to investigate holistic
patterns of cognitive, motivation and affective correlates of science
achievement using a sample of 491 X and Xl| grade high school students.
Results of hierarchical regression analysis showed that motivational
processes enhance the predictive validity for science test scores and that
motivational processes are the strongest predictors of students’ commitment
to science in the form of choices of science related college courses and

careers.
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Nelson (2003) investigated the relationship among academic
related characteristics of peers, social support provided by peers,
achievement motivation and achievement in adolescence. Self-report surveys
were administered to 255 adolescents in their class. One of the results was
that the achievement related behaviours of peers and the social support
provided by peers were related to adolescents’ achievement motivation during
science class.

The purpose of a comparative / correlational study by Ray
(2003) was to examine the role of aptitude and achievement in college
students’ perceptions of self-regulated learning, motivational beliefs and grade
expectations. The results indicated that higher achieving students have
higher scores on both self-regulated learning and motivational variables and
more accurately predicted their final course grades.

No Relation / Negative Relation

Though many studies in the developed and developing countries
reported positive association between academic achievement and
achievement motivation, a few studies have been located where achievement
motivation has no significant association with achievement. These studies
are reported below.

Veeraraghavan (1989) investigated school achievement as
related to type of schools, students’ achievement motivation and teacher
effectiveness. Two important findings are that students’ achievement
motivation has no relationship with school achievement and that government
schools show lowest achievement.

Salimkumar (1994) reported that the main effect of achievement
motivation on achievement in biology was found to be significant only for the
knowledge category and not for higher objectives or achievement in biology

(total score).
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A study by Suja (1996) reported that the relationship between
science achievement and achievement motivation is not significant for the
total sample and boys.

The effects of motivational conditions on the mathematics
performance of students on the National Assessment of Educational Progress
in Atlanta were investigated by Barker (2003). The results indicated that goal
orientation (motivational condition), gender and metacognition did not
significantly affect student performance.

Meera (1999) reported that achievement motivation is not
related to achievement in English of secondary school students either in the
total sample or in the sub samples.

Differences between Comparable Groups in Achievement Motivation

Spence and Helmreich (1980) reported academic achievement
motivation of scientists from the studies of Clark (1967); Cole and Cole (1973)
and Garfield (1977). The analysis was based on scientific citation index. The
results showed that (i) highest citations are being found in the scientists who
were high in work mastery and low in competitiveness; (ii) contrary to the
implications of the early data from the TAT measure of achievement
motivation, analysis of data from WOFO Scale (Work and Family Orientation
Questionnaire) suggest that the structure of achievement motivation is similar
for both sexes. However, women tending to score higher on work and men
higher on mastery and competitiveness.

Canon and Simpson (1985) studied the relationship among
Attitude, Motivation and Achievement of Ability grouped, seventh grade life
science students. Major findings are: (i) Achievement motivation declines
from the beginning to the end of the school year; (ii) Females were more
motivated than males in corresponding ability groups; (i) All groups
regardless of ability group (basic, general and advanced) and gender, began

the school year more motivated to achieve in life science than at the end;
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(iv) Advanced ability grouped females are the most highly motivated of all
students during the entire year.

Simpson and Oliver (1985) investigated achievement motivation
profiles of male and female science students on a sample of 4000 students
grades six through ten. Important findings are: (i) Motivation to achieve in
science dropped significantly across each grade with the exception of the only
slight drop from grade eight to nine; (ii) Significant difference in the mean
scores on achievement and motivation of female and male were found. The
mean scores when compared within each grade indicated that female
students were significantly higher motivated to achieve in science than males.

Gawande (1988) attempted to analyse the relationship between
achievement motivation and scholastic achievement. Major findings are:
(i) boys were more achievement motivated than girls and (ii) the correlation
coefficient between achievement motivation and scholastic achievement of
urban students was at a higher level than of rural students.

A study conducted by Harikrishnan (1992) examined the
relationship between academic achievement and achievement motivation. It
was found that girls obtained a higher mean achievement than boys and
achievement was not related to achievement motivation.

Study of Rani (1992) on a sample of 500 boys and girls yielded
the following results: (i) sex difference exists in achievement motivation, girls
scoring higher than boys and that (ii) both boys and girls showed significant
positive relationship between academic achievement and achievement
motivation.

The relationship between the inputs and outputs of the
secondary schools in Dominica was investigated by Polydore (2001) and
found that significant difference exists between males and females in means

of their achievement motivation.
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A Summary of the Studies on Achievement Motivation

I. Association between Student Outcomes and Achievement Motivation

SI.No. Author

Variables

Result

Positive Relationship

1. Zargar (1980)

Academic Motivation and
Academic Achievement

Positive relationship

Achievement Motivation and

2. Ghosh (1983) Academic Achievement do

3. Sween (1984) do do

4. Gandhi (1985) do do

5. Ramasami (1988) do do
Achievement Motivation and

6. Devanesan (1930) Scholastic Achievement do

7 Valsala (1997) Achievement Motivation and do

Process Outcomes in Physics

8. | Baldwin (2001)

Achievement Motivation and
examination performance

Certain dimensions

of achievement
motivation are significant
predictors of examination
performance

9. Swapna (2001)

Achievement Motivation and
Chemistry Achievement

Positive relationship

Academic Motivation &

10 Ahamed (2002) Psychosocial development do
1. Lau 2003) Mo_tivational process and do
Science Achievement
Achievement Motivation and
12. Neison (2003) Academic Achievement do
13 Ray (2003) Attitude, Motivation and do

Achievement

No relationship

Veeraraghavan

141 (1989)

Academic Motivation,
Achievement and Teacher
Effectiveness

No relationship

15. Salimkumar (1994)

Achievement Motivation and
Achievement in Biology

No relationship for
higher objectives and
total score

16. Suja (1996)

Achievement Motivation and
Science Achievement

No relationship for total
sample and boys




38

Review of Related Literature

SI.No. Author

Variables

Result

17. Barker (2003)

Goal Orientation,
Mathematics Performance
and Metacognition

No significant effect

18. Meera (1999)

Achievement Motivation and
Achievement in English

No relationship

[l. Differences in Comparable Groups in Achievement Motivation

SI.No. “Author Variables Result
Gender difference in
19 Spence & Achievement Motivation, components of
' Helmreich (1980) gender, intellectual ability Achievement
Motivation
20 Simpson & Oliver Achievement Motivation, Gender difference

(1985)

gender

exists in favour of girls

21. Harikrishnan (1992)

Achievement Motivation and
Academic Achievement

Gender difference in
favour of girls

22. Rani (1992)

Achievement Motivation and
gender

Gender difference
exists in favour of girls

23. Polydore (2001)

Achievement Motivation and
Academic Achievement —
gender

No significant gender
difference exists.

2.3.1 Self — Esteem

Introduction

Self-Esteem is a term with which almost everyone is familiar, but

need not necessarily be easily understood.

It was James (1981) who gave

the first definition of self-esteem which states that self-esteem equals success
divided by pretensions. That is, feelings of self-worth come from the
successes an individual achieves tempered by what the person had expected
to achieve. According to Mead (1934), the ‘self is something which is not
initially there at birth but arises in the process of social development. As
children grew up, they become increasingly aware of themselves and of the

ways in which other people think of them.
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Three terms referring to the ‘self can be distinguished: self-
concept, self-image and self-esteem. The self-concept is broader in meaning
than self-esteem, but the term overlaps considerably‘ with each other. Self-
concept is a global idea of all the things that define who and what a person is.
James drew a distinction between two aspects of the self-concept: the ‘I’ or
the self as the subject of experience, and the ‘Me’ or self as the object of
experience. Young children as they grew begin to develop a sense of being
separate from other people. Self-concept refers to the sum total of the
attributes, abilities, attitudes and values that an individual believes define who
he or she is. It includes what people come to know about themselves through
experience, reflection and feedback from others. Self-concept therefore is an
organised cognitive structure which combines self-esteem and self-image.
Self-image is the part of self-concept concerned with the knowledge an
individual has about himself or herself. Self-esteem, on the other hand, is the
evaluative aspect of the self-concept. It concerns how worthwhile and
confident an individual feels about himself or herself including the degree to
which he or she possesses self-respect and self-acceptance.

According to Maslow (1965), all people have a need or desire
for a stable, firmly based sense of self-regard or self-respect, and they need
the esteem from themselves and from others. Maslow classified two
categories of esteem needs. The first set of esteem needs includes the
desire for strength, for achievement, for adequacy, for mastery, for
competence, for self-confidence and for a degree of independence and
freedom. A second category of esteem needs involves the desire for prestige,
status, recognition, attention, dignity and appreciation.

Theories of Self-Esteem

The antecedents of self-esteem have been identified and the
development of self-esteem was theorised by many psychologists. Early
psychologists such as Freud, Jung, Adler, James and others realised that an

important part of what makes individual think and act the way they do is
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determined by the early experiences that create their sense of self and self-
esteem. Self-concept and self-esteem play a big role in their interpretation of
how and why people perceive and interpret the same event very differently.

Theory of self-concept was elaborated by Rogers (1960),
focussing attention upon the perceptual aspects of self-concept and the
evaluative elements of self-esteem. Roger (1971) proposed a distinction
between the self — as — actually perceived (self-concept); and self — as —
ideally desired (ideal self). The discrepancy between the real self, i.e., self-
concept and ideal self represents an index of personal psychological
adjustment.

Horney reported by Bandura (1980) contended that children who
did not receive adequate parental love, acceptance and approval tend to
develop a pattern of insatiable needs. She postulated that persons who
developed low levels of self-esteem would have inordinate need for approval
and affection.

Harter (1982, 87) put forward a cognitive theoretical approach to
the development of self-esteem. He considered that seif-esteem is
increasingly influenced by the opinion of others and children’s assessment of
their self-competence. Children in the age group 4 — 7 years, self-esteem is
assessed in terms of cognitive and physical competence in addition to peer
and material acceptance. Self-esteem of children of 8-12 years is assessed
in terms of cognitive competence, social competence, physical competence
and general self-worth.

Attribution theory recognises the impact of success and failure
which have on self-esteem. When a person succeeds or fails, there are three
levels of attributions that can be made for explaining the occurrence.
Individual must first decide if the event occurred because of something
internal or something in the external environment. Second, it must be decided
whether the event occurred because of a stable factor (since it happened this

time, it will happen again) or a temporary circumstance. Thirdly, it must be
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decided whether the event occurred because of something specific or
something global. Self-esteem is created through the blending of expectation
for success, actual levels of success and the kinds of attributions made for
why success or failure occurred.

Coopersmith (1981) found that a person’s self-esteem is
affected more by relationships with parents (or parent substitutes) and with
how these significant persons treated the child during his or her developing
years. Religion, ethnic group, social class and traumatic experiences in
childhood were relatively weakly related to one’s self-esteem. Coopersmith
further suggested that high self-esteem requires two things: setting high goais
and do something so that there is some success in reaching these goals.
Children who like themselves had parents who set high standards, showed
respect for the child and showed love; not necessarily overtly.

Deci and Ryan (as referred by Eysenk, 2000) speak of
contingent self-esteem as distinguished from true self-esteem. Contingent
self-esteem is a conditional self-esteem which is associated with an external
orientation such as seeking money, fame and attractiveness. On the other
hand, true self-esteem involves a more secure, solid sense of self and self-
acceptance. Example: true self-esteem and pride comes when you study for
joy, not for just grades; when you do your job to help others, not just getting
paid. Also, self-esteem grows in proportion to one's goodness.

Definitions

Self-esteem is an extremely popular construct within
psychology, and has been related to virtually every other psychological
concept or domain, including personality (e.g. shyness), behavioural (e.g. task
performance), cognitive (e.g. attributional bias), and clinical concepts (e.g.
anxiety and depression).

Rosenberg (1965) described Self-Esteem as a favourable or

unfavourable attitude toward the self.
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Webster's New College Dictionary (1995) defines Self-Esteem
as “an attitude of acceptance, approval and respect towards oneself,
manifested by personal recognition of ones abilities and achievements and an
acknowledgement and acceptance of ones limitations”.

Self-esteem is a multidimensional concept, as it exists in
degrees. Thus, an individual might have high self-esteem in interpersonal
relationship, yet lack esteem with regard to mastery of academics. Some of
the basic elements of self-esteem are the following:

Trust — which is based on how we are received into the world.
Self — nurture which is learned as to how to be caretakers of oneself.
Autonomy — which comes from mastery, we work through necessary
dependencies
Identity — which grows with age. We begin to know who we are and who
we are becoming.
Intimacy — develops from identify and need for connection.

Building self-esteem is considered by many psychologists and
educators to be so vital to good mental health, physical health and education.
Self-esteem is primarily a learned response and therefore with appropriate
education, it can be positively modified. Some of the models of teaching put
forward by Joyce and Weil (1997) directly address the students’ need for self-
esteem and self-understanding and for the support and respect of other
students. Conceptual systems theory developed by Hunt and associates
(1970) describes human behaviour in terms of increasingly complex system
for processing information about people, things and events. For optimal
growth in the complexity of four levels of conceptual structure or the
information processing system (low — ; moderate — ; moderately high — ; and
high), the student needs to be exposed to an environment matched to the
characteristics of his or her world. The non-directive teaching model of
Rogers (1971) focuses on the development of the self and personal

awareness of the students.
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Among the most popular and well-utilised measures of self-
esteem are the Rosenberg Self-Esteem Scale (1965) and Coopersmith Self-
Esteem Inventory (1967 /1981) and Culture Free Self-Esteem Inventory
(Battle, 2000).

2.3.2 Related Studies

Association between self-Esteem / Self-Concept on Academic Achievement

Studies showing significant association are described in the
following text:
Positive Relation

Regarding the association of self-concept / self-esteem and
academic achievement, ERIC (2000) summarised the studies of the following
researches. Scheirer and Krant (1979), Wylie (1979) and Thomas and
Patterson (1985), Covinglon (1989) had reported that there is considerable
evidence that academic achievements are influenced by self-concept. Holly
(1987) compiled a summary of several studies and indicated that most of the
studies supported the idea that self-esteem is more likely the result rather
than the cause of academic achievement. However, it was acknowledged
that a certain level of self-esteem is required for a student to achieve
academic success and that self-esteem and achievement go hand in hand.
Walz and Bleuer (1992) suggested that the factors which are important to
school success such as positive feelings about self, inhibiting absenteeism
and school retention are affected by successful school self-esteem
programmes. Kohn (1994) said that the current self-esteem building
programmes are not working effectively.

Mohan (1988) investigated scholastic achievement as related to
self-esteem and other select psychological variables on a sample of 300
students of graduate and postgraduate colleges of Jhansi. One of the major
findings was that a relationship exists between scholastic achievement and
self-esteem. While investigating factors that are responsible for the scholastic

performance of class X students, Ramasamy (1988) found that academic
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achievement was positively related to self-concept and that significant
difference exists between high and low — achievers in self-concept. Jain
(1990) tried to find out the relationship between self-concept and academic
goals of adolescents girls. It was reported that girls having high self-concept
tended to select high academic goals which were positively associated with
academic achievement. 7

The study by Padhi (1991) found that the correlation between
academic self-concept and academic achievement in different school subjects
are significant.

Burwani (1991) studied the relationship between real / ideal self-
concept, academic achievement and mental health. Results of the study
revealed that (i) academic achievement was positively associated with
perceived intellectual competence and (ii) discrepancies between the real and
ideal self-concept affect the academic achievement of science students.

Jacob (1998) while investigating the relationship between select
variables with achievement in chemistry of vocational higher secondary
school students found that self-concept has a marked and positive
relationship with achievement in chemistry — in the total sample and relevant
sub samples; and that self-concept is the variable which has the highest
contribution to achievement in chemistry.

Reyna and Stella (2000) explored the mathematics — specific
self-esteem in Hispanic students. The investigators could identify specific
positive indicators of maths-specific self-esteem. It was also reported that
better mathematics skills of high school students resulted in higher
mathematical self-concept.

Negative Relation / No Relation

Rangappa (1992) investigated the relationship between self-
concept, reading ability and achievement in mathematics on a sample of 1000
standard VII students of Bangalore district. Major findings were (i) there was

no significant difference in the achievement in mathematics of students having
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different levels of self-concept; (ii) there was a significant interaction of self-
concept and reading ability on achievement in mathematics.

Dixit (1989) investigated the effect of self-concept on
educational achievement of undergraduate students and found that self-
concept was not related to educational achievement.

Minikumari (2000) reported that there is no significant
relationship between self-concept and achievement in mathematics of
secondary school pupils.

Gender Difference in Self-Esteem

Differences in the self-esteem of boys and girls in the
educational context and developmental context was of research interest by
psycho-educationists. A few studies in this line were also surveyed.

Sills (1985) observed that girls’ self-esteem and their
development as leaders are strongly influenced by the way boys perceive
them or the way the girls think boys perceive them, and this greatly affects
their performance in the classroom. Many times girls hide their intelligence
and abilities because they think this is the way to be socially accepted and
popular with boys. At an all-girls school, however, these temptations to be
ignorant are diminished because girls are in the classroom only with female
peers.

Self-esteem studies on the effect of school type on girls’ esteem
suggest that the sources of self-esteem for girls may differ in single-sex and
coeducational schools. Multidimensional measures of self-esteem consisting
of subcategories (athletic, academic and social esteem) have been used for
the studies. Cairns (1990) investigated self-esteem and locus of control (an
individual's sense of how environment hinders or facilitates his or her goals)
for students in secondary school in Northern Ireland. A multidimensional
measure of self-esteem was used and it was concluded that single-sex
schools are associated with the benefits of self-esteem. But higher esteem

may be confined to cognitive self-concept.
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Srivastava (1990) compared deprived and non-deprived boys
and girls in terms of their value patterns and self-esteem. Boys and girls were
found to differ in self-esteem but sex and self-esteem while interacting among
themselves did not affect their value patterns.

Rani (1992) in her study to compare scholastic achievement of
advantaged and disadvantaged students found that these two groups differ
significantly in self-esteem and that advantaged girls have higher scores on
self-esteem.

Joseph (1993) revealed that girls at the single-sex schools were
less critical of their own behaviour conduct than girls in the mixed school. The
lack of criticism may be a best predictor of global self-worth of girls in the all-
girls school. In the coeducational school, physical appearance was the single
best predictor of degree of global self-worth.

Smith (1996) in a ten year study of students’ self-concept and
achievement on one all-boys and one all-girls high school in Australia found
that the self-concept of both girls and boys declined initially when they made a
transition to coeducation school. But after five years, self-concept increases
to a level that which was measured when those students were in single-sex
classes.

Chu-Yu-Wei (2000) investigated the relationship between
specific self-concept and global self-esteem among adolescents in Taiwan. A
muitidimensional self-description questionnaire was used for the study.
Sample consisted of both boys and girls in four senior high schools. Results
indicate that gender and age difference exist in domain specific self-concept
but no gender or grade difference were found in negative global esteem or
total global esteem.

The role of family and peer involvement and their influence
along with self-esteem as predictors of delinquency in adolescents was
studied by Coldwell (2000). Important results were: (i) Adolescents’ level of

family involvement is positively associated with their level of esteem;
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(i) Adolescents’ level of self-esteem is negatively correlated with severity of

delinquency and (i) No gender difference was noticed in the above

association.

A Summary of Studies on Self-Esteem

" |. Association between Student Outcomes and Self-Esteem

SI.No.

Author

Variables

Result

Positive Relationship

1.

ERIC summarises
studies 1979-1994

Self-Esteem and Academic
Achievement

Positive relationship

Self-Esteem and Scholastic

2. Mohan (1988) Achievement do
3. | Ramasamy (1988) | oo onoePtand Academic do
4 Jain (1990) 2i|;-lgoncept and Academic do
5 [Pasnigiosn | peademc S Conceptand o
o, | Buraniissn) | e s Ser-Concept anc oo
7 Jacob (1998) ii:i-gloer:r?:m ;nghemistry do
o | Reynaandstela | £ oS e ates. "

(2000)

Skill Achievement

No relationship

Self-Concept and

No difference in
achievement of

S Rangappa (1992) Achievement in Mathematics | differing self-concept
group

10. | Dixit (1989) ek Cancept and Educational No relationship

11. | Minikumari (2000) | Self-Concept and do

Achievement in mathematics
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Il. Differences in Comparable Groups in Self-Esteem

Si.No. Author Variables Result
. Self-Esteem, Gender, School | Gender difference
12. Sills (1985) type exists
Difference for girls in
13. Cairns (1990) ?;il,zf;teseg;,bt?fused Single-sex and Co-ed.
: P Schools
Si.No. Author Variables Result
14 Srivastava (1990) Ssg;:f/:ifoenm’ gender, Sex difference exist
. Advantaged girls have
15. | Rani (1992) ii:ifvset?nee?t Scholastic high self-esteem than
disadvantaged girls
Gender and School
16. Joseph (1993) tSeI;—Esteem, gender, School type difference in
yp global Self-Esteem
Gender and School
17. | Smith (1996) tse';‘cmcept' gender, School |\ interact on Self-
P Esteem
Ch - Yu - Wei 3 No gender or grade
18. (2000) Self-Esteem, gender difference exist
19. Coldwell (2000) Self-Esteem, delinquency, No gender difference

gender

exists.

2.4.1 Concept of Attitude

Introduction

The concept of attitude is very complex.

This term has

encompassed a variety of psychological and behavioural dispositions. People

can have an ‘expectant attitude’ (like an examinee waiting in the examination

hall for the distribution of question paper), a ‘disgruntled attitude’ (as when

students’ request for postponement of date of examination is denied), a

‘cooperative attitude’ (as when students are engaged in co-operative

léarning), or an ‘authoritarian attitude’ (in relation to out-groups and

interpersonal relations).
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Attitude has been the subject of investigation by social-
psychologists for decades because it has been invoked to explain social
behaviour. In the words of Eysenk and Arends (1972) attitude refers to a
learned predisposition to react consistently in a given manner (either
positively or negatively) to certain persons, objects or concepts. As a general
rule, positive attitudes are expected to produce favourable behaviours
towards the attitude object, while negative attitudes are expected to produce
unfavourable behaviours. Another prominent feature of an attitude is its
evaluative character, thus it can range from very favourable to very
unfavourable on an evaluative continuum. Attitude being an acquired
disposition, can be distinguished as of various types because of the role that
play different areas of life such as attitude towards religion, schools, school
authority or towards any psychological objects. Attitudes also differ in terms
of their specificity or generality.

Definitions

Aliport (1935) developed attitude as a mental or neural state of
readiness organised through experiences upon the individuals’ response to all
objects and situations with which it is related.

Edwards (1969) defines an attitude as the degree of positive or
negative effect associated with some psychologists object.

Nunnally (1978) views attitude as one type of sentiments. He
expresses that interests, values and attitudes are the three overlapping and
widely investigated types of sentiments. Attitudes are concerned with feelings
about particular social objects. Attitudes always concern a particular object or
‘target’ whereas interest and values concern numerous activities.

Approaches to the development of attitude theory focus on the
processes through which attitudes develop and affect our lives. Attitude being
a hypothetical construct is not directly observable: its existence must be
inferred.  Atftitude theorists therefore assume that attitudes are acquired

through experience and they exert a direct influence on overt responses.
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Attitude researchers emphasis more on studying the antecedents of attitude

rather than the consequences.

(i)

(i)

(iif)

Three broad categories of theory can be identified.

The postural response theory: This is the theory of neuro-muscular
set, characterised by the behaviouristic approach. This theory
implies an organic state of readiness accompanied by neuro-
muscular adjustments which in turn develops acts of the inter-
stimulation of the individuals. An attitude from this standpoint
includes not only the stimulus and response but even more so, the
preparation for response set up in the neuro-muscular system.
Accordingly, an attitude may be defined as preparation for action in
certain direction.

The theory of mental act. This is based on the ‘conscious act’
theory of behaviour. The conscious act differs from mechanical act
as in neuro-muscular theory of behaviourism in that it makes
difference to the individuals experiencing it. A conscious act is
perspective or intentional. In this sense, an attitude is an indicator of
a future act.

The general theories: These theories include the elements ‘set’
(neural and mental), ‘directionality’ (approach avoidance tendencies
stressed by previous theories) and adding to it, the cognitive and
affective elements that give attitudes a greater extent of organisation.

Despite several points of contention are there among the

definitions and theories, several common elements are noticeable in the views

about the attitudes by different authors. They can be summarised as follows:

Attitude is a learned disposition.

It is a hypothetical construct: an implicit response not directly open to
observation but inferred from verbal expression.

It is anticipatory and mediating with reference to patterns of overt

responses.
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(iv) It is evolved by a variety of stimulus patterns as a result of previous
learning.

(v) Attitude is a cue and ‘drive producing'.

(vi) It is significant in the society as it describes, evaluates, directs and
advocates actions.

A fourth category of attitude theory takes the position that
attitudes are non-existent.  Other theorists argue that attitudes are
unobservable. This category of theorists believe them to be social fictions.
They should not be given a scientific status of a hypothetical construct.
Structure of Attitude

Attitude may consist of three components:

(a) Cognitive components described by a person’s categorisation, and the
relationship between these categories.

(b) Affective component described by the way a person evaluates the
objects which are included in a particular category.

(c) Behavioural component which reflects the behaviour intentions of the
person towards the objects included in a particular category.

Crawley and Kohalla (1994) while reviewing the status of
models and methods of attitude research in science education observed the
dissatisfaction with the two psychological perspectives namely, behaviourism
and phenomenology regarding the theoretical construct of attitude research in
science. Increased understanding resulted from renewed recognition that
attitude is an unobservable, hypothetical construct that must be inferred from
measurable responses to the attitude object. Verbal responses (usually
classified as ‘attitude’) and overt actions (termed ‘behaviour’) are both
observable expressions of an underlying disposition. Recent research to
understand the causal link between attitude and behaviour attempted to
explain the effects of persuasion, and plan intervention studies designed to

promote the development of desirable attitudes and behaviour. Two social
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psychological models in this line of research proposed by Fishbein and Ajzen

(1975) are the following.

(a)

Theory of reasoned action. This theory presents a conceptual
framework for linking behaviour to specific antecedent variables such as
personal beliefs, attitudes, social support and intentions. Persons form
anticipations about the likelihood of specific, personal consequences
associated with engaging in a behaviour (behavioural beliefs, b;), weight
each belief by an evaluative reaction toward the specific consequence
(outcome evaluations, e;), and combine each value-action association to
form a generalised, personal judgement. This personal judgement is the
belief-based antecedent of an individual's attitude toward engaging in a
specific behaviour (AB). The theory is summarised in the equation

Ao = Z; b e; where Ao is the attitude towards some object, O;

bi is the belief about O, that is, the subjective probability that O is related to

attribute ‘I’; and ‘e’ is the evaluation of the attribute ‘i’.

(b)

Theory of planned behaviour. This theory proposed by Ajzen (1985) is
an extension of the theory of reasoned action to account for the
performance of behaviours that are not completely under the subject's
control. It adds a third construct to the model namely ‘perceived
behavioural control’, which has a direct impact on the formation of
behaviour intention.

Framework for studying attitude towards the subjects of science

is given by the model suggested by Haladyna and Shaughnessy as foliows:
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The Schooling Process

Endogenous
Exogenous
Y=F(A, B, C)
Y = Attitude towards subject matter of science
A = Learning environment variables
B = Teacher variables
C = Student variables

Measurement of Attitudes
Popular instruments for measuring attitudes are: (i) Thurstone's
Equal Appearing Interval Scale; (ii) Likert's Summated Rating Scale; and

(iii) Osgood’s Semantic Differential Scale.
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2.4.2 Attitude Related Studies

In academic field, attitudes are of both theoretical and practical
importance. It is believed that healthy attitudes help an individual to surpass
the limits circumscribed by cognitive abilities. Unhealthy attitudes may be
hurdle or a debilitating factor for academic achievement. It prohibits an
individual to make the best use of his potentialities and drags him to poor
performance in academic realm.

‘Attitude towards Science’ and ‘Attitude towards Academic Work’
are the two attitudinal variables selected for the present study. Attitude
towards academic subjects and achievement of students have been studied
by many investigators. Attitude towards science refers to different aspects of
science such as utility of science, intellectual value of science, internalisation,
universalism, rationality of science, individualism of science and a belief in
progress and meliorism.

2.4.2.1 Studies Related To Attitude towards Science

Association between Attitude towards Science and Science
Achievement

Relationship between attitude towards science and science
outcomes were surveyed. It was noticed that in many studies, the differential
effect of gender, grade and general ability along with attitude towards science
on achievement, either singly or in combination were reported. Hence, no
separate categorisation was attempted.

The studies surveyed are reported below.

Pillai (1981) reported that there exists only a low correlation
between achievement in biology and attitude towards science of high school
pupils. But no significant sex difference in mean attitude score exists either in
total sample or groups equated for intelligence.

Haladyna and Shaughnessy (1982) made a meta-analysis of 49
studies on attitude towards science. The essence of the research findings

revealed that (i) The relation of attitude to achievement has been consistently
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of a low order of relationship. (i) There are small differences in attitude for
boys and girls. While boys were found to like science more than girls like
science, the difference is consistently small from study to study and from
grade to grade.

The study by Cannon and Simpson (1985) regarding the
relationship of attitude and achievement in life science of students of three
different ability groups (basic, general and advanced) reported the following
findings: (i) Attitude towards science at the beginning of the year was more
positive that at the end of the year across both gender and ability group.
(i) Males had more positive attitudes than females, regardless of ability group
in the beginning, but the difference is not statistically significant at the end of
the school year.

In another extensive study on attitude towards science by
Simpson and Oliver (1985), the following significant findings were reported:
(i) Attitude towards science of adolescent students in the population (N =
3582) steadily declined from grade six to grade eight. The collective attitude
towards science of these students was near neutral. (ii) Attitude towards
science of all students declined sharply from the beginning to the middle of
the year within each grade. (iii) Males exhibited significantly more positive
attitude toward science than females. This was true for within each grade.

Sundararajan and Rajasekar (1988) reported that the attitude of
higher secondary students towards the study of physics and their
achievement in physics are positively related.

Darchingpui (1989) in a study examined the interrelationship of
science achievement, attitude towards science and problem solving ability.
The study indicated that significant relationship exists between science
attitude scores and achievement in science scores.

A study by Kar (1990) to assess the relationship between

attitude and achievement in general science found that there was positive
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relationship between attitude towards science and achievement and that boys
were found to be more favourably disposed towards science than girls.

Rao (1990) attempted to compare scientific attitude and
achievement in biology at secondary level. It was found that sex has no
influence on scientific attitude and there is a significant and positive
association between scientific attitude and biology achievement.

Debaz (1994) revealed his study on metanalysis of the
relationship of student characteristics, achievement and attitude towards
science that positive relationship were found between attitude towards
science and achievement.

Valsala (1997) reported that process outcome in physics of
university entrants is significantly related to attitude towards science and the
relationship is positive for boys, girls and total sample.

A study by Jacob (1998) revealed that relationship between
achievement in chemistry and scientific attitude of vocational higher
secondary students are highly significant and positive for the total sample and
sub samples.

Shyja (2001) reported that there exists a positive and significant
relationship between scientific attitude and achievement in chemistry of higher
secondary students.

Differences between Comparable Groups in Attitude towards Science

Sharma (1990) reported that science students in the sample
have favourable attitude towards science and there is significant effect of type
of school and sex on attitude towards science.

Simon and Oliver (1990) made a summary of major influences
of attitude toward science and achievement in science. Major findings were
as follows: (i) The combined relationship of attitude towards science, science
anxiety and science self-concept on achievement were significant. (i) When

gender differences were studied, males possessed significantly more positive
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attitudes towards science and achieved higher in science. But females were
significantly more motivated to achieve in science.

Malaviya (1991) reported that the mean scores of scientific
attitude test of boys and girls did not differ significantly in the high group and
low group but the scores of boys and girls differ significantly in the average
group.

Sam (1992) in a study found that the scientific attitude scores of
the boys and girls of the average group differ significantly but do not differ in
the high group and low group.

A meta-analysis covering the literature of gender differences in
student attitude towards science (between 1970 and 1991) was conducted by
Weinburgh (1995). Major conclusions are the following: (i) Boys have
consistently shown a more positive attitude towards science than girls. (ii) The
correlation between attitude towards science and achievement in science are
comparable for boys and girls. For both boys and girls, there is a strong
positive relationship between attitude towards science and achievement in
science, the relationship is stronger for girls.

Chaerule (2002) investigated the differences on students’
attitude towards physics during physics classes. The study found that male
students do show more positive attitude towards physics than their female
counterparts. Also, it was found that female students do not like physics

because it is hard, monotonous and boring.
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A Summary of Studies on Attitude towards Science

. Association between Student Outcomes and Attitude towards

Science

Sl.No.

Author

Variables

Result

Positive Relationship

Attitude towards Science &

P-ositive but low

1 Pillai (1981) Achievement in Biology relation
Haldyna and
2 (S;r'éasuzg;hnessy Attitpde towards Science, Posi?ive but low
Meta analysis of 49 Achievement, gender, grade | relation
studies
Positive but low
3 Canon & Simpson | Attitude towards Science and | relation. Interaction of
‘ (1985) Achievement in Science gender and grade
significant
. . . : Attitude towards
4 (S1|9mess)on & Oliver A(tetrl;cggf towards Science, Science decline within
9 each grade
Sundararajan & Attitude towards Physics and - . .
S | Rajasekar (1988) | Achievement in Physics Positive refationship
Attitude towards Science,
6. Darchingpui (1989) | Science Achievement and Positive relationship
Problem solving ability
7 Kar (1990) Attltgde towards Science & do
Achievement
Scientific Attitude and
i Rao (1990) Achievement in Biology do
Attitude towards Science,
9. Debaz (1994) Achievement, student do
characteristics
Attitude towards Science,
10. Valsala (1997) Process Outcomes in Physics do
Scientific attitude,
" Jacab (1998) Achievement in Chemistry do
12 Shyja (2001) Scientific Attitude, do

Achievement in Chemistry
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Il. Differences in Comparable Groups in Attitude towards Science

SI.No. Author Variables Result

Sex and School type
Attitude towards Science, Sex | have significant effects

13. | Sharma (1990} and School type on Attitude towards

Science

Attitude towards Science,
Achievement in Science, No gender difference
gender

Simpson & Oliver

141 (1990

Gender difference
exists in average

group. No difference in
high and low group.

15. Malaviya (1991) Scientific Attitude, gender

16. Sam (1992) Scientific attitude do

Gender difference in
Attitude towards

Weinburgh (1995) Science and no gender
17 Summarises Attitude towards Science, difference in
’ studies from 1970 | gender relationship between
to 1991 Attitude towards
Science and

achievement

Gender difference

18. Chaerule (2002) Attitude towards Physics ;
exists.

2.4.2.2 Studies Related to Attitude towards Academic Work/

Education

Association between attitude towards academic work and
achievement in school subject were surveyed. Studies showing positive
relationship between academic achievement and attitude towards academic
work are given below:

Abraham (1973) reported that the (i) Mean scores of attitude
towards academic work of normal achievers are significantly greater than the
mean scores of under — achievers of the unselected sample and equated
groups. (i) Mean scores of over — achievers are significantly greater than

normal — achievers for the unselected sample and equated groups.
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Nair (1984) conducted a study using a sample of 1200 Standard
IX secondary school students of Ernakulam revenue district and reported that
attitude towards academic work differ significantly between over — ; normal - ;
and under — achievers.

In a study conducted by Baby (1987) the association of
variables attitude towards education and achievement in Malayalam was
found to be significant for all the three intelligence groups and to all the
subgroups based on sex and locale.

Sreemanunni (1987) studied the relationship of attitude towards
education and achievement in Malayalam of socially advantaged and
disadvantaged secondary school pupils and found significant relation between
attitude towards education and achievement in Malayalam of socially
advantaged and disadvantaged secondary school pupils.

Attitude towards academic work and scientific attitude were
included to study the influence of certain personality variables on process
outcomes in physics of university entrants by Poulose (1988). The sample
was 450 pre-degree students of Kerala University. The results reported is
that both attitude towards academic work and scientific attitude exerted
significant influence on process outcomes in physics.

Raj (1991) carried out a study on some attitude variables
discriminating between over — ; normal — ; and under — achievers in maths at
secondary school level and found that the mean difference of the variable
attitude towards education is significant between over, normal and under
achievers in mathematics.

The study of Lethadeviamma (1995) reported the following
results: (i) The coefficient of correlation between attitude towards academic
work and achievement in Malayalam of Standard IX students are positive and
significant but very low which is true for the total sample and sub samples.
(if) But high and low — achievers in Malayalam significantly differ in their

attitude scores.
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Anitha (1996) reported that relationship between achievement in
science and attitude towards academic work is significant at 0.01 level for the
total sample as well as for four sub samples.

Jayasree (2002) in a study using attitude towards academic
work as one of the independent variables and achievement in Malayalam as
dependent variable found that (i) There is significant relation between attitude
towards academic work and achievement in Malayalam for the total sample
and sub samples. (ii) High — achievers and low — achievers in Malayalam
significantly differ in their mean attitude scores.

Mumthas’s (2001) study using attitude towards academic work
as one of the predictor variables revealed the following: (i) Attitude towards
academic work have significant effect on achievement in mathematics.
Groups of high, average and low achievers in maths differ significantly in the
mean scores of attitude towards academic work. (i) Attitude towards
academic work has significant correlation with achievement in mathematics.

Yesudasi (2002) compared two extreme groups of process
achievers in science in a sample of 1030 students of Standard IX. It was
found that attitude towards academic work, achievement motivation and
scientific attitude discriminates between the contrasted groups namely high
and low achievers in process outcomes in science.

No Relation / Negative Relation

Some studies indicating no significant association between
attitude towards academic work and achievement in school subjects are as
follows:

The study by Lisamma (1967) reported the following: (i) relation
between attitude of pre-degree students towards academic work and their
achievement are not significant. (ii) There is no significant sex difference in
the mean scores of attitude towards academic work. (iii) High — achievers and
low —achievers do not differ significantly in mean attitude towards academic

work score. Similar results were reported by Lalithamma (1967). Two major
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findings are: (i) There is only low correlation between attitude towards
academic work scores and achievement scores of students of high school
stage. (ii) There is no significant difference between boys and girls in means
scores of attitude towards academic work of boys and girls.

Study carried out by Gopinathan (1981) found that attitude
towards academic work has no influence on achievement in Malayalam.

Rahiman (1981) while conducting a study of certain personality
variables which discriminates between high and low achievers in secondary
school social studies reported that attitude towards academic work has no
significant role in social studies achievement.

A comparative study of the relation of some psychological
variables with academic achievement of institutionalised, juvenile delinquents
and normal children conducted by Nambiar (1990) found that there is no
significant relation between attitude towards education and academic
achievement in the case of both juvenile delinquents and normal children.

Leving (1993) studied about the parental behaviour supporting
school work and students’ attitude towards school work. It was found that for
both Chinese and Americans, school attainment value and school
achievement predicted attitude towards school work but not perception of

parental behaviours supporting school work.
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A Summary of Studies on Attitude towards Academic Work

. Association between Student Outcomes and Attitude towards

Academic Work

SI.No. Author

Variables

Result

Positive Relationship

1. Abraham (1973)

Attitude towards Academic
Work and Achievement in
English

Positive relationship

Attitude towards Academic

2. Nair (1984) Work and Academic do
Achievement
Attitude towards Academic
3. Baby (1987) Work do
4 Sreemanunni Attitude towards Education and do
' (1987) Achievement in Malayalam
Attitude towards Work and
> Poulose (1988) Process Outcomes in Physics do
6. Raj (1991) Attitude towards Education and do

Mathematics Achievement

Lethadeviamma
(1995)

Attitude towards Academic
Work and Achievement in
Malayalam

Very low relationship

8. | Anitha (1996)

Attitude towards Science,
Attitude towards Academic
Work and Achievement in
Science

Positive

9. Jayasree (2002)

Attitude towards Academic
Work and Achievement in
Malayalam

do

10. Mumtas (2001)

Attitude towards Academic
Work and Achievement in
Mathematics

do

11. Yesudasi (2002)

Attitude towards Academic
Work and Process Outcomes in
Science

Discriminates high
and low achievers in
Process Outcomes

No Relationship

12. Lisamma (1967)

Attitude towards Academic
Work and Academic
Achievement

No significant relation
relationship
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SIL.No. Author Variables Result
Attitude towards Academic No significant
13. Lalithamma (1967) | Work and Academic relationship / No sex
Achievement difference
Attitude towards Academic
14, Gopinathan (1981) | Work and Achievement in No relationship
Malayalam
Attitude towards Academic )
15. Rahiman (1981) Work and Achievement in No relationship
Social Studies
, Attitude towards Education,
16. Nambiar (1990) Academic Achievement, do
delinquency
Attitude towards School Work,
17. Leving (1993) Parental behaviour and School do
Attainment
CONCLUSION

An extensive review of the available studies enabled the

investigator to arrive at the following conclusions:

(i)

(ii)

(iif)

Most of the studies on classroom environment indicate that classroom
environment is associated positively with academic achievement.
However, a few recent studies reveal that classroom environment or
certain dimensions, therefore do not relate consistent with
achievement.

Studies regarding the influence of achievement motivation on
achievement of students mostly suggest a positive relationship though
some studies of no relationship were also noticed.

Inconclusive results were obtained regarding the influence of self-
esteem / self-concept on academic achievement; some studies show

positive relationship and a few others indicate no relationship.

(iv) Aimost all the studies indicate a positive relationship (but low) of

(v)

attitude towards science / scientific attitude on academic achievement.
Attitude towards academic work / towards school is seen positively

associated with achievement in various school subjects in most of the
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studies surveyed; a few exceptions of no relationship were also
located.

(vi) Regarding differences between comparable groups in the select
variables of the study, it is noticed that the results are inconclusive
especially in the studies of gender differences. Consistent gender
differences and gender bias were reported mostly in the studies of
classroom learning environment. *

(vii) The survey of studies show that gender equality in education and
assessment of single-sex schooling and coeducational schooling were
not investigated adequately in underdeveloped and developing
countries. Not many studies were located in India.

The present study is therefore taken to fill the gap.



VARIABLES, HYPOTHESES AND
METHODOLOGY

Suchitra K. “Classroom learning environment and select affective variables in
relation to achievement in physical science of students of single - sex and
coeducational secondary schools  Thesis. Department of Education,

University of Calicut, 2004



Chapter III

VARIABLES, HYPOTHESES AND METHODOLOGY

e Selection of Variables
¢ Objectives and Hypotheses
e Methodology



CHAPTER I

VARIABLES, HYPOTHESES AND METHODOLOGY

This chapter deals with the design of the study which has been

described under the following heads:
3.1 SELECTION OF VARIABLES
3.2 OBJECTIVES AND HYPOTHESES
3.3 METHODOLOGY

3.1 SELECTION OF VARIABLES

The main aim of the investigation was to explore whether
Classroom Learning Environment and select affective traits have differential
influence on the performance of boys and girls in single-sex and
coeducational schools.

A thorough review of studies has been made for collecting the
various factors that cause differences among boys and girls in academic
achievement and to ascertain whether gender inequalities exist in the social
as well as educational context. From among the different variables, the major
variables were identified and classified. They are presented below:

(i) Cognitive Variables

This category includes variables belonging to the cognitive
domain such as intelligence, metacognition, aptitude, cognitive style and the
like.

(ii) Affective Variables

This category includes affective variables like attitudes,
adjustment, achievement motivation, self-concept, interest, anxiety, etc.
(iii) Social — Familial and Other Environmental Variables

This part refers to parental education, profession and income,
parental aspiration, locale, facilities available at home, classroom environment
and the like.
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(iv) Instructional Methods

This group includes the variables like teaching and instructional
methods and techniques, evaluation procedure, instructional effectiveness,
use of audiovisual materials, size of the class, use of reading materials and
co-curricular activities.
(v) Study Habit and Approaches to Studying 7

This category includes the variables like study habits, learning
styles, learning preferences, methods of work, use of reference material, note-
taking behaviour and regularity in studies.
3.1.1 Criteria Used for the Selection of Variables

After identifying the important factors, the investigator made a
careful selection of the variables for the present study considering the
following aspects:

i) Variables should be strongly related to Achievement in Science in
general and Achievement in Physical Science in particular.

i) Studies which reveal existence of group differences manifested by
sex, language, ethnicity, educational environment and socio-
economic group membership.

iii)  Standardised tests for the variables should be available or tests could
be developed within a reasonable time.

iv)  Data for the variables could be collected through group measurement.

v)  Variables for which exploratory studies are not adequate enough to
draw conclusion especially in the Indian context.

Considering the above factors, the following variables were
selected for the study:
(i) Independent Variables

For the present investigation, Classroom Learning Environment,
Self-Esteem, Achievement Motivation, Attitude towards Science, and Attitude

towards Academic Work are treated as independent variables.
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(ii) Criterion Variables

Achievement in Physics, Achievement in Chemistry, and
Achievement in Physical Science (Total) are treated as criterion variables.
(iii) Basal Variables

Sex of the students and Type of schools based on sex
enrolment namely Coeducation schools and Single-sex schools (all-girls, all-
boys schools) are treated as basal variables.
3.2 OBJECTIVES AND HYPOTHESES

A detailed review of related studies and personal experience of
the investigator as a teacher of.Chemistry enabled to select and formulate the
objectives and hypotheses of the present study.
3.2.1 Objectives

() To study the main effect of each of the five select independent
variables on Achievement in Physics of boys and girls of Single — Sex
and Coeducational secondary schools.

(i) To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Physics.

(i) To study the main effect of each of the five select independent
variables on Achievement in Chemistry of boys and girls of Single —
sex and Coeducational secondary schools.

(iv) To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Chemistry.

(v) To study the main effect of each of the five select independent
variables on Achievement in Physical Science (total) of boys and girls
of Single — sex and Coeducational secondary schools.

(vi) To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Physical Science
(total).
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(vii) To predict High —; Average —, and Low-Achievers in Physics using

the variables Sex of the subjects, Type of institutions based on sex

enrolment and five select independent variables.

(viii) To predict High —; Average —; and Low—Achievers in Chemistry using

the variables Sex of subjects, Type of institutions based on sex
enrolment and five select independent variables. _

To predict High —; Average —; and Low — Achievers in Physical
Science using the variables Sex of subjects, Type of institutions

based on sex enrolment and five select independent variables.

3.2.2 Hypotheses

The following hypotheses are proposed to be tested for the

present study:

(i)

(ii)

(iif)

The main effect of each of the five select independent variables
namely, Classroom Learning Environment; Achievement Motivation:
Self-Esteem; Attitude towards Science and Attitude towards
Academic Work and Sex and School type on Achievement in Physics
of secondary school students will be significant.

The interaction effect of each of the five independent variables Sex
and School type on Achievement in Physics will be significant.

The main effect of each of the five select independent variables
namely, Classroom Learning Environment: Achievement Motivation;
Self-Esteem; Attitude towards Science and Atfitude towards
Academic Work and Sex and School type on Achievement in
Chemistry of secondary school students will be significant.

The interaction effect of each of the five independent variables, Sex
and School type on Achievement in Chemistry will be significant.

The main effect of five select independent variables namely,
Classroom Learning Environment; Achievement Motivation: Self-

Esteem; Attitude towards Science; and Attitude towards Academic
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Work and Sex and School type on Achievement in Physical Science
(total) of secondary school students will be significant.

(vi) The interaction effect of each of the five independent variables, Sex
and School type on Achievement in Physical Science (total) will be
significant.

(vii) High —; Average —; and Low-Achievers in Physics can be significantly
discriminated by means of select set of independent variables
namely, Sex, School type, Classroom Learning Environment,
Achievement Motivation, Self-Esteem, Attitude towards Science and
Attitude towards Academic Work.

(vili) High —, Average —; and Low — Achievers in Chemistry can be
significantly discriminated by means of select set of independent
variables namely, Sex, School type, Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards
Science and Attitude towards Academic Work.

(ix) High — Average —; and Low — Achievers in Physical Science can be
significantly discriminated by means of select set of independent
variables namely, Sex, School type, Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards

Science and Attitude towards Academic Work.

3.3 METHODOLOGY
The methodology of the present study has been described

under the following heads:

3.3.1 Sample for the Study

3.3.2 Tools Used for the Study

3.3.3 Data Collection Procedure

3.3.4 Scoring and Consolidation of Data

3.3.5 Procedure of Analysis of Data
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3.3.1 Sample for the Study
The important aspects of the sample selection for the study are
given below:
3.3.1.1 Population of the Study
Students of secondary schools of Kerala are the target
population for the present investigation.
3.3.1.2 Size of the Sample
Regarding the size of the sample Krech and Crutchfield (1968)
pointed out that a sample of 500 would yield reasonably good results which
would keep the error less than five per cent. But in order to get sufficient.
number of cases for the subgroups for the different types of analysis, the
sample size was fixed as 1000.
3.3.1.3 Sampling Technique
Proportionate stratified sampling technique which has been
widely recommended by Indian Social Science researchers was used for the
selection of sample for the present study. This technique is applicable when
the population is composed of subgroups or strata of different size, so that a
representative sample must contain individuals drawn from each category or
stratum in accordance with the size of the group. Stratification helps to avoid
bias and ensures greater representation.
3.3.1.4 Rationale for the Various Strata Considered
The most representative of the secondary school pupils could be
obtained by considering the following aspects:
1)  Sex of pupils
i)  Rural/Urban schools
i) Single sex / Coeducational schools
iv) Instructional efficiency of schools
v) Type of Management (Aided / Government schools).
The above mentioned aspects were considered to ensure

adequate representation for the different strata. The decision regarding the
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proportionate representation for categories was made based on the statistics
published by Director of Public Instruction, Government of Kerala. For

classifying the schools, the estimated ratios (roughly taken) were as follows:

Boys : Girls - 1:1
Rural : Urban - 2:1
Government : Private - 2:3
Single-sex : Coed. schools - 1:2

The schools were classified into three categories based on
instructional efficiency, viz., Above-Average, Average and Below-Average
schools using the consecutive pass percentage in three S.S.L.C.
examinations.  Schools getting pass percentage 60 and above were
considered as Above Average, schools getting pass percentage.in the range
of 30 to 60 as Average schools and those getting pass percentage below 30
were considered as Below Average schools.

Based on the ratios fixed as above, the tentative break-up of the

sample was roughly estimated as shown below:

Boys - 500 Girls - 500
Rural - 600 Urban - 400
Government school - 350 Private Aided school - 650
Single Sex school - 350 Coeducational school - 650

Instructional efficiency
Level A — 250 level B — 500 Level C - 250
(Above average) (Average) (Below Average)

The literacy rate of the State of Kerala is very high and the
number of school going children in different parts of the State are almost
same. Considering these aspects and for the economy of time and effort, for
the collection of data Thiruvananthapuram, Malappuram and Kozhikode
districts were selected for the study. Assuming that the strength of pupils in

standard IX will be approximately between 40 and 50, it was decided to select
[
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two class divisions of standard IX from each school. Therefore, it was

decided to select ten schools for the collection of needed data.
3.3.2 Tools Used for the Study

The selection of appropriate instruments or devices of proved
validity and reliability is the first step in the collection of needed data for an
investigation. Where standardised tests for the educational level in question
were available, they were selected for use in the present investigation. But
where such tests were not readily available, the investigator developed them
herself.

For collecting the needed data to test the nine hypotheses
formulated, the following tools were used:

The variables of the present study and the tools used for
collecting data regarding the variables are listed below:

Independent Variables
i)  Classroom Learning Environment

The Independent variable, Classroom Learning Environment
was measured by using the Scale of Classroom Learning Environment
developed by the investigator.
iij) Achievement Motivation

The Independent variable, Achievement Motivation was
measured by using the Scale of Achievement Motivation developed by Pillai
and Salim Kumar (1994).
iij) Self-Esteem

A Culture Free Self-Esteem Inventory developed by Battle
(2000) was adopted by the investigator to measure Self-Esteem of the
sample.

iv) Attitude towar&s Science

The Independent variable, Aftitude towards Science was
measured by using Scale of Atftitude towards Science developed by Pillai
(1980). The validity and reliability were re-established by Valsala (1997).
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v) Attitude towards Academic Work
The Independent variable, Attitude towards Academic Work was

measured by using Scale of Attitude towards Academic Work developed by
the investigator.
Criterion Variable
The Criterion variables, Achievement in Physiqs, Achievement in
Chemistry and Achievement in Physical Science were measured by using
Test of Achievement in Physical Science developed by the investigator.
A brief description of the various tools used for obtaining the
needed data is presented below:
3.3.2.1 Scale of Classroom Learning Environment
Major steps in the development of the Scale of Classroom
Learning Environment are listed below:
i)  Formulation of conceptual background
i) Development of items
i) - Content validity check by experts
iv) Development of draft instrument
v) Collection of data from students
vi) Analysis of items and subscale
vii) Refinement of the instrument.
Identification of Dimensions and Item Writing
The first two steps of the development of the scale were covered
in this section. An overview of the related literature by Fraser (1986),
Richardson-Kochler (1987), Arends (1989), Bowen (1994) and Orion (1997)
helped the investigator to get a theoretical idea of the concept and
measurement of Classroom Learning Environment.
Students and teachers spend majority of their time in the social
setting of the classroom. In this social setting, students interact with each
other, with the teachers and handle various academic materials. A classroom

group may be thought of as a developing system with its own structure,
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organisation and norms. Research on classroom has uncovered important
relationship between leader and member behaviours and their influence on
- student learning. The processes and structures teacher choose to build in
classroom are very important factors influencing how a class develops and
the norms it establishes for social and productive academic learning.

For identifying the salient dimensions of the scale, productive
learning environment has been conceptualised as Characteriéed by

(i)  An overall climate where the students feel positive about themselves,
their peers, and the classroom as a group;

(i) Structures and processes where students’ needs are satisfied and
where students persist with academic task and work in cooperative
ways with the teachers and other students; and

(iii) A setting where students have acquired the necessary group and
interpersonal skills to accomplish the academic and group demands
of the classroom (Arends, 1989).

From earlier studies on some popular instruments of Classroom
Learning Environment and from a theoretical overview of the construct, three
major factors which affect the learning environment were identified to be
included in the present scale. A brief description of the three factors is given
below
(i) Physical and Material Factor

This factor indicates the surroundings in which the students are
working such as availability of adequate learning resources (books,
equipments, etc.), furniture, space and lighting. Allocation and management
of time and space along with the resources decide the quality of learning
environment.
(i) Educational factor

Classroom task structure, goal structure, reward structure,
student motivation, interest and speed in the Iearnihg task, motivation, routine,

communication skill, etc. form the subcomponents of this factor.
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(iiij) Psycho-social factor

This factor comprises of the extent of group cohesiveness,
democracy, friction, favouritism, group development, self-dependence, rules,
peer influence and organisation.

An initial pool of eighty items were prepared. The third step
warrants content validity check by experts. Hence, the 80 items pooled were
subjected to scrutiny by experts in the field of psychology aﬁd education. The
scale was further pilot tested with 50 secondary school students. The
responses ofl the students enabled the investigator to ascertain further item
appropriateness, language precision and clarity of the items. After editing the
items in the light of expert opinion and the scrutiny of the responses of the
pilot testing, 75 items were selected and were written in the form of
statements on a three-point scale. Both positive and negative statements
were included in the draft scale.

Two illustrative items are presented below:

Positive item : Limitation of classroom space is compensated by adoption of
suitable teaching technique.

Always — Sometimes — Never
Negative item: Students do not get opportunity to raise doubts or express
their ideas in the class.

Always — Sometimes — Never

The item validity of the 75 statements selected was further
ascertained by field testing. For this purpose, the scale was administered to a
representative sample of 100 students of standard IX from two schools
selected at random from Thiruvananthapuram district. Items were analysed
by estimating coefficient of correlation of individual item scores with the total
score using Product Moment Coefficient of Correlation. The item-wise

correlation coefficient found out is presented in Table 3.1.
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TABLE 3.1
Scale of Classroom Learning Environment -
Item-wise Correlation Coefficient
Sl.No. r Sl.No. r Sl.No. r
1. 0.21 26. 0.53 51. 0.13
2. 0.24 27. 0.20 52. 0.53
3. 0.30 28. 0.29 53. 0.35
4. 0.195 29. -0.09* 54. 0.09*
5. 0.20 30. 0.08* 55. 0.31
6. 0.36 31. 0.36 56. 0.20
7. 0.43 32. 0.31 57. 0.27
8. 0.31 33. 0.33 58.. 0.20
9. 0.195 34. 0.31 59. 0.33
10. 0.20 35. 0.41 60. 0.20
11. 0.27 36. 0.48 61. -0.20*
12. 0.20 37. 0.42 62. 0.39
13. 0.27 38. 0.48 63. -0.14*
14, 0.28 39. 0.40 64. 0.56
15. 0.44 40. 0.44 65. 0.35
16. 0.57 41, 0.28 66. 0.34
17. 0.48 42. 0.28 67. 0.41
18. 0.41 43. 0.49 68. 0.44
19. 0.45 44, 0.34 69. 0.59
20. 0.009* 45, 0.18* 70. 0.40
21. 0.20 46. 0.21 71. 0.32
22. 047 . 47. 0.34 72. 0.29
23. -0.10* 48. 0.20 73. 0.23
24. 0.61 49. 0.47 74. 0.49
25. 0.57 50. 0.03* 75. 0.26

Note: * indicates items not included in the final scale
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Sixty six items in the scale were found to be significant beyond
0.05 level. The best sixty six items including both positive and negative items
were selected and the final scale was prepared with instructions to respond.
Of the 66 items, 12 items belong to the Physical and Material factor, 32 items
to the Educational factor and 22 items to the Psycho-Social factor. Response
sheet and scoring scheme were also prepared. Sum of the obtained score for
individual items indicate Classroom Learning Environment< perceived by the
subjects. Thg draft scale, final scale and its approximate English translation
are presented as Appendix | A, | B and | C respectively and response sheet
as | D. The final scale was then subjected to test of validity and reliability.
Validity of the Test

The present test was constructed in such a way that it covered
various factors which influence Classroom Learning Environment. Each item
in the test was prepared in accordance with the different subcomponents of
each factor. The investigator had consulted experts in educational
psychology to make judgements regarding the adequacy of items. Thus,
content validity and construct validity were ensured for the test.

The test was validated using scores obtained on the Scale of
Classroom Climate developed by Pillai and Santhakumari (1996). The
coefficient of correlation ‘r' was found to be 0.69 (N = 50).
Reliability of the Test

Reliability of the Scale of Classroom Learning Environment was
estimated using two techniques, namely, internal consistency and test-retest
method.
(i)  The internal consistency of the test items was calculated using

Cronbach'’s reliability coefficient alpha using the formula
K Var (i)

o = 1-

K-1 Var (x)

Where K No. of items in the test
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Var (i) = Sum of variance of the different item score distribution
Var (x) = Variance of the distribution of test score.
Cronbach’s reliability coefficient alpha estimated for the factors
of Classroom Learning Environment for a representative sample of 40
secondary school students selected at random are presented in Table 3.2.
TABLE 3.2

Cronbach’s Reliability Coefficient Alpha for the Factors of

Classroom Learning Environment

Factor Alpha Coefficient

Classroom Learning Environment — 0.843
Physical and Material factor '
Classroom Learning Environment —

. 0.884
Educational factor
Classroom Learning Environment — 0.851
Psycho-Social factor '

i) Reliability of the test was also estimated by test-retest method. The
reliability coefficient calculated was found to be 0.81, the interval
between test and retest being two weeks for a sample of 40.

The values of validity coefficient and reliability coefficient reveal
that the scale developed is a reasonably dependable tool for measuring
Classroom Learning Environment of secondary schools as perceived by the
pupils.
3.3.2.2 Scale of Achievement Motivation

Achievement Motivation of the students was measured using the
Scale of Achievement Motivation developed by Pillai and Salimkumar (1993).
This multifactorial scale is a self-reporting instrument in Malayalam modelled
after Cassidy-Lynn Achievement Motivation Questionnaire. Fifty items were

grouped under seven factors namely ‘Work ethic’ (8 items), ‘Acquisitiveness’
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(6 items), ‘Dominance’ (10 items), ‘Pursuit of Excellence’ (6 items),
‘Competitiveness’ (6 items), ‘Status aspiration’ (10 items) and ‘Mastery’ (4
items). A brief description of each factor is given below:
(i) Work ethic: It incorporates the desire to study hard and is based on the
reinforcement in the performance itself. As a motivational attribute, it
influences attitudes, values and behaviour.
(ii) Pursuit of Excellence: It is defined as competition With a standard of
excellence. It is the reward obtained by making the best performance in
studies.
(iij) Status aspiration: It incorporates the desire to be a dominant member
or a leader among other students. It is reinforcement in climbing the social
status hierarchy.
(iv) Competitiveness: It is the satisfaction obtained while competing with
others.
(v) Acquisitiveness: This is motivation based on the reinforcing properties
of position or possession attained by the individuals.
(vi) Mastery: It is the satisfaction obtained when succeeding in the study of
different matters.
(viii Dominance: It includes the desire to lead or to take initiative or to
become a dominant member of the group.

Sum of the scores for individual items indicate Achievement
Motivation of the subjects. The respondent has to respond in a three point

scale namely, ‘Yes’, ‘Undecided’, or ‘No’. For positive statements, scores, 2,
1, 0 were given and for negative items the scoring order is reversed, that is, 0,
1, 2. The scale was validated against Kerala Scale of Achievement
Motivation (1975). The validity coefficient was found to be 0.68 (N = 80).
Reliability of the scale was found out by estimating the internal consistency of
test items by estimating Cronbach’s Alpha Coefficient. The obtained Alpha

coefficient for Work ethic, Pursuit of excellence, Status aspiration, Mastery,



81
Methodology

Competitiveness, Acquisitiveness and Dominance are 0.68, 0.84, 0.59, 0.62,
0.64 and 0.67 respectively.

A copy of the Scale of Achievement Motivation is presented as
Appendix Il A and its response sheet as Appendix 1l B.
3.3.2.3 Self-Esteem Inventory

Self-Esteem of the sample was measured using Culture Free
Self-Esteem Inventory CFSE-3 developed by Battle (2000). This Self-esteem
Inventory is a multidimensional self reporting inventory. The concept of self-
esteem is based on the premise that self-esteem is an attitude towards
oneself based on one’s recognition of abilities and limitations. This attitude is
considered to begin as a global, largely positive or negative feeling in early to
middle childhood. During adolescence, self-esteem becomes increasingly
differentiated to include academic, general, parental/lhome, social and
personal self-esteem. Though the earlier theorists like Rosenberg (1965) and
Coopersmith (1967) viewed self-esteem as an overall sense of self-respect,
which is global in nature, the modern theorists use multidimensional models to
describe self-esteem.

The subscales of Culture Free Self-Esteem Inventory are the
following:
(i) Academic Self-Esteem

This subscale measures self-esteem in academic and
intellectual situations. Ten items in the subscale ask about the student's
perception of his or her abilities, attitudes and values as they relate to school,
academic skills and intelligence.

Example: Do you enjoy learning?

(i) General Self-Esteem

General self-esteem measures an individual's overall
perceptions about himself or herself as a person. The individual's perceptions
of self-worth such as his or her emotional states, physical characteristics,

successfulness and self-acceptance are elicited through eleven items.
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Example: Do you feel you are as important as most people?
(iij) Parental / Home Self-Esteem

This subscale consisting of twelve items measures self-esteem
within the family unit. The items ask about the individual's perception of his or
her status at home including abilities, attitudes, interests and values as they
relate to the quality of interactions within the home and family unit.

Example: Do you trust your family? »
(iv) Social Self-Esteem

Social self-esteem measures self-esteem in social situations
and interpersonal relationship with peers. Twelve items included in this
subscale elicit the individual's perception of his or her abilities, attitudes,
interests and values as they relate to the quality of interactions with peers
outside the family unit.

Example: Are you popular with other people of your age?
(v) Personal Self-Esteem

This subscale measures the individual's most intimate

perceptions of anxiety and self-worth.
Example: Are you easily depressed?

The CFSE Inventory-3 consists of 10 items under Academic
subscale; 11 items belong to General subscale; 12 items under Parental /
Home subscale; 14 items under Personal subscale and 12 items under Social
subscale. Besides, 8 items were also included to yield the Defensiveness
score. This is not a measure of self-esteem, but it is lie scale. Both positive
and hegative items are included in the inventory.

In order to adopt this popular Self-Esteem Inventory to Kerala
conditions, the investigator decided to establish the important psychometric
properties of the inventory. A brief description of the procedure of determining
validity and reliability of the inventory is presented below.

The 67 items belonging to five subscales including the 8 items of

the lie scale are translated to Malayalam in consultation with experts. The
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items were presented at random in the inventory. The inventory was printed
with proper instructions to respond. The subjects have to respond to each
items either as ‘Yes’ or ‘No’. To ascertain the item validity, the inventory was
administered to a representative sample of 320 students of standard IX in
Thiruvananthapuram and Kozhikkode districts. The sample consisted of both
boys and girls of single — sex and coeducational schools from rural and urban
area. Scoring procedure is 1 score for checking ‘Yes' response for a positive
item and zero score for ‘No’ response. The scoring scheme is reversed for
negative items. The response sheets of subjects whose Defensive score
reach or exceed four out of eight (which is the cut off score) were not
considered for further analysis. Finally, the scores of 300 subjects were
considered for item analysis. The discriminating power of items were
estimated using the item — total score Pearson Correlation index. Defensive
items (Item No. 5, 10, 18, 23, 29, 36, 48, 62) were not considered for item
analysis. The item-wise correlation coefficient found out was presented in
Table 3.3.
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TABLE 3.3

Self-Esteem Inventory — Item-wise Correlation Coefficient

Item.No. r Item.No. r Item.No. r
1. 0.28 25. 0.35 49, 0.34
2. 0.35 26. 0.34 50. 0.32
3. 0.21 27. 0.38 51. 0.53
4, 0.31 28. 0.46 52. 0.37
6. 0.19 30. 0.36 53. 0.19
7. 0.19 31. 0.38 54. 0.38
8. 0.26 32. 0.16 55. 0.37
9. 0.18 33. 0.23 56. 0.33
11. 0.14 34. 0.31 57. 0.19
12. 0.13 35. 0.45 58. 0.30
13. 0.19 37. 0.39 59. 0.18
14. 0.38 38. 0.30 60. 0.40
15. 0.38 39. 0.21 61. 0.19
16. 0.21 41 0.31 63. 0.49
17. 0.13 42. 0.36 64. 0.34
19. 0.14 43. 0.16 65. 0.22
20. 0.18 44, 0.38 66. 0.17
21. 0.43 45. 0.37 67. 0.36
22. 0.39 46. 0.46
24. 0.39 47. 0.39

The correlation coefficients of all the items were found to be well

beyond the accepted value of significance at 0.05 level. (> .113). The total

score of the five subscales were considered as the Self-Esteem score of the

subjects for the present study.
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The Self-Esteem Inventory was then subjected to test of validity
and reliability.
Validity

Content and construct validity of the inventory were well
established by the author in a series of studies. Criterion related validity of
the inventory was found out by the investigator. Total score of the Self-
Esteem Inventory was correlated with the score of Self-Esteem Inventory
developed by Raj and Thomas (1985) for a sample of 60 students drawn from
two secondafy schools of Thiruvananthapuram district. The validity coefficient
is found to be 0.49.
Reliability

To determine the degree of homogeneity among items within the
inventory, the internal consistency reliability of the test items was calculated
using Cronbach’s alpha coefficient for a sample of 100 secondary school
students and they are presented in Table 3.4.

TABLE 3.4

Coefficient Alpha for Self-Esteem Inventory

Subscale Alpha Coefficient
Academic 0.68
General 0.70
Parental / Home 0.69
Social 0.72
Personal 0.68

Further, test-retest reliability also was estimated by

administering the Self-Esteem Inventory after a gap of three weeks on a
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sample of 60 students of standard IX. The test-retest reliability coefficient (r)
was found to be 0.81.

The obtained validity and reliability indices of the inventory
revealed that the Self-Esteem Inventory is a reasonably valid and reliable
instrument for measuring Self-Esteem of secondary school students of Kerala.
A copy of the Self-Esteem Inventory in English and its approximate
Malayalam translation is presented as Appendix Il A and Il B and response
sheet as Appendix lil C.
3.3.2.4 Scale of Attitude Towards Science

This scale is a Likert type scale developed and standardised by
Pillai (1981). It consists of 40 items indicating different degrees of
favourableness or unfavourableness towards science. The statements
covered different aspects of attitude towards science such as utility of
science, intellectual value of science, internationalism, universalism,
rationality of science, individualism of science and a belief in progress and
meliorism.

A subject has to respond to each statement by choosing any
one of the five alternatives, Strongly Agree (SA), Agree (A), Undecided (U),
Disagree (D) or Strongly Disagree (SD). Scoring procedure for the positive
statement was 5, 4, 3, 2, 1 and for negative statements 1, 2, 3, 4, 5.

Two illustrative items of the scale are given below:

Positive item: Without science, the progress of humanity would have been
slow.
Negative item: Science is beneficial only to the rich.

The validity of the original scale was determined using two
external criteria — school marks and teacher rating. The validity coefficient
reported using teacher. rating as external criteria is 0.53. The validity
coefficient using school marks as external criteria is reported to be 0.49.
Reliability of the test determined by test-retest method was reported to be

0.762. The scale has been used widely by later investigators. The scale of
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Attitude towards Science was revised and the validity and reliability were re-
established (Valsala, 1996). The validity coefficient was found to be 0.57 and
split-half reliability coefficient was reported to be 0.64 for a sample of 30 Pre-
Degree science students selected at random. A copy of the Scale of Attitude
towards Science and response sheet is presented as Appendix IV A and IV B.
3.3.2.5 Scale of Attitude towards Academic Work
Scale of Attitude towards Academic Work was- developed by the

investigator in consultation with her supervising teacher. It was decided to
construct attitude scale of Likert type. For pooling the statements, analysis of
literature related to (i) Attitude Scale Construction (Edward, 1969),
(i) Methodology of teaching school subjects (Anderson and Koutnik, 1972),
(i) Research Reports and Articles on teaching and learning was done.
Besides, informal discussions with select students were also made. This
enabled the investigator to identify the dimensions to be included in the
attitude scale. The dimensions are:

(i) Enjoyment in the classroom learning

(i) Interest in taking up outdoor activities

(i) Balance between academic learning and co-curricular activities

(iv) Avoidance of distraction (satisfaction)

(v) Reactions to procedure of disciplining the class.

. After deciding the dimensions, items were written in the form of
statements. For pooling items, the Scale of Attitude towards Academic Work
by Abraham and Nair (1974) was also reviewed. For developing the scale,
the eight steps suggested by Anderson (1981) for the development of a
satisfactory Likert scale were followed. Statements were written that are
either favourable or unfavourable with respect to the attitude towards
academic work.

While writing the statements, the investigator has tried to
(a) avoid statements that are factual or capable of being interpreted as

factual; (b) avoid statements that refer to the past; (c) avoid statements that
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are likely to be endorsed by almost everyone or by almost none; (d) to keep
the language of the statements simple, clear and direct; (e) avoid statements
containing universals such as ‘all’, ‘always’, ‘none’, ‘never’; (f) not to use
words such as ‘only’, ‘just’, ‘merely’, etc. and (g) to avoid the use of double
negatives.

Twenty students of standard IX and X were called in to examine
the statements and were asked to classify it eithe_r as favourable,
unfavourable or neither. Any statement not classified as favourable or
unfavourable by majority of students (who were considered as judges) was
eliminated.

The investigator pooled fifty statements at first. After consulting
with experts including teacher educators and teachers of higher secondary
school, some items were modified and the number of items were reduced to
forty five. The respondent has to respond to each statement by choosing any
of the three alternatives ‘Agree’, ‘Undecided’, or ‘Disagree’. Extreme
agreement or disagreement was omitted. The scoring procedure is 5, 3, 1 for

a positive statement and 1, 3, 5 for a negative statement.

lllustrative statements
Positive statement

It is better to study as per a pre-fixed schedule
Negative statement

| do my studies in order to avoid punishment

The draft scale consisting of 45 statements with appropriate

directions for responding were prepared. This scale was administered to a
representative sample of 120 students drawn from 2 class divisions of
standard IX. In order to ascertain the item validity, the correlation between
the responses made to each statement and the total score was computed

(N = 100) as suggested by Anderson. Items which are significant beyond
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0.05 level were selected to be included in the final scale. The item wise

correlation coefficient is presented in Table 3.5.
TABLE 3.5

Item Analysis Data of Draft Scale of Attitude towards Academic Work

Item.No. r Item.No. r Item.No. r
1. 0.15 16. 0.42* 31. 0.19*
2. 0.24* 17. 0.47* 32. 0.35*
3. 0.47* 18. 0.51* 33. -0.28
4. 0.31* 19. 0.33* 34. 0.52*
5. 0.41* 20. 0.37* 35. 0.10
6. 0.27* 21. -0.01 36. 0.42*
7. -0.07 22. 0.23* 37. 0.23*
8. 0.18 23. 0.18 38. 0.15
9. 0.47~ 24, 0.35* 39. 0.24*
10. 0.17 25. 0.51* 40. 0.22*
11. 0.47* 26. 0.43* 41. 0.27*
12. 0.09 27. 0.36* 42. 0.23*
13. 0.08 28. 0.17 43. 0.49*
14, 0.06 29. 0.62* 44, 0.19*
15. 0.23* 30. 0.13 45. 0.03

Note: * item selected for final scale

A final scale consisting of 30 items with appropriate direction for

responding and scoring scheme were pFepared. The scale consists of both

positive and negative items. The Attitude Scale in the draft form and final

form together with approximate English translation and response sheet is

presented as Appendix V A, V B, V C and V D. The final scale thus prepared

was tested for validity and reliability.
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Validity of the Attitude Scale

The validity of the Scale of Attitude towards Academic Work was
assessed using teacher ratings as external criterion. For this, a sample of 30
pupils consisting of 20 boys and 10 girls were selected. The science teachers
teaching physics and chemistry were asked to observe the pupils for a period
of one month in order to understand their attitude towards academic work and
then rate them on a five point scale based on their overail attitude towards
academic work (very poor, below average, average, above average and very
good). The éverage scores assigned by two teachers were taken as external
criterion. The scores on the test were correlated with teacher ratings. The
correlation coefficient was found to be 0.48. The validity coefficient suggests
that the scale is a reasonably valid measure of secondary school pupils,
attitude towards academic work.
Reliability of the Attitude Scale

The reliability of the final scale was assessed using test-retest
method. The reliability coefficient was found to be 0.78, the interval between
the first test and the retest being two weeks for a sample of 50.
2.3.2.6 Test of Achievement in Physical Science

The criterion variable, Achievement in Physical Science, was
measured by using a standardised Achievement Test in Physical Science
developed by the investigator in consultation with her supervising teacher.
The procedure for preparing the test was based on scientific procedure
suggested by Ebel (1972). The design adopted for the development of the
test is described below:
Planning the Test

Objective and content of the secondary school syllabus in
physics and chemistry were carefully studied. It was decided that the content
of the achievement test includes the basic concepts of physics and chemistry
which the students study in standard VIIl and IX. It was decided to prepare a

test of about 80 items which include equal number of items from physics and
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chemistry. Only objective type items of multiple choice category were
included in the test.
(a) Weightage to Objectives

The different educational objectives included are Knowledge,
Comprehension and Higher Objectives. Higher objectives include Application,
Analysis, Synthesis and Evaluation. The weightage given to the objectives

are presented below.

. SI.No. Objectives Percentage
1. Knowledge 30
2. Comprehension 45
3. Higher Objectives 25
Total 100

(b) Weightage to Content

A thorough analysis of the prescribed syllabus of physics and
chemistry in standard IX was made to find out basic concepts covered in this
syllabus. An adequate number of items had to be proportionately distributed
over the area of content. The weightage given to different topics are

presented below:
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Sl.No. Topics Percentage
1. Forces 15
2. Motion 10
3. Heat 10
4. Electricity & Magnetism 9
5. Light 4
6. Sound 3
7 Atom;, Molepules .& 29

Chemical arithmetic
8. Periodic table 6
Chemical reactions
9. (physical/chemical 21
change, redox reaction)
Total 100

A two-way gird specifying weightage to objectives and
weightage to content was prepared as a blueprint for the test of Achievement
in Physical Science. The blueprint is given in Table 3.6.
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TABLE 3.6

Blueprint of Test of Achievement in Physical Science

. Objectives
No. Content Knowledge | Comprehension O;}g’:s, res fotal
1. | Forces 2 7 - 3 12
2. | Motion - 7 1 8
3. | Heat | 1 4 3 8
4. | Electricity & Magnetism 6 - 1 7
5. | Light 1 1 1 3
6. | Sound 1 1 2
r |G e |7 7 ¢ |
8. | Chemical Reactions 3 7 7 17
9. | Periodic Table 5 - - 5
Total 25 34 21 80

Note: Each item carries one mark
Item Writing

In order to get enough number of items of proved psychometric
properties in the final test, 110 multiple choice items with four distractors were
pooled initially based on the design of the test. Textbooks, reference books,
question banks and standardised tools developed by the investigator and her
supervising teacher for other purpose were referred for pooling the items.
The items were subjected to scrutiny by experts. Finally, 100 items were
included in the draft test. A pilot study (N = 10) was conducted to note for
ambiguous items and items with improper language style. ltems were further

edited accordingly. Scoring key was also prepared. Thus, the final draft test
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with Part A comprising of physics items and Part B comprising of chemistry
items was prepared with necessary instructions for field testing.

The final draft test administered to a representative sample of
380 students studying in standard IX of selected schools of Thiruvananthapuram
district. All the response sheets were scored (one score for correct answer
and no score for incorrect answer).
Item Analysis

Item analysis was done using the method suggested by Ebel in
1972. After rejecting 10 answer sheets at random, 370 answer sheets were
used for item analysis. The answer sheets were arranged in the descending
order of their total scores. The top 100 (27 per cent) and bottom 100 answer
sheets were separated which form the upper group (U) and lower group (L).
The number of correct responses for each item of the upper and lower group
were recorded separately. The difficulty level and discriminating index were

calculated using the formula

U+L U-L
Di = and Dp = _— respectively
2N N
where U = number of right responses in upper group

L

number of right responses in lower group.

size of the sample.

The details of item analysis are presented in Table 3.7.
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TABLE 3.7
Data and Results of the Iltem Analysis of
Achievement Test in Physical Science
ltem | Difficulty | Discriminating Sell:ai':;d/ item | DU | piscriminating Sell:eirt:dl
No. | Index (Dl) Power (DP) Rejected | No. (D) Power (DP) Rejected

SIR SIR

1. 0.81 0.25 S 26 0.37 0.17 R
2. 0.48 0.35 S 27. 0.56 0.48 S
3. 0.13 0.09 R 28. 0.41 0.23 S
4, 0.61 0.30 S 29. 0.57 0.42 S
5. 0.66 0.34 S 30. 0.58 0.64 S
6. 0.66 0.40 S 31. 0.49 0.27 S
7. 0.28 0.05 R 32. 0.80 0.20 R
8. 0.38 0.43 S 33. 0.76 0.20 R
9. 0.65 0.45 S 34. 0.75 0.29 S
10. 0.59 0.29 S 35. 0.48 0.29 S
11. 0.40 0.16 R 36. 0.47 0.65 S
12. 0.62 0.19 R 37. 0.72 0.35 S
13. 0.62 0.51 S 38. 0.35 0.38 S
14, 0.57 0.26 S 39. 0.72 0.40 S
185. 0.75 0.25 S 40. 0.57 0.35 S
16. 0.58 0.29 S 41. 0.60 0.52 S
17. 0.31 0.20 R 42, 0.49 0.47 S
18. 0.56 0.40 S 43. 0.48 0.41 S
19. 0.50 0.62 S 44, 0.43 0.52 S
20. 0.41 0.23 S 45, 0.34 0.26 S
21. 0.69 0.32 S 46. 0.73 0.40 S
22. 0.49 0.25 S 47. 0.56 0.26 S
23. 0.41 0.11 R 48. 0.81 0.21 R
24. | 0.36 0.38 S 49. | 0.34 0.28 S
25. 0.42 0.42 S 50. 0.39 0.25 S
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Item | Difficulty | Discriminating Item Item | Difficulty | Discriminating Item
No. | Index (DI) Power (DP) Selected / | No. Index Power (DP) Selected /
Rejected (DI) Rejected
S/IR S/IR
51. 0.68 0.43 S 76. 0.50 0.53 S
52. 0.69 0.60 S 77. 0.30 - 0.36
53. 0.74 0.29 S 78. 0.51 0.45 S
54. 0.75 0.19 R 79. 0.39 0.33 S
55. 0.69 0.34 S 80. 0.75 0.25 S
56. 0.62 0.45 S 81. 0.20 0.04 R
57. 0.59 0.34 S 82. 0.61 0.64 S
58. 0.58 0.43 S 83. 0.48 0.29 S
59. 0.81 0.20 R 84. 0.47 0.65 S
60. 0.53 0.43 S 85. 0.43 0.51 S
61. 0.69 0.44 S 86. 0.38 0.32 S
62. 0.48 0.29 S 87. 0.38 0.33 S
63. 0.57 0.71 S 88. 0.36 0.12 R
64. 0.49 0.39 S 89. 0.44 0.47 S
65. 0.22 0.20 R 90. 00.44 0.39 S
66. 0.38 0.17 R 91. 0.34 0.32 S
67. 0.63 0.54 S 92. 0.41 0.40 S
68. 0.60 0.29 S 93. 0.24 0.28 R
69. 0.75 0.233 S 94. 0.42 0.21 S
70. 0.33 0.32 S 95. 0.41 0.21 S
71. 0.33 0.33 S 96. 0.46 0.57 S
72. 0.48 0.35 S 97. 0.79 0.21 R
73. 0.34 0.34 S 98. 0.34 0.32 S
74. 0.60 0.69 S 99. 0.28 0.09 R
75. 0.76 0.19 R 100 0.48 0.27 S
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Items with difficulty level between 0.3 and 0.6 and discriminating
power above 0.3 were readily selected. A few items with discrimination power
around 0.25 and above were also selected to comply with the Blueprint for the
final test. Thus, 40 items in physics and 40 items in chemistry were selected
for inclusion in the final test. The draft test of Achievement in Physical
Science is presented as Appendix VI A, the final test and its approximate
English translation as Appendix VI B and VI C. Response sheet and scoring
key of the same are presented as Appendix VI D ad VI E.

Validity of the Test

Content and construct validity of the test was ensured by
preparing the test following the scientific procedure of construction of an
achievement test. Concurrent validity of the achievement test was estimated
by correlating the scores of the test with average marks obtained in the two
terminal examinations in physics and chemistry using Pearson’s ‘r'. The
validity coefficient was found to be 0.611 (N = 50).

Reliability of the Test

Reliability of the test was found out by split-half method using
odd-even technique. From the reliability of the half test, reliability of the whole
test was estimated using Spearman-Brown formula

1
2rip /2

M1
1+ 2

The reliability coefficient of the half-test was 0.871 and the
whole test was 0.931.

The psychometric properties of the test suggest that the test is
an adequate instrument for measuring the variable Achievement in Physical
Science of students of standard IX.

The decile norms of the Scale of Classroom Learning
Environment, Self-Esteem Inventory, Scale of Attitude towards Academic

Work, Test of Achievement in Physical Sciences (Achievement in Physics,
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Chemistry and Total) were worked out using the scores of the final sample

and are presented in Table 3.8.

TABLE 3.8

Norms for the Scale of Classroom Learning Environment, Self-Esteem

Inventory, Attitude towards Academic Work, Achievement in Physics,

Achievement in Chemistry and Achievement in Physical Science (Total)

Attitude ;
P til C:assr_oom Self- towards Achievement | Achievement A;ﬁh}l)iverinearlxt
ercentiles E earning Esteem | Academic in Physics in Chemistry ysic
nvironment W Science
ork
Pio 67 29 100 12 10 23
Pao 75 33 108 14 12 27
P30 81 35 . 114 16 14 31
Pao 85 38 118 18 16 34
Pso 89 40 122 20 17 37
Pso 94 42 126 21 19 39
Po 98 44 128 23 21 44
Pgo 102 46 132 25 23 48
Pgo 108 49 138 28 26 53
P10 128 59 195 36 36 71

3.3.3 Data Collection Procedure

Test booklets and response sheets were prepared. Then the

investigator contacted the Heads of the selected schools the Head of the

Department of Education, University of Calicut. A time schedule was made

for testing. Two consecutive days were allotted for each school.

In administering the tools, the conditions prescribed in the tests

were strictly followed. In each class, a brief description regarding the tools

was given. Then necessary oral instructions were given as to how to mark

the responses in the response sheet provided. Scale of Classroom Learning

Environment, Self-Esteem Inventory and Attitude towards Academic Work
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were administered on the first day. On the next day, Scale of Achievement
Motivation, Attitude towards Science and Achievement Test in Physical
Science were administered. The data collection was done during the month
of January, 2003. ‘

3.3.4 Scoring and Consolidation of Data

Scoring was done according to the direction given in the tools.
Scale of Classroom Learning Environment was scored -separately for its
components namely, Physical and Material factor, Educational factor and
Psycho-Social factor. Sum of the three component score yield the score on
Classroom Learning Environment. Scale of Achievement Motivation was also
scored separately for its components. The sum of the eight component
scores yielded the score on Achievement Motivation of each subject.

Self-Esteem Inventory was scored separately for its
components. The component scores were then added which yielded the
global Self-Esteem score of the subject. Scale of Attitude towards Science
and Scale of Attitude towards Academic Work were also scored. Test of
Achievement in Physical Science were scored separately to yield scores on
Achievement in Physics, Achievement in Chemistry and Achievement in
Physical Science (total).

Thus, the scores of five independent variables and three
criterion variables were obtained. Since the tests were conducted on two
consecutive days, data regarding some cases who had not taken all the tests,
had to be rejected. Finally, 946 cases that were complete in all respects were
chosen for final analysis.

The scores of these 946 students for different tests were
tabulated on a consolidated data sheet. Each student was given a specific
serial number and against this number data concerned with him/her was
entered in the same line. The consolidated data were subjected to different
analysis using appropriate statistical techniques. Break up of the final sample

is presented in Table 3.9.
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3.3.5 Procedures for Analysis of Data

Procedure used for analysis of data is described under the
following heads: :
3.3.56.1 Classification Technique .
(i) Classification based on Classroom Learning Enviroqﬁiéﬁt i

The total sample (N = 946) was divided into tﬁ%e group on the
basis of their perception of classroom learning environmént as Favourable
Learning Environment Group (FL), Moderately Favourable Learning
Environment Group (MFL) and Less Favourable Learning Environment Group
(LFL). Assuming Classroom Learning Environment scores following a normal
distribution, the conventional procedure of using o distance for dividing the
total sample was used. Subjects who score M + %2 ¢ and above were
considered as Favourable Learning Environment group and subjects who
score M — %2 ¢ and below were considered as Less Favourable Learning
Environment group. Subjects whose score fall between M + Y2 and M - %
were considered as Moderately Favourable Learning Environment group.

In the present study, mean (M) for Classroom Learning
Environment was found to be 88.31 with a standard deviation (c) 16.39.
Therefore, students who score 97 and above were considered as Favourable
Learning Environment group. Students who score 80 and below were
considered as Less Favourable Environment group and those who score
between 80 and 97 were treated as Moderately Favourable Learning
Environment group.

(i) Classification based on Achievement Motivation

The total sample was divided into three nearly identical groups
based on Achievement Motivation as High — Achievement Motivation group
(H - AM), Average — AchieVement Motivation group (A — AM) and Low
Achievement Motivation group (L — AM). The procedure described above in
section 3.3.5.1 considering mean as the cut-off point was used for the

classification. The mean Achievement Motivation was found to be 71.74 and
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standard deviation 12.00. Those students whose Achievement Motivation
score 78 (rounded value of M + %2 ¢) and above were treated as High —
Achievement Motivation group and students whose score were less than 65
(rounded value of M — 2 &) were treated as Low — Achievement Motivation
group. The remaining subjects were grouped as Average — Achievement
Motivation group.
(iii) Classification based on Self - Esteem

The procedure described as in section 3.3.5.1 was used for
categorising total sample into three nearly identical groups based on Self —
Esteem. The mean Self-Esteem score was found to be 39.35 with a standard
deviation of 7.94. Subjects who score 43 and above (M + % o) were
considered as High — Self — Esteem group (H — SE). Subjects who score 35
and below (M — %2 o) were considered as Low — Self — Esteem group (L — SE).
Students who score between 35 and 43 were treated as Average — Self —
Esteem (A — SE) group.
(iv) Classification based on Attitude towards Science

The procedure described above was used for categorising total
sample into three nearly identical groups based on Attitude towards Science.
Mean Attitude towards Science score was found to be 137.40 with a standard
deviation of 16.09. Subjects who score 145 and above (M + % o) were
considered as Favourable — Attitude towards Science group (F — ATS).
Subjects who score 128 and below (M — % o) were considered as Less
Favourable — Attitude towards Science group (L — ATS). Students who score
between 128 and 145 were grouped as Moderately Favourable — Attitude
towards Science group (M — ATS).
(v) Classification based on Attitude towards Academic Work

The total sample was divided into three nearly identical groups
based on Attitude towards Academic Work. The mean Attitude towards
Academic Work was found to be 119.67 with a standard deviation of 15.55.

Those students whose Attitude towards Academic Work score 127 (M + % o)
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and above were treated as Favourable — Attitude towards Academic Work
group (F — ATA) and students whose score were less than 111 (M - %2 o)
were treated as Less — Favourable Attitude towards Academic Work group
(L — ATA). The remaining subjects were grouped as Moderately — Favourable
Attitude towards Academic Work group (M — ATA).

The number of students categorised into three nearly identical
groups based on ‘Classroom Learning Environment, ‘Achievement
Motivation’, ‘Self — Esteem’, ‘Attitude towards Science’ and ‘Attitude towards

Academic Work as presented below:

Variable Group Number

Favourable (FL) 311

Classroom Learning

Environment Moderately Favourable (MFL) 364
Less — Favourable 271
High (H - AM) 317

Achievement '

Motivation Average (A — AM) ‘ 365
Low (L — AM) 264
High (H — SE) 312

Self — Esteem Average (A — SE) 348
Low (L — SE) 286
Favourable (F — ATS) 294

Attitude towards

Science Moderately — Favourable (M - ATS) 367
Less — Favourable (L — ATS) 285
Favourable (F — ATA) 309

Attitude towards

Academic Work Moderately — Favourable (M — ATA) 389
Less — Favourable (L — ATA) 248

3.3.5.2 Statistical Techniques
() Preliminary Analysis
For the preliminary analysis of the test scores, the important

statistical constants such as Mean, Median, Mode and Standard deviation of
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the select variables were computed separately for the total sample, boys and
girls, coeducational and single — sex students. Relevant group differences in
the select variables were examined by two-tailed test of significance of
difference between means.
(ii) Three — Way Analysis of Variance
The main effect and interaction effect of each of the select
independent variables, Sex and School Type on Achievement in Physics were
studied employing the Three — Way Analysis of Variance with 3 x 2 x 2
factorial design. The similar factorial design was adopted for studying the
main effect and interaction effect of the select variables on ‘Achievement in
Chemistry’ and ‘Achievement in Physical Science’ (total).
Each of the subjects in the sample was identified as belonging
to either of the 12 combination groups mentioned below:
(a) Groups based on Classroom Learning Environment
1. Boys of Coeducational schools with Favourable — Classroom Learning
Environment
2. Girls of Coeducational schools with Favourable — Classroom Learning
Environment
3. Boys of Single — Sex schools with Favourable Classroom — Learning
Environment
4. Girls of Single — Sex schools with Favourable Classroom — Learning
Environment
5. Boys of Coeducational schools with Moderately Favourable Classroom
Learning Environment
6. Girls of Coeducational schools with Moderately Favourable Classroom
Learning Environment
7. Boys of Single — Sex schools with Moderately Favourable Classroom
Learning Environment
8. Girls of Single — Sex schools with Moderately Favourable Classroom

Learning Environment
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9. Boys of Coeducational schools with Less — Favourable Classroom
Learning Environment
10.Girls of Coeducational schools with Less — Favourable Classroom
Learning Environment
11.Boys of Single — Sex schools with Less — Favourable Classroom
Learning Environment 7
12.Girls of Single — Sex schools with Less — Favourable Classroom
Learning Environment
(b) Groups based on Achievement Motivation
Boys of Coeducational schools with High — Achievement Motivation
Girls of Coeducational schools with High — Achievement Motivation
Boys of Single — Sex schools with High — Achievement Motivation
Girls of Single — Sex schools with High — Achievement Motivation
Boys of Coeducational schools with Average — Achievement Motivation
Girls of Coeducational schools with Average — Achievement Motivation
Boys of Single - Sex schools with Average — Achievement Motivation

© N o o b~ 0D =

Girls of Single - Sex schools with Average — Achievement Motivation
9. Boys of Coeducational schools with Low — Achievement Motivation
10. Girls of Coeducational schools with Low — Achievement Motivation
11.Boys of Single - Sex schools with Low — Achievement Motivation
12.Girls of Single - Sex schools with Low — Achievement Motivation

(c) Groups based on Self - Esteem

Boys of Coeducational schools with High — Self — Esteem

Girls of Coeducational schools with High — Self — Esteem

Boys of Single — Sex schools with High — Self — Esteem

Girls of Single — Sex schools with High — Self — Esteem

Boys of Coeducational schools with Average — Self — Esteem

Girls of Coeducational schools with Average — Self — Esteem

Boys of Single - Sex schools with Average — Self — Esteem

© N O o bk W N =

Girls of Single - Sex schools with Average — Self — Esteem
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9. Boys of Coeducational schools with Low — Self — Esteem

10. Girls of Coeducational schools with Low — Self — Esteem

11.Boys of Single - Sex schools with Low — Self — Esteem

12.Girls of Single - Sex schools with Low — Self — Esteem

(d) Groups based on Attitude towards Science

1. Boys of Coeducational schools with Favourable — Attitude towards Science

2. Girls of Coeducational schools with Favourable — Attitude towards Science

3. Boys of Single - Sex schools with Favourable — Attitude towards Science

4. Girls of Single - Sex schools with Favourable — Attitude towards Science

5. Boys of Coeducational schools with Moderately Favourable Attitude
towards Science

6. Girls of Coeducational schools with Moderately Favourable Attitude
towards Science

7. Boys of Single - Sex schools with Moderately Favourable Attitude
towards Science

8. Girls of Single - Sex schools with Moderately Favourable Attitude
towards Science

9. Boys of Coeducational schools with Less — Favourable Attitude
towards Science

10.Girls of Coeducational schools with Less — Favourable Attitude towards
Science

11.Boys of Single - Sex schools with Less — Favourable Attitude towards
Science

12.Girls of Single - Sex schools with Less — Favourable Attitude towards
Science

(e) Groups based on Attitude towards Academic Work

1. Boys of Coeducational schools with Favourable — Attitude towards
Academic Work

2. Girls of Coeducational schools with Favourable — Attitude towards

Academic Work
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3. Boys of Single - Sex schools with Favourable — Attitude towards
Academic Work
4. Girls of Single - Sex schools with Favourable — Attitude towards
Academic Work
5. Boys of Coeducational schools with Moderately Favourable Attitude
towards Science _
6. Girls of Coeducational schools with Moderately Favourable Attitude
towards Academic Work
7. Boys of Single - Sex schools with Moderately Favourable Attitude
towards Academic Work
8. Girls of Single - Sex schools with Moderately Favourable — Attitude
towards Academic Work
9. Boys of Coeducational schools with Less — Favourable Attitude
towards Academic Work
10. Girls of Coeducational schools with Less — Favourable Attitude towards
Academic work
11.Boys of Single - Sex schools with Less — Favourable Attitude towards
Academic Work
12.Girls of Single - Sex schools with Less — Favourable Attitude towards
Academic Work
(iii) Test of Significance of Difference between Means for Large
Independent Sample
Analysis of Variance where significant F values were obtained,
further analysis as a comparison between nearly comparable groups
categorised on the basis of independent variables selected in Achievement in
Physics, Achievement in Chemistry and Achievement in Physical Science
(total) were attempted. For this purpose, t-test for difference between means
for large independent sample was estimated.
The results of the critical ratios computed were interpreted using

two-tailed test of significance for appropriate degrees of freedom.
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(iv) Scheffé Test for Multiple Comparison

Scheffé Test for Multiple Comparison (Ferguson, 1976) was
applied to compare the relevant category of the independent variables (when
more than two categories are made) in relation to the mean scores of
Achievement in Physics, Achievement in Chemistry and Achievement in
Physical Science (total).

(v) Discriminant Analysis

Discriminant Analysis is a technique used to predict category
membership. | In the present study, this technique was used to predict High —
Achievers; Average — Achievess. =~ and Low - Achievers in Physics,
Chemistry and Achievement in Physical Science separately using the
predictor variables, Classroom Learning Environment, Achievement
Motivation, Self — Esteem, Attitude towards Science, Attitude towards
Academic Work, Sex of subjects and School type based on sex enrolment.

To discriminate the population groups, discriminant function
analysis by direct method (Tacqu, 1997) was used, which involves the
following three steps.

Step I:  Prior classification of sample into defined groups which are proposed
to be discriminated.

Step 2: Analysis of means of the many discriminating characteristics which
results in two functions (in case of three groups situation) which are
linear combinations of selected variables in the form of D = B, + B X
+ B2 Xz + ... BiX; where B's are the linear coefficients estimated from
the data X4 Xz ... X, are the predictor variables used in the study.

Step 3: Testing the effectiveness of the discriminant functions to discriminate
groups and estimation of canonical coefficients for the classification
of new cases into three groups.

The analysis of the data and the interpretation of results are

presented in chapter IV.
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CHAPTER IV
ANALYSIS

Analysis of the data of the present study is described in this
chapter. This has been described under the following main heads:

4.1 PRELIMINARY ANALYSIS
4.2 INVESTIGATION OF MAIN EFFECT AND INTERACTION EFFECT OF

EACH OF THE SELECT INDEPENDENT VARIABLES ON ACHIEVEMENT
IN PHYSICS, CHEMISTRY AND PHYSICAL SCIENCE (TOTAL) IN
RELATION TO SEX AND SCHOOL TYPE

4.3 INVESTIGATION OF GROUP DIFFERENCE IN ACHIEVEMENT IN
PHYSICAL SCIENCE
44 PREDICTION OF HIGH — AVERAGE — AND LOW-ACHIEVERS IN

PHYSICAL SCIENCE USING THE SELECT INDEPENDENT VARIABLES,
SEX AND SCHOOL TYPE AND THE EFFECTIVENESS OF THE
PREDICTORS

4.5 CONCLUSIONS AND INTERPRETATIONS
4.1 PRELIMINARY ANALYSIS OF TEST SCORES
A preliminary analysis of the scores of the independent variables

and the criterion variables selected for the present investigation were studied
to know the basic properties of the test scores for the total sample and
relevant sub samples. This analysis was taken up to get an appropriate set of
summary statistics which may provide a quick impression of the main features
of the data which in turn may provide some guidance as to how the analysis
and interpretation should proceed.

The score distributions of the independent variables namely,
Classroom Learning Environment, Achievement Motivation, Self-Esteem,
Attitude towards Science and Attitude fowards Academic Work; the criterion
variables Achievement in Physics, Achievement in Chemistry and
Achievement in Physical Science (total) were studied for the nature of their
distribution. For this, the important statistical indices namely mean, median,
mode, standard deviation, skewness and kurtosis of the scores were
calculated for the total sample, boys and girls and are presented in Table 4.1,

4.2 and 4.3 respectively.



Important Statistical Constants for the Score Distribution of the Independent and

TABLE 4.1

Criterion Variables for the Total Sample (N = 946)

Standard

SI.No. Variables Mean Median Mode Deviation Skewness | Kurtosis
4. | Classroom Leaming 88.31 89.00 | 101.00 16.39 013 0.43
Environment ~
2. Achievement Motivation 71.74 73.00 76.00 12.00 -0.32 0.52
3. Self-Esteem 39.35 40.00 41.00 7.94 -0.25 -0.07
4. Attitude towards Science 137.40 137.00 137.00 16.09 0.07 0.48
5 C\jgtr‘;de towards Academic | 149457 | 42200 | 130.00 15.55 -0.45 177
6. Achievement in Physics 19.73 20.00 20.00 6.05 -0.13 -0.61
7. Achievement in Chemistry 17.73 17.00 17.00 6.07 0.36 -0.38
g | Achievementin Physical 3747 | 37.00 | 39.00 1115 0.13 -0.59

Science
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TABLE 4.2

Important Statistical Constants for the Score Distribution of the Independent and

Criterion Variables for Boys (N = 485)

Standard

Si.No. Variables Mean Median Mode . 4. Skewness | Kurtosis
Deviation
Classroom Learning
1. Environment 85.86 87.00 89.00 17.38 —Q.20 0.29
2. Achievement Motivation 72.88 - 75.00 82.00 11.97 -0.53 0.24
3. Self-Esteem 39.81 40.00 43.00 7.52 -0.08 -0.25
4. Attitude towards Science 135.58 136.00 137.00 15.26 -0.08 -0.31
5 C&gf};de towards Academic | 14785 | 11900 | 126.00 16.39 -0.21 0.87
6. Achievement in Physics 20.32 20.00 20.00 5.80 0.16 -0.42
7. Achievement in Chemistry 17.67 18.00 17.00 575 -0.17 -0.37
g, |Achievementin Physical 3799 | 3800 | 39.00 10.54 0.00 -0.51

Science

pjeq jo SisAjeuy

LLL



Important Statistical Constants for the Score Distribution of the Independent and

TABLE 4.3

Criterion Variables for Girls (N = 461)

Sl.No. Variables Mean Median Mode g;?/?:t?c:(rjl Skewness | Kurtosis
1. | Glassroom Leaming 9088 | 9200 | 101.00 14.88 -0.23 0.38
2. Achievement Motivation 70.53 72.00 77.00 11.93 -0.37 0.79
3. | self-Esteem 3887 | 39.00 | 41.00 8.34 -0.05 -0.02
4. Attitude towards Science 139.31 139.00 144.00 16.73 0.06 1.27
5. | fitude towards Academic | 12158 | 124.00 | 130.00 14.40 -0.50 363
6. Achievement in Physics 19.12 19.00 15.00 6.25 0.06 -0.68
7. Achievement in Chemistry 17.80 17.00 16.00 6.40 0.37 -0.45
g, |Achievementin Physical 3693 | 3600 | 29.00 11.75 0.24 -0.64

Science

ejeq Jo SisAjeuy

43"
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The statistical constants presented in Tables 4.1, 4.2 and 4.3
indicate that the values are close approximations to the values expected for
normal distribution. The values of skewness and kurtosis for the distribution
also show that the distribution fairly approximate to what is expected for
normal curves. The near normal distribution obtained suggests that the
sample chosen for the study can be considered as a fairly representative of
the population. _

4.2 INVESTIGATION OF THE MAIN EFFECT AND INTERACTION
EFFECT OF EACH OF THE FIVE SELECT INDEPENDENT
VARIABLES ON ACHIEVEMENT IN PHYSICAL SCIENCE IN
RELATION TO SEX AND SCHOOL TYPE

This part of the analysis was taken up with a view to investigate
whether variation in Achievement in Physical Science (Physics, Chemistry
and total separately) depend on variation in each of the five select
independent variables when combined with the sex of the subjects and school
type based on sex enrolment.: The five independent variables selected for the
study are Classroom Learning Environment, Achievement Motivation, Self-
Esteem, Attitude towards Science and Attitude towards Academic Work.
Three-way Analysis of Variance was computed to study the single effect and
cross over effect of each of the five select independent variables in
Achievement in Physical Science in relation to sex and school type. Separate
ANOVA was done for Achievement in Physics, Achievement in Chemistry and
Achievement in Physical Science (total).

The analysis of data was done using 3 x 3 x 2 factorial design of
three-way analysis of variance. As described in Chapter 3, the total sample
(N = 946) was first classified into two on the basis of school type based on
Sex (subjects of single-sex schools and coeducational schools) and then on
the basis of Sex (boys and girls). Further, the sample was categorised into
three on the basis of Classroom Learning Environment, Achievement
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Motivation, Self-Esteem, Attitude towards Science and Attitude towards
Academic Work separately as High —; Average —; and Low— group. The entire
computation process was carried out using the computer facility with the help
of the software, Statistical Package for Social Science (SPSS for Windows,
1999). Accordingly, three ANOVA was undertaken to study the main effect
and interaction effect of Classroom Learning Environrhen_t, one of the five
independent variables, on Achievement in Physics, Achievement in Chemistry
and Achievement in Physical Science (total) separately in reiation to sex and
school type. Similarly, three ANOVA each was undertéken to study the main
effect and interaction effect of Achievement Motivation by sex by school type;
Self-Esteem by sex by school type; Attitude towards Science by sex by school
type; and Attitude towards Academic Work by sex and by school type on
Achievement in Physics, Achievement in Chemistry and Achievement in
Physical Science (total). Factorial ANOVA was used to test for group mean
differences, as there are more than two independent variables for the study.
The results of the three-way ANOVA and the interpretation of
results are discussed in this section. The main effect and interaction effect of
each of the five select independent variables, sex and school type on
Achievement in Physics for the total sample is presented first. The same
pattern was used to discuss the results of the three-way ANOVA of the select
independent variables on Achievement in Chemistry and Achievement in

Physical Science (total).

4.21 Investigation of the Main Effect of Each of the Select
Five Independent Variables, Sex and School Type on

Achievement in Physics for The Total Sample
The main effect and interaction effect of each of the select
independent variables by sex by school type based on sex enrolment on
Achievement in Physics for the total sample is discussed in the following

section. For this purpose five separate ANOVA were computed.
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4.21.1

Main Effect and Interaction Effect of Classroom Learning

Environment, Sex and School Type on Achievement in Physics

The main effect and interaction effect of Classroom Learning

Environment, sex and school type on Achievement in Physics were studied

for the total sample. The sum of squares along with their degrees of freedom,

variance estimates and the F-values were calculated. The summary of the
three-way ANOVA is presented in Table 4.4.
TABLE 4.4
Summary of Three-way ANOVA of Achievement in Physics by

Classroom Learning Environment by Sex by School Type (N = 946)

Degrees
Source of guun;r(éi of Mean Square F-Value Level of
Variation q Freedom | of Variance Significance
(S.S)
(df)
Classroom
Learning 1.43 2 0.71 0.02 NS
Environment
Sex 679.47 1 679.47 19.69 0.01
School type 251.38 1 251.38 7.28 0.01
Classroom
Learning
Environment 94.20 2 47.10 1.36 NS
x Sex
Classroom
Learning
Environment 226.43 2 113.22 3.28 0.05
x School type
Sex x School | gqg g 1 819.92 23.76 0.01
type
Classroom
Learning
Environment 167.04 2 83.52 2.42 NS
x Sex x
School type
Within cells 32231.57 934 34.51
Total 34581.34 945 36.59
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Main Effect

The main effect of Classroom Learning Environment, Sex and
School Type on Achievement in Physics were examined. As per Table 4.4,
the F-values are 0.02, 19.69 and 7.28 respectively. In the case of Classroom
Learning Environment, the obtained F-value is less than the table value set at
0.05 level of significance for the corresponding degrees of freedom 2, 945
(< 3.01). This result reveals that the scores on Achieverﬁent in Physics is
independent of the scores of Classroom Learning Environment. But for the
single effect of Sex and School Type on Achievement in Physics, the obtained
F-values are greater than the tabled value set at 0.01 level of significance for
degrees of freedom 1, 950 (> 6.69). These results indicate that the scores of.
Achievement in Physics differ significantly with Sex of the subjects and the
School Type based on sex enrolment.
First order interaction effect

The obtained F-values for the first order interaction effect of
(i) Classroom Learning Environment by SeX; (i) Classroom Learning
Environment by School type; and (iii) Sex by School type on Achievement in
Physics are 1.36, 3.28 and 23.76 respectively. Of these, the F-values of
Classroom Learning Environment x School type is greater than the tabled
value (3.01) at 0.05 level of significance and the F-value of Sex x School type
is greater than the tabled value (6.69) at 0.01 level of significance for the
corresponding degree of freedom 2, 934 and 1, 934. The result suggests that
scores of Achievement in Physics is influenced by the combined effect of
Classroom Learning Environment and School type based on sex enroiment
and by that of Sex and School type. But the scores of Achievement in
Physics is not seen influenced by the combined effect of Classroom Learning
Environment and Sex.
Second order Interaction Effect

The result of the Three-way ANOVA of Achievement in Physics

by Classroom Learning Environment by Sex by School type shows that F-



117
Analysis of Data

value 2.42 is not significant even at 0.05 level of significance for degrees of
freedom 2, 945, F being less than 3.00.

4.21.2 Main Effect and Interaction Effect of Achievement Motivation,
Sex and School Type on Achievement in Physics

The results obtained for the Three-way ANOVA of Achievement
in Physics by Achievement Motivation by Sex by School Type (N = 946) is
summarised in Table 4.5. »

TABLE 4.5
Summary of Three-way ANOVA of Achievement in Physics by
Achievement Motivation by Sex by School Type (N = 946)

Sum of | Degrees of
Source of Mean Square Level of
. Squares | Freedom . F-Value g
Variation (S.S) (df) of Variance Significance
Achievement | 5 2 23.80 0.69 NS
Motivation
Sex 865.37 1 865.37 25.20 0.01
School type 264.02 1 264.02 7.69 0.01
Achievement
Motivation x 21.83 2 10.92 0.32 NS
Sex
Achievement
Motivation x 170.56 2 85.28 2.48 NS
School type
Sex x 1315.24 1 1315.24 38.30 0.01
School type
Achievement
Motivation x | 3g4 43 2 190.56 5.55 0.01
Sex x
School type
Within cells 32076.84 934 34.34
Total 34581.34 945 36.59




118

Analysis of Data

Main Effect

As per Table 4.5, the values obtained for the main effect of
Achievement Motivation on Achievement in Physics is 0.69 which is not
significant even at 0.05 level (p > 4.63 for df 2, 945). This result shows that
Achievement in Physics does not differ significantly with changes in the score
of Achievement Motivation.

The obtained F-value for the main effect of Sex on Achievement
in Physics and School type on Achievement in Physics are 25.20 and 7.69
respectively. These values are well beyond the tabled value set at 0.01 level
of significance. This result indicates that scores on Achievement in Physics
depend on Sex of subjects and the School type based on sex enrolment.

First order interaction effect

It is found that F-value obtained for the interaction of
Achievement Motivation and Sex and that of Achievement Motivation and
School type on Achievement in Physics are 0.32 and 2.48 respectively.
These values are not significant even at 0.05 level indicating that
Achievement in Physics of the sample is not influenced by the combined
effect of Achievement Motivation and Sex; or Achievement Motivation and
School type.

On the other hand, F-value obtained for the interaction of Sex
and School type on Achievement in Physics (F = 38.30 for df 1, 946) is
significant beyond 0.01 level. The result suggests that the scores of
Achievement in Physics is influenced by the joint effect of Sex of the subjects
and School type.

Second order interaction effect

The results for the second order interaction effect of
Achievement Motivation by Sex by School type on Achievement in Physics as
per Table 4.5 reveal that F-value obtained is 5.55 for df 2, 944 is significant at
0.01 level. This result shows that the scores of Achievement in Physics of the

sample depend on the combined effect of Achievement Motivation, Sex of
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subjects, and School type. i.e., Sex x School type interaction are not same
for the different levels of Achievement Motivation.
4.21.3 Main Effect and Interaction Effect of Self-Esteem, Sex and
School Type on Achievement in Physics

The results of the three-way ANOVA to study the single effect
and interaction effect of Self-Esteem, Sex and School type on Achievement in
Physics are summarised in Table 4.6.

TABLE 4.6
Summary of Three-way ANOVA of Achievement in Physics by
Self-Esteem by Sex by School Type (N = 946)

Sum of | Degrees of Mean
?;::i';:t?o‘;f Squares Freedom Square of F-Value SiL:i\;?;aonfce
(S.S) (df) Variance 9

Seif-Esteem 869.70 2 434.85 12.83 0.01
Sex 669.84 1 669.84 19.76 0.01
School type 282.48 1 282.48 8.33 0.01
Self-Esteem x | 55 45 2 12.73 0.38 NS
Sex
Self-Esteem x | 454 g9 2 82.41 2.43 NS
School type
Sex x School | g4 19 1 964.12 28.44 0.01
type
Self-Esteem x
Sex x School 0.08 2 0.04 0.00 NS
type
Within cells 31664.78 934 33.90

Total 34581.34 945 36.59
Main Effect

The obtained F-values as per Table 4.6 for the single effect of
Self-Esteem, Sex, School type on Achievement in Physics are 12.83, 19.76
and 8.33 respectively. All the obtained F-values are well beyond the tabled
values set at 0.01 level of significance (p > 6.66 for df 1, 945 and p > 4.63 for
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df 2, 944 respectively). This result shows that scores of Achievement in
Physics differ with differences in Self-Esteem of the subjects, Sex of the
subjects and School type.
First order interaction effect

According to Table 4.6, F-values obtained for the interaction
effect of Self-Esteem by Sex; and interaction effect of Self-Esteem by School
type on Achievement in Physics are 0.38 and 2.43 respectively. These values
are not significant even at 0.05 level of significance indicating that the scores
of Achievement in Physics is not influenced by either the combined effect of
Self-Esteem and Sex or the combined effect of Self-Esteem and School type.

The obtained F-value for the interaction effect of Sex and School
type on Achievement in Physics is 28.44. As the F-value is greater than the
tabled value at 0.01 level of significance, the result suggests that Achievement
in Physics is influenced by the combined effect of Sex and School type.
Second order interaction effect

Three-way ANOVA of second order interaction effect of Self-
Esteem by Sex by School type shows that the obtained F-value is not
significant even at 0.05 level of significance.
4.2.1.4 Main Effect and Interaction Effect of Attitude towards Science,

Sex and School Type on Achievement in Physics

The results of the three-way ANOVA undertaken to find out the

main effect and interaction effect of Attitude towards Science, Sex and School

type on Achievement in Physics are presented in Table 4.7.
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TABLE 4.7
Summary of Three-way ANOVA of Achievement in Physics by
Attitude towards Science by Sex by School Type (N = 946)

Sum of | Degrees of Mean
?lgl:i':t?o?lf Squares Freedom Square of | F-Value SiL:i\;ie;afc
(S.S) (df) Variance 9 ¢

Attitude towards
Science 5406.98 2 2703.49 94.96 0.01
Sex 1274.07 1 1274.07 44.75 0.01
School type 327.50 1 327.50 11.50 0.01
Attitude towards
Science x Sex 54.63 2 27.31 0.96 NS
Attitude towards
science x 3.42 2 1.71 0.06 NS
School type
Sex x School 853.02 1 853.02 | 29.96 0.01
type
Attitude towards
Science x Sex x 207.62 2 103.81 3.65 0.05
School type
Within cells 26589.40 934 28.47

Total 34581.34 945 36.59
Main Effect

The F-values obtained for the main effect of Afttitude towards

Science; Sex; and School type on Achievement in Physics are 94.96, 44.75

and 11.50 respectively. The obtained F-values are well beyond the tabled

value set at 0.01 level of significance. The results therefore suggest that

Achievement in Physics can be considered to be varying with the scores of

Attitude towards Science, Sex of the subjects and School type for the total

sample.

First order interaction effect

It can be seen from Table 4.7 that the obtained F-values for the

first order interaction effect of Aftitude towards Science and Sex, Afttitude
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towards Science and School type are 0.96 and 0.06 respectively. These
values are not significant even at 0.05 level for df 2, 944 suggesting that
Achievement in Physics is not influenced by the joint effect of Attitude towards
Science and Sex or Attitude towards Science and School type. On the other
hand, it is seen from Table 4.7 that the interaction effect of Sex and School
type on Achievement in Physics is significant at 0.01 level, the obtained
F-value being 29.96. This result indicates that Achievement in Physics is
influenced by the combined effect of Sex and School type.
Second order interaction effect

When the second order interaction effect of Attitude towards
Science by Sex by School type on Achievement in Physics was studied, the
obtained F-value 3.65 was found significant at 0.05 level (p > 3.00 for df 2,
944). The result suggests that Achievement in Physics is influenced by the
joint effect of Aftitude towards Science, Sex and School type. i.e., Sex x
School type interaction are not same for the different levels of Aftitude
fowards Science.
4.21.5 Main Effect and Interaction Effect of Attitude towards Academic

Work, Sex and School Type on Achievement in Physics

The data regarding the main effect and interaction effect of

Attitude towards Academic Work, Sex and School type on Achievement in

Physics is presented in Table 4.8.
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TABLE 4.8
Summary of Three-way ANOVA of Achievement in Physics by Attitude
towards Academic Work by Sex by School Type (N = 946)

Sum of | Degrees of Mean
?l(;l:il;\(:t?ozf Squares Freedom Square of | F-Value SiL:;;iec:aor:ce
(S.S) (df) Variance 9

Attitude towafds .
Academic Work 1894.65 2 947.33 28.81 0.01
Sex 1011.83 1 1011.83 30.77 0.01
School type 486.50 1 486.50 14.79 0.01
Attitude towards
Academic Work 7.21 2 3.61 0.11 NS
x Sex
Attitude towards
Academic Work 12.99 2 6.50 0.20 NS
x School type
Sex x School 804.76 1 804.76 24 .47 0.01
type
Attitude towards
Academic Work | 5g 7 2 29.03 0.88 NS
x Sex x School
type
Within cells 30715.06 934 32.89

Total 34581.34 945 36.59
Main Effect

The single effect of Attitude towards Academic Work, Sex and

School type on Achievement in Physics were studied separately.

The

obtained F-values were found to be 28.81, 30.77, and 14.79 respectively. All

the obtained F-values are well beyond the tabled values set at 0.01 level of

significance at appropriate degrees of freedom.

This result reveals that

scores of Achievement in Physics of the total sample are dependent on the
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scores of Attitude towards Academic Work, Sex of the subjects and School
type on Sex enrolment.
First order interaction effect

It is seen from Table 4.8 that the F-value obtained for the first
order interaction of Sex and School type on Achievement in Physics is 24.47
which is significant at 0.01 level of significance. This shows that scores of
Achievement in Physics is influenced by the combined éffect of Sex and
School type. On the other hand, the F-values obtained for the interaction
effect of Attitude towards Academic Work and Sex and Attitude towards
Academic Work and School type (0.11 and 0.20) are not significant even at
0.05 level of significance. The result suggests that Achievement in Physics is
not influenced by the combined effect of Attitude towards Academic Work and
Sex and Attitude towards Academic Work and School type.
Second order interaction effect

Three-way ANOVA of second order interaction effect of Attitude
towards Academic Work by Sex by School type shows that the obtained F-

value is not significant even at 0.05 level of significance.
4.2.2 Investigation of the Main Effect of Each of the Select

Five Independent Variables, Sex and School Type on

Achievement in Chemistry for the Total Sample
Three-way ANOVA was undertaken to study the main effect and
interaction effect of each of the select independent variables by Sex by
School type based on sex enrolment on Achievement in Chemistry. Five
separate ANOVA were computed for this purpose.
4.2.2.1 Main Effect and Interaction Effect of Classroom Learning
Environment, Sex and School Type on Achievement in
Chemistry
The results of the three-way ANOVA to study the single effect
and interaction effect of Classroom Learning Environment, Sex and School

type on Achievement in Chemistry are summarised in Table 4.9.
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TABLE 4.9

Summary of Three-way ANOVA of Achievement in Chemistry by

Classroom Learning Environment by Sex by School Type (N = 946)

Sum of

Degrees of

Mean

Source of Variation | Squares Freedom Square of | F-Value si Le-\?l of
(S.S) (df) Variance 'gnificance

Classroom Learning 21 49 5 10.74 0.32 NS
Environment ' ' '
Sex 120.44 1 120.44 3.54 NS
School type 797.72 1 797.72 23.47 0.01
Classroom Learning 62.76 2 3138 0.92 NS
Environment x Sex ' ' '
Classroom Learning
Environment x 102.64 2 51.32 1.51 NS
School type
Sex x School type 1375.48 1 1375.48 40.48 0.01
Classroom Learning
Environment x Sex 64.44 2 32.22 0.95 NS
x School type
Within cells 31739.26 934 33.98

Total 34808.87 945 36.83

Main effect

The obtained F-values as per Table 4.9 for the single effect of

Classroom Learning Environment, Sex and School type on Achievement in

Chemistry are 0.32, 3.54 and 23.47 respectively. The first two F-values are

not significant even at 0.05 level of significance. This result shows that scores
of Achievement in Chemistry do not differ with differences in Classroom

Learning Environment or Sex of the subjects. On the other hand, the third F-
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value is significant at 0.01 level of significance. This result reveals that
Achievement in Chemistry depends on School type based on Sex enrolment.
First order interaction effect

It is found that F-values obtained for the interaction of
Classroom Learning Environment and Sex and that of Classroom Learning
Environment and School type on Achievement in Chemistry_are 0.92 and 1.51
respectively. These values are not significant even at 0.05 level of
significance indicating that Achievement in Chemistry of the sample is not
influenced by the combined effect of Classroom Learning Environment and
Sex; or Classroom Learning Environment and School type. On the other
hand, it can be seen that Sex x School type interaction effect on Achievement
in Chemistry is found to be significant.
Second order interaction effect

The result of the three-way ANOVA of Achievement in
Chemistry by Classroom Learning Environment by Sex by School type shows
that F-value 0.95 is not significant even at 0.05 level of significance for
degrees of freedom 2, 944, F being less than 3.00.
4.2.2.2 Main Effect and Interaction Effect of Achievement Motivation,

Sex and School Type on Achievement in Chemistry

The results of the three-way ANOVA undertaken to find out the

main effect and interaction effect of Achievement Motivation, Sex and School

type on Achievement in Chemistry are presented in Table 4.10.
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TABLE 4.10
Summary of Three-way ANOVA of Achievement in Chemistry by

Achievement Motivation by Sex by School Type (N = 946)

Sum of | Degrees of Mean
?lzl:iract?o(r)lf Squares Freedom Square of F-Value Si Lsi\;ﬁ::nfce
(S.S) (df) Variance g

Achievement
Motivation 16.13 2 8.06 0.24 NS
Sex 109.50 1 109.50 3.21 NS
School type 904.36 1 904.36 26.49 0.01
Achievement
Motivation x 58.66 2 29.33 0.86 NS
Sex
Achievement
Motivation x 119.50 2 59.75 1.75 NS
School type
Sex x School | 4678 45 1 1678.45 49.16 0.01
type
Achievement
Motivation x
Sex x School 89.15 2 44 57 1.31 NS
type
Within cells 31891.78 934 34.15

Total 34808.87 945 36.83
Main effect

As per Table 4.10, the F-value for the main effect of School type

on Achievement in Chemistry is 26.49. This value is well beyond the tabled

value set at 0.01 level of significance. This result indicates that scores on

Achievement in Chemistry depend on the School type which is based on Sex

enrolment.
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The obtained F-values for the main effect of Achievement
Motivation on Achievement in Chemistry and Sex on Achievement in
Chemistry are 0.24 and 3.21 respectively. These values are not significant
even at 0.05 level of significance. This result shows that Achievement in
Chemistry does not differ significantly with the changes in the score of
Achievement Motivation and Sex of the subjects/
First order interaction effect

It can be seen from Table 4.10 that the obtained F-values for the
first order interaction effect of Achievement Motivation and Sex, Achievement
Motivation and School type are 0.86 and 1.75 respectively. These values are
not significant even at 0.05 level of significance suggesting that Achievement
in Chemistry is not influenced by the joint effect of Achievement Motivation
and Sex or Achievement Motivation and School type. On the other hand, it
can be seen from Table 4.10 that the interaction effect of Sex and School type
on Achievement in Chemistry is significant at 0.01 level, the obtained F-value
being 49.16. This result indicates that Achievement in Chemistry is influenced
by the combined effect of Sex and School type.
Second order interaction effect

Three-way ANOVA of second order interaction effect of
Achievement Motivation by Sex by school type shows that the obtained F-
value is not significant even at 0.05 level of significance.
4.2.2.3 Main Effect and Interaction Effect of Self-Esteem, Sex and

School Type on Achievement in Chemistry

The data regarding the main effect and interaction effect of Self-
Esteem, Sex, and School type on Achievement in Chemistry is presented in
Table 4.11.
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TABLE 4.11
Summary of Three-way ANOVA of Achievement in Chemistry by

Self-Esteem by Sex by School Type (N = 946)

Sum of Degrees of Mean
3‘;‘:;;?0(: Squares Freedom Square of F-Value Si L:i\;‘?c:a(:lfce
(S.S) (df) Variance g

Self-Esteem 806.75 2 403.37 12.10 0.01
Sex 84.10 1 84.10 2.52 NS
School type 893.95 1 893.95 26.82 0.01
Self-Esteem x
Sex 48.24 2 24 .12 0.72 NS
Self-Esteem x
School type 54.27 2 27.14 0.81 NS
Sex x School 1572.16 1 1572.16 47.16 0.01
type
Self-Esteem x
Sex x School 33.70 2 16.85 0.51 NS
type
Within cells 31136.93 934 33.34

Total 34808.87 945 36.83
Main effect

The obtained F-values for the main effect of Self-Esteem on

Achievement in Chemistry and School type on Achievement in Chemistry are

12.10 and 26.82 respectively. These values are significant at 0.01 level of

significance.

This result indicates that the scores of Achievement in

Chemistry differ significantly with Self-Esteem of the subjects and School

type.

But for the single effect of Sex on Achievement in Chemistry, the

obtained F-value is not significant even at 0.05 level of significance. This
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shows that the scores of Achievement in Chemistry is independent of Sex of
the subjects.
First order interaction effect

It is seen from Table 4.11 that the F-value obtained for the first
order interaction of Sex and School type on Achievement in Chemistry is
47 .16 which is significant at 0.01 level of significance. This shows that scores
of Achievement in Chemistry is influenced by the combined- effect of Sex and
School type. On the other hand, the F-values obtained for the interaction
effect of Self-Esteem and Sex and Self-Esteem and School type (0.72 and
0.81 respectively) are not significant even at 0.05 level of significance. The
result suggests that Achievement in Chemistry is not influenced by the
combined effect of Self-Esteem and Sex and Self-Esteem and School type.
Second order interaction effect

Three-way ANOVA of second order interaction effect of Self-
Esteem by Sex by School type shows that the obtained F-value is not
significant even at 0.05 level of significance.
4.2.2.4 Main Effect and Interaction Effect of Attitude towards science,

Sex and School type on Achievement in Chemistry

The main effect and interaction effect of Attitude towards
Science, Sex and School type on Achievement in Chemistry were studied for
the total sample. The summary of the three-way ANOVA is presented in
Table 4.12.



131

Analysis of Data

TABLE 4.12
Summary of Three-way ANOVA of Achievement in Chemistry by
Attitude towards Science by Sex by School Type (N = 946)

Sum of | Degrees of )
?/:trjiract?o?‘lf Squares Freedom N(I)efvaﬁg:sge VaFIue Siglj_:i\;?;aor:ce
(S.S) (df)
Attitude towards | 5444 /g 2 1900.89 64.75 0.01
Science
Sex 357.87 1 357.87 12.19 0.01
School type 782.01 1 782.01 26.64 0.01
Attitude towards | 2 85.37 2.91 NS
Science x Sex
Attitude towards
Science x 81.12 2 40.56 1.38 NS
School type
Sex x School 1364.20 1 1364.20 46.47 0.01
type
Attitude towards
Science x Sex x 184.05 2 92.02 3.13 0.05
School type
Within cells 27421.58 934 29.36
Total 34808.87 945 36.83
Main effect

The main effect of Attitude towards Science, Sex and School

type on Achievement in Chemistry were examined. As per Table 4.12, the F-

values are 64.75, 12.19 and 26.64 respectively.

significant at 0.01 level of significance.

All these values are

This result shows that scores of

Achievement in Chemistry differ with differences in the Attitude towards

Science of the subjects, Sex of the subjects and School type.
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First order interaction effect

The obtained F-values for the first order interaction of Attitude
towards Science by Sex; Attitude towards Science by School type; and Sex
by School type on Achievement in Chemistry are 2.91, 1.38 and 46.47
respectively. Of these, the F-value of Sex x School type is greater than the
tabled value set at 0.01 level of significance. This result suggests that scores
of Achievement in Chemistry is influenced by the combined effect of Sex and
School type. The scores of Achievement in Chemistry is not seen influenced
by the combined effect of Attitude towards Science by Sex or Attitude towards
Science by School type since the obtained F-values are not significant even at
0.05 level of significance.
Second order interaction effect

The result of the three-way ANOVA of Achievement in
Chemistry by Attitude towards Science by Sex by School type shows that
F-value 3.13 is significant at 0.5 level of significance. The result suggests that
Achievement in Chemistry is influenced by the joint effect of Attitude towards
science, Sex and School type.
4.2.2.5 Main Effect and Interaction Effect of Attitude towards Academic

Work, Sex and School Type

The results obtained for the three-way ANOVA of Achievement
in Chemistry by Attitude towards Academic Work by Sex by School type (N =
946) is summarised in Table 4.13.
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TABLE 4.13
Summary of Three-way ANOVA of Achievement in Chemistry by
Attitude towards Academic Work by Sex by School Type (N = 946)

Sum of

Degrees of

Mean

Source of Level of
. Squares Freedom Square of | F-Value f e
Variation (S.S) (df) Variance ] Significance
Attitude towards
Academic Work 1121.37 2 560.69 17.08 0.01
Sex 289.50 1 289.50 8.82 0.01
School type 1006.91 1 1006.91 30.67 0.01
Attitude towards
Academic Work 134.76 2 67.38 2.05 NS
x Sex
Attitude towards
Academic Work 38.77 2 19.39 0.59 NS
x School type
tsex x School 1529.48 1 1520.48 | 46.58 0.01
ype
Attitude towards
Academic Work :
« Sex x School 5.89 2 2.94 0.09 NS
type
Within cells 30667.61 934 32.83
Total 34808.87 945 36.83
Main effect

The obtained F-values as per Table 4.13 for the single effect of

Attitude towards Academic Work, Sex and School type on Achievement in

Chemistry are 17.08, 8.82 and 30.67 respectively. All the obtained F-values

are well beyond the tabled values set at 0.01 level of significance. This result

shows that scores of Achievement in Chemistry differ with differences in

Attitude towards Academic Work of the subjects, Sex and School type..

First order interaction effect

It is found that F-values obtained for the interaction of Aftitude

towards Academic Work and Sex and that of Aftitude towards Academic Work
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and School type on Achievement in Chemistry are 2.05 and 0.59 respectively.
These values are not significant even at 0.05 level indicating that
Achievement in Chemistry of the sample is not influenced by the combined
effect of Afttitude towards Academic Work and Sex; or Attitude towards
Academic Work and School type.

On the other hand, F-value obtained for the interaction of Sex
and School type on Achievement in Chemistry (F = 46.58 for df 1, 945) is
significant beyond 0.01 level. The result suggests that the scores of
Achievement in Chemistry is influenced by the joint effect of Sex of the
subjects and School type.

Second order interaction effect

The results for the second order interaction effect of Attitude
towards Academic Work by Sex by School type on Achievement in Chemistry
as per Table 4.13 reveal that F-value obtained is not significant at 0.01 level.
This result shows that the scores of Achievement in Chemistry of the sample
is independent of the combined effect of Attitude towards Academic Work,
Sex and School type.

4.2.3 Investigation of the Main Effect of Each of the Select
Five Independent Variables, Sex and School Type on

Achievement in Physical Science for the Total Sample

The main effect and interaction effect of each of the select

independent variables by Sex by School type based on sex enrolment on

Achievement in Physical Science (total) for the total sample is discussed in

the following section. For this purpose five separate ANOVA were computed.

4.2.3.1 Main Effect and Interaction Effect of Classroom Learning

Environment, Sex an‘d School Type on Achievement in Physical
Science

The data regarding the main effect and interaction effect of

Classroom Learning Environment, Sex and School type on Achievement in

Physical Science is presented in Table 4.14.
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TABLE 4.14
Summary of Three-way ANOVA of Achievement in Physical Science by
Classroom Learning Environment by Sex by School Type (N = 946)

Sum of Degrees Mean
e of Square Level of
| Source of Variation S((];as:')es Freedom of F-Value Significance
) (df) Variance
Classroom Learning 18.93 2 946 008 NS
Environment ' ' '
Sex 1362.82 1 1362.82 11.86 0.01
School type 1955.72 1 1955.72 17.01 0.01
Classroom Learning 294 .84 2 14742 | 128 NS
Environment x Sex
Classroom Learning
Environment x School 575.14 2 287.57 2.50 NS
type
Sex x School type 4335.74 1 4335.74 37.72 0.01
Classroom Learning
Environment x Sex x 416.07 2 208.04 1.81 NS
School type
Within cells 107369.19 934 114.96
Total 117469.79 945 124.31 «
Main effect

The main effect of Classroom Learning Environment, Sex and

School type on Achievement in Physical Science were examined. As per
Table 4.14, the F-values are 0.08, 11.86 and 17.01 respectively. In the case
of Classroom Learning Environment, the obtained F-value is less than the

tabled value set at 0.05 level of significance. This shows that the scores on

Achievement in Physical Science is independent of the scores of Classroom

Learning Environment.

But for the single effect of Sex and School type on
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Achievement in Physical Science, the obtained F-values are greater than the
tabled value set at 0.01 level of significance. This result indicates that the
scores of Achievement in Physical Science differ significantly with Sex of the
subjects and School type.
First order interaction effect

The obtained F-values for the first order interaction effect of
Classroom Learning Environment by Sex; Classroom Learning Environment
by School type and Sex by School type on Achievement in Physical Science
are 1.28, 2.50 and 37.72 respectively. Of these, the F-value of Sex x Schoo!
type is greater than the tabled value (37.72) set at 0.01 level of significance.
This result shows that scores of Achievement in Physical Science is
influenced by the combined effect of Sex and School type. But the scores on
Achievement in Physical Science is not seen influenced by the combined
effect of Classroom Learning Environment x Sex or Classroom Learning
Environment x School type.
Second order interaction effect

The result of the three-way ANOVA of Achievement in Physical
Science by Classroom Learning Environment by Sex by School type shows
that F-value 1.81 is not significant even at 0.05 level of significance.
4.2.3.2 Main Effect and Interaction Effect of Achievement Motivation,

Sex and School Type on Achievement in Physical Science

The results of the three-way ANOVA to study the single effect

and interaction effect of Achievement Motivation, Sex and School type on

Achievement in Physical Science are summarised in Table 4.15.
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TABLE 4.15
Summary of Three-way ANOVA of Achievement in Physical Science by

Achievement Motivation by Sex by School Type (N = 946)

Source of Sum of | Degrees of Mean Level of
Variation Squares Freedom Square of F-Value Sianificance
(S.S) (df) Variance 9
Achievement 11.88 2 5.94 0.05 NS
Motivation
Sex 1578.99 1 1578.99 13.70 0.01
School type 2159.09 1 2159.09 18.74 0.01
Achievement
Motivation x 106.44 2 53.22 0.46 NS
Sex
Achievement
Motivation x 526.45 2 263.22 2.28 NS
School type
Sex x School | 5487 63 1 5987.63 51.96 0.01
type
Achievement
Motivation x 676.81 2 338.40 2.94 NS
Sex x School
type
Within cells 107621.37 934 115.23
Total 117469.79 945 124.31
Main effect

The obtained F-value as per Table 4.15 for the single effect of

Achievement Motivation on Achievement in Physics is 0.05 which is not

significant even at 0.05 level of significance. But the obtained F-values for the

single effect of Sex, School type on Achievement in Physical Science are

13.70 and 18.74 respectively. These two values are well beyond the tabled

values set at 0.01 level of significance.

This result shows that scores of
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Achievement in Physical Science differ with differences in Sex of the subjects
and School type.
First order interaction effect

According to Table 4.15, F-values obtained for the interaction
effect of Achievement Motivation by Sex; and the interaction effect of
Achievement Motivation by School type on Achievement in Physical Science
are 0.46 and 2.28 respectively. These values are not significant even at 0.05
level of significance indicating that the scores of Achievement in Physical
Science is not influenced by either the combined effect of Achievement
Motivation and Sex or the combined effect of Achievement Motivation and
School type.

The obtained F-value for the interaction effect of Sex and Schoo/
type on Achievement in Physical Science is 51.96. As this F-value is greater
than the tabled value at 0.01 level of significance, the result suggests that
Achievement in Physical Science is influenced by the combined effect of Sex
and School type.

Second order interaction effect

Three-way ANOVA of second order interaction effect of
Achievement Motivation by Sex by School type shows that the obtained
F-value is not significant even at 0.05 level of significance.
4.2.3.3 Main Effect and Interaction Effect of Self-Esteem, Sex and

School Type on Achievement in Physical Science

The results obtained for the three-way ANOVA of Achievement

in Physical Science by Self-Esteem by Sex by School type (N = 946) is

summarised in Table 4.16.
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TABLE 4.16
Summary of Three-way ANOVA of Achievement in Physical Science by
Self-Esteem by Sex by School Type (N = 946)

Sum of Degrees of
Source of Mean Square Level of
. Squares Freedom . F-Value L
Variation (S.S) (df) of Variance Significance
Self-Esteem | 3336.87 2 1668.44 14.83 0.01
Sex 1217.22 1 1217.22 10.82 0.01
School type 2196.75 1 2196.75 19.53 0.01
Self-Esteem
« Sex 69.11 2 34.55 0.31 NS
Self-Esteem
x School 402.18 2 201.09 1.79 NS
type
Sex x
School type 5021.72 1 5021.72 44.65 0.01
Self-Esteem
x Sex x 33.31 2 16.66 0.15 NS
School type
Within cells | 105045.90 934 112.47
Total 117469.79 945 124.31
Main effect

The obtained F-values for the main effect of Self-Esteem, Sex
and School type on Achievement in Physical Science are 14.83, 10.82 and
19.53 respectively. These values are well beyond the tabled value set at 0.01
level of significance. This result indicates that scores on Achievement in
Physical Science depends on the Self-Esteem of the subjects, Sex and

School type.
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First order interaction effect

it is found that F-values obtained for the interaction of Self-
Esteem and Sex and that of Self-Esteem and School type on Achievement in
Physical Science are 0.31 and 1.79 respectively. These values are not
significant even at 0.05 level of significance indicating that Achievement in
Physical Science is not influenced by the combined effect of Self-Esteem and
Sex or Self-Esteem and School type.

On the other hand, F-value obtained for the interaction of Sex
and School type on Achievement in Physical Science is significant beyond -
0.05 level. The result suggests that the scores of Achievement in Physical
Science is influenced by the joint effect of Sex of the subjects and Schoo/
type.

Second order interaction effect

No significant second order interaction, i.e., Achievement in
Physical Science by Self-Esteem by Sex by School type was found to exist
since the obtained F-value (0.15) is far below the tabled value set at 0.05 level
of significance.
4.2.3.4 Main Effect and Interaction Effect of Attitude towards Science,

Sex and School Type on Achievement in Physical Science

The data regarding the main effect and interaction effect of

Attitude towards Science, Sex and School type on Achievement in Physical

Science is presented in Table 4.17.
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TABLE 4.17
Summary of Three-way ANOVA of Achievement in Physical Science by
Attitude towards Science by Sex by School Type (N = 946)

Degrees

Source of SS uur:rzfs of S l\:'lz:: of | F-Value Level of
Variation 9 Freedom que Significance
(S.S) (df) Variance
Attitude towards
Science 18179.35 2 9089.68 96.69 0.01
Sex 2959.35 1 2959.35 31.48 0.01
School type 2141.20 1 2141.20 22.78 0.01
Attitude towards
Science x Sex 323.08 2 161.54 1.72 NS
Attitude towards
Science x 111.97 2 55.98 0.60 NS
School type
Sex x School 4402.76 1 4402.76 | 46.83 0.01
type
Attitude towards
Science x Sex x 744.39 2 372.19 3.96 .05
School type
Within cells 87801.73 934 94.01
Total 117469.79 945 124.31
Main effect

The single effect of Attitude towards Science, Sex and School

type on Achievement in Physical Science were studied separately.

The

obtained F-values were found to be 96.69, 31.48 and 22.78 respectively. All

the obtained F-values are well beyond the tabled values set at 0.01 level of

significance at appropriate degrees of freedom. This result reveals that

scores of Achievement in Physical Science for the total sample are dependent
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on the scores of Attitude towards Science, Sex of the subjects and Schoo/
type on sex enrolment.
First order interaction effect

It is seen from Table 4.17 that the F-value obtained for the first
order interaction of Sex and School type on Achievement in Physical Science
is 46.83 which is significant at 0.01 level of significance. This shows that
scores of Achievement in Physical Science is influenced by the combined
effect of Sex and School type. On the other hand, the F-values obtained for
the interaction effect of Attitude towards Science and Sex; and Attitude
towards Science and School type (1.72 and 0.60) are not significant even at
0.05 level of significance. The result suggests that Achievement in Physical
Science is not influenced by the combined effect of Attitude towards Science
and Sex and Attitude towards Science and School type.
Second order interaction effect

When the second order interaction effect of Attitude towards
Science by Sex by School type on Achievement in Physical Science was
studied, the obtained F-value 3.96 was found significant at 0.05 level. The
result suggest that Achievement in Physical Science is influenced by the joint
effect of Attitude towards Science, Sex and School type, i.e., Sex x School
type interaction are not same for the different levels of Attitude towards
Science.
4.2.3.5 Main Effect and Interaction Effect of Attitude towards Academic

Work, Sex and School Type on Achievement in Physical Science

The results of the three-way ANOVA undertaken to find out the

main effect and interaction effect of Attitude towards Academic Work, Sex and

School type on Achievement in Physical Science are presented in Table 4.18.
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TABLE 4.18
Summary of Three-way ANOVA of Achievement in Physical Science by
Attitude towards Academic Work by Sex by School Type (N = 946)

Sum of Degrees of Mean
Source of Level of
. Squares Freedom Square of F-Value s e
Variation | (S.S) (df) Variance Significance

Attitude towards
Academic Work 5885.32 2 2942 .66 26.83 0.01
Sex 2361.38 1 2361.38 21.53 0.01
School type 2918.00 1 2918.00 - 26.60 0.01
Attitude towards
Academic Work 145.83 2 72.92 0.66 NS
x Sex
Attitude towards
Academic Work 11.14 2 5.57 0.05 NS
x School type
Sex x School 4584.24 1 4584.24 41.79 0.01
type
Attitude towards
Academic Work
« Sex x School 60.25 2 30.12 0.27 NS
type
Within cells 102454.32 934 109.69

Total 117469.79 945 124.31
Main effect

The F-values obtained for the main effect of Attitude towards

Academic Work, Sex and School type on Achievement in Physical Science

are 26.83, 21.53 and 26.60 respectively. The obtained F-values are well

beyond the tabled values set at 0.01 level of significance. The results suggest

that Achievement in Physical Science can e considered to be varying with the
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scores of Aftitude towards Academic Work, Sex of the subjects and School
type.
First order interaction effect

It is seen from Table 4.18 that the interaction effect of Sex and
School type on Achievement in Physical Science is significant at 0.01 level,
the obtained F-value being 41.79. This result shows that Achievement in
Physical Science is influenced by the combined effect of Sex and School type.
But the F-values obtained for the first order interaction of Attitude towards
Academic Work and Sex and School type are 0.66 and 0.05 respectively.
These values are not significant even at 0.05 level of significance. This result
suggests that Achievement in Physical Science is not influenced by the joint
effect of Attitude fowards Academic Work and Sex and Attitude towards
Academic Work and School type. |
Second order interaction effect

When the second order interaction effect of Attitude towards
Academic Work by Sex by Schoaol type on Achievement in Physical Science
was studied, the obtained F value (0.27) was found to be not significant even
at 0.05 level of significance. The result suggests that Achievement in
Physical Science is not influenced by the joint effect of Attitude towards

Academic Work, Sex and School type.
4.2.4 Discussion of Three-Way ANGVA

Three-way ANOVA was undertaken to examine the main effect
and interaction effect of Classroom Learning Environment, Sex and Schoo/
type in Achievement in Physics, Achievement in Chemistry and Achievement
in Physical Science for total sample (N = 946) separately. Similar procedure
was followed to study the effect of Achievement Motivation, Self-Esteem,
Attitude towards Science and Afttitude towards Academic Work separately in
combination with Sex and School type on Achievement in Physical Science
(Physics, Chemistry and Total). Results of the three-way ANOVA are

discussed in the following text.
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4.2.4.1

Summary of Three-way ANOVA of Achievement in Physical

Science (Physics, Chemistry and Total) by Classroom Learning

Environment by Sex by School Type

Summary of the three 3 x 2 x 2 factorial ANOVA is presented in

Table 4.19.

TABLE 4.19

Summary of Three-way ANOVA of Achievement in Physical Science

(Physics, Chemistry and Total) by Classroom Learning

Environment by Sex by School Type (N = 946)

Dependent Variables
Degrees .
Indegendent of Achievement | Achievement A_chwverpent
Variables . . - . in Physical
Freedom in Physics in Chemistry .
Science F-
F-Value F-value

value
Classroom
Learning 2 0.02 0.32 0.08
Environment (CLE)
Sex 1 19.69** 3.54 11.86**
School type 1 7.28** 23.47** 17.01**
CLE x Sex 2 1.36 0.92 1.28
CLE x School type 2 3.28* 1.51 2.50
Sex x School type 1 23.76** 40.48** 37.72**
CLE x Sex x 2 2.42 0.95 181
School type
CLE - Classroom Learning Environment
** - Significant at 0.01 level
* - Significant at 0.05 level

Out of the three F-values obtained for the study of the main

effect of Classroom Learning Environment on Achievement in Physics,
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Achievement in Chemistry and Achievement in Physical Science, none of the
F-values was found to be significant.

The main effect of Sex on Achievement in Physics and Physical
Science (total) was found significant at 0.01 level, but for Achievement in
Chemistry, it was not significant.

All the F-values obtained for the main effect of School type on
Achievement in Physics, Achievement in Chemistry and Achievement in
Physical Science are found to be significant at 0.01 level.

Regarding the first order interaction, all the three F-values
obtained for Sex by School type interaction on Achievement in Physics,
Chemistry and Physical Science (total) are found to be significant (beyond
0.01 level). Classroom Learning Environment by School type interaction is
significant on Achievement in Physics only. Classroom Learning Environment
by Sex by Achievement in Physical Science is not seen significant for any of
the three ANOVA computed.

Second order interaction (Classroom Learning Environment by
Sex by School type) on Achievement in Physical Science (Physics, Chemistry
and Total) are also not significant.
4.2.4.2 Summary of the Three-way ANOVA of Achievement in Physical

Science (Physics, Chemistry and Total) by Achievement
Motivation by Sex by School Type
The results of the three 3 x 2 x 2 factorial ANOVA computed

were summarised and presented in Table 4.20.
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TABLE 4.20

Summary of Three-way ANOVA of Achievement in Physical Science

(Physics, Chemistry and Total) by Achievement

Motivation by Sex by School Type (N = 946)

Dependent Variables

Degrees , :
lndependent of Achievement | Achievement A_chlevement
Variables ) . . . in Physical
Freedom in Physics in Chemistry Sci
cience
F-Value F-value
F-value
Achievement
Motivation (AM) 2 0.69 0.24 0.05
Sex 1 25.20** 3.21 13.70**
School type 1 7.69** 26.49** 18.74**
AM x Sex 2 0.32 0.86 0.46
AM x School type 2 2.48 1.75 2.28
Sex x School type 1 38.30** 49.16** 51.96**
AM x Sex x School 2 5 55+ 1.31 2.94

type

AM -

*%

*

Achievement Motivation
- Significant at 0.01 level
- Significant at 0.05 level

It can be noticed from Table 4.20 that the main effect of

Achievement Motivation on Achievement in Physical Science (Physics,

Chemistry and Total) are not significant since all the three F-values obtained

are far below the accepted level for significance (below 3.85 for df 2/944).

Single effect of Sex on Achievement in Physics and Physical Science are

found to be significant at 0.01 level. On the other hand, the main effect of

School type on Achievement in Physical Science (Physics, Chemistry, Total)

are found to be significant in all the three F-values computed.
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Table 4.20 also reveals that while Sex by School type by
Achievement in Physics is significant in all the three factorial ANOVA
computed (F < 6.69 for df 1/1000). None of the other two first order
interactions (either Achievement Motivation x Sex or Achievement Motivation
x School type) are significant.

While Achievement Motivation x Sex x School type interaction
on Achievement in Physics is found to be significant (F < 4.63 for df 2/944),
the other two second order interactions (for Chemistry and total) are not
significant.
4.2.4.3 Summary of Three-way ANOVA of Achievement in Physical

Science (Physics, Chemistry and Total) by Self-Esteem by Sex
by School Type

Results of the 3 x 2 x 2 factorial ANOVA computed to study the
effect of Self-Esteem, Sex and School type on Achievement in Physics,
Achievement in Chemistry and Achievement in Physical Science are

summarised and presented in Table 4.21.
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TABLE 4.21

Summary of Three-way ANOVA of Achievement in Physical Science

(Physics, Chemistry and Total) by Self-Esteem by Sex by School Type

(N = 946)
Dependent Variables
Degrees - .
Indegendent of Achievement | Achievement Achleverpent
Variables . . f . in Physical
Freedom in Physics in Chemistry Sci
cience
F-Value F-value

F-value
Self-Esteem (SE) 2 12.83** 12.10™* 14.83**
Sex 1 19.76** 2.52 10.82**
School type 1 8.33** 26.82** 19.563**
SE x Sex 2 0.38 0.72. 0.31
SE x School type 2 2.43 0.81 1.79
Sex x School type 1 28.44* 47.16** 44.65**
SE x Sex x School 2 0.00 0.51 0.15
type
SE - Self-Esteem
* - Significant at 0.01 level
* - Significant at 0.05 level

It can be noticed from Table 4.21 that the main effect of Self-
Esteem and School type on Achievement in Physics, Achievement in-
Chemistry and Achievement in Physical Science are significant well beyond
0.01 level for appropriate degrees of freedom. The main effect of Sex on
Achievement is found to be significant in two out of the three ANOVA
computed.

While Sex by School type interaction on Aéhievement is
significant in all the three ANOVA computed, none of the other two first order
interaction (Self-Esteem by Sex and Self-Esteem by School type) on

Achievement is significant.
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Similarly, second order interaction (Self-Esteem x Sex x School
type) on Achievement is not significant in any of the three ANOVA computed.
4.2.4.4 Summary of Three-way ANOVA of Achievement in Physical

science (Physics, Chemistry and Total) by Attitude towards
Science by Sex by School Type

Three 3 x 2 x 2 factorial ANOVA was computed to study the
single effect and joint effect of Attitude towards Science, Sex and School type
on Achievement in Physics, Chemistry and Physical Science. The summary
of the results are presented in Table 4.22.

TABLE 4.22
Summary of Three-way ANOVA of Achievement in Physical Science
(Physics, Chemistry and Total) by Attitude towards
Science by Sex by School Type (N = 946)

Dependent Variables
Degrees .
In\t/iae::ivzgldeesnt of Achievement | Achievement ﬁ:‘h;iviﬂzr;t
Freedom in Physics in Chemistry Yy
Science F-
F-Value F-value
value

Attitude towards - - -
Science (ATS) 2 94.96 64.75 96.69
Sex 1 44 75** 12.19** 31.48*
School type 1 11.50** 26.64** 22.78*
ATS x Sex 2 0.96 2.91 1.72
ATS x School type 2 0.06 1.38 0.60
Sex x School type 1 29.96** 46.47* 46.83**
ATS x Sex x 2 3.65* 3.13* 3.96*
School type
ATS - Attitude towards Science
** - Significant at 0.01 level

* - Significant at 0.05 level
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As per Table 4.22, it can be noticed that all the nine F-values
computed to study the single effect of Attitude towards Science, Sex and
School type (three each for each independent variable) on Achievement in
Physical Science are significant beyond 0.01 level.

Regarding the first order interaction, only Sex by School type
interaction on Achievement is significant. All the three F-values are significant
beyond 0.01 level. ‘

Second order interaction of Attitude towards Science by Sex by
School type on Achievement in Physical Science is found to be significant; the
three F-values are significant at 0.05 level.

4.24.5 Summary of Three-way ANOVA of Achievement in Physical
Science (Physics, Chemistry and Total) by Attitude towards
Academic Work by Sex by School Type

Summary of the 3 x 2 x 2 ANOVA of Attitude towards Academic
Work by Sex by School type on Achievement in Physical Science is presented
in Table 4.23.
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TABLE 4.23

Summary of Three-way ANOVA of Achievement in Physical Science

(Physics, Chemistry and Total) by Attitude towards
Academic Work by Sex by School Type (N = 946)

Dependent Variables
Degrees ) .
Indep_endent of Achievement | Achievement A_chlevement
Variables . . - . in Physical
Freedom in Physics in Chemistry Sci
cience F-
F-Value F-value

value
Attitude towards
Academic Work 2 28.81** 17.08** 26.83**
(ATS)
Sex 1 30.77** 8.82** 21.53*
School type 1 14.79** 30.67** 26.60**
ATA x Sex 2 0.11 2.05 0.66
ATA x School type 2 0.20 0.59 0.05
Sex x School type 1 24 .47 46.58** 41.79*
ATA x Sex x 2 0.88 0.09 0.27
School type
ATA - Attitude towards Academic Work
> - Significant at 0.01 level

All the nine F-values obtained to study the main effect of Attitude

towards Academic Work, Sex and School type (three each for each

independent variable) are found to be significant (p < .01 level).

First order interaction of Sex x School type on Achievement in

Physics, Chemistry and Physical Science are significant; all the obtained
The other two first order

interactions (Attitude towards Academic Work x Sex or Attitude towards

F-values are significant beyond 0.01 level.

Academic Work x School type) are not significant. Similarly, the second order

interaction of Attitude towards Academic Work x Sex x School type is also not
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found to be significant as the F-values obtained are far below the accepted
level for significance at 0.05 level.
Comments
When the summary of the results of fifteen three-way ANOVA as
per Tables 4.19, 4.20, 4.21, 4.22 and 4.23 was studied, the following findings
were noticed: V
()  Variables which show significant main effect on Achievement in Physical
Science, Achievement in Physics and Achievement in Chemistry are
listed below:
Self-Esteem
Attitude towards Science
Attitude towards Academic Work
School type
F-values for the study of main effect of Sex on Achievement in
Physical Science were found to be significant for thirteen out of fifteen
ANOVA computed.
(i) No significant main effect on Achievement in Physical Science was
noticed in the case of the following variables:
Classroom Learning Environment
Achievement Motivation
(i) First order interactions of the following variables on Achievement in

Physical Science were found to be significant.

Sex x School type - All 15 F-values are significant
Classroom Learning Environment - One F-value is
significant

x School type
(iv) None of the other first order interaction are significant.
(v) Second order interactions of the following variables were found to be

significant.
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Attitude towards Science x Sex x School type on Achievement
in Physics, on Achievement in Chemistry and Achievement in Physical
Science are found to be significant at 0.05 level.

Achievement Motivation x Sex x School type on Achievement in
Physics is significant beyond 0.01 level.

(vi) Other second other interactions are not significant even at 0.05 level.

4.2.5 Graphical Representation of Interactions
The graphs of the interaction effects provide a pictorial
representation of the interactions of the different variables. They highlight the
depth of the combined effect of the independent variables on the dependent /
criterion variable. They are presented under the following heads:
4.2.5.1 Graphical Representation of Interaction Effect of Each of the
Independent Variables, Sex and Schoo/ Type on Achievement in
Physics for the Total Sample
4.2.5.2 Graphical Representation of the Interaction Effect of Each of the
Independent Variables, Sex and School Type on Achievement in
Chemistry for the Total Sample
4.2.5.3 Graphical Representation of the Interaction Effect of Each of the
Independent Variables, Sex and School Type on Achievement in
Physical Science for the Total Sample
4.2.5.1.1 Graphical Representation of Interaction Effect of Classroom
Learning Environment, Sex and School Type on Achievement
in Physics for the Total Sample
Significant first order interaction was noticed for two out of the
three first order interactions computed in the three-way ANOVA of
Achievement in Physics by Classroom Learning Environment by Sex by
School type while interaction of Classroom Learning Environment by School
type on Achievement in Physics is significant at 0.05 level, the interaction of
Sex by School type on Achievement in Physics is significant at 0.01 level. But
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no significant second order interaction was noticed. Therefore, the
investigator made an attempt to study the nature of the relations of the
variables graphically since graph is considered to be one of the most powerful
tools of analysis.

For the purpose of graphical representation of the interaction,
the mean scores of the dependent variables Achievement in Physics of the
subjects were plotted as the ordinate of the graph and three groups of
subjects categorised on the basis of Classroom Learning Environment were
marked in abscissa. Mean Achievement scores of boys and girls categorised
on the basis of School type was marked separately in Figure 4-1.
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The pattern of relationship among the variables Classroom
Learning Environment Sex and School type were examined separately. An
examination of the graphical representation of the relationship of the
qualitative variable Achievement in Physics by the qualitative variable
Classroom Learning Environment of boys and girls of Coeducational and
Single-sex schools reveal that the separation between the lines are not
horizontal especially in Figure 4-1 A, C, and D.

It can be noticed from Figure 4.1 A that Mean Achievement in
Physics scores of boys and girls of three levels of Classroom Learning
Environment are consistently different in ‘'Single-sex schools: boys
consistently having higher means; but the means of boys and girls of
Coeducational schools are almost uniform vide Figure 4-1 B. This indicates
that the trend of sex difference in Achievement in Physics is not similar in
single-sex schools and coeducational schools.

While the difference in mean Achievement in Physics scores of
boys and Coeducational and Single-sex schools in Less Favourable
Classroom Learning Environment is marked, the difference are seen in
reverse direction for Favourable Classroom Learning Environment. That is,
an antagonistic interaction which is illustrated in Figure 4-1 C. By contrast,
the girls of three levels of Classroom Learning Environment in Coeducation
schools are almost same as indicated by almost a straight line (Figure 4-1 D);
but girls of three levels of Classroom Learning Environment perform differently
in Single-sex schools; the performance being better in Coeducational Schools
in all the three levels of Classroom Learning Environment.
4.2.5.1.2. Graphical Representation of Interaction Effect of Achievement

Motivation, Sex and School Type on Achievement in Physics
for the Total Sample

In the three-way ANOVA computed, besides significant main
effect of Sex and School type on Achievement in Physics, first order

interaction effect of Sex and School type on Achievement were also noticed.
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Further, second order interaction of Achievement in Physics by Achievement
Motivation by Sex by School type was also found to be significant beyond
0.01 level. Graph showing a plot of the means of Achievement in Physics so
as to demonstrate the relationship between Achievement scores and
Achievement Motivation of boys and girls in Coeducational schools versus
Single-sex schools is presented in Figure 4-2.
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It can be noted that Sex difference in Achievement in Physics
become narrower for students of High — Achievement Motivation group than
for students of Low — Achievement Motivation and Average — Achievement
Motivation group in Single-sex schools. Figure 4-2 A shows this interaction
termed as Ceiling effect Interaction (McBurney, 2002). On the other hand,
Sex difference is consistently narrow or almost nil for all the three levels of
Achievement Motivation in Coeducational schools.

Regarding the performance of boys in Coeducational and
Single-sex schools, it will be noted that the differences based on School type
are in the opposite direction for the High — Achievement Motivation Group,
i.e., an antagonistic interaction is noticed here also (vide Figure 4-2. C). On
the other hand, the performance of girls in Coeducational and Single-Sex
schools reveal that the difference became narrower in Average — ; and High —
Achievement Motivation group. Whether or not boys are superior to girls in
mean Achievement in Physics depends upon whether they are from
Coeducational schools or Single-sex schools. The graph further indicates that
the Sex by School type interaction is not the same for the different levels of
Achievement Motivation of the sample, hence F-being significant in the three-
way interaction.

4.2.5.1.3. Graphical Representation of Interaction Effect of Self-Esteem,
Sex and School Type on Achievement in Physics for the Total

Sample -
Even though significant main effect was noticed for all the three

variables namely Self-Esteem, Sex and School type on Achievement in
Physics, significant first order interaction was noticed only for Sex by School
type. Second order interaction was also found not to be significant. Here
also, an attempt was made to study the result of the interaction graphically.
The pattern of relationship was plotted separately for boys and girls of Single-
Sex schools and Coeducational schools of the total sample. The graphical
relationship of Achievement in Physics by Self-Esteem by Sex by School type
is presented in Figure 4-3.
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The pattern of relationship of Achievement in Physics and Self-
Esteem of boys and girls was examined separately for the sample of Single-
sex schools and Coeducational schools. By examining the pattern of
relationship, it is possible to determine whether the means of Achievement in
Physics owe their divergence to Sex difference, the differences in School type
or to both at three levels of Self-Esteem. i

The graphs given in Figure 4-3 A and 4-3 D reveal that the line
representing the mean Achievement in Physics of both boys and girls of
Single-sex schools and girls of Coeducational and Single-sex schools at three
levels of Self-Esteem are not parallel. From Average Self-Esteem to High
Self-Esteem, a synergistic interaction is seen in 4-3 A whereas a ceiling effect
interaction is seen in 4-3 D. It can also be noted that boys score higher mean
score than girls of Single-sex schools and girls of Coeducational schools have
higher means at all the three levels of Self-Esteem.

Differences in the slope of the lines depicting the means in
Achievement in Physics of boys and girls is seen dependent on whether they
are from Coeducational school or Single-sex school.  Higher mean
achievement score is seen associated with High Self-Esteem groups
irrespective of differences in Sex and School type.

4.2.5.1.4. Graphical Representation of Interaction Effect of Attitude
towards Science, Sex and School Type on Achievement in

Physics for the Total Sample
Significant main effect of Attitude towards Science, Sex and

School type on Achievement in Physics was noticed in the three-way ANOVA,
but significant first order interaction was noticed only for Sex by School type
on Achievement in Physics. Moreover, second order interaction is also found
to be significant at 0.05 level. Figure 4-4 shows a plot of the means so as to
demonstrate the relationship between scores of Achievement in Physics, Sex
and School type in the sample categorised into three nearly identical levels
based on scores of Aftitude towards Science namely Favourable -

Moderately Favourable and Less Favourable group.
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An examination of the graph Figure 4-4 A shows that the four
lines representing the mean scores in Achievement in Physics of boys and
girls of Coeducational and Single-sex schools at three levels of Atftitude
towards Science are not horizontal. This suggests the significant main effect
of Attitude towards Science, Sex and School type on Achievement in Physics.
The fact that the two lines separating the effect of Sex and School type on
Achievement are not parallel further illustrates the interaction effect in the
F-test. The slope of the lines further suggest that the interaction is a
synergistic interaction, that is, the more favourable are of the subjects (both
boys and girls) Attitude towards Science, the larger the scores in Achievement
in Physics tend to be (i.e., downward slope of the line from Favourable —
Attitude towards Science to Less — Favourable Attitude towards Science).
The graph (Figure 4-4 E) also indicates that the Sex x School type
interactions are not the same for the three different categories of the variable
Attitude towards Science.
4.2.5.1.5. Graphical Representation of Interaction Effect of Attitude

towards Academic Work, Sex and School Type on
Achievement in Physics for the Total Sample

Since significant main effect of Aftitude towards Academic Work,
Sex and School type on Achievement in Physics was noticed and Sex by
School type interaction was also found to be significant in the three —way
factorial ANOVA, the interaction was studied graphically. The graph is
presented as Figure 4-5.
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The fact that the four lines vide Figure 4-5 A depicting the
Achievement in Physics of boys and girls of three levels of Attitude towards
Academic Work of Coeducational schools and Single-sex schools are
horizontal suggests that the main effect of the three variables on achievement
are significant. It is also noticed that the mean achievement scores of boys
and girls irrespective of School type are not parallel, indicating that there is an
interaction effect. It is noteworthy that Sex difference in Achievement in
Physics is greater in Single-sex school as indicated by the wider gap of the
lines. The slope of the lines suggest that the two variable interaction
(synergistic interaction) are same for the third variable Affitude towards
Academic Work at the three different levels (Figure 4-5 B). Hence, F-value
was found to be not significant.
4.2.5.2.1 Graphical Representation of Interaction Effect of Classroom

Learning Environment, Sex and School Type on Achievement
in Chemistry for the Total Sample

An examination of the scores of variance in the three-way
ANOVA shows how the independent variable Classroom Learning
Environment might influence the variance of the scores on Achievement in
Chemistry across the levels of the factors Sex and School type. Sex x School
type-interaction noticed in the three-way ANOVA was illustrated by plotting
graph with mean scores of Achievement in Chemistry plotted as the ordinate
of the graph and the three groups of subjects categorised on the basis of
Classroom Learning Environment marked as abscissa. The graph is

presented in Figure 4-6.
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The pattern of relationship among the variables namely
Classroom Learning Environment, Sex and School type were examined
separately for main effect and interaction effect. The fact that the two lines
representing the mean achievement of boys and girls and school type are not
horizontal suggests that these variables have main effect on Achievement in
Chemistry. It can also be noticed that girls of Single-sex schools have low
achievement scores when compared to boys. The pattern reverses in the
case of boys and girls of Coeducational schools (Figure 4-6 B). The
interaction is synergistic. The graph also suggests that mean Achievement in
Chemistry of boys and girls are consistently different in Single-sex schools
(boys having higher means). The means of boys and girls of Coeducational
schools are almost same except in the Less — Favourable Classroom
Learning Environment level.  This indicates that Sex difference in
Achievement in Chemistry is not similar in Single-sex schools and
Coeducational schools. The slope of the lines also shows that the interaction
of the two variables is same for the different categories of the Classroom
Leaming Environment. This fact indicates that there is no second order

interaction.
4.2.5.2.2 Graphical Representation of Interaction Effect of Achievement
Motivation Sex and School Type on Achievement in Chemistry

for the Total Sample

In the three-way ANOVA significant main effect of only School
type on Achievement in Chemistry was found to be significant. Also first order
interaction effect of Sex x School type on Achievement in Chemistry was
found to be significant beyond 0.01 level. The graph showing the relationship
between scores of Achievement in Chemistry, Sex and School type in the
sample categorised on the basis of three levels o Achievement Motivation is

presented in Figure 4-7.
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The pattern of relationship of Achievement in Chemistry and
Achievement Motivation of boys and girls were examined separately for the
subjects of Single-sex and Coeducational schools. The slope of the line
depicting the means in Achievement of boys and girls of Single-sex and
Coeducational schools are not parallel. This indicates the joint effect of Sex
and School type on Achievement in Chemistry. The interaction is synergistic
from low to average levels of Achievement Motivation. It can also be noticed
that boys in Single-sex schools have consistently higher means than girls in
Single-sex schools over three levels of Achievement Motivation. On the other
hand, girls’ superiority is marked in Coeducational schools. Whether boys or
girls are superior in mean Achievement in Chemistry depends on whether
they are from Coeducational schools or Single-sex schools.

The graph further indicates that the first order interaction is
same for the three levels of Achievement Motivation. Hence F is not
significant in the second order interaction.
4.2.5.2.3 Graphical Representation of Interaction Effect of Self-Esteem,

Sex and School Type on Achievement in Chemistry for the
Total Sample

Significant main effect was noticed for two out of the three
variables (treated as independent variables), namely Self-Esteem and School
type on Achievement in Chemistry. But only Sex by School type interaction
was found to be significant. No second order interaction was found to be
significant in the three-way ANOVA computed. Since of the first order
interactions was found to be significant, an attempt was made to study the
result of the interaction graphically. The pattern of relationship was plotted
separately for boys and girls of Single-sex schools and Coeducational schools
of the total sample. The graphical relationship of Achievement in Chemistry
by Self-Esteem by Sex by School type is presented in Figure 4-8.
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An examination of the graph shows that the two lines
representing average scores in Achievement in Chemistry of Boys and Girls
of Single-sex schools and Coeducational schools are not parallel at the three
levels of Self-Esteem. This illustrates the interaction effect of Sex and Schoo!
type in the F-test. The slope of the lines further suggests that the higher the
Self-Esteem scores of the subjects (for both boys and girls), the larger the
scores in Achievement in Chemistry tend to be a synergistic interaction.

It is also noticed that boys score higher than girls in
Achievement in Chemistry in Single-sex schools whereas girls score higher
than boys in Coeducational schools. This trend is seen in all the three levels
of Self-Esteem. Sex difference in Achievement is dependent on whether the
subjects are from Coeducational or Single-sex schools. But the interaction is
same for three different categories of the variable Self-Esteem; hence F-value
for second order interaction is seen not significant.
4.2.5.2.4 Graphical Representation of Interaction Effect of Attitude

towards Science, Sex and School Type on Achievement in
Chemistry for the Total Sample

In the three-way ANOVA computed, significant main effect was
noticed for Attitude towards Science, Sex and School type on Achievement in
Chemistry. Besides first order interaction of Sex by Attitude towards Science
and Sex by School type on Achievement Chemistry was also found to be
significant. Also significant second order interaction was noticed. Figure 4-9
shows the graph plotted to study the pattern of relationship of the variables so

as to demonstrate the interaction as revealed in the ANOVA.
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Looking at the graph, it can be seen that the lines depicting
mean Achievement in Chemistry of Boys and Girls of three levels of Attitude
towards Science are consistently different in Single-sex schools and
Coeducational schools. Boys have higher achievement than girls in Single-
sex schools in three levels of Attitude towards Science. The lines separating
the effect of Sex and School type on Achievement are not parallel suggesting
that there is an interaction effect. Sex difference is found reversed in favour
of girls of Coeducation schools in the Favourable — Attitude towards Science
level, that is the interaction is antagonistic interaction. This pattern suggests
that Sex x School type interaction effect on Achievement is not same at the
three levels of Attitude towards Science. Figure 4-9 E clearly shows this.
4.2.5.2.5 Graphical Representation of Interaction Effect of Attitude

towards Academic Work, Sex and School Type on
Achievement in Chemistry for the Total Sample

it cam be noticed from the three-way ANOVA that the main
effect of Attitude towards Academic Work, Sex and School type on
Achievement in Chemistry is significant well beyond 0.01 level. Regarding the
interaction between factors, only first order interaction of Sex by School type
on Achievement is found to be significant. No second order interaction is
found to be significant. Since one interaction is found to be significant, the
joint effect of School type and Sex on Achievement in Chemistry was
examined graphically by plotting the mean scores of Achievement in
Chemistry for each category of the independent variables. The graph is
presented in Figure 4-10.
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The two lines depicting the effect of Sex on Achievement in
Chemistry as a consequence of different levels of Attitude towards Academic
Work are neither horizontal nor parallel for the subjects of Single-sex schools
and Coeducational schools (Figure 4.10). This fact suggests that Sex
difference exists in Achievement,; high means are associated with boys in
Single-sex schools (synergistic interaction) but the trend reverses to the
advantage of girls in the Coeducational schools. Girls’ superiority over boys is
noticed at all the three levels of Afttitude towards Academic Work in
Coeducational schools. In other words, whether boys or girls score high in
mean Achievement in Chemistry depends on whether they are from
Coeducational schools or Single-sex schools. But it is also noticed that Sex x
School type interaction is the same for the different levels of Attitude towards
Academic Work of the sample; hence F-value is not significant in the three-
way interaction.
4.2.5.3.1 Graphical Representation of Interaction Effect of Classroom
Learning Environment, Sex and School Type on Achievement
in Physical Science for the Total Sample
In the three-way ANOVA computed, besides significant main
effect of Sex and School type on Achievement in Physical Science, first order
interaction effect of Sex and School type on Achievement were also noticed.
Classroom Learning Environment has no significant main effect or interaction
effect on Achievement in Physical Science. No significant second order
interaction was noticed. Graph showing a plot of the means of Achievement
in Physical Science so as to demonstrate the relationship between
Achievement scores and Classroom Learning Environment of boys and girls

in Coeducational schools and Single-sex schools is presented in Figure 4-11.
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An examination of the graph reveals that the separation of lines
depicting mean achievement of boys and girls are not only parallel but wider
than the lines separating boys and girls in mean achievement in
Coeducational schools at the three levels of Classroom Learning
Environment. 1t is also noticed that boy-girls difference narrow down from
Less — Favourable Classroom Learning Environment to Favourable Classroom
Learning Environment. Similarly, the differences in the mean Achievement of
Physical Science of boys of Coeducational and Single-sex schools also
narrow down from their Less — Favourable to Favourable Classroom Learning
Environment. This fact that indicates that performance of boys and girls in
Achievement in Physical Science depends on whether they are from
Coeducational schools or Single-sex schools. Thus, the figures show a
synergistic interaction. This pattern of interaction is the same for the three
different categories of the variable Classroom Learning Environment. Hence,
the F-ratio for second order interaction is found to be not significant.
4.2.5.3.2 Graphical Representation of Interaction Effect of Achievement

Motivation, Sex and School Type on Achievement in Physical
Science for the Total Sample

Since significant main effect of Sex and School type on
Achievement in Physical Science was noticed and Sex by School type
interaction was also found to be significant in the three-way factorial ANOVA,
the interaction was studied graphically. F-value for second order interaction

was also found to be significant. The graph is presented in Figure 4-12.
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It can be seen from the graph that two lines representing
Achievement in Physical Science of boys and girls of Single-sex schools and
Coeducational schools are neither horizontal nor parallel. This suggest that
Sex influences Achievement in Physical Science for subjects of both Single-
sex and Coeducational schools. It is also noticed that sex difference in
achievement narrows from Low — Achievement Motivation level to High -
Achievement Motivation level of the subjects. No sex differénce is noticed in
the high group in the Coeducational schools. Thus a ceiling effect interaction
is seen in the figure. Another fact which is evident is that mean Achievement
in Physical Science of girls in Coeducational schools are much higher than
boys of Coeducational schools and girls of Single-sex schools. This indicates
that whether boys or girls are superior in mean Achievement in Physical
Science depends upon whether they are studying in Coeducational schools or
Single-sex schools. Therefore, F-value for the first order interaction is found
to be significant. Since the pattern of sex difference changes with the three
levels of Achievement Motivation, second order interaction was also found to
be significant.
4.2.5.3.3 Graphical Representation of Interaction Effect of Self-Esteem,

Sex and School Type on Achievement in Physical Science for
the Total Sample

Significant main effect of Self-Esteem, Sex and School type on
Achievement in Physical Science was noticed in the three-way ANOVA, but
significant first order interaction was noticed only for Sex by School type on
Achievement. No significant second order interaction was noticed. The main

effect and the interaction effect are shown graphically in Figure 4-13.
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An examination of the graph shows that the four lines
representing the average scores in Achievement in Physical Science of boys
and girls of Coeducational and Single-sex schools at the three levels of Self-
Esteem are not horizontal. This suggests the significant main effect of Self-
Esteem, Sex and School type on Achievement. The fact that the two lines
separating the effect of Sex and School type on achievement are not parallel
further illustrates the interaction effect in the F-test. The d»ownward slope of
the line from High — Self-Esteem to Average self-Esteem suggest a ceiling
effect interaction — higher the Self-esteem, higher the score of Achievement in
Physical Science.
4.2.5.3.4 Graphical Representation of Interaction Effect of Attitude

towards Science, Sex and School Type on Achievement in
Physical Science for the Total Sample

In the three-way ANOVA computed, significant first order
interaction was noticed only for Sex by School type on Achievement in
Physical Science; besides, significant main effect of Attitude towards Science,
Sex and School type on Achievement. Though other two first order
interaction are not significant, second order interaction of Attitude towards
Science by Sex by School type on Achievement in Physical Science at 0.05
level of significance. Therefore, the nature of the interaction of the variables

was examined graphically. The graph is presented in Figure 4-14,
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Significant main effects of the select variables were evident from
the fact that the lines representing mean achievement of girls and boys of
Single-sex and Coeducational schools at three levels of Attitude towards
Science are not horizontal. It can also be noticed from the downward slope of
the lines that subjects with More Favourable Attitude towards Science have
higher scores in Achievement in Physical Science. This illustrates a ceiling
effect interaction.

While girls of Coeducational schools have higher mean
achievement scores than boys of Coeducational schools, boys of Single-sex
schools have advantage over girls of Single-sex schools. In other words, sex
difference in mean achievement depends on school type for the subjects of all
the three levels of Attitude towards Science. This trend is evident from the
significant second order interaction. The difference in the Sex by School type
interaction at three levels of Attitude towards Science depicted in Figure
4-14 E.
4.2.5.3.5 Graphical Representation of Interaction Effect of Attitude

towards Academic Work, Sex and School Type on
Achievement in Physical Science for the Total Sample

Even though significant main effect was noticed for all the three
variables namely, Attitude towards Academic Work, Sex and School type on
Achievement in Physical Science, significant first order interaction was
noticed only for Sex by School type. Second order interaction was also found
to be not significant. The main effect and interaction effect was shown

graphically in Figure 4-15.
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Sex difference in mean achievement in favour of boys was
evident from the fact that the lines depicting the achievement are not parallel
as evident from the Graph. On the other hand, boys and girls do not differ in
achievement in Coeducational schools. But differences in the performance of
boys and girls are seen at the three levels of Attitude towards Academic
Work. 1t is also noticed that boys of Coeducational and Single-sex schools
perform almost similarly. On the other hand, girls have high mean score in
achievement in Coeducation schools than in Single-sex schools at the three
levels of Attitude towards Academic Work, the interaction being synergistic.
The graph therefore clearly indicates whether boys or girls perform better in
the test of Achievement in Physical Science will depend upon whether they
are from Coeducational schools or Single-sex schools.

Summary of the Graphical Representation of the Interaction of the Select
Variables on Achievement in Physical Science

Summary of the graphical representation of the interaction effect
of Sex and School type and each of the five select independent variables on
Achievement in Physics, Chemistry and Physical Science (total) is given
below.

() Mean Achievement in Physical Science scores of boys and girls of
three nearly identical levels of select independent variables namely,
Classroom Leamning Environment, Achievement Motivation, Self-
Esteem, Attitude towards Science and Attitude towards Academic
Work are consistently different in Single-sex schools but not in
Coeducational schools.

(i) Boys have higher mean achievement in Single-sex schools.

(i) Girls' superiority in achievement in seen mostly in Coeducational
schools.

(iv) The interaction of Sex by School type by each of the five independent
variables on achievement is either synergistic interaction or ceiling
effect interaction.
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4.3 INVESTIGATION OF GROUP DIFFERENCES

This part of the analysis of data of the study was undertaken
with a view to make analytical comparison of relevant subgroups with regard
to the mean score of the dependent variable after the data was analysed
using Factorial ANOVA. "A post-hoc comparison enable to test the null
hypothesis that the means of the dependent variable score_és (in the present
study Achievement in Physics, Achievement in Chemistry and Achievement in
Physical Science) for each level of the select independent variable will not be
significantly different.

Summary of the three-way ANOVA revealed that there exists
significant main effect on Achievement in Physics, Achievement in Chemistry
and Achievement in Physical Science for the select variables Self-Esteem,
Attitude towards Science and Attitude towards Academic Work. No significant
main effect for variables Classroom Leaming Environment and Achievement
Motivation was noticed on any of the three dependent variables. It was also
noticed that significant main effect of School type (in all the fifteen ANOVA
computed) and main effect of Sex (thirteen of fifteen ANOVA computed) on
achievement exist.

In the case of variables Sex and School type, the results of the
ANOVA reveal that first order interaction of Sex by School type on
achievement are significant in all the fifteen ANOVA. Hence, post-hoc
comparison to identify groups for which significant mean difference in
Achievement in Physics, Chemistry and Physical Science was attempted for
the groups formed on the basis of two categories as follows:

()  Groups formed on the basis of Self-Esteem, Attitude towards Science
and Attitude towards Academic Work

(i)  Groups formed on the basis of Sex and School type and each of the
five select independent variables.

The analysis is presented under the following heads:
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431 Mean Difference in Achievement in Physics, Achievement in
Chemistry and Achievement in Physical Science among Three
Groups of Pupils Categories on the Basis of Self-Esteem,
Attitude towards Science and Attitude towards Academic Work

4.3.2 Mean Difference in Achievement in Physics, Achievement in
Chemistry and Achievement in Physical Science among
Relevant Subgroups formed on the Basis of Select Independent
Variables Sex and School Type

Details of the analysis and results of the comparison with
respect to mean scores on Achievement in Physics, Achievement in

Chemistry and Achievement in Physical Science are presented in the

following text:

4.3.1 Difference in Achievement in Physics, Achievement in
Chemistry and Achievement in Physical Science among Three
Groups of Pupils Categories on the Basis of Self-Esteem,
Attitude towards Science and Attitude towards Academic Work

Scheffé test of multiple comparison was used for comparing
groups categorized into three levels on the basis of three select independent
variables namely, Self-Esteem, Attitude towards Science and Attitude towards

Academic Work (taken in pairs). The analysis of data is discussed separately

for Achievement in Physics, Achievement in Chemistry and Achievement in

Physical Science and is presented in the following text.

4.3.1.1 Difference in Achievement in Physics among Three Groups of

Students Categorised on the Basis of Self-Esteem
Mean scores of Achievement in Physics of secondary school
pupils of three nearly identical levels of Self-Esteem namely High — Self-

Esteem group (H — SE), Average — self-Esteem group (A — SE) and Low —

Self-Esteem group (L — SE) were compared (taken in pairs) for the sub
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samples — boys, girls, students of Single-sex schools, Coeducational schools
and for the total sample.

Scheffé’s test was used to compare the mean scores of the
relevant pairs of group means. The steps followed in applying the method
were: (i) Calculating F-ratio between pairs of means using the within-group
variance estimate; (ii) Consulting a table of F and obtaining the value of F
required for significance at the 0.05 and 0.01 level for dft = (K- 1) and
df2 = (N-K) for the total sample and the four relevant sub samples separately;
(ii) Using the formula F’ = (K-1) F, calculating the F’ required for significance
at 0.05 level and 0.01 level; and (iv) Comparing the value of F with the value
of F' to decide the significance of difference between means. For any
difference to be significant at the required level, F must be greater than or
equal to F’.

Data and results of the comparison of mean Achievement in
Physics scores of total sample and four sub samples of ’three nearly identical
levels of Self-Esteem are presented in Table 4.24.




TABLE 4.24

Summary of the Group Difference in Mean Achievement in Physics for the Three Levels of Self-Esteem

Value required for Level of
SI.No. Sample Groups Compared | F-value N Significance Significance
0.05 0.01
1. Boys H-SE and A~ SE 12.88 351 6.06 9.36 0.01
H-SEand L-SE 13.83 304 6.06 | 9.36 0.01
A-SEandL-SE 0.17 315 6.06 9.36 NS
2. Girls H-SE and A-SE 5.58 309 6.06 9.36 NS
H-SEand L-SE 16.13 294 6.06 9.36 0.01
A-SEandL-SE 3.16 319 6.06 9.36 NS
3. Single-sex H~-SE and A-SE 18.68 218 6.08 9.42 0.01
H-SEandL-SE 15.75 210 6.08 9.42 0.01
A-SEand L - SE 0.086 222 6.08 9.42 NS
4. Coeducational H-SE and A- SE 4.77 442 6.04 9.32 NS
H-SEandL - SE 16.68 388 6.04 9.32 0.01
A-SEandL-SE 4.38 412 6.04 9.32 NS
5. Total H—-SE and A - SE 18.46 660 6.02 9.30 0.01
H-SEandL-SE 32.59 598 6.02 9.30 0.01
A-SE and L - SE 2.75 634 6.02 9.30 NS

H — SE : High Self-Esteem group ; L — SE - Low Self-Esteem group ; A — SE : Average Self-Esteem group.
NS — Not significant
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A perusal of Table 4.24 reveals that the extreme group pairs,
namely High — Self-Esteem Group and Low — Self-Esteem Group significantly
differ in mean Achievement in Physics scores at 0.01 level of significance in
the total sample and the four sub samples, namely, Boys, Girls, Single-sex
school students and Coeducational school students. Significant difference at
0.01 level in the means of Achievement in Physics was noticed for H — SE
and A — SE Group in the total sample, Boys and Single-sex school students.

On the other hand, no significant mean difference in
Achievement in Physics is noticed between Average — Self-Esteem Group
and Low — Self-Esteem Group in any five comparisons, i.e., total sample,
Boys, Girls, students of Single-sex schools or Coeducational schools, the
obtained F-ratio being less than the value of F’' even at 0.05 level of
significance for the corresponding degrees of freedom.
43.1.1.2 Mean Difference in Achievement in Physics Among Three

Groups of Students Categorised on the Basis of Attitude
towards Science

Mean scores in Achievement in Physics of pupils categorised
into three levels on the basis of Attitude towards Science (Favourable —
Attitude towards Science Group — F — ATS, Moderately — Favourable Attitude
towards Science Group — M — ATS and Less — Favourable Attitude towards
Science Group — L — ATS were compared using Scheffé Test for total sample
and four sub samples namely Boys, Girls, Single-sex school pupils and
Coeducational school pupils. The results of the comparison are summarised

and presented in Table 4.25.




TABLE 4.25

Summary of the Group Difference in Mean Achievement in Physics for the Three Levels of Attitude towards Science

Value required for | of
SI.No. Sample Groups Compared F-value N Significance Si‘cl]-:i\;?caonce
0.05 0.01
1. Boys F-ATS and M - ATS 34.53 311 6.06 9.36 0.01
F-ATS and L - ATS 101.86 309 6.06 9.36 0.01
M—-ATS and L - ATS 17.47 350 6.06 9.36 0.01
2. Girls F-ATS and M - ATS 30.82 350 6.06 9.36 0.01
F—-ATSand L - ATS 117.84 270 6.06 9.36 0.01
M—-ATS and L - ATS 39.11 302 6.06 9.36 0.01
3. Single-sex F—-ATS and M- ATS 23.56 230 6.08 9.42 0.01
F-ATS and L — ATS 67.95 199 6.08 9.42 0.01
M —-ATS and L - ATS 9.95 221 6.08 9.42 0.01
4. Coeducational | F — ATS and M - ATS 41.53 431 6.04 9.32 0.01
F-ATSand L - ATS 135.30 380 6.04 9.32 0.01
M—-ATS and L - ATS 34.16 431 6.04 9.32 0.01
5. Total F—-ATS and M - ATS 64.11 661 6.02 9.30 - 0.01
F-ATS and L - ATS 201.83 579 6.02 9.30 0.01
M-ATS and L - ATS 48.81 652 6.02 9.30 0.01

F — ATS : Favourable — Attitude towards Science group ; L — ATS : Less Favourable — Attitude towards Science Group

M — ATS : Moderately — Favourable Attitude towards Science group; NS - Not significant
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As per Table 4.25, F-values obtained for the mean difference in
Achievement in Physics for the three groups compared, taken in pairs, i.e.,
F — ATS and M — ATS, F — ATS and L — ATS, M — ATS and L — ATS for the
total sample and the four sub samples are found to be well beyond the value
of F’ set for 0.01 level for appropriate degrees of freedom.

Since high means are associated with F — ATS group for the two
comparisons F — ATS with M — ATS and F — ATS with L — ATS, this group can
be considered to have advantage in Achievement in Physics.
4.3.1.1.3 Mean Difference in Achievement in Physics Among Three

Groups of Students Categorised on the Basis of Attitude
towards Academic Work

Group difference in mean Achievement in Physics for three
identical groups of students based on Aftitude towards Academic Work were
studied (taken in pairs) using Scheffé test of multiple comparison. The groups
compared were F — ATA and M — ATA; F — ATA and L — ATA and M - ATA
and L — ATA. The data and the results are presented in Table 4.26.



TABLE 4.26
Summary of the Group Difference in Mean Achievement in Physics for the

Three Levels of Attitude towards Academic Work

Valug rgquired for Level of
SI.No. Sample Groups Compared F-value N Significance Significance
0.05 0.01
1. Boys F - ATA and M - ATA 5.39 331 6.06 9.36 NS
F—-ATAand L - ATA 31.39 295 6.06 9.36 0.01
M- ATA and L — ATA 13.21 344 6.06 9.36 0.01
2. Girls F - ATA and M - ATA 0.609 367 6.04 9.32 NS
F—-ATAand L - ATA 27.49 262 6.06 9.36 0.01
M-ATA and L — ATA 22.49 293 6.06 9.36 0.01
3. Single-sex F-ATAand M - ATA 1.97 254 6.06 9.36 NS
F—-ATAand L - ATA 23.19 200 6.08 9.42 0.01
M- ATA and L - ATA 12.98 196 6.08 9.42 0.01
4. Coeducational | F—ATA and M - ATA 3.44 444 6.04 9.32 NS
F-ATAand L - ATA 32.25 357 6.04 9.32 0.01
M —-ATA and L - ATA 18.84 441 6.04 9.32 0.01
5. Total F-ATAand M - ATA 424 698 6.02 9.30 NS
F—-ATAand L - ATA 50.08 557 6.02 9.30 0.01
M~ ATA and L - ATA 30.05 637 6.02 9.30 0.01

F — ATA : Favourable — Attitude towards Academic Work group ; L — ATA : Less Favourable — Attitude towards
Academic Work Group M —~ ATA : Moderately — Favourable Attitude towards Academic Work group
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As per Table 4.26, the extreme group pairs namely Favourable
— Attitude towards Academic Work group and Less — Favourable Attitude
towards Academic Work group significantly differ in mean Achievement in
Physics scores at 0.01 level of significance in the total sample and the four
sub samples namely Boys, Girls, Single-sex school students and
Coeducational school students. Significant difference at 0.01 level in the
means of Achievement in Physics was noticed for M — ATA and L — ATA
group in the total sample, Boys, Girls, Single — Sex school students and
Coeducational school students.

On the other hand, no significant mean difference in
Achievement in Physics was noticed between F — ATA group and M — ATA
group in any five comparisons, i.e., total sample, Boys, Girls, students of
Single-sex schools or Coeducational schools. The obtained F-ratios are less
than the value of F' even at 0.05 level of significance for the corresponding
degrees of freedom.
4.3.1.21 Mean Difference in Achievement in Chemistry among Three

Groups of Students Categorised on the Basis of Self -
Esteem

Mean scores of Achievement in Chemistry for the total sample
and sub samples, namely, Boys, Girls, Single-sex school students and
Coeducational school students of three levels of Self-Esteem namely High -
Self-Esteem Group (H — SE), Average Self-Esteem Group (A — SE) and Low
— Self-Esteem group (L — SE) were compared in pairs. Results of the
comparison of mean Achievement scores between H — SE and A — SE;
H - SE and L — SE; A — SE and L — SE using Scheffé test of Multiple

Comparison were summarised and presented n Table 4.27.



TABLE 4.27

Summary of the Group Difference in Mean Achievement in Chemistry for the Three Levels of Self-Esteem

Value required for

SI.No. Sample Groups Compared | F-value N Significance Si;r?i\;?c:aonf ce
0.05 0.01
1. Boys H- SE and A - SE 9.89 351 6.06 9.36 0.01
H-SE and L - SE 18.75 304 6.06 9.36 0.01
A-SE and L - SE 1.79 315 6.06 9.36 NS
2. Girls H-SE and A -SE 9.90 309 6.06 9.36 0.01
H-SE and L - SE 13.81 294 6.06 9.36 0.01
A-SE and L - SE 0.50 319 6.06 9.36 NS
3. Single-sex H-SE and A-SE 14.90 218 6.08 942 0.01
H-SEand L -SE 15.16 210 6.08 9.42 0.01
A-SEand L - SE 0.01 222 6.08 9.42 NS
4. Coeducational H-SEand A-SE 7.20 442 6.04 9.32 0.05
H-SE and L - SE 14.71 388 6.04 9.32 0.01
A-SE and L - SE 1.95 412 6.04 9.32 NS
5. Total H - SE and A - SE 19.51 660 6.02 9.30 0.01
H-SE and L - SE 31.03 598 6.02 9.30 0.01
A-SE and L - SE 1.93 634 6.02 9.30 NS

H — SE : High Self-Esteem group ; L — SE : Low Self-Esteem group ; A — SE : Average Self-Esteem group.
NS — Not Significant
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The obtained F — ratio for the extreme group pairs, i.e., H — SE
and L — SE are well beyond the F’ value at 0.01 level of significance for the
corresponding degrees of freedom for the total sample and the four sub
samples. Significant mean difference is found at 0.01 level for H — SE group
and A — SE group for the total sample, Boys, Girls and Single-sex school
students. But in the case of Coeducational school students, F’ is significant at
0.05 level only. ‘

No significant mean difference in Achievement in Chemistry was
noticed between A — SE and L — SE Group in any of the five comparisons. In
this case, the obtained F-ratios are less than the value F’ even at 0.05 level of
significance.
4.3.1.2.2 Mean Difference in Achievement in Chemistry among Three

Groups of Students Categorised on the Basis of Attitude

towards Science
| Scheffé's test was used to compare the mean scores in
Achievement in Chemistry of students categorised into three levels on the
basis of scores on Attitude towards Science. The group pairs compared were
F - ATS and M - ATS; F - ATS and L — ATS and M — ATS and L — ATS.
Data and result of the comparison of mean Achievement in Chemistry scores
for the total sample and four sub samples of three levels of Attitude towards

Science and presented in Table 4.28.



TABLE 4.28

Summary of the Group Difference in Mean Achievement in Chemistry for the Three Levels of Attitude towards Science

Value required for | of
Sl.No. Sample Groups Compared F-value N Significance Sig';-r?i\;‘?caonce
: 0.05 0.01
1. Boys F—-ATS and M- ATS 74.78 311 6.06 9.36 0.01
F-ATS and L — ATS 24526 309 6.06 9.36 0.01
M—-ATS and L — ATS 57.39 350 6.06 9.36 0.01
2. Girls F —-ATS and M- ATS 88.80 350 6.06 9.36 0.01
F—-ATS and L - ATS 403.44 270 6.06 9.36 0.01
M-ATSand L - ATS 151.75 302 6.06 9.36 0.01
3. Single-sex F—-ATS and M - ATS 64.76 230 6.08 9.42 0.01
F-ATSand L -ATS 181.64 199 6.08 9.42 0.01
M—-ATS and L - ATS 38.88 221 6.08 9.42 0.01
4. Coeducational F—-ATS and M- ATS 100.89 431 6.04 9.32 0.01
F-ATS and L - ATS 428.74 380 6.04 9.32 0.01
M—-ATS and L - ATS 140.41 431 6.04 9.32 0.01
5. Total F-ATS and M- ATS 163.99 661 6.02 9.30 0.01
F-ATS and L - ATS 603.35 579 6.02 9.30 0.01
M—-ATS and L - ATS 174 .49 652 6.02 9.30 0.01

10C

F — ATS : Favourable — Attitude towards Science group ; L — ATS : Less Favourable — Attitude towards Science Group
M — ATS : Moderately — Favourable Attitude towards Science group
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As per Table 4.28, F-values obtained for the mean difference in
Achievement in Chemistry for three groups compared, taken in pairs, i.e., F —
ATS and M - ATS, F - ATS and L — ATS, M - ATS and L — ATS for the total
sample and the four sub samples are found to be well beyond the value of F’
set at 0.01 level of significance for appropriate degrees of freedom.
4.3.1.2.3 Mean Difference in Achievement in Chemistry among Three

Groups of Students Categorised on the Basis of Attitude
towards Academic Work

The mean scores on Achievement in Chemistry for total sample,
Boys, Girls, Single-sex students and Coeducational students categorised into
three groups based on Attitude towards Academic Work (F — ATA, M — ATA
and L — ATA Groups) were compared and examined for the significance of
difference.

Results of the comparison of mean Achievement scores using

Scheffé’s test were summarised and presented in Table 4.29.



TABLE 4.29
Summary of the Group Difference in Mean Achievement in Chemistry for the

Three Levels of Attitude towards Academic Work

Value required for
Sl.No. Sample Groups Compared F-value N Significance Si Leygl of
ignificance
0.05 0.01
1. Boys F -ATA and M - ATA 12.56 331 6.06 9.36 0.01
F—-ATA and L — ATA 81.52 295 6.06 9.36 0.01
M —ATA and L - ATA 36.81 344 6.06 9.36 0.01
2. Girls F - ATA and M- ATA 5.06 367 6.04 9.32 NS
F—-ATA and L — ATA 111.27 262 6.06 9.36 0.01
M-ATA and L — ATA 80.43 293 6.06 9.36 0.01
3. Single-sex F - ATA and M- ATA 3.94 254 6.08 9.42 NS
F—-ATA and L - ATA 56.69 200 6.08 9.42 0.01
M- ATA and L - ATA 33.75 196 | 6.08 9.42 0.01
4. Coeducational | F— ATA and M - ATA 20.45 444 6.04 9.32 0.01
F-ATAand L - ATA 142.06 357 6.04 9.32 0.01
M-—-ATA and L - ATA 71.93 441 6.04 9.32 0.01
5. Total F-ATAand M-ATA | 1586 698 6.02 9.30 0.01
F-ATAand L — ATA 171.92 557 6.02 9.30 0.01
M-ATAand L - ATA 100.00 637 6.02 9.30 0.01

F — ATA : Favourable — Attitude towards Academic Work group; L. — ATA : Less Favourable — Attitude towards Academic

Work Group M — ATA : Moderately — Favourable Attitude towards Academic Work group; NS — Not significant
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As per Table 4.29, the obtained F-ratios for the pairs F-ATA —
L- ATA are found to be significant beyond 0.01 level for the total sample,
Boys, Girls, Single-sex school students and Coeducational school students.
Significant mean difference at 0.01 level is noticed for the comparison of F-
ATA — M-ATA for the total sample, Boys and Coeducational students. But for
the sub samples Girls and Single-sex school students, no significant mean
difference was found to exist since, the F-rations are less than the value of F’
even at 0.05 level.
4.3.1.3.1 Mean Difference in Achievement in Physical Science among
Three Groups of Students Categorised on the Basis of Self —
Esteem
Data and results of the comparison of mean Achievement in
Physical Science scores of total sample and four sub samples of three nearly

identical levels of Self-Esteem are presented in Table 4.30.




Summary of the Group Difference in Mean Achievement in Physical Science for the Three Levels of Self-Esteem

TABLE 4.30

Valug rgquired for Level of
SI.No. Sample Groups Compared F-value N Significance Significance
0.05 0.01
1. Boys H-SE and A-SE 13.65 351 6.06 9.36 0.01
H-SEandL-SE 18.65 304 6.06 9.36 0.01
A-SEand L -SE 0.84 315 6.06 9.36 NS
2. Girls H-SE and A-SE 8.92 309 6.06 9.36 0.05
H-SEand L -SE 17.67 294 6.06 9.36 0.01
A—-SEand L -SE 1.79 319 6.06 9.36 NS
3. Single-sex H-SEand A-SE 20.12 218 6.08 9.42 0.01
H-SEandL-SE 18.49 210 6.08 9.42 0.01
A-SEandL-SE 0.01 222 6.08 9.42 NS
4. Coeducational H-SE and A-SE 7.09 442 6.04 9.32 0.05
H-SEand L - SE 18.56 388 6.04 9.32 0.01
A-SEand L -SE 3.49 412 6.04 9.32 NS
5. Total H-SEand A-SE 22.70 660 6.02 9.30 ¢ 0.01
H-SEandL-SE 37.73 598 6.02 9.30 0.01
A-SEand L -SE 2.72 634 6.02 9.30 NS

H — SE : High Self-Esteem group ; L — SE : Low Self-Esteem group ; A — SE : Average Self-Esteem group.
NS — Not Significant
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An examination of Table 4.30 reveals that the extreme group
pairs namely High — Self-esteem Group and Low - Self-Esteem Group
significantly differ in mean Achievement in Physical Science scores at 0.01
level of significance in the total sample and the four sub samples. Significant
difference at 0.01 level in the means of Achievement in Physical Science was
noticed for H — SE and A — SE Group in the total sample, Boys and Single-sex
school students. In the case of Girls and Coeducational school students, the
F-ratio is significant only at 0.05 level.

On the other hand, no significant mean difference in
Achievement in Physical Science was noticed between Average — Self-Esteem
Group and Low — Self-Esteem Group in any of the five comparisons, i.e., total
sample, Boys, Girls, students of Single-sex schools or Coeducational schools,
the obtained F-ratios being less than the value of F' even at 0.05 level of
significance for the corresponding degrees of freedom.
4.3.1.3.1 Mean Difference in Achievement in Physical Science among

Three Groups of Students Categorised on the Basis of
Attitude towards Science

Mean scores in Achievement in Physical Science of pupils
categorised into three levels on the basis of Attitude towards Science
(Favourable — Attitude towards Science Group — F — ATS. Moderately
Favourable — Attitude towards Science Group — M — ATS and Less -
Favourable Attitude towards Science group L — ATS) were compared using
Scheffé’s test for total sample and four sub samples namely Boys, Girls,
Single-sex school students and Coeducational school students. The results
of the comparison are summarised and presented in Table 4.31.



TABLE 4.31

Summary of the Group Difference in Mean Achievement in Physical

Science for the Three Levels of Attitude towards Science

Value required for

SI.No. Sample Groups Compared F-value N Significance SigL:i\;?c:aor:ce
0.05 0.01
1. Boys F—-ATS and M - ATS 26.69 311 6.06 9.36 0.01
F-ATS and L - ATS 87.50 309 6.06 9.36 0.01
M—-ATS and L - ATS 20.29 350 6.06 9.36 0.01
2. Girls F-ATS and M- ATS 31.57 350 6.06 9.36 0.01
F—-ATS and L — ATS 142.90 270 6.06 9.36 0.01
M-ATS and L - ATS 53.91 302 6.06 9.36 0.01
3. Single-sex F—-ATS and M- ATS 22.98 230 6.08 9.42 0.01
F-ATSand L - ATS 64.49 199 6.08 9.42 0.01
M—-ATS and L - ATS 13.77 221 6.08 9.42 0.01
4 Coeducational | F — ATS and M — ATS 35.68 431 6.04 9.32 0.01
F-ATS and L - ATS 151.58 380 6.04 9.32 0.01
M- ATS and L - ATS 49.67 431 6.04 9.32 0.01
5. Total F-ATS and M- ATS 57.79 661 6.02 9.30 0.01
F-ATSand L - ATS 213.82 579 6.02 9.30 0.01
M-ATS and L - ATS 61.74 652 6.02 9.30 0.01

F — ATS : Favourable — Attitude towards Science group ; L — ATS : Less Favourable - Attitude towards Science Group

M — ATS : Moderately — Favourable Attitude towards Science group
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As per Table 4.31, F-values obtained for the mean difference in
Achievement in Physical Science for the three groups compared, taken into
pairs, i.e.., F — ATS and M - ATS, F — ATS and L — ATS , M - ATS and
L — ATS for the total sample and the four sub samples are found to be well
beyond the value of F’ set for 0.01 level for appropriate degrees of freedom.

Since high means are associated with F — ATS group for the two
comparisons F — ATS with M — ATS and F — ATS with L — ATS, this groups
can be considered to have advantage in Achievement in Physical Science.
4.3.1.3.1 Mean Difference in Achievement in Physical Science among

Three Groups of Students Categorised on the Basis of
Attitude towards Academic Work

Group difference in mean Achievement in Physical Science for
three identical groups of students based on Attitude towards Academic Work
were studied (taken in pairs) using Scheffé’s test of Multiple Comparison. The
groups compared were F — ATA and M - ATA: F — ATA and L — ATA and
M—ATA and L — ATA. The data and results are presented in Table 4.32.




TABLE 4.32
Summary of the Group Difference in Mean Achievement in Physical Science for the

Three Levels of Attitude towards Academic Work

Valu.e rt.ec.{uired for Level of
SI.No. Sample Groups Compared F-value N Significance Significance
0.05 0.01
1. Boys F—-ATA and M - ATA 3.75 331 6.06 9.36 NS
F-ATAand L - ATA 24.37 295 6.06 9.36 0.01
M-ATA and L - ATA 10.99 344 6.06 9.36 0.01
2. Girls F —ATA and M - ATA 1.52 367 6.04 9.32 NS
F—-ATAand L - ATA 33.44 262 6.06 9.36 0.01
M- ATA and L — ATA 24.18 293 6.06 9.36 0.01
3. Single-sex F—-ATA and M - ATA 1.18 254 6.08 9.42 NS
F-~ATAand L - ATA 17.03 200 6.08 9.42 0.01
M-ATAand L - ATA 10.12 196 6.08 9.42 0.01
4. Coeducational | F — ATA and M — ATA 6.15 444 6.04 9.32 0.05
F—-ATA and L - ATA 42 .65 357 6.04 9.32 0.01
M —-ATA and L — ATA 21.61 441 6.04 9.32 0.01
5. Total F—-ATA and M - ATA 479 698 6.02 9.30 NS
F—-ATA and L - ATA 52.01 557 6.02 9.30 0.01
M- ATA and L - ATA 30.28 637 6.02 9.30 0.01

F — ATA : Favourable - Attitude towards Academic Work group; L — ATA : Less Favourable — Attitude towards Academic
Work Group M — ATA : Moderately — Favourable Attitude towards Academic Work group; NS — Not significant
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As per Table 4.32, the extreme group pairs, i.e., F — ATA Group
and L — ATA group significantly differ in mean Achievement in Physical
Science scores at 0.01 level of significance in the total sample and the four
sub samples namely Boys, Girls, Single-sex school students and
Coeducational school students. Significant difference at 0.01 level in the
means of Achievement in Physical Science was noticed for M — ATA and L —
ATA Group in the total sample, Boys, Girls, Single-sex scl;nool students and
Coeducational school students.

On the other hand, no significant mean difference in
Achievement in Physical Science was noticed between F — ATA Group and M
~ ATA Group in any four comparison i.e., total sample, Boys, Girls and Single-
sex school students. But F — ATA Group and M — ATA Group significantly
differ in mean Achievement in Physical Science in the case of Coeducational
school students at 0.05 level of significance.

4.3.2 Mean Differences in Achievement in Physics, Achievement in
Chemistry and Achievement in Physical Science among
Relevant Subgroups Formed on the Basis of Select
Independent Variables, Sex and School Type

Since significant main effect and first order interaction of Sex by
School type on Achievement in Physics, Chemistry and Physical Science
were noticed in al the fifteen ANOVA computed, comparison of means were
further critical ratios for the following group pairs:

()  Comparison of boys and girls of three nearly identical groups formed
on the basis of select qualitative variables in Single-sex schools

(i)  Comparison of boys and girls of three nearly identical groups formed
on the basis of select qualitative variables in the Coeducational
schools.

(i) Comparison of boys of Single-sex schools and Coeducational
schools ~ (sample grouped into three identical groups on the basis of

select qualitative variables)
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(iv) Comparison of girls of Single-sex schools and Coeducational schools
(sample grouped into three identical groups on the basis of select
qualitative variables)

Means, standard deviations and t-values were computed for
each group pair. The results were interpreted using two-tailed test of
significance for appropriate degrees of freedom. 7

Details of the comparison of means of relevant subgroups and
the interpretation of results are discussed below.
4.3.2.1 Comparison of Mean Achievement in Physics of Boys and Girls

of Three nearly Identical Groups formed on the Basis of Select
Qualitative Variables — Single-sex Schools

Data and results of the comparison between boys and girls of
three identical groups formed on the basis of select variables viz.. Classroom
Learning Environment, Achievement Motivation, Self-Esteem, Attitude
towards Science and Attitude towards Academic Work studying in Single-sex
schools are presented in Table 4.33.




TABLE 4.33

Summary of Difference in Mean Achievement in Physics of Boys and Girls of Three nearly ldentical

Groups formed on the Basis of Select Qualitative Variables in Single-sex Schools

Boys Girls
Si.No. Category y ! t-value Si;:i\;?c: a(;fce
Mean S.D N Mean SD N
L-CLE 21.51 6.34 43 18.23 5.98 22 1.98 0.05
Classroom Learning
1. Environment (CLE) M-CLE | 21.90 517 59 16.21 4.85 77 6.55 0.01
F -CLE 19.86 6.59 66 16.88 570 58 2.66 0.01
L-AM 22.73 6.32 37 16.16 514 38 4.88 0.01
Achievement
2. Motivation (AM) A-AM 21.80 6.41 60 16.85 5.57 75 4.76 0.01
H-AM 19.42 5.37 71 |- 17.05 5.22 44 2.31 0.05
L-SE 20.51 6.23 43 | 16.33 4.99 64 3.81 0.01
3. Self-Esteem (SE) A-SE 19.43 5.60 60 | 15.98 4.85 55 3.49 0.01
H - SE 22.77 6.08 | 65 18.53 6.28 38 4.88 0.01
L-ATS 17.67 4.96 52 13.65 3.05 43 4.59 0.01
Attitude towards «
4. Science (ATS) M-ATS | 20.31 5.27 64 16.98 5.04 62 3.59 0.01
F-ATS | 25.17 5.75 52 19.00 6.01 52 5.30 0.01
Attitude towards L -ATA 17.87 5.13 38 14.15 4 .11 33 3.29 0.01
5. Academic Work M-ATA | 21.34 6.29 68 16.67 5.07 57 4.48 0.01
(ATA) F-ATA | 2255 | 580 | 62 | 1807 | 570 | 67 4.38 0.01
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As per Table 4.33, it can be noticed that significant sex
difference in mean Achievement in Physics exist for all the three identical
subgroups of students of Single-sex schools formed on the basis of
Classroom Learning Environment, Achievement Motivation, Self-Esteem,
Attitude towards Science and Attitude towards Academic Work (value of
thirteen out of fifteen critical ratios are significant beyond 0.01 level and the
remaining two at 0.05 level).

Boys and girls of different levels of Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards Science
and Attitude towards Academic Work of Single-sex schools can be considered
to be not similar in their mean Achievement in Physics. High means are seen
associated with boys of Single-sex schools in all the fifteen comparisons.
4.3.2.2 Comparison of Mean Achievement in Physics of Boys and Girls

of Three nearly Identical Groups formed on the Basis of Select
Qualitative Variables — Coeducational Schools

Results of the t-test to find out whether significant sex difference
in mean Achievement in Physics exist (for sample of three levels formed on
the basis of five select independent variables from Coeducational schools) are
presented in Table 4.34.




TABLE 4.34

Summary of Difference in Mean Achievement in Physics of Boys and Girls of Three nearly Identical

Groups formed on the Basis of Select Qualitative Variables in Coeducational Schools

CO ED Boys CO ED Girls
SI.No. Category y ! t-value Sigﬁi‘;ﬁ: a(::c e
Mean S.D N Mean S.D N
L-CLE 18.90 6.07 127 20.33 6.34 79 1.61 NS
Classroom Learning ‘
1. Environment (CLE) M~ CLE | 20.09 4.89 113 20.34 6.58 115 0.32 NS
F-CLE | 21.49 5.50 77 20.37 6.12 110 1.28 NS
L-AM 19.45 6.33 91 21.42 6.77 98 2.05 0.05
Achievement
2. Motivation (AM) A-AM 19.33 4.91 110 19.67 6.10 120 0.46 NS
H-AM 20.94 5.54 116 20.08 6.05 86 1.04 NS
L-SE 18.79 5.85 91 18.97 6.76 88 0.18 NS
3. Self-Esteem (SE) A -SE 19.69 5.58 121 20.51 6.13 112 1.06 NS
H - SE 21.26 5.21 105 21.35 6.03 104 0.1 NS
L-ATS 17.68 5.72 122 15.85 5.32 68 2.15 0.05
Attitude towards 1
4. Science (ATS) M-ATS | 20.19 4.92 112 19.94 5.62 129 0.36 NS
F-ATS | 22.98 4.82 83 23.70 5.85 107 0.91 NS
Attitude towards L - ATA 18.51 5.54 116 17.38 7.12 61 1.16 NS
5. Academic Work M—-ATA | 20.19 5.46 122 20.84 6.36 142 0.88 NS
(ATA) F-ATA | 2171 | 545 | 79 | 2146 | 522 | 101 | 032 NS
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Table 4.34 indicates that significant sex difference (0.05 level of
significance) in mean Achievement in Physics exist only for two out of fifteen
comparisons. The groups are the following:

Low — Achievement Motivation Group - High mean for Girls
Low — Attitude towards Science Group - High mean for boys

All other thirteen t-values are not significant even at 0.05 level.
Boys and girls of Coeducational schools can therefore be considered identical
with respect to their mean Achievement in Physics.
4.3.2.3 Comparison of Mean Achievement in Physics of Boys of Single-

sex Schools and Coeducational Schools

The sample of boys of Single-sex schools and Coeducational
schools grouped into three nearly identical levels on the basis of each of the
five qualitative variables. The details of the t-test computed between the
mean Achievement in Physics of boys of Single-sex schools and

Coeducational schools are presented in Table 4.35.



TABLE 4.35
Summary of Difference in Mean Achievement in Physics of Boys of Single-sex Schools and Coeducational

Schools — (Three Identical Group of Boys formed on the Basis of Select Qualitative Variables)

] ¥4

Single-sex (Boys) Coeducational (Boys) Level of
Sl.No. Category t-value Significance
Mean S.D N Mean S.D N
L-CLE | 21.51 6.34 43 18.90 6.07 127 2.41 0.05
Classroom Learning
1. Environment (CLE) M-CLE | 21.90 5.17 59 20.09 4.89 113 2.25 0.05
F-CLE | 19.86 6.59 66 21.49 5.50 77 1.60 NS
L-AM 22.73 6.32 37 19.45 6.33 91 2.64 0.01
Achievement
2. Motivation (AM) A-AM 21.80 6.41 60 19.33 4.91 110 2.79 0.01
H-AM 19.42 5.37 71 20.94 5.54 116 1.83 NS
L-SE 20.51 6.23 43 18.79 5.85 91 1.54 NS
3. Self-Esteem (SE) A-SE 19.43 5.60 60 19.69 5.58 121 0.29 NS
H-SE 22,77 6.08 65 21.26 5.21 105 1.71 NS
L-ATS | 17.67 4.96 52 17.68 5.72 122 0.01 NS
Attitude towards '
4. Science (ATS) M-ATS | 20.31 5.27 64 20.19 4.92 112 0.16 NS
F-ATS | 25.17 5.75 52 22.98 4.82 83 2.37 0.05
Attitude towards L-ATA | 17.87 5.13 38 18.51 5.54 116 0.63 NS
5. Academic Work M—-ATA | 21.34 6.29 | 68 20.19 5.46 122 1.31 NS
(ATA) F—-ATA | 2255 5.80 62 21.71 5.45 79 0.88 NS
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Significant difference between boys of Single-sex and
Coeducational schools in mean Achievement in Physics was found to exist in
only five out of the fifteen group pairs compared. The pairs are given below.
Less — Favourable Classroom Learning
Environment Group - 0.05 level

Moderately— Favourable Classroom

Learning Environment Group - 0.05 level
Low — Achievement Motivation Group - 0.01 level
Average — Achievement Motivation Group - 0.01 level
Favourable — Attitude towards Science Group - 0.05 level

High means are seen associated with boys of Single-sex
schools in all these five comparisons. No significant mean. difference is
noticed in the other ten comparisons.
4.3.2.4 Comparison of Mean Achievement in Physics of Girls of Single-

sex Schools and Coeducational Schools ,

Data and results of the t-test of comparison of girls of Single-sex
schools and Coeducational schools in mean Achievement in Physics are
presented in Table 4.36.




TABLE 4.36

Summary of Difference in Mean Achievement in Physics of Girls of Single-sex Schools and Coeducational

Schools - (Three Identical Group of Girls formed on the Basis of Select Qualitative Variables)

Single-sex (Girls) Coeducational (Girls) Level of
SI.No. Category t-value Significance
Mean S.D N Mean S.D N
L -CLE 18.23 5.98 22 20.33 6.34 79 1.38 NS
Classroom Learning
1. Environment (CLE) M-CLE | 16.21 4.85 77 20.34 6.58 115 4.69 0.01
F - CLE 16.88 5.70 58 20.37 6.12 110 3.58 0.01
L -AM 16.16 5.14 38 21.42 6.77 98 4.30 0.01
Achievement
2. Motivation (AM) A-AM 16.85 5.57 75 19.67 6.10 120 3.22 0.01
H-AM 17.05 5.22 44 20.08 6.05 86 2.81 0.01
L -SE 16.33 4.99 64 18.97 6.76 88 2.62 0.01
3. Self-Esteem (SE) A - SE 15.98 4.85 55 20.51 6.13 112 4.76 0.01
H - SE 18.53 6.28 38 21.35 6.03 104 2.42 0.05
L -ATS 13.65 3.05 43 15.85 5.32 68 2.45 0.05
Attitude towards ~
4. Science (ATS) M-ATS | 16.98 5.04 62 19.94 562 129 3.50 0.01
F —-ATS 19.00 6.01 52 23.70 5.85 107 4.68 0.01
Attitude towards L -ATA 14.15 4.11 33 17.88 7.12 61 2.37 0.05
5. Academic Work M-ATA | 16.67 5.07 57 20.84 6.36 142 4.40 0.01
(ATA) F-ATA | 1807 | 570 | 67 | 2146 | 522 | 101 | 394 0.01
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Analysis of Data

The results of the comparison of Achievement in Physics of girls
of Single-sex schools and Coeducational schools reveal that the obtained
t-values for mean difference are significant in fourteen out of fifteen
comparisons. [t is to be noted that high means are seen associated with girls
of Coeducational schools in all the fourteen comparisons.

The group pair for which t-value is not significant is Less —
Favourable Classroom Learning Environment Group.
4.3.2.5 Comparison of Mean Achievement in Chemistry of Boys and

Girls of Three nearly Identical Groups formed on the basis of
Select Qualitative Variables — Single-sex Schools
Details of the comparison of mean Achievement in Chemistry of

boys and girls of Single-sex schools are presented in Table 4.37.



TABLE 4.37

Summary of Difference in Mean Achievement in Chemistry of Boys and Girls Three nearly Identical Groups

Formed on the Basis of Select Qualitative Variables in Single-sex Schools

Boys Girls
SI.No. Category y t-value Sigl;-:i‘:‘?!a(:ce
Mean S.D N Mean S.D N
L - CLE 18.42 6.24 43 15.32 343 22 2.14 0.05
Classroom Learning
1. Environment (CLE) M—-CLE | 1825 5.99 59 14.00 5.17 77 4.41 0.01
F - CLE 18.02 5.37 66 14.86 4.58 58 3.47 0.01
L-AM 17.38 5.85 37 14.32 575 38 2.26 0.05
Achievement
2. Motivation (AM) A - AM 19.53 6.03 60 14 .43 4.58 75 555 0.01
H-AM 17.51 5.41 71 14.80 4.13 44 2.82 0.01
L - SE 16.86 5.80 43 14.44 4.35 64 2.44 0.05
3. Self-Esteem (SE) A - SE 17.03 5.51 60 13.78 4.97 55 3.28 0.01
H - SE 20.17 5.56 65 15.66 4.95 38 4.09 0.01
L—-ATS 15.88 5.58 52 11.88 3.92 43 3.92 0.01
Attitude towards '
4. Science (ATS) M-ATS | 17.78 4.26 64 14.45 4.35 62 4.31 0.01
F—-ATS 21.04 6.50 52 16.73 478 52 3.81 0.01
Attitude towards L - ATA 17 .24 474 38 11.94 3.95 33 5.00 0.01
5. Academic Work M-ATA | 18.44 6.07 68 14.54 4.85 57 3.88 0.01
(ATA) F-ATA | 1853 | 6.07 | 62 | 1573 | 457 | 67 2.05 0.01
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Fifteen t-values were computed for comparing the mean
Achievement in Chemistry of relevant subgroups of boys and girls of Single-
sex schools. Table 4.37 reveals that significant sex difference exists in
achievement since all the fifteen t-values are significant; twelve t-values are
significant beyond 0.01 level of significance.

It can also be noted that high means are associated with boys of
Single-sex schools in all the fifteen comparisons. »
4.3.2.6 Comparison of Mean Achievement in Chemistry of Boys and

Girls of Three nearly Identical Groups formed on the basis of
Select Qualitative Variables — Coeducational Schools

Mean, standard deviation and t-value computed for the

comparison of mean Achievement in Chemistry of boys and girls of

Coeducational schools are presented in Table 4.38.



TABLE 4.38

Summary of Difference in Mean Achievement Chemistry of Boys and Girls Three nearly Identical Groups

Formed on the Basis of Select Qualitative Variables in Coeducational Schools

CO-ED Boys CO-ED Girls
Sl.No. Category y t-value Siglj_:i\;?claor:ce
Mean S.D N Mean S.D N
L-CLE 16.14 5.87 127 19.43 6.32 79 3.78 0.01
Classroom Learning
1. Environment (CLE) M—-CLE | 17.91 5.44 113 19.67 7.30 115 2.05 0.05
F - CLE 18.70 5.51 77 19.36 568 110 0.79 NS
L-AM 17.18 5.84 91 19.86 6.36 98 3.00 0.01
Achievement
2. Motivation (AM) A—-AM 16.96 587 110 19.18 6.45 120 2.70 0.01
H - AM 17.97 5.47 116 19.53 6.70 86 1.81 NS
L-SE 16.15 593 91 18.61 6.47 88 2.64 0.01
3. Self-Esteem (SE) A -SE 17.32 5.51 121 19.06 6.49 112 2.20 0.05
H - SE 18.55 5.58 105 20.71 6.35 104 2.60 0.01
L-ATS 15.66 5.35 122 14.38 3.90 68 1.71 NS
Attitude towards -
4. Science (ATS) M-ATS | 17.87 5.71 112 19.67 6.40 129 2.29 0.05
F-ATS 19.31 5.57 83 22.53 5.90 107 3.80 0.01
Attitude towards L - ATA 16.14 559 116 16.67 551 61 0.60 NS
5. Academic Work M-ATA | 17.65 5.18 122 19.54 6.71 142 2.52 0.05
(ATA) F-ATA | 1885 | 633 | 79 | 2115 | 6.16 | 101 | 244 0.05
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Analysis of Data

The results of the comparison of means reveal that obtained

t-values are significant for eleven out of fifteen comparisons. These group

pairs are listed below.

Less Favourable — Class Learning
Environment Group

Moderately — Favourable Classroom
Learning Environment Group

Low — Achievement Motivation Group
Average — Achievement Motivation Group
Low — self-Esteem Group

Average — Self-Esteem Group

High — Self-Esteem Group

Moderately Favourable — Attitude

towards Science Group

Favourable — Attitude towards Science Group
Moderately Favourable — Attitude towards
Academic Work Group

Favourable — Attitude towards Science Group

.01 level

.05 level
.01 level
.01 level
.01 level
.05 level
.01 level

.05 level
.05 level

.05 level
.05 level

High means are associated with girls in fourteen out of fifteen

comparisons except for the group pair — Less — Favourable Attitude towards

Science Group.

4.3.2.7 Comparison of Mean Achievement in Chemistry of Boys of

Single-sex Schools and Coeducational Schools

Results of the test of significance of difference in mean

Achievement in Chemistry of boys of Single-sex schools and Coeducational

schools are presented in Table 4.39.



TABLE 4.39

Summary of Difference in Mean Achievement in Chemistry of Boys of Single-sex Schools and Coeducational

Schools — (Three Identical Groups of Boys Formed on the Basis of Select Qualitative Vafiables)

Single-sex (Boys) Coeducational (Boys) Level of
Sl.No. Category t-value Significance
Mean S.D N Mean S.D N
L-CLE 18.42 6.24 43 16.14 5.87 127 2.15 0.05
Classroom Learning
1. Environment (CLE) M-CLE | 18.25 5.99 59 17.91 5.44 113 0.38 NS
F - CLE 18.02 5.37 66 18.70 5.51 77 0.75 NS
L-AM 17.38 5.85 37 17.18 5.84 91 0.18 NS
Achievement
2. Motivation (AM) A - AM 19.53 6.03 60 16.96 5.87 110 2.69 0.01
H-AM 17.51 5.41 71 17.97 5.47 116 0.57 NS
L-SE 16.86 5.80 43 | 16.15 5.93 91 0.64 NS
3. Self-Esteem (SE) A - SE 17.03 5.51 60 17.32 5.51 121 0.33 NS
H - SE 20.17 5.56 65 18.55 5.58 105 1.83 NS
L-ATS 15.88 5.58 52 15.66 5.35 122 0.25 NS
Attitude towards '
4. Science (ATS) M~-ATS | 17.78 4.26 64 17.87 5.71 112 0.10 NS
F-ATS | 21.04 6.50 52 19.31 5.57 83 1.63 NS
Attitude towards L-ATA 17.24 474 38 16.14 5.59 116 1.08 NS
5. Academic Work M—-ATA | 18.44 6.07 68 17.65 5.18 122 0.95 NS
(ATA) F-ATA | 1853 | 6.07 | 62 | 1885 | 633 | 79 0.30 NS
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Analysis of Data

The obtained t-values as per Table 4.39 reveal that significant
difference in mean Achievement in Chemistry of boys of Single-sex schools
and Coeducational schools exist only in two out of fifteen comparisons. The
group pairs are the following:

Less Favourable — Classroom Learning Environment Group : .05 level
Average — Achievement Motivation Group o .01 level

In these two cases, high means are associated with boys of
Single-sex schools.
4.3.2.8 Comparison of Mean Achievement in Chemistry of Girls of

Single-sex Schools and Coeducational Schools

Details of the ttest computed to compare the mean

Achievement in Chemistry of girls of Single-sex schools and Coeducational

schools are presented in Table 4.40.




TABLE 4.40

Summary of Difference in Mean Achievement in Chemistry of Girls of Single-sex Schools and Coeducational

Schools — (Three Identical Groups of Girls Formed on the Basis of Select Qualitative Variables)

Single-sex (Girls Coeducational (Girls
Sl.No. Category g x( ) ( ) t-value Siglg-si\;fclac::ce
Mean S.D N Mean S.D N
L -CLE 15.32 3.43 22 19.43 6.32 79 2.90 0.01
Classroom Learning
1. Environment (CLE) M-CLE | 14.00 5.17 77 19.67 7.30 115 5.87 0.01
F-CLE 14.86 458 58 19.36 5.68 110 517 0.01
L-AM 14.32 5.75 38 19.86 6.36 98 4.65 0.01
Achievement
2. Motivation (AM) A-AM 14.43 4.58 75 19.18 6.45 120 5.53 0.01
H-AM 14.80 413 44 19.53 6.70 86 4.26 0.01
L-SE 14.44 4.35 64 18.61 6.47 88 4 .45 0.01
3. Self-Esteem (SE) A -SE 13.78 4.97 55 19.06 6.49 112 5.29 0.01
H-SE 15.66 4,95 38 20.71 6.35 104 4 .40 0.01
L-ATS 11.88 3.92 43 14.38 3.90 68 3.25 0.01
Attitude towards ‘
4. Science (ATS) M—-ATS | 14.45 4.35 62 19.67 6.40 129 5.78 0.01
F-ATS 16.73 478 52 22.53 5.90 107 6.14 0.01
Attitude towards L - ATA 11.94 3.95 33 16.67 5.51 61 432 0.01
5. Academic Work M—-ATA | 14.54 4.85 57 19.54 6.71 142 5.08 0.01
(ATA) F-ATA | 1573 | 457 | 67 | 2115 | 616 | 101 | 612 0.01
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It can be seen from Table 4.40 that all the obtained t-values are
significant beyond 0.01 level. It can also be noticed that high means in
Achievement in Chemistry are associated with girls of Coeducational schools
in all the fifteen comparisons.
4.3.2.9 Comparison of Mean Achievement in Physical Science of Boys

and Girls of Three nearly identical Groups formed on the Basis
of select Qualitative Variables — Single Sex Schools
~ Results of the t-test to find out whether significant sex difference
in mean Achievement in Physical Science exist for samples of three levels
formed on the basis of five select independent variables from Single-sex

schools are presented in Table 4.41.



TABLE 4.41

Summary of Difference in Mean Achievement in Physical Science of Boys and Girls of Three nearly Identical

Groups Formed on the Basis of Select Qualitative Variables in Single-sex Schools

Boys

Girls

SI.No. Category t-value Siglg-:i\;ﬁ:a‘;fce
Mean S.D N Mean S.D N
L—-CLE 39.93 12.01 43 33.55 8.70 22 2.18 0.05
Classroom Learning
1. Environment (CLE) M-CLE | 40.15 10.10 59 30.21 8.62 77 6.14 0.01
F-CLE 37.88 10.75 66 31.74 .9.52 58 3.32 0.01
L-AM 40.11 11.49 37 30.47 9.75 38 3.87 0.01
Achievement
2. Motivation (AM) A—-AM 41.33 11.57 60 31.28 9.04 75 562 0.01
H-AM 36.93 9.54 71 31.84 8.37 44 2.89 0.01
L - SE 37.37 11.45 43 30.77 8.14 64 3.45 0.01
3. Self-Esteem (SE) A - SE 36.47 9.75 60 29.76 8.62 55 3.86 0.01
H - SE 42 .94 10.51 65 34.18 10.36 38 4.06 0.01
L-ATS 33.56 9.43 52 25.53 574 43 4.83 0.01
Attitude towards '
4. Science (ATS) M-ATS | 38.09 8.15 64 31.44 8.11 62 4.56 0.01
F—-ATS | 46.21 11.44 52 35.73 9.68 52 4.99 0.01
Attitude towards L-ATA | 35.11 8.61 38 26.09 6.54 33 4.84 0.01
5. Academic Work M-ATA | 39.78 11.71 68 31.21 8.57 57 4.55 0.01
(ATA) F-ATA | 4108 | 1063 | 62 | 3381 | 939 | 67 4.09 0.01
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Analysis of Data

As per Table 4.41, it can be noticed that significant sex
difference in mean Achievement in Physical Science exist for all the fifteen
comparisons. In all these groups except the Less Favourable — Classroom
Learning Environment Group, the obtained t-values are significant beyond
0.01 level.

It can also be noticed that high means are associated with boys
of Single-sex schools in all the fifteen comparisons.
4.3.2.10 Comparison of Mean Achievement in Physical Science of

Boys and Girls of Three nearly identical groups formed on
the Basis of Select Qualitative Variables — Coeducational
‘Schools |

Details of the comparison of mean Achievement in Physical
Science of boys and girls of Coeducational schools are presented in
Table 4.42. |




TABLE 4.42

Summary of Difference in Mean Achievement in Physical Science of Boys and Girls of Three nearly Identical

Groups Formed on the Basis of Select Qualitative Variables in Coeducational Séhools

CO-ED Boys CO-ED Girls
SI.No. Category y t-value Si;_:i‘;?c: ac::c e
Mean S.D N Mean S.D N
L-CLE 35.04 10.86 127 39.76 11.90 79 2.91 0.01
Classroom Learning
1. Environment (CLE) M-CLE | 38.00 9.39 113 40.01 12.99 115 1.33 NS
F-CLE | 40.19 9.99 77 39.79 10.85 110 0.26 NS
L-AM 36.63 11.15 91 41.34 12.18 98 2.75 0.01
Achievement
2. Motivation (AM) A-AM 36.29 9.79 110 38.84 11.70 120 1.78 NS
H~-AM 38.91 10.04 116 39.62 11.94 86 0.45 NS
L-SE 34.95 10.73 91 37.65 12.13 88 1.57 NS
3. Self-Esteem (SE) A - SE 37.02 10.11 121 39.57 11.85 112 1.77 NS
H-SE 39.81 9.74 105 | 42.06 11.58 104 1.51 NS
L-ATS 33.34 10.14 122 30.32 8.07 68 2.10 0.05
Attitude towards '
4. Science (ATS) M-~ATS | 38.05 9.26 112 39.61 11.03 129 1.17 NS
F-ATS | 42.29 9.67 83 46.23 10.93 107 2.58 0.01
Attitude towards L-ATA | 34.65 10.10 116 34.15 11.68 61 0.29 NS
5. Academic Work M-ATA | 37.84 9.64 122 40.37 12.28 142 1.84 NS
(ATA) F-ATA | 4056 | 1073 | 79 | 4260 | 1044 | 101 1.8 NS
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Analysis of Data

Table 4.42 indicates that significant sex difference in mean
Achievement in Physical Science exist only for four out of fifteen comparisons.
The groups are the following:

Less Favourable — Classroom Learning Environment Group : 0.01 level

Low — Achievement Motivation Group : 0.01 level
Less Favourable — Attitude towards science Group . 0.05 level
Favourable Attitude towards Science Group : 0.01 level

High means are associated with girls in twelve out of fifteen
comparisons except for the following groups — Favourable — Classroom
Learning Environment Group, Less — Favourable Attitude towards Science
Group and Less — Favourable Attitude towards Academic Work Group.
4.3.2.11 Comparison of Mean Achievement in Physical science of Boys

of Single-sex Schools and Coeducational Schools

Data and results of the comparison of boys of Single-sex
schools and Coeducational schools in mean Achievement in Physical Science

are presented in Table 4.43.



TABLE 4.43

Summary of Difference in Mean Achievement in Physical Science of Boys of Single Sex Schools and

Coeducational Schools — (Three Identical Groups of Boys Formed on the Basis of Select Qualitative Variables)

Single-sex (Boys) Coeducational (Boys) Level of
Sl.No. Category ‘ t-value Significance
Mean S.D N Mean S.D N
L-CLE 39.93 12.01 43 35.04 10.86 127 2.47 0.05
Classroom Learning
1. Environment (CLE) M-CLE | 40.15 10.10 59 38.00 9.39 113 1.38 NS
F -CLE 37.88 10.75 66 40.19 9.99 77 1.33 NS
L -AM 40.11 11.49 37 36.63 11.15 91 1.58 NS
Achievement
2. Motivation (AM) A—-AM 41.33 11.57 60 36.29 9.79 110 2.99 0.01
H - AM 36.93 9.54 71 38.91 10.04 116 1.33 NS
L-SE 37.37 11.45 43 34.95 10.73 91 1.19 NS
3. Self-Esteem (SE) A -SE 36.47 9.75 60 37.02 10.11 121 0.35 NS
H - SE 42 .94 10.51 65 39.81 9.74 105 1.96 0.05
L-ATS 33.56 943 52 33.34 10.14 122 0.13 NS
Attitude towards '
4. Science (ATS) M-ATS | 38.09 8.15 64 38.05 9.26 112 0.03 NS
F-ATS 46.21 11.44 52 42.29 9.67 83 2.12 0.05
Attitude towards L - ATA 35.11 8.61 38 34.65 10.10 116 0.25 NS
5. Academic Work M-ATA | 39.78 11.71 68 37.84 9.64 122 1.23 NS
(ATA) F-ATA | 41.08 | 1063 | 62 | 4056 | 1073 | 79 0.29 NS
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Analysis of Data

Significant difference between boys of Single-sex and
Coeducational schools in mean Achievement in Physical Science was found
to exist only four out of fifteen groups compared. The pairs are given below:

Less Favourable — Classroom Learning Environment Group : 0.05 level

Average — Achievement Motivation Group : 0.01 level
High — self-Esteem Group 2 0.05 level
Favourable — Attitude towards Science Group : 0.05 level

High means are seen associated with boys of Single-sex
schools in twelve out of fifteen comparisons.
4.3.2.12 Comparison of Mean Achievement in Physical Science of Girls
of Single-sex Schools and Coeducational Schools
Mean, standard deviation and t-values computed for the
comparison of mean Achievement in Physical Science of girls of Single-sex

schools and Coeducational schools are presented in Table 4.44.



TABLE 4.44

Summary of Difference in Mean Achievement in Physical Science of Girls of Single Sex Schools and

Coeducational Schools — (Three Identical Groups of Girls Formed on the Basis of Select Qualitative Variables)

Single-sex (Girls) Coeducational (Girls) Level of
Sl.No. Category t-value Significance
Mean S.D N Mean S.D N
L —-CLE 33.55 8.70 22 39.76 11.90 79 2.26 0.05
Classroom Learning
1. Environment (CLE) M-CLE | 30.21 8.62 77 40.01 12.99 115 5.79 0.01
F -CLE 31.74 9.52 58 39.79 10.85 110 474 0.01
L-AM 30.47 9.75 38 41.34 12.18 98 4.88 0.01
Achievement
2. Motivation (AM) A-AM 31.28 9.04 75 38.84 11.70 120 475 0.01
H-AM 31.84 8.37 44 39.62 11.94 86 3.83 0.01
L - SE 30.77 8.14 64 37.65 12.13 88 3.91 0.01
3. Self-Esteem (SE) A-SE 29.76 8.62 55 39.57 11.85 112 5.44 0.01
H - SE 34.18 10.36 38 42.06 11.58 104 3.66 0.01
L-ATS 25.53 5.74 43 30.32 8.07 68 3.36 0.01
Attitude towards "
4. Science (ATS) M-ATS | 31.44 8.11 62 39.61 11.03 129 5.17 0.01
F —-ATS 35.73 9.68 52 46.23 10.93 107 5.86 0.01
Attitude towards L-ATA | 26.09 6.54 33 34.15 11.68 61 3.62 0.01
5. Academic Work M-ATA | 31.21 8.57 57 40.37 12.28 142 513 0.01
(ATA) F-ATA | 3381 | 939 | 67 | 4260 | 1044 | 101 | 553 0.01
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Analysis of Data

The results of the comparison of Achievement in Physical

Science of Girls of Single-sex schools and Coeducational schools reveal that

the obtained t-values for mean difference are significant in all the fifteen

comparisons beyond 0.01 level except for L — CLE group (.05 level). ltis also

noted that high means are seen associated with girls of Coeducational

schools in all the fifteen comparisons.

Discussion of the Results of Post Hoc Comparison

A. Multiple comparison with regard to Mean Achievement scores in

Physics, Chemistry and Physical Science of students of three nearly

identical levels of Self-Esteem, Attitude towards Science and Attitude

towards Academic Work of the total sample; boys and girls in the

sample; Single-sex school students and Coeducational school

students reveal the following:

()

(i)

For the groups formed on the basis of the Attitude towards
Science, all the forty five group pair comparisons (fifteen for each
dependent variable) were found to be significantly different for
the mean scores.

For the groups formed on the basis of the variable Attitude
fowards Academic Work, ten out of fifteen group-pair
comparisons show significant mean difference in Achievement in
Physics, thirteen out of fifteen show significant mean difference in
Achievement in Chemistry and eleven out of fifteen show
significant mean difference in Achievement in Physical Science.
Extreme group pairs (F-ATA — L-ATA) show significant difference
in all the fifteen comparisons.

When the group pairs of nearly identical levels of Self-Esteem
were subjected to post-hoc comparison, it was found that
significant mean difference exist in eight out of fifteen in
Achievement in Physics; ten out of fifteen in Achievement in

Chemistry and ten out of fifteen in Achievement in Physical
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Science. Here also, extreme groups (H-SE — L-SE) show
significant difference in all the fifteen comparisons.

B. Results of the comparison of mean scores of Achievement in Physics,

Chemistry and Physical Science of comparable groups based on sex

and school type reveal the following:

(i)

(ii)

(iii)

(iv)

When sex difference was examined for the sample in Single-sex
schools, it was found that significant difference exist in (a)
Achievement in Physics for fourteen out of fifteen comparisons;
(b) Achievement in Chemistry for all the fifteen comparisons; and
(c) Achievement in Physical Science for all the comparisons.
High means are associated with boys.

Significant sex difference in Coeducational schools exist in (a)
Achievement in Physics only in two out of fifteen comparisons;
(b) Achievement in Chemistry in eleven out of fifteen
comparisons. But in Achievement in Physical Science, significant
sex difference in means exist only for four out of fifteen
comparisons: High means are associated with girls.

When difference in mean achievement scores of boys between
Single-sex schools and Coeducational schools were examined, it
was found that significant difference exist only in five out of
fifteen comparisons for Achievement in Physics, two out of fifteen
comparisons for Achievement in Chemistry and four out of fifteen
comparisons in Achievement in Physical Science. High means
are associated with boys of Single-sex schools.

When difference in mean achievement scores of girls between
Single-sex schools and Coeducational schools were examined, it
was found that significant difference exist in fourteen out of
fifteen comparisons for Achievement in Physics, all the fifteen

comparisons for Achievement in Chemistry and Achievement in
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Physical Science. High means are associated with girls of

Coeducational schools.

The graph presented in Figures 4-1 to 4-15 substantiate more
clearly the above findings regarding boy/girl differences in Achievement in
Physical Science of differential levels of subjects categorised on the basis of
select independent variables and also differences in achievement of boys and
girls of Single-sex and Co-educational schools.

4.4. PREDICTION OF HIGH - ; AVERAGE - ; AND LOW — ACHIEVERS
IN PHYSICAL SCIENCE USING THE SELECT INDEPENDENT
VARIABLES, SEX AND SCHOOL TYPE AND THE EFFECTIVENESS
OF THE PREDICTORS

In this section of the analysis, an attempted was made to derive
the linear discriminant functions in terms of the significant predictors and
thereby to estimate their effectiveness in predicting group membership based
on the dependent variable. In the present study, discriminant analysis was
used to predict High — ; Average — ; and Low — Achievers in Physics,
Chemistry and Physical Science separately. Besides, the five independent
variables selected for the study (which are all qualitative variables, Sex of the
subjects and Type of school based on sex enrolment (Single-sex schools and
Coeducational schools) were also included as predictor variables. When
three-way ANOVA was done, it was noticed that Sex and Type of school have
significant main effect and first order interaction effect on Achievement in
Physics, Achievement in Chemistry and Achievement in Physical Science.
Hence the inclusion of these two variables (Sex and Type of schools) as
predictor variables. These seven variables were considered as predictor
variables for discriminant analysis. Statistical Package for Social Science
(SPSS) was used for analysing the data for estimating the effectiveness of
seven predictor variables in predicting group membership, namely High —
Achievers; Average — Achievers; and Low — Achievers in Physics, Chemistry

and Physical Science separately. Details of the analysis and discussion of
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results are presented in the following text separately for Achievers in Physics,
Chemistry and Physical Science.
4.4.1 Predicting Group Membership of Low — ; Average - ; and
High — Achievers In Physics

As described in Chapter 3, the subjects were categorised into
Low — ‘ Average — ‘ and High — Achievers in Physics on the basis of mean and
standard deviation of scores on Achievement in Physics as cut — off point.
Analysis of Group Difference

As a preliminary step, in order to examine whether there is a
statically significant difference among the means of the three groups, namely
Low — ; Average — ; and High — Achievers in Physics in each of the seven
predictor .variables Univariate ANOVA was done. For this purpose, Wilk’s
Lambda and F-values were estimated. These values along with the
preliminary data such as means and standard deviations of the seven
predictor variables for Low — ; Average - ; and High Achievers in Physics for

the total sample (N = 946) are presented in Table 4.45.



TABLE 4.45

Univariate Statistics of Significant Predictor Variables

Low — Achievers | Average — Achievers High — Achievers
SLN Predictor in Physics in Physics in Physics Total Sample Wilk’s F-value
-NO. Variables Lambda
Mean S.D Mean S.D Mean S.D Mean S.D
Classroom
1. Learning 88.18 | 17.10 | 88.22 15.13 88.52 | 17.03 | 88.31 | 16.39 0.99 0.04
Environment
2. Self — Esteem 3762 | 7.71 39.52 7.66 40.81 8.14 | 39.35 | 7.94 0.97 12.81
Achievement
3. Motivation 7141 | 12.35 | 72.49 11.69 7125 | 11.99 | 71.74 | 12.00 0.99 1.05
4, ’S*gi‘;‘ﬂzmwards 129.66 | 15.73 | 136.61 | 14.01 | 14554 | 1461 | 137.39 | 16.09 | 084 89.31
Attitude towards
5. Academic Work 11491 | 17.71 | 120.77 1452 |123.01| 13.21 | 119.67 | 15.55 0.95 23.13
6. Sex 1.59 0.49 1.44 050 1.44 0.50 1.49 0.50 - 0.98 8.83
7. School Type 1.56 0.49 1.68 0.47 1.73 0.44 1.66 0.48 0.97 10.80
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As per Table 4.45, it can be noted that the values obtained for
Wilk's Lambda (L) for the predictor variables Classroom Learning
Environment, Self-Esteem, Achievement Motivation, Attitude towards
Science, Attitude towards Academic Work, Sex and School Type are 0.99,
0.97, 0.99, 0.84, 0.95, 0.98 and 0.97 respectively. The values obtained for A
is almost equal to one except for the variable Attitude towards Science, i.e.
mean score of the variable Afttitude towards Science differ significantly among
the three groups.

When the Univariate F-ratios were examined, the obtained
F-value for the predictor variables Self-Esteem (12.81); Attitude towards
Science (89.31); Attitude towards Academic Work (23.13); Sex (8.83); and
School Type (10.80) were found to exceed the critical value of accepted limit
set for 0.01 level of significant for df 2, 943. The F-ratios for the variable
Classroom Learning Environment and Achievement Motivation are not
significant even at 0.05 level. These results thus suggest that except for
Classroom Learning Environment and Achievement Motivation, mean scores
of all the other five variables are significantly different for the groups Low — ;
Avérage —, and High — Achievers.
Interdependence among the Seven Predictor Variables

In the next step, interdependence, if any, among the predictor
variables were examined and hence a pooled correlation matrix by averaging
the correlation matrices of the three groups Low — ; Average — ; and High —
Achievers in Physics was estimated. The matrix is presented in Tabled 4.46.



TABLE 4.46

Pooled Correlation Matrix of the Seven Predictor Variables with Achievement in Physics

Predictor Variable V4 Vio Vis Vig V2o Sex | School Type
Classroom Learning Environment (V,) 1.00
Self-Esteem (V1) 0.38 1.00
Achievement Motivation (Vg) 0.33 0.44 1.00
Attitude towards Science (Vg) 0.27 0.18 0.16 1.00
Attitude towards Academic Work (V2) 0.28 0.20 0.21 0.37 1.00
Sex 016 | -0.04 | -009 | 017 | 015 | 1.00
School Type -0.12 0.02 -0.08 -0.11 -0.15 0.02 1.00

(814
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The value of correlation coefficients vide Table 4.46 range from
-0.15 to 0.44; all the obtained 'r's are less than 0.50. The low relationships
observed among the variables suggest that there is not much
interdependence among the variables.
Discriminant Functions

For the calculation of the linear discriminant functions which
serve as the basis for categorisation of the population into L<_)w —; Average —,
and High — Achievers (at the same time minimising the probability of prior
miscategorisation), two assumptions of the data must be met. They are the
following:

(i) each group must be a sample from a multivariate normal population
and
(i) the population covariance matrices of the group must all be equal.

The preliminary analysis provided in section 4.1 was undertaken
with a view to understand the nature of the score distribution. The results
revealed that the five predictor variables do not deviate very much from what
is expected for a normal distribution. Qualitative binary variables as
independent variables are also recommended by some authors as reported in
the Manual of SPSS.

To test the quality of the group covariance matrices, Box's M
test was done which is based on the group covariance matrices. The result of

Box's M test is presented in Table 4.47.
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TABLE 4.47

Box’s M Test for Equality of Group Variance Matrices

Groups Rank Log determinants
Low — achievers in Physics 7 22.17
Average — achievers in Physics 7 : 21.44
High — Achievers in Physics 7 21.35
Pooled within group Covariance Matrix 7 21.76
Box M Approximate F Degrees of Freedom

113.39 2.0037* (56, 2502452 .4)

As per Box's M test given in Table 4.47, the value of F is 2.004
which is greater than 1.54, the tabled value of F required for significance at
0.01 level for df 56, 2502452.4. This results suggests that a significant
difference in the Covariance matrices of the groups exists, even though the
value of obtained F is small and also the difference between the obtained and
tabled F is small. The small difference may possibly be due to the sensitivity
of the test. Even though the two basic assumptions were not perfectly
satisfied, as this will not badly affect the result, discriminant analysis was
proceeded.

By discriminant function analysis, two linear combinations of the
seven predictor variables were formed. This helps to assign cases to groups
Low — ; Average — ; and High — Achievers in Physics. The unstandardised
and standardised canonical discriminant function coefficients are presented in
Table 4.48.
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TABLE 4.48

Unstandardised and Standardised Canonical

Discriminant Function Coefficients

Predictor Variables

Unstandardised
Canonical Discriminant
Function Coefficients

Standardised Canonical
Discriminant Function
Coefficients

Function 1 | Function 2 | Function1 | Function 2 |

Classroom Learning -0.01 -0.002 -0.18 -0.03
Environment X,

Self-Esteem X, 0.03 -0.01 0.25 -0.11
Achievement Motivation X; -0.02 0.03 -0.25 0.37
Attitude towards Science X, 0.05 -0.03 0.84 -0:55
o ores Academic 0.01 0.04 0.24 0.70

Sex X6 -0.79 -1.0.6 -0.39 -0.53
School Type X7 0.76 0.67 0.35 0.31
Constant -8.55 -1.29 - -

The first and second linear discriminant equations can be

formed on the basis of the data provided in Table 4.48. The equations formed

on the basis of unstandardised discriminant coefficients are the following:

D1 = -0.01 X4 + 0.03 X; - 0.02 X5 + 0.05 X4
+0.01 X5 -0.79 Xg + 0.76 X7 — 8.55 and
D- = -0.002 X1 - 0.01 X2 + 0.03 X3 - 0.03 X4

+0.04 X5 -1.06 Xg+ 0.67 X7 - 1.29
Where Xj, X2, X3, Xs4, X5, Xe, and X7 are the individual scores obtained

for the seven predictor variables, namely Classroom Learning Environment,

Self-Esteem, Achievement Motivation, Attitude towards Science, Attitude

towards Academic Work, Sex and School Type respectively.
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The first and second discriminant function in terms of the

standardised discriminant function coefficients for the same as

D, = -01824+0.2572,-0.2525+0.84 Zs
+0.24 Zs - 0.39 Zg + 0.35 Z7 and
D> = -0.0372,-0.112,+0.37 Z3-0.55 24

+0.70 Zs - 0.53 Zg+ 0.31 Z7 )
Group centroids of the two discriminant functions (Function 1 and
Function 2) for the three groups Low — ; Average — ; and High — Achievers in
Physics are given in Table 4.409.
TABLE 4.49
Group Centroids of the Discriminant Functions for Low —;

Average — ; and High — Achievers in Physics

Group Function 1 Function 2
Low — Achievers in Physics -0.72 -0.09
Average — Achievers in Physics 0.01 0.16
High — Achievers in Physics 0.66 -0.09

The group centroids given in Table 4.49 suggests that the first
function distinguishes High — Achievers from Average — and Low — Achievers
in Physics and the second function distinguishes Low — Achievers from High
and Average — Achievers in Physics. The proof of the same is provided in
Figure 4-16.
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Figure - 4-16
Discriminant Function Plots of the Function 1 and Function 2
(Centroids of the Three Groups Low, Average and High Achievers
in Physics on the Two Discriminant Functions)
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Significance of the Discriminant Functions
Important statistics of the discriminant functions such as Eigen
value (an indicator of the effectiveness of the function), percentage of the
variance accounted by each discriminant function, cumulative percentages,
canonical correlations (a measure of the degree of association between the
discriminant scores and the groups), Wilk’s lambda (1) and chi-square values
are presented in Table 4.50.
TABLE 4.50

Statistical Indicators of the Effectiveness of the Discriminant Functions

- Eigen Percent Cumulative | Canonical | Wilk’s Chi-
Function Value of ercent Correlation | Lambda DF
’ Variances P a square
Function 1 | 0.31 95.55 95.55 0.49 0.752 | 268.13** | 14
Function 2 | 0.02 4.45 100.00 0.12 0.986 13.53* | 6

*p <0.05and **p < 0.01

For the first discriminant function, the obtained Eigen value is
0.31 which indicates that the function derived is effective to a good extent for
discriminating High — Achievers from Average — Achievers and Low -
Achievers in Physics and also that the coefficient of effectiveness is 95.40; the
percentage of variance accounted by Function 1 being 95.55. The
discriminant scores of the first function for the particular data set therefore
account for a very large proportion of the discrimination power of this analysis.
The value of canonical correlation is 0.49, which indicates that the
discriminant scores and the group variables are substantially related.
Moreover, the chi-square value 268.13 which exceeds the critical limit set at
0.01 level of significance also suggests that Function 1 is significant enough
to discriminate High — Achievers from Average — ; and Low — Achievers in

Physics.
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For the second discriminant function, the Eigen value is only
0.02 suggesting that the index of effectiveness of the function is only 4.60.
The percentage of variance is 4.45 and cumulative percent is 100. The value
of canonical correlation is 0.12. The low value of canonical correlation
suggests that the discriminant scores have a low relationship with the groups
of variables. The chi-square value obtained is 13.53 (p < 0.05) which
suggests that Function 2 is significant at 0.05 level to distinguish Low —
Achievers from High — and Average — Achievers.
Classification of Cases Using the Discrimination Functions

Using the discriminant function equation, it is possible to
calculate the discriminant score of each of the case in the sample. The value
of this discriminant score then enables to determine the group in which the
individual cases is classified. That is, determination of correctly classified or
misclassified cases into three groups as Low — ; Average — ; and High -
Achievers in Physics.

The success rate for prediction of membership of the grouping
variables categorised using the discriminant functions developed in the
analysis is presented in Table 4.51 which is titled as Confusion Matrix.

TABLE 4.51

Confusion Matrix of the Cases Correctly Classified and Misclassified

Predicted Group Membership
No. of
Actual Group Cases Low - Average — High —
Achievers | Achievers | Achievers

. : . 190 62 46
Low — Achievers in Physics 298 (63.8%) (20.8%) (15.4%)
Average — Achievers in Physics 333 (3;017%) (3;%8%) (3;148%)

. . . . 44 65 206
High — Achievers in Physics 315 (14.0%) (20.6%) (65.4%)




249
Analysis of Data

Table 4.51 shows that, of the 298 cases of the Low — Achievers
in Physics, 190 cases (63.8%) were misclassified. Of the 333 cases pre-
categorised as Average — Achievers, 108 cases (32.4%) are correctly
classified and 225 (67.6%) are misclassified. Of the 315 cases of High —
Achievers, 206 cases (65.4%) are correctly classified and 109 cases (34.6%)
are misclassified. High — Achievers in Physics are more accurately classified
(65% correctly) and Low — Achievers comes second with 63.8 per cent
correctly and Average — Achievers last with 32.4 per cent.

The total per cent of cases thus correctly classified is 53.28 per
cent which is an index of the effectiveness of the discriminant functions. This
suggests that if the two functions are used to assign new cases to the three
groups of High — ; Average and Low — Achievers in Physics, the functions will
classify the cases with the misclassified rate of 46.72 per cent.

Correlation between Predictor Variables and Canonical Discriminant
Functions

By estimating the correlation between the values of the
discriminant functions and the values of each variable, it is possible to
examine the contribution of each of the predictor variables to the discriminant
functions. The estimated pooled within group correlations between predictor
variables and canonical discriminant functions in the order of the magnitude of

correlations within functions are presented in Table 4.52.
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TABLE 4.52
Pooled Within — Groups Correlations Between Predictor

Variables and Canonical Discriminant Functions

Predictor Variables Function 1 Function 2

Attitude towards Science 0.78* - -0.39
Self-Esteem 0.29* 0.10

School Type 0.27* 0.22

Sex -0.21 -0.55*
Attitude towards Academic Work 0.38 0.41*
Achievement Motivation -0.01 0.39*
Classroom Learning Environment 0.01 -0.03*

Table 4.52 suggest that among the seven significant predictor
variables three variables, namely, Attitude towards Science (0.78), Self-
Esteem (0.29) and School type (0.27) have high association with Function 1
and the four variables Sex (0.55), Attitude towards Academic Work (0.41),
Achievement Motivation (0.39) and Classroom Learning Environment (0.03)
have association with Function 2.

Classification Function Coefficients

Fisher's linear discriminant function coefficients derived to

assign new cases into the three groups Low — ; Average — ; and High —

Achievers in Physics are given in Table 4.53.
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TABLE 4.53
Fisher’s Linear Discriminant Function Coefficients of

Low —; Average — ; and High — Achievers in Physics

Variables AcLh?:vv;rs :Zﬁ;:\?:r; A::?et\’/;rs
Classroom Learning Environment 0.08 0.07 0.06
Self-Esteem 0.05 0.07 0.10
Achievement Motivation 0.32 0.31 0.29
Attitude towards Science 0.43 0.46 0.50
Attitude towards Academic Work 0.29 0.31 0.31
Sex 2.91 2.07 1.82
School Type 10.89 11.62 11.94
Constant -72.95 -79.29 -84.74

Using the Fisher’s coefficients, a case is assigned to the groups
for which it has the largest discriminant score. This is calculated using the
coefficients and the score on the variable.

FINDINGS
(i) The two discriminant functions in terms of standardised discriminant

functions for the seven significant predictors namely,

D; = -01821+025Z2,-0.2523+0.84 27,
+0.24 Z5 - 0.39 Zg + 0.35 Z; and
D, = -0.03Z,-0.112Z,+0.37 Z3 - 0.55 Zy

+0.70 Zs - 0.53 Zg+ 0.31 Z;
are efficient enough to discriminate significantly the three groups of
differential achievers with a success rate of 53.28 per cent for correct

classifications.
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(i) The coefficient of effectiveness of the First function for discriminating
High — Achievers from Average — and Low — Achievers in Physics is
95.40 and the coefficient of effectiveness of Function 2 for discriminating
Low — Achievers from Average — and High — Achievers in Physics is
4.60.

4.4.2 Predicting Group Membership of Low - ; Average - ; and
High — Achievers in Chemistry

Seven select predictor variables namely Classroom Learning
Environment, Self-Esteem, Achievement Motivation, Afttitude towards
Science, Aftitude towards Academic Work, Sex and School Type taken
together are examined for their capability to discriminate significantly among
Low — Achievers, Average — Achievers and High — Achievers in Chemistry.
The analysis and discussion of the results are described below.

Analysis of Group Difference

At first, Univariate ANOVA was done to examine significant
differences in each of the seven variables, for the three groups — Low — ;
Average — ; and High — Achievers in Chemistry. Wilk's Lambda and F-ratios
were estimated for this purpose. The data and the results of the Univariate
ANOVA are presented in Table 4.54.



TABLE 4.54

Univariate Statistics of Significant Predictor Variables

. Average ~ . .
Low — Achievers . . High — Achievers
SLN Predictor in Chemistry Ac(::lr:;er;?srtsr;n in Chemistry | Total Sample |y F-value
‘N0 | Variables Lambda
Mean S.D Mean S.D Mean S.D Mean S.D
Classroom ¢
1. Learning 86.19 | 16.84 89.38 15.69 89.15 16.59 | 88.31 | 16.39 0.99 3.62
Environment
2. Self - Esteem 37.71 7.52 39.77 7.78 40.48 8.28 39.35 7.94 0.98 10.10
Achievement
3. Motivation 70.88 | 12.88 | 73.04 11.19 71.09 11.90 | 71.73 | 12.00 0.99 3.25
4, gtcti‘;‘;‘ieemwards 12969 | 15.86 | 137.19 | 14.13 |145.16 | 1471 |137.39| 16.09 | 0.85 81.23
Attitude towards
5. Academic Work 115.85| 16.93 | 119.99 15.14 123.05 | 13.73 | 119.67 | 15.55 0.97 16.75
6. Sex 1.51 0.50 1.45 0.49 1.50 0.50 1.49 0.50 0.99 1.36
7. School Type 1.59 0.49 1.61 0.49 1.77 042 1.66 0.48 0.97 13.19
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The values obtained for Lambda (1) as per Table 4.54 for the
predictor variables are almost equal to one for the variables Classroom
Learming Environment (0.99), Self-Esteem (0.98), Achievement Motivation
(0.99), Attitude towards Academic Work (0.97), Sex (0.99) and School Type
(0.97). But for the variable Aftitude towards Science, the obtained A is 0.85
which suggests that the mean scores of the variable differ significantly among
the three groups. F-ratios obtained for the variables Self-Esteem (10.10),
Attitude towards Science (81.21), Attitude towards Academic Work (16.75)
and School type (13.19) were found to be significant beyond 0.01 level. But
the F-ratios for the variable Classroom Learning Environment, Achievement
Motivation and Sex are not significant even at 0.05 level. These results
indicate that mean scores of four out of the seven variables are significantly
different for the groups Low — ; Average — ; and High — Achievers in
Chemistry.

Interdependence among the Seven Predictor Variables

Interdependence among the seven predictor variables was

examined next. A pooled correlation matrix of the seven predictor variables

was estimated for this purpose. The matrix is presented in Table 4.55.



TABLE 4.55

Pooled Correlation Matrix of the Seven Predictor Variables with Achievement in Chemistry

Predictor Variable V4 V1o Vig Vo V2o Sex | School Type
Classroom Learning Environment (V) 1.00
Self-Esteem (Vo) 0.36 1.00
Achievement Motivation (V1g) 0.33 0.43 1.00
Attitude towards Science (Vo) 0.24 0.19 0.15 1.00
Attitude towards Academic Work (V20) 0.27 0.21 0.20 0.38 1.00
Sex 0.16 -0.06 -0.09 0.13 0.12 1.00
School Type -0.13 0.03 -0.08 -0.11 -0.14 0.01 1.00

ejeq 4o sishjeuy
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An examination of the Table 4.55 reveals that the correlation
coefficients range from -0.14 to 0.43, all the obtained values are less than
0.50. This result suggests that there is not much interdependence among the
variables.

Discriminant Functions

In order to calculate the linear discriminant function, the data
was examined whether it satisfied the two basic assumptions. The
preliminary analysis of the data revealed that the distribution of the scores of
five predictor variables approximate normal distribution. Sex and School type
was included since they are qualitative binary variables. Box's M test was
done to test the quality of the group covariance matrix. The result of Box’'s M
is presented in Table 4.56.

TABLE 4.56

Box’s M Test for Equality of Group Variance Matrices

Groups Rank Log determinants
Low —Achievers in Chemistry 7 22.27
Average — Achievers in Chemistry 7 21.55
High — Achievers in Chemistry 7 21.23
Pooled within group Covariance Matrix 7 21.83
Box M Approximate F Degrees of Freedom
145.13 2.5644** (56, 2464524 .5)

*p<0.01

The value of F obtained is 2.5644 which exceeds the critical limit
of F-ratio (1.54) set at 0.01 Ievevl for df 56, 2464524.5. The result suggests a
significant difference in the covariance matrices of the groups. Discriminant
analysis was proceeded even though the two basic assumptions were not

perfectly satisfied.
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In order to assign cases to three groups namely Low - ;
Average —; and High — Achievers in Chemistry, two linear combinations of the

seven predictor variables were formed. The unstandardised and standardised

canonical discriminant function coefficients are presented in Table 4.57.
TABLE 4.57
Unstandardised and Standardised Canonical

Discriminant Function Coefficients

Unstandardised
Canonical Discriminant

Standardised Canonical
Discriminant Function

Predictor Variables Function Coefficients Coefficients
Function1 | Function 2 | Function 1 | Function 2

classr iedimedilis -0.0001 0.01 -0.03 0.28
Self-Esteem X, 0.02 0.01 0.17 0.09
Achievement Motivation X; -0.01 0.04 -0.21 0.49
Attitude towards Science X4 0.05 0.003 0.88 0.05
ork e ree Academic | 4 509 0.003 0.15 0.06
Sex Xe -0.28 -0.94 -0.14 -0.47
School Type X7 0.89 -0.90 0.42 -0.43
Constant -9.7 -2.9 - -

The equation formed on

discriminant coefficients are the following:

D1

D

-0.001 X1 + 0.02 X; — 0.01 X3 + 0.05 X4

+0.009 X5 - 0.28 Xg + 0.89 X; - 9.7
-0.01 X4 +0.01 X5 + 0.04 X3 +0.003 X4

and

+ 0.003 X5 ~0.94 Xg+0.90 X; - 2.9
Where X1, Xz, X3, X4, Xs, X6, and X7 are the individual scores obtained

for the seven predictor variables.

the basis of unstandardised
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The first and second discriminant function in terms of the

standardised discriminant function coefficients for the same as

D1 = -0.032,+0.172,-0.217Z3+0.88 Z4
+0.162Z5-0.14 Zs + 0.42 Z; and
D, = 02827,+0.092,+0492Z;+0.05 24

+0.06 Zs - 047 Zs—- 043 Z;
Group centroids of the two discriminant functions (Function 1 and
Function 2) for the three groups Low — ; Average — ; and High — Achievers in

Chemistry are given in Table 4.58.
TABLE 4.58

Group Centroids of the Discriminant Functions for Low —;

Average - ; and High — Achievers in Chemistry

Group Function 1 Function 2
Low — Achievers in Chemistry -0.57 -0.09
Average — Achievers in Chemistry -0.06 0.15
High — Achievers in Chemistry 0.62 -0.07

The group centroids given in Table 4.58 suggests that the first
function distinguishes High — Achievers from Average — and Low — Achievers
in Chemistry and the second function distinguishes Low — Achievers from
High and Average Achievers in Chemistry. Figure 4-17 provides the

Discriminant Function plots of Function 1 and Function 2.




Second Discriminant Function

259
Analysis of Data

0.2 -
Average —~ Achievers
0.15 - [ | in Chemistry,
_ -0.06, 0.15
0.1 1
0.05 -
0 -
High — Achievers in
Chemistry,
-0.05 - 0.62, -0.07
Low — Achievers A
in Chemistry, -
'S 0.57, -0.09
'01 L) 1 i Ll . | ¥ 1
-0.6 -0.4 -0.2 0 0.2 0.4 06 0.8

First Discriminant Function

Figure - 4-17
Discriminant Function Plots of the Function 1 and Function 2
(Centroids of the Three Groups Low, Average and High Achievers
in Chemistry on the Two Discriminant Functions)
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Significance of the Discriminant Functions
V Important statistical indicators suggesting the effectiveness of
discriminant functions (Eigen value, percent of variance, canonical correlation,
Wilk's lambda and chi-square) are presented in Table 4.59.
TABLE 4.59

Statistical Indicators of the Effectiveness of the Discriminant Functions

Function Eigen Pel;::fent Cumulative | Canonical | Wilk’s Chi- DF
unctio Value . : percent Correlation | Lambda | square
Variances
Function1 | 0.23 94.55 94.55 0.43 0.80 206.96** | 14
Function 2 | 0.01 5.45 100.00 0.1 0.99 12.39* | 6

*p<0.05and **p<0.01

As per Table 4.59, it can be noted that the Eigen value obtained
is 0.23 which can be considered to be a fairly good indicator of effectiveness
to discriminate High — Achievers from Average and Low — Achievers in
Chemistry. The percentage of variance accounted by Function 1 is 94.55.
The coefficient of effectiveness is 94.65. The discriminant scores on the first
function for this particular data set therefore account for a very large
proportion of the discrimination power of the analysis. The value of canonical
correlation is 0.43 which shows that the discriminant scores and the group
variables are related markedly. Moreover, the chi-square value is 206.96
which is significant beyond 0.01 level. This suggests that Function 1 is
significant enough to discriminate High — Achievers from Average and Low —
Achievers in Chemistry.

The Eigen value for the second discriminant function is only 0.01
suggesting that the index of effectiveness of the function is only 5.35 with a
percentage variance of 5.45. The value of canonical correlation is 0.11 which
suggests only a low relationship of the discriminant scores with the group of

variables. The obtained chi-square value 12.39 suggests that Function 2 is
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significant at 0.05 level to distinguish Low — Achievers from High and Average
— Achievers in Chemistry.
Classification of Cases Using the Discriminant Functions

Having found out the discriminant function, the discriminant
score of each of the case in the sample are calculated, the value of which
enables to determine the group in which the individual case is classified (or
misclassified) such as Low — ; Average — ; or High — Achievers in Chemistry.

The confusion matrix (success rate for prediction of group
membership) of the cases correctly classified and misclassified is presented
in Table 4.60.

TABLE 4.60

Confusion Matrix of the Cases Correctly Classified and Misclassified

Predicted Group Membership
No. of
Actual Group Cases Low - Average - High -
Achievers | Achievers | Achievers

. . . 182 54
Low — Achievers in Chemistry 297 (61.3%) (18.2%) (206_;%)
Average — Achievers in Chemistry 345 (3;29‘:'% ) (2793% ) (3;287% )
High — Achievers in Chemistry 304 (17‘?% e e ) (62%(;’ )

Table 4.60 shows that, of the 297 cases of the Low — Achievers

in Chemistry, 182 cases (61.3%) correctly classified and 115 cases (38.7%)
were misclassified. Out of the 345 Average — Achievers, 124 (35.9%) are
correctly classified whereas 221 (64.1%) cases are misclassified. Of the 304
cases of High — Achievers in Chemistry, 200 cases (65.8%) are classified
correctly and 35.2 per cent were misclassified. It can be noted that High —
Achievers in Chemistry are more accurately classified (65.8%) followed by
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Low — Achievers (61.3%). The total percentage of cases thus correctly
classified is 50.32 per cent.
Correlation between Predictor Variables and Canonical Discriminant
Functions

The contribution of each of the predictor variables to the
discriminant function was examined by estimating the pooled within group
correlation between the predictor variables and canonical discriminant
functions. The results are presented in the order of the magnitude of
correlations in Table 4.61.

TABLE 4.61

Pooled Within — Groups Correlations Between Predictor

Variables and Canonical Discriminant Functions

Predictor Variables Function 1 Function 2
Attitude towards Science 0.86* - 0.22
Attitude towards Academic Work 0.39* 0.28
Achievement Motivation -0.00009 0.72*
School Type 0.33 -0.51*
Classroom Learning Environment 0.14 0.49*
Sex -0.004 -0.47*
Self-Esteem 0.29 0.45*

Table 4.61 reveals that of the seven predictor variables, two
attitudinal variables namely Attitude towards Science (0.86) and Attitude
towards Academic Work (0.39) have high association with Function 1 and the
other five other variables Achievement Motivation (0.72), School type (0.51),
Classroom Learning Environment (0.49), Sex (0.47) and Self-Esteem (0.45)

have association with Function 2.
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Classification Function éoefficients
Fisher's linear discriminant function coefficients derived to
assign new cases into the three groups Low — ; Average n— ; and High —
Achievers in Chemistry are given Table 4.62.
TABLE 4.62

Fisher’s Linear Discriminant Function Coefficients of

Low —; Average - ; and High — Achievers in Chemistry

Variables AcLIg:vv;rs ﬁgli’:\?eer; Arl:?e};./;rs
Classroom Learning Environment 0.09 0.09 0.09
Self-Esteem 0.04 0.05 0.06
Achievement Motivation 0.33 0.32 0.30
Attitude towards Science 0.42 0.45 0.49
Attitude towards Academic Work 0.28 0.29 0.29
Sex 3.58 3.20 3.22
School Type 11.12 11.35 12.17
Constant -73.50 -79.15 -85.29

Using the Fisher's coefficients, a case is assigned to the groups
for which it has the largest discriminant score. This is calculated using the
coefficients and the score on the variable.

Findings
() The two discriminant functions in terms of standardised discriminant

functions for the seven significant predictors namely,

D4 = -0.032,+0.17Z,-0.21Z3 + 0.88 Z4
+0.152Z5-0.14 Zg + 0.42 Z; and
D2 = 0.2827,+0.092,+0497Z3+0.05 2,4

+0.06 Z5 - 047 Zg—0.43 Z;
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are efficient enough to discriminate significantly the three groups of
differential achievers with a success rate of 53.28 per cent for correct
classification.

(i) The coefficient of effectiveness of the First function for discriminating
High — Achievers from Average — and Low — Achievers in Chemistry is
94.65 and the coefficient of effectiveness of Function 2 for discriminating
Low — Achievers from Average — and High — Achievérs in Chemistry is
5.35.

4.4.3 Predicting Group Membership of Low — ; Average - ; and
High — Achievers in Physical Science

In an attempt to investigate the discrimination among Low — ;
Average — ; and High — Achievers in Physical Science, seven predictor
variables, namely, Classroom Leaming Environment, Self-Esteem,
Achievement Motivation, Attitude towards Science, Attitude towards Academic
Work, Sex and School Type were taken together and examined for their
capability for discrimination power. The analysis and discussion of the results
are described in the following text.
Analysis of Group Difference

Preliminary step was to examine whether significant differences
exist in the means of each of the seven variables among Low - ; Average and
High — Achievers in Physical Science. Wilk's lambda and F-ratios were
estimated for this purpose. The results of the Univariate ANOVA calculated
for this purpose are presented in Table 4.63.




TABLE 4.63

Univariate Statistics of Significant Predictor Variables

Predictor

Low — Achievers

Average — Achievers

High — Achievers

Total Sample

Wilk’s

Si.No. . F-value
Variables Mean S.D Mean S.D Mean S.D Mean S.D Lambda

Classroom v

1. Learning 87.22 | 16.95 | 88.58 15.81 89.17 | 16.45 | 88.30 | 16.39 0.99 1.13
Environment ‘

2. Self — Esteem 37.39 | 7.55 39.89 7.82 40.82 8.09 3935 | 7.94 0.97 15.71**
Achievement

3. Motivation 71.00 | 12.59 | 73.08 11.49 7092 | 11.84 | 71.73 | 12.00 0.99 3.44
Attitude towards o

4. Science 12964 | 1583 | 137.10 14.28 146.15| 13.90 | 137.39 | 16.09 0.83 94 .51
Attitude towards -

5. Academic Work 11560 | 17.38 | 119.98 14.51 123.71 13.48 | 119.67 { 15.55 0.96 21.32

6. Sex 1.56 0.49 1.42 | 0.49 1.48 0.50 1.49 0.50 0.98 6.72*

7. School Type 1.69 0.49 1.64 0.48 1.75 0.44 1.66 0.48 0.98 8.33*

ejeq 4o Sishjeuy

Ggoc
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It can be noted from Table 4.63 that the values obtained for
Lambda for the variables Classroom Learning Environment, Self-Esteem,
Achievement Motivation, Attitude towards Academic Work, Sex and School
Type are 0.99, 0.97, 0.99, 0.96, 0.98 and 0.98 respectively: all the values are
almost equal to 1 (one). But for the variable Attitude towards Science, the
obtained Lambda is 0.83. The result suggests that the three groups differ
significantly among themselves for the variable Aftitude towards Science.
When F-ratios were examined, the values obtained were found to be
significant beyond 0.01 level for the variables Self-Esteem (15.71)., Attitude
towards Science (94.51), Attitude towards Academic Work (21.32), Sex
(6.72), School Type (8.33). For the variables Classroom Learning
Environment and Achievement Motivation, F-ratios are not significant even at
0.05 level. The result suggest that there exist significant mean difference for
the groups Low — ; Average - ; and High — Achievers in Physical Science
(taken in pairs) for five out of the seven predictor variables.
Interdependence among the Seven Predictor Variables

In order to examine whether the seven predictor variables are
interrelated or not, a pooled correlation matrix of the three groups was

estimated. The matrix is presented in Table 4.64.
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As per Table 4.64, it can be noted that the correlation
coefficients range from -0.14 to 0.44; all the obtained values are less than
0.50. This result suggests that the variables selected are not much
interdependent.

Discriminant Functions

Next step is to calculate the linear discrimingnt function. The
data was therefore first examined whether it satisfied the two assumptions.

(a) The distribution of the scores of the five predictor variables
approximate normal distribution as revealed from preliminary analysis
given in Section 4.1. Sex and School type were included since they
are qualitative binary variables.

(b) Box’s M test was done to test the equality of group covariance matrix.
The result of Box’s M test is presented in Table 4.65.

TABLE 4.65

Box’s M Test for Equality of Group Variance Matrices

Groups Rank Log determinants
Low —Achievers in Physical Science 7 22.26
Average — Achievers in Physical
Science ’ 21.44
High — Achievers in Physical Science 7 21.22
Pooled within group Covariance Matrix 7 21.78
Box M Approximate F Degrees of Freedom
129.00 2.2794** (56, 2439951.0)
**p <0.01

It can be noted from Table 4.65 that the value of obtained F is
2.2794 which exceeds the critical limit of F —ratio 1.54 set at 0.01 level of
significance for df 56, 2439951. The result suggests a significant difference in




269

Analysis of Data

the covariance matrices of the groups.

The discriminant analysis was

proceeded since the two assumptions were satisfied to a greater extent.

As the next step, two linear combinations of the seven predictor

variables were formed so as to assign cases to the three groups namely

Low — ; Average — ; and High — Achievers in Physical Science.

unstandardised and

standardised

Canonical

Coefficients are presented in Table 4.66.
TABLE 4.66

Unstandardised and Standardised Canonical

Discriminant

Discriminant Function Coefficients

The

Function

Unstandardised
Canonical Discriminant

Standardised Canonical
Discriminant Function

Predictor Variables Function Coefficients Coefficients
Function1 | Function 2 | Function1 | Function 2

gﬁf;gfnrgn'f;:”ing -0.006 -0.002 0.1 0.04
Self-Esteem X, 0.03 -0.02 0.28 -0.18
Achievement Motivation X; -0.02 -0.04 -0.27 -0.51
Attitude towards Science X, 0.05 0.01 0.86 0.17
ey ards Academic 0.12 -0.007 0.19 0.12
Sex Xs -0.57 1.38 -0.28 0.69
School Type X7 0.68 0.38 0.32 0.18
Constant -9.09 0.40 - -

The equations formed on the basis of unstandardised
discriminant coefficients are the following:

D1

D,

-0.006 X1 + 0.03 X; — 0.02 X3 + 0.05 X4
+0.12 X5 — 0.57 Xg + 0.68 X7 — 9.09
-0.002 X4 - 0.02 X; - 0.04 X3 + 0.01 X4

—0.007 Xs + 1.38 Xg + 0.38 X7 + 0.40

and
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Where X4, X5, X3, X4, Xs, Xg, and X7 are the individual scores obtained
for the seven predictor variables.
The first and second discriminant function in terms of the

standardised discriminant function coefficients for the same is

D4 = -0112,+0.282,-0.27 Z3+ 0.86 Z4
+0.19 25 -0.28 Zg + 0.32 Z; ~and
D, = 0.047,-0182,-0.512Z3+0.17 Z4

-0.122Z5+0.69 Zg+ 0.18 Z;
Group centroids of the two discriminant functions (Function 1 and
Function 2) for the three groups Low — ; Average — ; and High — Achievers in
Physical Science are given in Table 4.67.
TABLE 4.67

Group Centroids of the Discriminant Functions for Low —;

Average - ; and High — Achievers in Physical Science

Group Function 1 Function 2
Low — Achievers in Physical Science -0.64 -0.09
Average — Achievers in Physical Science -0.001 -0.17
High — Achievers in Physical Science 0.69 0.09

The group centroids given in Table 4.67 suggests that the first
function distinguishes High — Achievers from Average — and Low — Achievers
in Physical Science and the second function distinguishes Low — Achievers
from High and Average Achievers in Physical Science. Figure 4-18 provides

the Discriminant Function plots of Function 1 and Function 2.
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Discriminant Function Plots of the Function 1 and Function 2
(Centroids of the Three Groups Low, Average and High Achievers
in Physical Science on the Two Discriminant Functions)
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Significance of the Discriminant Functions
Important statistics of the discriminant functions such as Eigen
value, percentage of variance, canonical correlation, Wilk’s lambda and chi-

square values are presented in Table 4.68.
TABLE 4.68

Statistical Indicators of the Effectiveness of the Discriminant Functions

Functi Eigen Per:fent Cumulative | Canonical | Wilk’s Chi- DF
unclion | vajue . percent | Correlation | Lambda | square
Variances
Function1 | 0.29 94.31 94.31 0.47 0.77 251.83** | 14
Function2 | 0.02 5.69 100.00 0.13 0.98 16.02* | 6

*p <0.05and **p < 0.01

Table 4.68 indicates that the obtained Eigen value is 0.29 that
can be considered to be a fairly good indicator of effectiveness to discriminate
High — achievers from Average and Low — achievers in Physical Science. For
Function 1, the coefficient of effectiveness is 94.37 and the percentage of
variance accounted is found to be 94.31. The discriminant scores of the first
function for this particular data set therefore account for a very large
proportion of the discrimination power of this analysis. The value of canonical
correlation is 0.47 which shows that the discriminant scores and the group of
variables are related markedly. The chi-square value is found to be 251.83
which is significant beyond 0.01 level suggesting that Function 1 is significant
enough to discriminate High — Achievers from Average and Low — Achievers
in Physical Science.

The Eigen value for the second discriminant function is only 0.02
with a percentage variance of 5.69. The index of effectiveness is only 5.63.
The value of canonical correlation is found to be 0.13 suggesting only a low
relationship of the discriminant scores with the select group of variables. The
chi-square value is found to be 16.02 which suggest that Function 2 is
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capable of distinguishing Low — Achievers from High and Average -
Achievers in Physical Science at 0.05 level of significance.
Classification of Cases Using the Discriminant Functions

The discriminant score of each of the case in the sample can be
calculated when the discriminant function is found out. The value of the
discriminant score enables to determine the group in which individual case is
classified (or misclassified) such as Low — ; Average — ; or High — Achievers in
Physical Science.

The confusion matrix (success rate for prediction of group
membership of the cases correctly) classified or misclassified is presented in
Table 4.69.

TABLE 4.69

Confusion Matrix of the Cases Correctly Classified and Misclassified

Predicted Group Membership
No. of
Actual Group Cases Low- | Average—- | High-
Achievers | Achievers | Achievers
Low — Achievers in Physical 312 192 69 51
Science (61.5%) (22.1%) (16.3%)
Average - Achievers in Physical 346 119 111 116
Science (34.4%) (32.1%) (33.5%)
High — Achievers in Physical 288 36 59 193
science (12.5%) (20.5%) (67.0%)

Percent of grouped cases correctly classified : 52.43%

Table 4.69 shows that of the 312 cases of Low — Achievers in
Physical Science, 192 cases (61.5%) were correctly classified and 120 cases
(38.5%) were misclassified. Out of 346 cases, 111 cases of Average —
Achievers (32.1%) are correctly classified whereas 235 cases (67.9%) are
misclassified. Of the 288 cases of High — Achievers in Physical Science, 193

cases (67.0%) are classified correctly and 33 per cent were misclassified. It
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can be noted High —Achievers in Physical Science are more accurately
classified (67.0%) followed by Low — Achievers (61.5%). The total percentage
of cases thus correctly classified is 52.43 per cent.
Correlation between Predictor Variables and Canonical Discriminant
Functions

The pooled within group correlation between the predictor
variables and canonical discriminant function was estimated next so as to
examine the contribution of each of the predictor variables to the discriminant
function. The results are presented in the order of magnitude of correlation in
Table 4.70.

TABLE 4.70

Pooled Within — Groups Correlations Between Predictor

Variables and Canonical Discriminant Functions

Predictor Variables Function 1 Function 2

Attitude towards Science 0.84* 0.11

Attitude towards Academic Work 0.39* -0.12
School Type 0.24* 0.21

Sex 012 0.76*
Achievement Motivation -0.005 -0.65*
Self-Esteem 0.33 -0.41*
Classroom Learning Environment 0.09 -0.95*

The results presented in Table 4.70 reveals that of the seven
predictor variables, three variables namely Attitude towards Science (0.84),
Attitude towards Academic Work (0.39) and School type (0.24) have high
association with Function 1. The other four variables namely Sex (0.76),
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Achievement Motivation (0.65), Self-Esteem (0.41) and Classroom Learning
Environment (0.95) have association with Function 2.
Classification Function Coefficients

Fisher's linear discriminant function coefficients derived to

assign new cases into three groups Low — ; Average — ; and High — Achievers
in Physical Science are given in Table 4.71.
TABLE 4.71

Fisher’s Linear Discriminant Function Coefficients of

Low —; Average —; and High — Achievers in Physical Science

Variables AcLhc::Iv;rs z‘éﬁ::\?:r; A:’r:?e':/;rs
Classroom Learning Environment 0.08 0.08 0.08
Self-Esteem 0.06 0.09 0.11
Achievement Motivation 0.32 0.32 0.29
Attitude towards Science 0.44 0.47 0.51
Attitude towards Academic Work 0.29 0.30 0.30
Sex 3.23 2.49 2.47
School Type 10.92 11.26 11.84
Constant -73.76 -79.50 -85.98

Using the Fisher’s coefficients, a case is assigned to the groups
for which it has the largest discriminant score. This is calculated using the
coefficients and the score on the variable.
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Findings
() The two discriminant functions in terms of standardised discriminant

functions for the seven significant predictors namely,

D, = -0112Zy+0282,-027 25+ 0.86 Z4
+0.1925-0.28 Zg + 0.32 Z
D, = 0.047,-0.182Z,-0.51 Zy+ 017 Z4

-0.12Z5+0.69 Zg+ 0.18 Z;
are efficient enough to discriminate significantly the three groups of
differential achievers with a success rate of 52.43 per cent for correct
classification.

(i)  The coefficient of effectiveness of the First function for discriminating
High — Achievers from Average — and Low — Achievers in Physical
Science is 94.37 and the coefficient of effectiveness of Function 2 for
discriminating Low — Achievers from Average — ; and High — Achievers in

Physical Science is 5.63.

4.5 CONCLUSIONS AND INTERPRETATIONS

The results have been grouped under relevant heads and
discussed so as to arrive at a conclusion. The discussion of the results and
interpretations are presented below.

The summary of the results of three-way ANOVA using each of
the independent variables Classroom Learning Environment, Self-Esteem,
Achievement Motivation Attitude towards Science and Attitude towards
Academic Work along with Sex and School type on Achievement in Physics,
Chemistry and Physical Science reveal that only Self-Esteem, Attitude
fowards Science and Attitude towards Academic Work have significant main
effect on Achievement. This result suggests that variation in Achievement in
Physical Science is dependent on variations in Attitude and Self-Esteem of
the students. Moreover, post hoc comparison also reveal that three identical
groups formed on the basis of Self-Esteem, Attitude towards Science and
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Attitude towards Academic Work differ significantly in mean Achievement in
Physics, Chemistry and Physical Science — especially in all the extreme
group-pair comparisons. This result may be interpreted as one’s level of Self-
Esteem, Attitude towards Science and Attitude towards Academic Work may
determine his / her level of Achievement in Physical Science.

Sex by School type interaction is found significant in
Achievement in Physics, Chemistry and Physical Science. But this interaction
is found different in different levels of Attitude towards Science. Gender
difference exists in Single-sex schools. Gender difference widens from less —
favourable to favourable Aftitude towards Science and Attitude towards
Academic Work and low to high Self-Esteem group. No gender difference is
noticed in Coeducational schools. Boys show higher mean achievement than
girls in Single-sex schools whereas girls show higher mean achievement in
Coeducational schools. This is true in different levels of Self-Esteem and
attitudes. The differences in the performance of boys and girls in Single-sex
schools and Coeducational schools is in contradiction to earlier studies before
1980. Whereas studies of Marsh (1989), Kahle and Lakes (1983) highlighted
the differential performance of boys and girls. Greenfield (1997) do not
support the inequality of performance of boys and girls in science classroom —
after analysing a number of studies of more than ten years in different
institutions. The better performance of girls in Coeducational schools may
due to the active participation of girls in a competitive science class, initiated
by better teacher — student interaction related to each gender, lesser sex-
stereotyping and a conducive classroom learning environment. Boys’
superiority in Single-sex schools may be due to different dominating
personality characteristics of males and females or differences in the
perception of classroom experiences or differences in the approach or style of
learning or differences in the teacher — student interaction or absence of
disruptive classroom settings. These factors have to be further explored by
well-designed studies. The findings of the present study are in consistent with
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the findings and implications reported by American Association of University
Women (1998) that there is no evidence that single-sex education in general
is better than coeducation for girls.

The fact that the five variables selected, Sex and School type
are capable of discriminating High — ; Average — ; and Low — Achievers in
Physics, Chemistry and Physical science (total) to a certain extent. Among
the variables, Attitudes show better efficiency.

The role of Classroom Learning Environment especially the
different dimensions namely Physical and material factor, Psycho-social factor
and Educational factor in determining the development of Self-Esteem and
Attitudes may have to be probed deeper to have a better understanding of
differential performance of boys and girls in Single-sex and Coeducational
schools.
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CHAPTER YV

SUMMARY, FINDINGS AND SUGGESTIONS

This chapter deals with the summary of the various phases in
the process of the present investigation, major findings of the study,

educational implications and suggestions for further study.

5.1 STUDY IN RETROSPECT

The present study as stated earlier was intended to examine
whether Classroom Learing Environment and select five affective variables
have differential influence on Achievement in Physical Science of boys and
girls in Single-sex and Coeducational secondary schools. The study was
hence stated as “CLASSROOM LEARNING ENVIRONMENT AND SELECT
AFFECTIVE VARIABLES IN RELATION TO ACHIEVEMENT IN PHYSICAL
SCIENCE OF STUDENTS OF SINGLE - SEX AND COEDUCATIONAL
SECONDARY SCHOOLS”

5.2 VARIABLES OF THE STUDY

The variables selected for the study were the following:
5.2.1 Independent Variables

Classroom Learning Environment, Achievement Motivation,
Self-Esteem, Aftitude towards Science and Attitude towards Academic Work
were treated as independent variables.
5.2.2 Criterion Variables

Achievement in Physics, Achievement in Chemistry and
Achievement in Physical Science (total) were treated as criterion variables.
5.2.3 Basal Variables

In this study Sex and School type based on sex enrolment

(Single-sex and Coeducational schools) were treated as basal variables.
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5.3 OBJECTIVES
The present study was designed with the following objectives:

(i)

(i)

(iii)

(iv)

(v)

(vii)

To study the main effect of each of the five select independent
variables on Achievement in Physics of boys and girls of Single — Sex
and Coeducational secondary schools.

To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Physics.

To study the main effect of each of the five select independent
variables on Achievement in Chemistry of boys and girls of Single —
sex and Coeducational secondary schools.

To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Chemistry.

To study the main effect of each of the five select independent
variables on Achievement in Physical Science (total) of boys and girls
of Single — sex and Coeducational secondary schools.

To study the interaction effect of each of the five select independent
variables, Sex and School type on Achievement in Physical Science
(total).

To predict High —, Average —; and Low—Achievers in Physics using
the variables Sex of the subjects, Type of institutions based on sex

enrolment and five select independent variables.

(viii) To predict High —; Average —; and Low—Achievers in Chemistry using

(ix)

the variables Sex of subjects, Type of institutions based on sex
enrolment and five select independent variables.

To predict High —; Average —; and Low — Achievers in Physical
Science using the variables Sex of subjects, Type of institutions

based on sex enrolment and five select independent variables.
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5.4 METHODOLOGY
The methodology of the present investigation is described

below:

5.4.1 Sample

The study was conducted on a sample of 946 students studying
in class IX of the secondary schools of Thiruvananthapuram, Malappuram and
Kozhikode districts of Kerala State. The sample for the study was selected
using proportionate stratified sampling technique giving due representation to

sex, locale, instructional efficiency and type of management of schools.

5.4.2 Tools
The tools used for collecting the needed data for the study were

the following:

i) Scale of Classroom Learning Environment (Usha and Suchitra, 2002)

i) Scale of Achievement Motivation (Pillai and Salim Kumar, 1994)

i) Self-Esteem Inventory (Battle, 2000)

iv) Scale of Attitude towards Science (Pillai, K.S., 1980)

v) Scale of Attitude towards Academic Work (Usha and Suchitra, 2002)

vi) Test of Achievement in Physical Science (Usha and Suchitra, 2002)

5.4.3 Statistical Techniques Used
i) Thrée-way ANOVA with 3 x 2 x 2 factorial design
i) Scheffé Test of Multiple Comparison
iii) Test of significance of difference between means

iv) Discriminant Function Analysis (Tacqu, 1997).
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5.5 MAJOR FINDINGS
The major findings of the study are presented below.

5.5.1 Main Effect of Each of the Five Select Independent
Variables, Sex and School Type on Achievement in

Physical Science
5.5.1.1 Main Effect of Classroom Learning Environment, Sex and
School type on Achievement in Physical Science

No significant main effect of Classroom Learning Environment
on Achievement in Physics, Chemistry and Physical Science (total) was
noticed. But main effect of Sex on Achievement in Physics (F = 19.69) and
Achievement in Physical Science (F = 11.86) and main effect of School type
on Achievement in Physics (7.28), Achievement in Chemistfry (23.47) and
Achievement in Physical Science (17.01) were found to be significant.
5.5.1.2 Main Effect of Achievement Motivation, Sex and School Type on

Achievement in Physical Science

No significant main effect of Achievement Motivation on
Achievement in Physics, Chemistry and Physical Science (total) was noticed.
But significant main effect of Sex on Achievement in Physics (F = 25.20) and
Achievement in Physical Science (F = 13.70) and main effect of School type
on Achievement in Physics (F = 7.69), Achievement in Chemistry (F = 26.49)
and Achievement in Physical Science (F = 18.74) were found to exist.
5.5.1.3 Main Effect of Self-Esteem, Sex and School Type on

Achievement in Physical Science

Significant main effect of Self-Esteem on Achievement in
Physics (F = 12.83), Achievement in Chemistry (F =12.10) and Achievement
in Physical Science (F = 14.83) was found to exist. The main effect of Sex on
Achievement in Physics (F = 19.76) and Achievement in Physical Science
(F
(F

I}

10.82) and main effect of School type on Achievement in Physics

8.33), Achievement in Chemistry (F = 26.82) and Achievement in
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Physical Science (F = 19.53) were found to be significant well beyond 0.01
level.
5.5.1.4 Main Effect of Attitude towards Science, Sex and School Type
on Achievement in Physical Science
Significant main effect of Alfltitude towards Science on
Achievement in Physics (F = 94.96), Chemistry (F = 64.75) and Physical
Science (F = 96.69) was found to exist. The main effect of Sex on
Achievement in Physics (F = 44.75), Chemistry (F = 12.19) and Physical
Science (F = 31.48) and the main effect of School type on Achievement in
Physics (F = 11.50), Chemistry (F = 26.64) and Physical Science (F = 22.78)
were found to be significant well beyond 0.01 level.
5.5.1.5 Main Effect of Attitude towards Academic Work, Sex and
School Type on Achievement in Physical Science
Significant main effect of Attitude towards Academic Work on
Achievement in Physics (F = 28.81), Chemistry (F = 17.08) and Physical
Science (F = 26.83) was found to exist. The main effect of Sex on
Achievement in Physics (F = 30.77), Chemistry (F = 8.82) and Physical
Science (F = 21.53) and main effect of School type on Achievement in
Physics (F = 14.79), Chemistry (F = 30.67) and Physical Science (F = 26.60)

were found to be significant well beyond 0.01 level.

5.5.2 Interaction Effect of Each of the Five Select Independent
Variables, Sex and School Type on Achievement in
Physical Science

5.5.2.1 Interaction Effect of Classroom Learning Environment, Sex and

School Type on Achievement in Physical Science
(i) The first order interaction of Classroom Learning Environment x Sex

on Achievement in Physics, Chemistry and Physical Science was

found to be not significant.
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(i) The first order interaction of Classroom Learning Environment x
School type was found to be significant on Achievement in Physics
only (F = 3.28; p < 0.05).

(iii) The first order interaction of Sex x School type on Achievement in
Physics, Chemistry and Physical Science was found to be significant
well beyond 0.01 level. ‘

(iv) The second order interaction of Classroom Learning Environment x
Sex x School type on Achievement in Physics, Chemistry and
Physical Science was found not significant even at 0.05 level.

5.5.2.2 Interaction Effect of Achievement Motivation, Sex and School
Type on Achievement in Physical Science

(i) The first order interaction of Achievement Motivation x Sex on
Achievement in Physics, Chemistry and Physical Science was found
to be not significant.

(i) The first order interaction of Achievement Motivation x School type on
Achievement in Physics, Chemistry and Physical Science was found
to be not significant.

(iii) The first order interaction of Sex x School type on Achievement in
Physics, Chemistry and Physical Science was found to be significant
well beyond 0.01 level.

(iv) The second order interaction of Achievement Motivation x Sex x
School type on Achievement in Physics was found to be significant
beyond 0.01 level (F = 5.55). No significant second order interaction
effect on Achievement in Chemistry or Achievement in Physical
Science was noticed.

5.5.2.3 Interaction Effect of Self-Esteem, Sex and School Type on
Achievement in Physical Science
(i) No significant first order interaction effect of either Self-Esteem x Sex

or Self-Esteem x School type on Achievement in Physics, Chemistry
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(ii)

(iif)

5.5.2.4

(i)

(ii)

(iif)

5.5.2.5

(i)

(ii)

and Physical Science was noticed: the obtained F-value being less
than the critical limit.
The first order interaction of Sex x School type on Achievement in
Physics, Chemistry and Physical Science was found to be significant
well beyond 0.01 level.
No second order interaction (Self-Esteem x Sex x School type) on
Achievement in Physics, Chemistry and Physical Science was noticed.

Interaction Effect of Attitude towards Science, Sex and School

Type on Achievement in Physical Science
No significant first order interaction effect of either Attitude towards
Science x Sex or Attitude towards Science x School type on
Achievement in Physics, Chemistry and Physical Science was noticed:
the obtained F-value being less than the critical limit.
The first order interaction of Sex x School type on Achievement in
Physics, Chemistry and Physical Science was found to be significant
well beyond 0.01 level.
The second order interaction of Aftitude fowards Science x Sex x
School type on Achievement in Physics, Chemistry and Physical
Science was found to be significant at 0.05 level.

Interaction Effect of Attitude towards Academic Work, Sex and
School type on Achievement in Physical Science

No significant first order interaction effect of either Attitude towards
Academic Work x Sex or Attitude towards Academic Work x School
type on Achievement in Physics, Chemistry and Physical Science was
noticed: the obtained F-value being less than the critical limit.
The first order interaction of Sex x School type on Achievement in
Physics, Chemistry and Physical Science was found to be significant
well beyond 0.01 level.
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(i) No second order interaction (Attitude towards Academic Work x Sex x
School type) on Achievement in Physics, Chemistry and Physical
Science was noticed.

5.5.3 Group Differences in Achievement in Physical Science

Group difference in Achievement in Physical Science was
studied wherever significant effect of those independent variables on
Achievement in Physical Science [Achievement in Physics, Chemistry and
Physical science (total)] were noticed. Of the five independent variables,
three variables, namely, Self-Esteem, Attitude towards Science and Aftitude
towards Academic Work were found to have significant main effect on
Achievement in Physics, Achievement in Chemistry and Achievement in
Physical Science. Moreover, significant first order interaction of Sex x School
type on Achievement in Physics, Chemistry and Physical Science were also
noticed. Hence, Mean Difference in Achievement in Physical Science was
studied for (i) Groups formed on the basis of Self-Esteem, Attitude towards
Science and Aftitude towards Academic Work and (ii) Groups formed on the
basis of Sex, School type and each of the five select independent variables.
The findings are summarised and presented below:
1.  Difference in Achievement in Physical Science among High - ;

Average — ; and Low — Self-Esteem Groups

Results of multiple comparison using Scheffé test of three
identical groups formed on the basis of Self-Esteem of the subjects (boys,
girls, single-sex schools, coeducational schools and total sample) with respect
to mean Achievement in Physics, Chemistry and Physical Science reveal the
following:
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Criterion Level of Significance of F-value
. Group pairs
Variables Boys | Girls | Single-sex | Coeducational | Total
HSE - ASE H.8 N.S H.S N.S H.S
Achievement
in HSE - LSE H.S H.S H.S H.S H.S
Physics ASE-LSE | NS | N.S N.S N.S N.S
HSE - ASE H.S H.S H.S S H.S
Achievement
in HSE - LSE H.S H.S H.S H.S H.S
Chemisty ™ SE-LSE | NS | NS N.S N.S N.S
. HSE - ASE H.S S H.S S H.S
Achievement
in HSE - LSE HS | HS H.S H.S H.S
Physical
Science ASE - LSE NS | NS N.S N.S N.S
Note: N.S — Not Significant HSE - High — Self-Esteem Group
S — Significant at 0.05 level ASE - Average—Self-Esteem Group
H.S - Significant at 0.01 LSE - Low - Self-Esteem Group

It is revealed from the summary of results that significant mean
difference exist in eight out of fifteen comparisons in Achievement in Physics,
ten out of fifteen comparisons in Achievement in Chemistry and ten out of
fifteen in Achievement in Physical Science. Here, extreme groups (HSE -
LSE) show significant difference in all the fifteen comparisons.

2. Difference in Achievement in Physical among Favourable - ;
Moderately Favourable — ; and Less — Favourable — Aftitude towards
Science Groups

Results of the Scheffé test of multiple comparison with regard to
mean Achievement in Physics, Chemistry and Physical Science of students
grouped on the basis of Aftitude towards Science (three levels) in the total

sample and four sub samples are presented below:
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Criterion Level of Significance of F-value
Group pairs
Variables Boys | Girls | Single-sex | Coeducational | Total
F-ATS - M-ATS H.S H.S H.S H.S H.S
Achi nt
© Ie;/neme F-ATS — L-ATS H.S H.S H.S H.S H.S
Physies T ATS—LATS | Hs | Hs S H.S H.S
F-ATS — M-ATS H.S H.S H.S ‘ H.S H.S
Achievement
in F-ATS - L-ATS H.S H.S H.S H.S H.S
hemist
Chemisty I m I ATS - L.ATS | HS | HS HS H.S H.S
_ F-ATS — M-ATS H.S H.S H.S H.S H.S
Achleyement
In F-ATS — L-ATS H.S H.S H.S H.S H.S
Physical
Science M-ATS - L-ATS HS | HS H.S H.S H.S
Note: S — Significant at 0.05 level

H.S - Significant at 0.0 level
F-ATS — Favourable — Attitude towards Science Group
M-ATS — Moderately — Favourable Attitude towards Science Group

L-ATS — Less—Favourable Attitude towards Science Group

The results reveal that all the forty-five group pair comparisons
are found to be significantly different in the mean scores.

3. Difference in Achievement in Physical Science among Favourable —;
Moderately — Favourable - ; and Less — Favourable Attitude towards
Academic Works Groups

Results of multiple comparison using Scheffé test of three
identical groups formed on the basis of Attitude towards Academic Work of
the subjects (boys, girls, single-sex schools, coeducational schools and total
sample) with respect to mean Achievement in Physics, Chemistry and

Physical Science are presented below.
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Criterion Level of Significance of F-value
. Group pairs
Variables Boys | Girls | Single-sex | Coeducational | Total
F-ATA - M-ATA N.S N.S N.S N.S N.S
Achievement
in F-ATA - L-ATA H.S H.S H.S H.S H.S
Physics
Y M-ATA - L-ATA H.S H.S H.S H.S H.S
F-ATA - M-ATA H.S N.S N.S H.S H.S
Achievement
in F-ATA - L-ATA H.S H.S H.S H.S H.S
Chemistry
M-ATA — L-ATA H.S H.S H.S H.S H.S
F-ATA - M-ATA N.S N.S N.S S N.S
Achieyement
n F-ATA - L-ATA H.S H.S H.S H.S H.S
Physical
Science | M.ATA-L-ATA | HS | H.S H.S H.S H.S
Note: N.S - Not Significant; S — Significant at 0.05 level
H.S - Significant at 0.0 level

F-ATA — Favourable — Attitude towards Academic Work Group
M-ATA — Moderately — Favourable Attitude towards Academic Work Group
L-ATA — Less—Favourable Attitude towards Academic Work Group

The results reveal that ten out of fifteen group-pair comparisons
show significant mean difference in Achievement in Physics, thirteen out of
fifteen show significant mean difference in Achievement in Chemistry and
eleven out of fifteen show significant mean difference in Achievement in
Physical Science. Extreme group-pairs (F-ATA — L-ATA) show significant
difference in all the fifteen comparisons.
4. Difference in Mean Scores of Achievement in Physical Science

between Boys and Girls of Single-sex Schools

Results obtained for the test of significant difference between

mean Achievement in Physical Science of boys and girls of three-levels of

independent variables in Single-sex schools are presented below:
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Sex difference in mean scores
Level of significance of t-value
SLNo.| Variables Group FpTrR—
Pairs Achievement | Achievement | " Physical
in Physics | in Chemistry science
Classroom L-CLE S S S

Learning
1. Environment M-CLE H.S H.S H.S
(CLE) F - CLE H.S H.S H.S
L-AM H.S S H.S

Achievement

2. | Motivation (AM) |_A =AM H.S H.S H.S
H-AM S H.S H.S
L-SE H.S S H.S
3. Se'fzgsE-t)eem A—SE H.S H.S H.S
H - SE H.S H.S H.S
Attitude L-ATS H.S H.S H.S
4. towards M- ATS H.S H.S H.S
Science (ATS) £ _ATs H.S H.S H.S
Attitude L —-ATA H.S H.S H.S

towards
5. Academic Work M- ATA H.S H.S H.S
(ATA) F-ATA H.S H.S H.S

Note: N.S - Not Significant; S — Significant at 0.05 level:
H.S - Significant at 0.0 level

A — Average, F — Favourable

L — Less - Favourable / Low; M — Moderately — Favourable; H — High

The results reveal that significant sex difference exist in all the

fiteen comparisons in Achievement in Physics, Achievement in Chemistry

and Achievement in Physical Science. High means are associated with boys.

5. Difference in Mean Scores of Achievement in Physical Science

between Boys and Girls of Coeducational Schools

Results obtained for the test of significant difference between

mean Achievement in Physical Science of boys and girls of three levels of

independent variables in Coeducational schools are presented below.
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Sex difference in mean scores
] Group Level of significance of t-value
Sl1.No. Variables . Achievement
Pairs Achievement | Achievement in Phvsical
in Physics in Chemistry th ~hyst
science
Classroom L - CLE N.S H.S H.S
Learning
1. Environment M-CLE N.S S N.S
(CLE) F - CLE N.S N.S N.S
L-AM S H.S H.S
Achievement
2. Motivation (AM) A-AM N.S H.S N.S
H-AM N.S N.S N.S
L-SE N.S H.S N.S
Self-Esteem
3. (SE) A-SE N.S S N.S
H - SE N.S H.S N.S
Attitude L -ATS S N.S S
4. towards M - ATS N.S S N.S
Science (ATS) ™= ATs N.S H.S s
Attitude L-ATA N.S N.S N.S
towards
5. Academic Work M- ATA N.S S N.S
(ATA) F—-ATA N.S ) N.S
Note: N.S  — Not Significant; S — Significant at 0.05 level
H.S - Significant at 0.0 level

A — Average; F — Favourable

L — Less - Favourable / Low; M — Moderately — Favourable; H — High

The results reveal that significant sex difference exists in eleven

out of fifteen comparisons in Achievement in Chemistry. High means being

associated with girls.

But for Achievement in Physics, only in two out of fifteen

comparisons and for Achievement in Physical Science, four out of fifteen

comparisons show significant difference.
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6. Difference in Mean Scores of Achievement in Physical Science

between Boys of Single-sex Schools and Coeducational Schools

The mean scores of Achievement in Physical Science of boys of

three levels of independent variables in Single-sex schools and Coeducational

schools were compared. The results are summarised below:

School type difference in mean
scores of boys
SINo.| Variables ?’;c;:lsp Level of significance of t-value
Achievement | Achievement A\izhilpivemerlrt
in Physics | in Chemistry ysica
. science
Classroom L -CLE S S S
Learning
1. Environment M-CLE S N.S N.S
(CLE) F-CLE N.S N.S N.S
L-AM H.S N.S N.S
Achievement
2. Motivation (AM) A-AM H.S H.S H.S
H-AM N.S N.S N.S
L-SE N.S N.S N.S
Self-Esteem

3. (SE) A-SE N.S N.S N.S

H-SE N.S N.S S
4. .towards M- ATS N.S N.S N.S

Science (ATS) F_ATS S NS S
Attitude L - ATA N.S N.S N.S

towards
5. Academic Work M- ATA N.S N.S N.S
(ATA) F—-ATA N.S N.S N.S
Note: N.S - Not Significant; S — Significant at 0.05 level
H.S - Significant at 0.0 level

L — Less - Favourable / Low; M — Moderately — Favourable; H — High

A — Average; F — Favourable

The results reveal that only five out of fifteen comparisons for

Achievement in Physics; two out of fifteen comparisons in Achievement in

Chemistry and four out of fifteen comparisons in Achievement in Physical
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Science were found to be significant. High means are seen associated with
boys of Single-sex schools.
7. Difference in Mean Scores of Achievement in Physical Science
between Girls of Single-sex Schools and Coeducational Schools
The mean scores of Achievement in Physical Science of girls of
three levels of independent variables of Single-sex schools and

Coeducational schools were compared. The results are summarised below.

School type difference in mean
scores of girls
SlI.No. Variables (?’;c;:lsp Level of significance of t-value
Achievement | Achievement A.ch’l:iver.ner;t
in Physics | in Chemistry in Fhysica
science
Classroom L-CLE N.S H.S S
Learning
1. Environment M- CLE H.S H.S H.S
(CLE) F-CLE H.S H.S H.S
L-AM H.S H.S H.S
2 Achievement
* | Motivation (AM) | A =AM HS HS H.S
H-AM H.S H.S H.S
L-SE H.S H.S H.S
Self-Esteem
3. (SE) A-SE H.S H.S H.S
H-~ SE S H.S H.S
Attitude L-ATS S H.S H.S
4. ‘towards M- ATS H.S H.S H.S
Science (ATS) ™ aTs H.S H.S H.S
Attitude L-ATA S H.S H.S
towards
5. Academic Work M- ATA H.S H.S H.S
(ATA) F-ATA H.S H.S H.S

Note: N.S - Nof Significant; S — Significant at 0.05 level
H.S - Significant at 0.0 level
L — Less - Favourable / Low; M — Moderately — Favourable; H — High

A — Average; F — Favourable
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The results obtained show that in Achievement in Physics
fourteen out of fifteen comparisons, and in both Achievement in Chemistry
and Achievement in Physical Science, all the comparisons were found to be
significant. High means are seen associated with girls of Coeducational

schools.

5.5.4 Effectiveness of the Significant Predictors in Predicting -
Group Membership Namely Low — ; Average —; and High —

Achievers in Physical Science

Effectiveness of seven predictors namely, Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards
Science, Afttitude towards Academic Work, Sex and School type in predicting
group membership such as Low — ; Average — ; and High — Achievers in
Physics, Chemistry and Physical Science were estimated using Discriminant
Function Analysis by direct method. The results are summarised and
presented below.
5.5.4.1 Efficiency of Predicting Group Membership of Low — ; Average —;

and High Achievers in Physics

The major findings are:

1. The two discriminant functions in terms of standardised discriminant

functions for the seven significant predictors namely,

D4 = -01821+02572,-02527;3+0.84 2,4
+0.24 7Z5-0.39Z5 +0.35 Z7 and
D> = -0.032,-0.112,+0.37 Z; - 0.55 24

+0.70 Z5 - 0.53 Zg+ 0.31 Z7
are effective enough to discriminate significantly with the three groups of
differential achievements with a success rate of 53.28 per cent for correct
classification.
2. The coefficient of effectiveness of First functions for discriminating High -

Achievers from Average — ; and Low — Achievers in Physics is 95.40 and
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the coefficient of effectiveness of Function -2 for discriminating Low —
Achievers from Average — ; and High — Achievers in Physics is 4.60.
5.5.4.2 Efficiency of Predicting Group Membership of Low — ; Average —;
and High Achievers in Chemistry
The major findings are:
1. The two discriminant functions in terms of standardised discriminant

functions for the seven significant predictors namely

D = -0.032y+0172,-0.217Z3+0.88 Z4
+0.1567Z5-0.14 Zg + 042 Z7 and
D2 = 02827Z4+0.092,+0497Z3+0.052,4

+0.06 Zs — 0.47 Zg—-0.43 Z7
are efficient enough to discriminate significantly the three groups of
differential achievers with a success rate of 53.28 per cent for correct
classification.

2. The coefficient of effectiveness of the First function for discriminating High
— Achievers from Average — and Low — Achievers in Chemistry is 94.65
and the coefficient of effectiveness of Function 2 for discriminating Low —
Achievers from Average — and High — Achievers in Chemistry is 5.35.

5.5.4.3 Efficiency of Predicting Group Membership of Low — ; Average —;

and High Achievers in Physical Science
The major findings are:
(1) The two discriminant functions in terms of standardised discriminant

functions for the seven significant predictors namely,

D4 = -0112,+0.282,-0.27 Z3 + 0.86 Z4
+0.192Z5-0.28 Zs + 0.32 Z7
D, = 0042,-0182,-05123+0.17 Z4

~-01227Z5s+0.69Zs+ 0.18 Z7
are efficient enough to discriminate significantly the three groups of
differential achievers with a success rate of 52.43 per cent for correct

classification.
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(2) The coefficient of effectiveness of the First function for discriminating High
— Achievers from Average — and Low — Achievers in Physical Science is
94.37 and the coefficient of effectiveness of Function 2 for discriminating
Low — Achievers from Average — ; and High — Achievers in Physical
Science is 5.63.

5.6 TENABILITY OF HYPOTHESES »

The tenability of the nine hypotheses set for the study was
examined in the light of the findings. The study showed that most of the
hypotheses set for the study are substantiated.

Hypothesis (i) assumed that “the main effect of each of the five
select independent variables namely, Classroom Learning Environment;
Achievement Motivation; Self-Esteem; Attitude towards Science and Attitude
towards Academic Work and Sex and School type on Achievement in Physics
of secondary school students will be significant”. This hypothesis is mostly
substantiated in view of the fact that three out of the five independent
variables selected, Sex of the subjects and School type based on sex
enrolment have significant main effect on Achievement in Physics.

Hypothesis (ii) assumed that “the interaction effect of each of
the five independent variables Sex and School type on Achievement in
Physics will be significant”. This hypothesis is only partially substantiated by
the study. Of the five three-way ANOVA computed, significant first order
interaction on Achievement in Physics was found for all the Sex x School type
interactions and Classroom Learning Environment x Sex interaction. Second
order interaction of Achievement Motivation x Sex x School type was also
found to be significant. All other first order and second order interactions are
not significant.

Hypothesis (iii) assumed that “The main effect of each of the
five select independent variables namely, Classroom Learning Environment;
Achievement Motivation; Self-Esteem; Attitude towards Science and Attitude

towards Academic Work and Sex and School type on Achievement in
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Chemistry of secondary school students will be significant”. This hypothesis
is mostly substantiated. Three out of five independent variables selected and
School type have significant main effect on Achievement in Chemistry.
Besides, Sex of the subjects have independent effect on Achievement in two
out of five ANOVA computed.

| Hypothesis (iv) assumed that “the interaction effect of each of
the five independent variables, Sex and School type on Achievement in
Chemistry will be significant”. This hypothesis is substantiated only to a low
extent. Of the five three-way ANOVA computed, first order interaction was
found to be significant only for all the five Sex x School type interactions.
Second order interaction of Attitude towards Science x Sex x School type was
found to be significant. All other ten first order interactions and four second
order interactions do not have significant effect on Achievement in Chemistry.

Hypothesis (v) assumed that “the main effect of five select
independent  variables namely, Classroom Learning Environment;
Achievement Motivation, Self-Esteem; Attitude towards Science; and Attitude
towards Academic Work and Sex and School type on Achievement in
Physical Science (total) of secondary school students will be significant”. This
hypothesis is mostly substantiated in view of the fact that three out of five
independent variables selected, Sex of the subjects and School type have
significant main effect on Achievement in Physical Science.

Hypothesis (vi) assumed that “the interaction effect of each of
the five independent variables, Sex and School type on Achievement in
Physical Science (total) will be significant”. This hypothesis is substantiated
only to a low extent. Of the five three-way ANOVA computed, first order
interaction was found to be significant only for all the five Sex x School type
interactions. Second order interaction of Attitude towards Science x Sex x
School type was found to be significant. All other ten first order interactions
and four second order interactions do not have significant effect on

Achievement in Physical Science.
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Hypothesis (vii) assumed that “High —; Average —; and Low-—
Achievers in Physics can be significantly discriminated by means of select set
of independent variables namely, Sex, School type, Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards Science
and Aftitude towards Academic Work”. This hypothesis is substantiated to a
great extent. Two discriminant functions were formulated using seven
predictor variables. These two functions were found to be efficient enough to
discriminate significantly High — ; Average — ; and Low — Achievers in Physics
with a success rate of 53.28 per cent for correct classification.

Hypothesis (viii) assumed that “High —; Average —; and Low —
Achievers in Chemistry can be significantly discriminated by means of select
set of independent variables namely, Sex, School type, Classroom Learning
Environment, Achievement Motivation, Self-Esteem, Attitude towards Science
and Attitude towards Academic Work”. This hypothesis is substantiated to a
great extent. Two discriminant functions were formulated using seven
predictor variables. These two functions were found to be efficient enough to
discriminate significantly High — ; Average — ; and Low — Achievers in
Chemistry with a success rate of 53.28 per cent for correct classification.

Hypothesis (ix) assumed that “High —; Average —; and Low —
Achievers in Physical Science can be significantly discriminated by means of
select set of independent variables namely, Sex, School type, Classroom
Learning Environment, Achievement Motivation, Self-Esteem, Aftitude
towards Science and Attitude towards Academic Work”. This hypothesis is
substantiated to a great extent. Two discriminant functions were formulated
using seven predictor variables. These two functions were found to be
efficient enough to discriminate significantly High —; Average —; and Low —
Achievers in Physical Science with a success rate of 52.43 per cent for

correct classification.
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5.7 SUGGESTIONS FOR IMPROVING EDUCATIONAL PRACTICE

The present study has helped to locate those variables from
among the select variables which have significant single and joint effect on
Achievement in Physical Science. The variables which have main effect on
Achievement in Physics, Chemistry and Physical Science are: (i) Self-Esteem,
(ii) Attitude towards Science and (iii) Attitude towards Academic Work. In
order to explore differential effect of the School type based on sex enroclment,
Sex of the subjects along with the select variables on Achievement in Physical
Science, three-way ANOVA were computed. The combined effect of Sex and
School type on Achievement in Physics, Chemistry and Physical Science was
found to be very prominent. The combined effect of Attitude towards Science,
Sex and School type on Achievement in Physical Science was also worth
mentioning here in this study. Based upon these findings, differences in
Achievement in Physical Science of comparable groups categorised on the
basis of differing levels of each of the independent variables, Sex and School
type were attempted. The results of these group-pair comparisons reveal that
(i) The total sample and sub samples (boys, girls, students of Single-sex and
Coeducational schools) of three nearly identical levels of Self-Esteem,
Attitude towards Science and Atftitude towards Academic Work differ
significantly in Achievement in Physics, Chemistry and Physical Science.
Similarly, consistent sex — difference in achievement were noticed in Single —
sex schools. High means are associated with boys. In Coeducational
schools, significant sex — difference were noticed only in a few cases,
especially in Achievement in Chemistry. When School type differences in
mean achievement in Physical Science were examined, performance of boys
is almost similar whereas girls’ performance in science is seen superior in
Coeducational schools. It is worthwhile to consider how the findings of the
study will affect the existing educational practice in relation to Achievement in
Physical Science teaching at the school level. The following are some of the

guidelines suggested:
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(1)

(2)

Since extreme group pairs namely High — Self-Esteem — Low — self-
Esteem Groups, Favourable — Attitude towards Science — Less
Favourable — Attitude towards Science Groups and Favourable —
Attitude towards Academic Work — Less Favourable — Attitude towards
Academic Work Groups significantly differ in Achievement in Physical
Science in the total sample, Boys, Girls, Single-sex schools and
Coeducational Schools and total sample, special programme may be
arranged to boost their Self-Esteem and to create favourable attitudes.
In classroom settings, sex-stereotype learning tasks and learning
patterns may be avoided. Classroom environment may be made more
comfortable and gratifying for both boys and girls in Coeducational
setting, appropriate learning styles can be provided for developing
positive Self-Esteem.

The study reveal that sex-difference in Achievement in Physical
Science exist in favour of boys in Single-sex schools. But boys and
girls perform almost similar in Coeducational schools. Girls in
Coeducational schools were found to perform better than girls in
Single-sex schools. This result warrant for differential academic
programmes for enhancing Achievement in Physical Science of boys
and girls in Single-sex and Coeducational schools. Some of the

programmes which can be considered useful are the following:

Occasional single-sex programmes (all girls / all boys classes) can be

provided in Coeducational schools which may be beneficial to boys.

Innovative teaching such as the new models of teaching and utilising

modern information technology can be adopted to ensure gender equity.

3)

In order to minimise gender inequality, science learning activities may
be directed to create positive attitude towards science and science
learning tasks, to reduce science anxiety especially in Physics
learning anxiety, to avoid science gender stereotyping, to develop

similar perceptions in science career expectations, to enhance indoor
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4)

as well as outdoor active participation in small group learning
situations, to promote doing science and explorative activities, to
rotate regularly managerial and leadership roles, to minimise gender
biased classroom activities by teachers and the like. Encourage
student participation in curricular and co-curricular activities but never
demand achievement beyond their abilities which will hinder a
favourable attitude towards science and academic work. Abundant
opportunities for group work, group discussions and group study
should be provided without any sex bias. A healthy and conducive
environment of the classroom may enhance better learning.

The select seven predictor variables namely, sex, school type,
classroom learning environment, achievement motivation, self-esteem,
attitude towards science and attitude towards academic work could
discriminate between High—, Average— and Low—achievers in physics,
chemistry and physical science. The two functions obtained in all the
cases were efficient enough to discriminate significantly between
High—, Average — and Low — achievers. So it is revealed that these
seven variables could be used to identify a discriminant score (based
on Fisher coefficient) which is helpful in classifying school pupils into
High—; Average— and Low- achievers. Based on that proper
teaching—learning strategies can be formulated. It is possible to adopt
(i) models of teaching such as ‘Direct Instructional Model’ in the class
to help Low-achievers to attain mastery; (ii) need based programmes
such as computer-assisted instruction, suitable teaching-learning
packages, individualised modules of learning and the like. Based on
these, proper academic and vocational guidance also have to be

provided in the class.
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5.8 SUGGESTIONS FOR FURTHER RESEARCH

The findings of the present study can further be extended by

future researchers on the lines suggested below.

1.

A factor comparison of students of single-sex and coeducational
schools using a wide range of cognitive and affective variables can be
attempted. _

Impact of school type, gender of the students and gender of the
teachers on students’ achievement and attitude towards science in
secondary schools can be studied.

A comparison of perceived classroom learning environment and
preferred learning environment especially in science learning context
in single-sex and coeducational schools can be studied.

The study can be replicated using the component dimensions of
classroom learning environment, achievement motivation and self-
esteem.

A longitudinal study of personality characteristics and career success
of women received in coeducational and single-sex schooling may be

attempted.
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Appendix I - B

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

SCALE OF CLASS ROOM LEARNING ENVIRONMENT

(Final Scale)
DR. USHA .P AND SUCHITRA. K
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Appendix | C

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

SCALE OF CLASSROOM LEARNING ENVIRONMENT

(FINAL SCALE)
Dr. P. USHA and SUCHITRA K.

Instructions

The following statements are associated with your studies in the

classroom. For the statements, 3 responses marked ‘Always’, ‘Sometimes’ and

‘Never’ are given. Read carefully the 66 statements. Decide how far each statement

is true regarding your classroom studies. Record your responses in the separate

response sheet given to you by marking ‘x’ mark in the circle for each statement.

1.

10.

Benches and desks in the classroom are rearranged periodically for the
purpose of successful learning.

The furniture in the classrooms are arranged in such a way that the teacher
and the students can see and communicate one another.

The teacher takes care to arrange the seats of the students according to
their progress of study.

If the classroom furniture and teaching learning aids are not sufficient, the
hindrance to learning is removed by suitable arrangement of the same.

The noises outside the classroom is a nuisance for learning activities.

The teacher tries to make suitable changes in the method of teaching
according to the space limitations of the class.

The time allotted for learning science is utilised fully with the responsibility
and co-operation of the students.

The teacher finds time to assist the students who are slow learners.

By giving adequate home works, the time for class teaching can be saved so
that the students get more time for learning. .

The classroom is arranged in such a way that there is sufficient light and
ventilation for carrying out successful learning activities.



11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.
26.
27.
28.

29.

30.
31.

The available furniture and learning aids in the classroom are arranged in
beautiful manner and for their utmost utility.

Sometimes students are forced to sit in congested classrooms.

The teacher instructs the students to do their work systematically and
successfully.

The learning devices are organised and arranged for the purpose of various
scientific activities.

The teacher and the students take care to do the learning activities
systematically and in a disciplined manner.

Inattentive and troublesome students in the class are cleverly directed to
learning activities by the teacher.

Teacher arranges suitable learning activities according to the ability levels of
the students.

The teacher takes care to deal with the students according to their needs.
Group learning is encouraged for a successful and purposeful learning.

The bright students are congratulated in the class itself.

Teacher encourages the students to use their maximum ability for their
progress in learning.

Teacher encourages the students to discuss the lessons among themselves
in the class.

Teacher pays attention to the opinion of the students.

The ideas of the students regarding curricular as well as co-curricular
activities are considered by the teacher.

There is a slight anxiety in the learning of science.

Teacher insists to follow specific rules for the success of learning in time.
Students get opportunity to assist the teacher in teaching activities.

The teacher makes the students aware of their standard of learning
periodically.

Importance is given for co-curricular activities such as Science Clubs and
Quiz along with curricular activities.

Students are encouraged to participate in co-curricular activities.

The teacher tries to teach science subjects by relating to daily life and
progress of science.



32.

33.

34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

51.
52.

53.

54.

55.

56.

The teacher spends more time to make the students understand the basic
principles of science.

It is felt that the teacher pays attention to each and everyone of us during
teaching.

Teacher uses appropriate teaching devices for the lessons during teaching.
Students are given training in making charts and models in science.

Teacher demonstrates appropriate experiments in science classes.

Students are given opportunities for doing the experiments themselves.
Students engage in learning activities without disturbing the other classes
even in the absence of their teacher.

Science activities in the class could be completed interestingly.

Sometimes students have to engage in uninteresting learning activities also.
Teacher discourages the students to be passive listeners.

Learning science in the class is a pleasant experience for me.

The rank and marks in the examination does not worry me any way.

Teacher tries to give learning activities in which each student can succeed.
Teacher insists the students to attend the class in time.

Teacher has a friendly approach to the students.

All the students get opportunity to interact with one another.

Students quarrel for many things.

Some students in the class do not like to mingle with others.

Sometimes learning is obstructed due to the unruly behaviour of the
students.

Because of the misbehaviour of a few students, class work will be disrupted.
Both the curricular and co-curricular activities are systematically and
efficiently conducted by the cooperative effort of teacher and students.
Students who behave indecently in the class will be handled strictly by the
teachers.

Students have more confidence in learning activities when they work in small
groups.

Students are divided into small groups and each group is given learning
activities.

Students are divided into groups and Quiz competitions are conducted.



o7.

58.

59.

60.
61.

62.

63.

64.

65.
66.

When Science Exhibition, Clubs, study tours etc. are conducted, the
students are divided into groups and each group is entrusted with certain
responsibilities.

To attend the classroom learning tasks, home assignments and the like,
select students are also entrusted to share the responsibility along with the
teacher.

The difference of opinion among the students are amicably settled by
themselves.

Mutual help in all endeavours is encouraged among students.

Students work together to come first in both the curricular and co-curricular
activities.

Occasionally certain behaviour of the teacher or the students creates tension
in the class.

The nature of doing the learning tasks in the class help students to be more
self-dependent.

Teacher pays undue attention to certain students in the class.

Informative topics available in the media are discussed in the class.

Time can be saved by doing the homework by copying from the books of the
peers.
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UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION
SCALE OF ACHIEVEMENT MOTIVATION
Dr. KAMALA S. PILLAI & SALIMKUMAR.
(Final Scale)

Instructions

Read carefully the statements given below. For each statement three

responses ‘A’, ‘B’ and ‘C’ are possible and these denotes Yes, Undecided and No

respectively. Separate sheet is provided for recording your responses. Mark your

response with the symbol ‘x’ below the circle of your response (A, B, C) for each

statement. Try to mark your response to each and every statement.

© ® N O O~ N =2

A e A
w M = O

14.
15.
16.
17.
18.
19.

| like to avoid those lessons which | find difficult to study.

| would try to utilise maximum of may ability for doing any work.

I usually study the lessons taught each day, that day itseif.

| have the feeling that | am lazy.

I often put off things | know | should do today.

| like hard work.

| used to do very little work which | can do.

| would spend more time in studying difficult lessons.

| find satisfaction in doing well in my studies.

I like to mingle with others, who are good at studies like me.

Each time I try to score more marks than my previous examinations.
| find satisfaction when | do a work in a befitting manner.

| get satisfaction in doing a work better than my earlier work even if | don't
outperform others.

| would be able to complete my studies very well.

| like to present my activities which others can consider as models.

| want to become a person admired by others.

| want others to come to me for clearing their doubts.

| like to be admired of my abilities.

| want others to consider my opinions of great value.



20.
21.
22.
23.
24.
25.
- 26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.

50.

| dislike being the centre of attention.

| like to take my own decisions.

I want to mingle with important persons in the community.

| like others to appreciate my good activities.

Even if | top in my class studies always | like to continue my studies.

I try harder to win the top positions when | am in competition with others.

| judge my performance on whether | do better than others rather than just
getting a good resuilt.

It is important to me to perform better than others on a task.

| would study my lessons so that | get the top rank in my class.

It gives me pleasure in doing things which | am sure to win.

If there is tough competition, my performance will be better.

| never neglect opportunities of better performance in my studies.

| don’t mind working hard while others are having fun.

There is continuous effort behind the success of my accomplishments in studies.
| could study well as | am getting more recognition.

The most important thing about studies is the accomplishment.

| usually get the trophies and prizes for studies.

There is satisfaction in work involving technical knowledge and skill.

| find satisfaction in studying materials which require high intellectual ability and
skill. _

| feel like giving up a work which | am unable to do correctly.

| feel doubt about my learning style whether it will help to attain the goal.

| think | am able to study better than anybody else.

In all study matters, my opinions always come first.

| used to take initiative in discussing study matters with my classmates.

| would enjoy having authority over my classmates.

If given the chance | would become a good leader.

My classmates take notice of what | say.

I usually think | am the leader of my group.

| enjoy taking initiative in what my classmates should do and get things done.
When we plan an activity | would like to direct it myself rather than someone else
taking the lead.

| like to give direction to my classmates and get things going accordingly.
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Appendix Il A

SELF-ESTEEM INVENTORY (Battle, 2000)

Do you have only a few friends?
Are you happy most of the time?

Are you comfortable telling your parents about your problems?

Can you do things as well as others?

Do you like everyone you know?

Do you spend most of your free time alone?
Do you trust your family?

Do most people like you?

Do you often feel like quitting school?

. Have you ever taken anything that didn't belong to you?

. Are you as intelligent as most people?

. Do you argue often with your family?

. Do you feel you are as important as most people?

. Are you easily depressed?

. Are you satisfied with your school work?

. Do you feel like you have enough freedom at home?

. Would you change many things about yourself if you could?
. Do you always tell the truth?

. Do you have a good relationship with your mother?

. Are you as nice looking as most people?

. Do you usually quit when your school work is too hard?

. Are you usually tense or anxious?

. Do you gossip at times?

. Do you often feel that you are no good at all?

. Are you as strong and healthy as most people are?

. Do you enjoy learning?

. Do you have a good relationship with your father?

. Is it difficult for you to express your views and feelings?

. Do you ever get angry?

. Do you often feel ashamed of yourself?

. Are you pretty good about doing homework on time?

. Are other people generally more successful than you are?
33.
34.

Are you doing as well in school as you would like to do?
Do you feel uneasy most of the time without knowing why?




35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

Do you feel that you are as happy as others are?

Are you ever shy?

Are you a failure?

Are you popular with other people your age?

Is it hard for you to meet new people?

Do you ever lie?

Are you often upset about something?

Do most people respect your views?

Are people your age smarter than you are?

Are you uncomfortable in groups of people?

Do you worry more than most people do?

Are you as happy as most people?

Do the people in your family have quick tempers?

Are you ever sad?

Is it hard for you to find the energy to do things?

Do you feel as though your friends have a lot of confidence in you?
Do you feel that you are not good enough?

Do your parents understand how you feel?

Are you doing the best school work that you can?

Do people like your ideas?

Do your parents think that you are a failure?

Is it hard for you to give yourself credit when you do a good job?
Do you have trouble talking to other people?

Are you a failure at school?

Do your parents love you?

Are you proud of your schoolwork?

Do you often get upset when you are at home?

Are you a hard worker at school?

Do you find it hard to make up your mind and stick to it?
Do you like yourself very much?

Do you have friends you can confide in?

In school, do you do as little work as you can get by with?
Do you feel as though your family trusts you?
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UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

Adopted Version
SELF ESTEEM INVENTORY (Battle, 2000)

DR. USHA .P AND SUCHITRA. K
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UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

SCALE OF ATTITUDE TOWARDS SCIENCE
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Scientific ideas and theories will remain as ultimate truths without any change.

The major problem of science is to make decisions such as to continue or not
nuclear experiment, space experiments and the like.

Science contributes new knowledge and at the same time corrects its own
mistakes.

Everyman has equal right to enjoy the benefits of scientific discoveries.

Science grows and changes with time.

6. When religious ideas contradict new scientific information, it is better to accept

10.

11

14.
15.

16.
17.
18.
19.

20.

religious ideas.

Science is a way of action.

Science may be viewed as a way of thinking.
Science is beneficial only to the rich.

The growth and progress of humanities mainly due to the contributions of science.

. Science is for science sake; not for the society.
12.
13.

The average man does not benefit from scientific advances.

The existing moral standards are explained better by the new contributions of
science.

Science has upset the existing social system.

Mutual dependence of science and technology enhances technological
development.

As science advances man becomes spiritually poor.

Without science progress of humanity would have been slow.

To unfold the secrets of nature is one of the functions of science.

The discoveries of a scientist should be judged on the basis of his past reputation
and fame.

Scientists who attempt to go abroad and work there should be discouraged.
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27.
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34.
35.

36.

37.
38.

39.

40.

Scholarships for learning science should be distributed equally between boys and
girls.

Potentialities of women for scientific endeavour should be capitalised.

National scholarship programme for training scientists should be limited to the
scientists of India.

The new discoveries of science are the monopoly of the nations concerned.

To make scientific theories perfect scientists of different nations should exchange
their theories and ideas.

Communication among scientists is not necessary for the growth of science.
Science should be developed only in accordance with the society’s needs.
Freedom of investigation in science should be controlled for the welfare of the
Nations.

Individual’s freedom for research is of utmost importance in sciences.

A nation should control scientific investigations directly.

Science and authoritarianism will not go together.

Scientific advances depend on how much freedom for action and thought is given
to scientists.

Science had done more harm than good.

Science is not needed for cultural progress.

It is not right to give up scientific endeavour because it does not bring forth material
benefit to man.

Modern science and its inventions are responsible for man'’s personal discontent
and disappointment.

Time saved from mechanisation can be utilised for more creative works.

Man would have continued to be an uncultured race in the absence of scientific
development.

Mechanisation due to advances in science and technology results in
unemployment problems.

In the long run man’s lot will be improved by scientific knowledge.
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Appendix V C

SCALE OF ATTITUDE TOWARDS ACADEMIC WORK

(Approximate English Translation)
Undue emphasis is given for syllabus — based learning in the present school
education.

Asking questions from the previous day’s lessons enable me to comprehend

the lessons.
| will not be in a mood to study if | lose in games.

If you do not utilise the opportunity for studies properly now, you will regret
later.

To be insisted to study at house even after spending whole day for class
study will be sad.

What is learned from school may not help for a job in actual life.

If other facilities are available for studies, compulsory attendance in class
need not be insisted.

Learning becomes faster when combined study with friends is adopted.
Learning strategies of able students can be imitated.

Even if you work hard, you may not succeed unless you are not lucky
enough.

Fear of punishment makes one to study class lessons.

It is better to carry out and complete the assigned learning task according to

one’s own ability.

Children may not be aware of what they are losing if they fail to attend
classes regularly and take up learning tasks.

Student who concentrate utmost may be denied of many interesting
experiences in life.

Frequent examinations make study uninteresting.

If | get a job, | do not mind discontinuing studies.
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Since there are many undeclared holidays in these days, it is better to use

the learning opportunities from school to the maximum extent.

A student engaged in games through electronic media may be wasting his /
her valuable time for studies.

| am studying because others compel me to do so.
It is better to learn thoroughly difficult lessons at first.

Even if class teacher insists that each day’s lesson must be learned on that
day itself, success in the class may not depend on that practice.

Much importance need not be given for the present day school subjects.

Students should abandon the tendency to lose the opportunity for studying
by taking part in strikes.

It is not necessary to give more holidays than given at present.
Compulsory attendance in the class regularly need not be insisted.

Students who come to the class without studying the previous day’s lessons
need to be punished.

Students who work on assignments, read additional book from library during

interval time may be neglected.

it is better to concentrate in class studies without engaging in non-academic
activities till the period of school education is over.

In order to get grades in the class, there is no harm in adopting any means.

If teachers adopt strict measures in studies of their student, the result will be
more successful.
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Appendix VI C

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF ACHIEVEMENT IN PHYSICAL SCIENCE

Dr. USHA P. and SUCHITRA K.

(Final Test)
Time: 60 minutes
(Approximate English Translation)

Instructions

1. This is a test of Physics and Chemistry. Part A consists of 40 questions in
Physics and Part B consists of 40 questions in Chemistry. Separate response
sheet is provided for marking answers.

2. For each question, four answers are given marked as A, B, C, D. Among
these four, only one is correct answer.

3. Find out the correct answer for each question. Against each question in the
response sheet, A, B, C, D are given. Mark the correct answer against the
particular question number by putting an ‘x’ mark on the alphabet.

4. To change the first marking at a wrong place, darken the first marking and put

‘x" mark on the correct alphabet.

Example 1

Which of the following is an example for a compound?

A. Oxygen B. Ammonia C. Helium D. Chlorine
A K ¢ D
Try to attempt as many questions as possible within the time limit.

PART A
PHYSICS

. Which of the following is a non-magnetic substance?

A. Cobalt B. Glass C. Nickel D. lron

. Which of the following instrument is used for measuring current?

A. Ammeter B. Rheostat C. Resistance box D. Voltmeter
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A passenger standing inside a fast moving bus tends to fall forward if the driver

applies a sudden break. Why?

A. Inertia B. Friction C. Momentum D. Centrifugal force

Water reservoirs are constructed at high places and at high altitude, what is the

reason?

A. At high places water will be pure B. At high places water will be cool

C. If water is collected at high altitudes it acquires sufficient pressure and thereby
water reaches everywhere

D. It will be convenient to put pipelines to different direction from a high altitude.

Acceleration is defined as

A. Speed in unit time B. Displacement in unit time

C. Change in velocity in unit time D. velocity in unit time.

What is the principle of working of a rocket?

A. Acceleration of a body is directly proportional to the external force.

B. Acceleration of a body is inversely proportional to the mass of the particle

C. A body continues to be in a state of rest or of uniform motion along a straight
line, unless it is compelled by an external force to change its position of rest or

motion
D. For every action, there is an equal and opposite reaction.
Equal volume of all gases at the same temperature and same pressure contain the
same number of molecules. Which is the law?
A. Boyle’slaw  B. Avogadro law C. Ohm’s law D. Charle's law
What are the two ends of a magnet called?

A. Positive and negative B. Blue and red

C. Anode and cathode D. North pole and south pole

Which of the following liquids exhibit maximum mobility?

A. Honey B. Mercury C. Kerosene D. Castor oil
Name the force of attraction between same kind of molecules?

A. Surface tension B. Force of cohesion

C. Force of adhesion D. Viscous force

How much is the weight of an object at the centre of the earth?
A. Zero B. Actual weight of the object
C. Less than the actual weight D. Greater than the actual weight
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Which of the following is a conductor?

A. Plastic B. Aluminium C. Rubber D. Diamond

A copper coin and a feather are dropped at the same time into a vacuum glass
tube. Which of them will reach the bottom of the glass tube first?

A. Feather B. Copper coin

C. Both do not reach the bottom D. Both reach the bottom at the same time
Name the substance used for making strong artificial magnets?

A. Nichrom B. Duralumin C. Tungston 7 D. Alnico

Which of the following is not a longitudinal wave?

A. Waterwave B. Waveinaspring C. Sound wave D. Light wave
What is called the quantity of heat absorbed by unit mass of a substance during its
change of state?

A. Latent heat B. Boiling point

C. Latent heat of vapourisation D. Specific heat

An object which is having a mass of 100 kg is at rest. How much is its
momentum?

A. 0 B. 100 kgm / s? C. 50 kgm/ S? D. 25kgm/s®

When we touch a piece of copper and a piece of glass heated in an open flame for
same duration, we feel that

A. Copper has higher temperature than glass

B. Glass has higher temperature than copper

C. Both have same temperature

D. Copper is cooler than glass.

Which of the following is an insulator?

A. Carbon B. Iron C. Rubber D. Copper
If ‘m’ is the mass of the substance and 'V’ is the velocity, find its momentum?
A. mV B. MV?
C. m D.m
v V2

What will happen to the water level when a piece of ice melts in a beaker
containing water?

A. Water level increases B. Water level decreases

C. Water level remains the same D. Water level first increases, then decreases
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Weight of an object in the moon is 50 kg. What will be the weight of the same
object on earth?

A. Zero B. 50 kg C. 100 kg D. 200 kg

What is the potential energy of a stone at a maximum weight?

A. 3x10°m/sec? B. 3.28 x 10° m /sec?

C.0 D. 0.25

In which of the following situations a motor car has maximum inertia?
A. When the car starts moving

B. When the car travels in uniform speed

C. When the car travels in high speed

D. When the car travels in uniform acceleration

Which among the following is a wrong statement about surface tension?
A. Surface tension is related to liquid

B. Atension to reduce area of liquid surface

C. This is created by the molecular attraction

D. Capillarity increases with an increase of surface tension

A man runs 50 meters in 5 seconds. Find his speed of running.
A. 250 ms B. 45 m/s C. 10m/s D. 55 m/s
Which of the following is a correct lens equation?

1 1 1 1 1 1
A — + — = — B. — 4+ — = —

u f v f v u

1 1 1 1 1 1
C— - —-= — D — + — = —

u v f u v f

Which one of the following is an example for capillarity?

A. Blotting paper absorb ink

B. Wetting fingers while counting currency note

C. Using soap for washing clothes

D. Strong body massage given to a person who has got an electric shock
Why does a rubber rod get negative charge when it is rubbed with wool?

A. Electrons are transferred from wool to rubber
B. Electrons are transferred from rubber to wool
C. Protons are transferred from wool to rubber
D. Protons are transferred from rubber to wool
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Itis easy to roll a substance than to slide it. Give reason.

A. When it is rolled, friction is not at all felt

B. Sliding friction is less than rolling friction

C. Sliding friction is greater than rolling friction

D. Surface is smooth.

The weight of a jar which is completely filled with water is 700 g. An object
weighing 100 g is put into the jar so that it is completely immersed in water. What
will be the weight of the jar after the object is put into the jar?

A. 100g B. 500g C.700¢g D. 800¢g

Which of the following phenomena is indicated by Newton's second law?

A. Acceleration B. Force C. Momentum D. Pressure

How much is the specific heat of water?

A. 418 x 10° J/ Kg’c B. 0.24 x 10° J/Kg°C

C. 0.48 x 10° J/Kgc D. 0.50 x 10° J/K°C

A man can see objects within 10 meters. What type of glass is recommended for
seeing distant objects?

A. Converging lens B. Plain glass

C. Divergiﬁg lens D. Cut glass

A glass beaker is first filled half with water and then the other half with coconut oil
A red pencil is put into the liquid so that a portion of it is seen above the liquid

level. If we observe the pencil through the side of the beaker, how does it appear?

A. Erect B. Bends are seen in two places
C. Bends are seen in three places D. Appears double

Indicate the temperature corresponding to absolute zero?

A. 0°C B. 100°C C. -273°C  D. 273°%C
Temperature of human body is 37°C. Convert this to Kelvin scale.

A 37K B. 100K C. 236K D. 310K

Water wets a piece of cloth much faster than mercury does. Give the reason.
A. Water is a compound whereas mercury is an element

B. The density of water is less than that of mercury

C. The surface tension of water is less than that of mercury

D. The mobility of water is greater than that of mercury
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We are unable to hear the sound of a terrific explosion which happens on the
moon. What is the reason?

A. There is no medium for sound to travel

B. Because it is ultrasonic sound, it cannot be heard

C. Because it is infrasonic sound, it cannot be heard.

D. Sound cannot be heard because it is electromagnetic waves.
Water in an earthen pot will be cool in summer. Why?

A. Water evaporates through the pores of the earthen pot.

B. Earthen pot is a poor conductor of heat

C. Earthen pot radiates the heat of the water inside it

D. Earthen pot absorbs the heat of water.

PART B
CHEMISTRY

. Which of the following gas has the smell of rotten eggs?

A. Ammonia B. Nitrous oxide

C. Hydrogen sulphide D. Sulphur dioxide

The best definition of the term ‘mole’ is that it is the unit

A. which is used for denoting the number of atoms, molecules, ions and electrons
B. adopted to express atomic number

C. adopted to express atomic weight

D. used to denote volume of gases at S.T.P.

Who discovered the electronegativity scale to compare the electronegativity of

elements?

A. Mendeleev B. Heisenberg C. de Broglie D. Linus Pauling
What are the components of the nucleus of an atom?

A. Neutron, Proton B. Neutron, Electron

C. Proton, Electron D. Electron, Positron

“It is not possible to find out the momentum and position of subatomic particles at
the same time”. This principle is known as

A. Uncertainty principle B. Avogadro’s law

C. Wave theory D. Wave fechanics
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What is the molecular weight of carbon dioxide molecule?

A. 38 B. 30 C. 44 D. 42
What is an orbital?

A. The path along which electron moves

B. The path along which proton moves

C. Region where there is a probability of finding electrons

D. Region where there is a probability of finding protons

Which element has the highest electronegativity?

A. Fluorine B. Chlorine C. Bromine D. lodine

Which of the following form the basis for classification of elements in the modern

periodic table?
A. Density B. Atomic weight
C. Atomic number D. Number of atoms in the molecule

On the basis of maximum number of electrons that can be accommodated in the
orbital of an atom, four, electronic configurations are given. Among them which
one is not correct?

A. 3s® B. 3d° C. 4p° D. 4f

Which element has the smallest atom?

A. Hydrogen B. Fluorine C. Helium D. Oxygen

The atomic number of an element is 12. How many electrons are there in its
outermost orbit?

A1 B. 2 C.3 D 8
How many atoms are there in sulphur molecuie?
A 5 B. 6 C. 7 D. 8

What happens to the size of the atoms that are arranged from top to bottom in a
group in the periodic table?

A. Increases B. Decreases

C. No change D. First decreases and then increases

Which of the following compound destroys the ozone layer in the atmosphere?

A. Hypoclorous acid B. Chlorofluro carbon

C. Polychlorinated biphenyls D. Hydrofluro carbon

Which of the following element is used as the basis for comparing the mass of
atoms?

A H B. H? c c®” D. Cc*



17.

18.

19.

20.

21.

22.

23.

24.

25.

An atom becomes a negative ion when it

A. Gains electron B. Loses electron

C. Loses proton D. Gains proton

Which of the following denotes physical change?

A. Burns magnesium ribbon

B. Strikes a match stick

C. Electricity passes through water containing acid

D. Boils water

Which chemical is known as the ‘King of chemicals'?

A. H,SO, B. Hcl C. HNO; D. CuSO,

What is the chemical formula for bleaching powder?

A. CaOCl, B. Ca(OH), C. CaCO; D. CaCl,

What is aquaregia?

A. Itis a mixture of con: nitric acid and Con: hydrochloric acid in the ratio 1:3

B. Itis a mixture of con: sulphuric acid and con: nitric acid in the ratio 3:1

C. ltis a mixture of con: hydrochloric acid and con: sulphuric acid in the ratio 1:3
D. Itis a mixture of con: sulphuric acid and con: hydrochloric acid in the ratio 3:1
The pH of a solution is 4, the solution belong to which of the following category?

A. Acidic B. Alkaline C. Neutral D. Water

Increase in the quantity of which one of the following compounds in the
atmosphere causes acid rain?

A. Sulphur dioxide and nitric oxide

B. Carbon monoxide and hydrogen sulphate

C. Carbon dioxide and oxygen

D. Ozone dust

Find out the chemical equation for the combination of hydrogen and nitrogen to
form ammonia

A N+3H — NH; B. N+H; —» NH;

C. 2N, +2H, — 5 2NH; D. N2+3H; —» 2 NH;

Take some manganese dioxide in a test tube. Add concentrated hydrochloric acid
and heat. A greenish yellow gas with a pungent smell is produced. Which is the
gas?

A. Fluorine B. Chlorine C. Bromine D. lodine



26. Calculate the number of molecules present in 112 litre of CO, gas kept at STP.
A. 5x6.23 x 10% B. 2.5x 6.023 x 10%°
B. 5x60.23 x 10 D. 2.5 x 60.23 x 10%
27. Copper utensils when exposed to air for a long time turns black gradually. Why?
A. Copper reacts with oxygen in air to produce copper oxide which is black in
colour
B. Copper utensils reacts with sulphur to produce sulphate
C. Due to inclusion of cheap metals when copper vessels are made
D. Copper vessels are washed using tamarind and ash
28. Calculate the number of atoms in 48 g carbon
A. 6.023 x 10%° B. 2 x 6.023 x10%
C. 3x6.023 x 10% D. 4 x6.023 x 10%°
29. Two bottles A and B having equal volume, are filled with hydrogen and carbon
dioxide respectively, under the same temperature and pressuré. Regarding the
number of molecules in each bottle, which statement is correct?
A. Number of molecules in bottle A will be more than that of in bottle B
B. Number of molecules in bottle A will be less than that of in bottle B.
C. Both the bottles contain equal number of molecules
D. Number of molecules in bottle A will be double than that of in bottie B.
30. Which of the following properties of chlorine is not related to its bleaching action?
A. Heat is essential for bleaching of chlorine
B. Chlorine reacts with moisture to produce oxygen
C. Chlorine reacts with coloured materials and can decolourise them
D. Chlorine bleaches printing ink
31. The physical and chemical properties of a liquid is given, identify it.
1. colourless 2. fumes in air
3. stored in coloured bottles 4. reacts with copper to form nitrogen dioxide
A. Nitric Acid B. Ammonia C. Sulphuric Acid D. Nitrous Acid
32. Which one of the following statements relating to the isotopes of an element is
wrong?
A. Same number of protons B. Same number of neutrons

C. same number of electrons D. Same chemical properties



33.

34.

35.

36.

37.

38.

39.

40.

10

Mass number of an element is 14 and its atomic number is 7. Find out the number

of protons, neutrons and electrons in it.

A 14,7, 7 B.7,14,7 C. 7,714 D.7,7,7

An element X (electron configuration 2, 8, 1) combines with an element Y (electron

configuration 2, 8, 7) to form a compound XY. Find out the type of bonding in this

compound.

A. Metallic bond B. lonic bond C. Covalent bond D. Triple bond

Valency of aluminium is 3 and that of oxygen is 2. Give the molecular formula of

aluminium oxide.

A. Al; O, B. 3AIO, C. O, Al3 D Al O,

Why halogens are seen as sea salts?

A. Since halogen salt are water soluble, they get dissolved in rain water and are

carried to the sea.

B. Halogens are metals having high reactivity

C. Halogens are seen only as compounds

D. Since halogen salts are produced in the sea, halogens are seen as sea salt.

2Cu? 0%+ C’— 2Cu’+C™ 0?2 Which of the following statements regarding
the given reaction is correct?

A. Carbon redoxes and copper oxidises

B. Copper redoxes and carbon oxidises

C. Oxygen oxidises and carbon redoxes

D. Oxygen redoxes and carbon oxidises

Which of the following gases combined to form water gas?

A. CO,, H; B. C, H, C. CO0O, D. CO,H,
What is the oxidation state of nitrogen in HNO;?
A -2 B.+5 C+1 D. -6.

If group number of an element is 6, what is the number of electrons in its outermost
shell?
A 6 B. 4 C.2 D. 1
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